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Explanation of Tables

The explanations below apply to all tables and figures.

All energy units are given in MeV unless otherwise stated.

Energies of emitted particles are reported in the center of mass frame unless otherwise stated.

A blank space in a table indicates the values is unknown.

—– indicates that the value is not energetically possible.

A value of ”obs” indicates the decay has been observed, but a numeric value is not known.

The 8 digit combination of numbers and letters at the start of each reference refers to the Nuclear Science References (NSR) database keynumber for that

reference [2011Pr03].

Unless otherwise stated, all Q and S values are taken from [2021Wa16] or deduced from values therein. If values for Sp and Qe a calculated using p and a
energies are within error bars of the value from [2021Wa16], the latter is used, otherwise the values from particle energy is used and noted.

Unless otherwise stated, all J
p

values are taken from ENSDF.

The values for Elevel (emitter) are deduced from the energy of the emitted particle, the Sp of the emitter and the final level in the daughter.

Energy values in the daughter are rounded to the nearest 0.1 keV, and coincident g-rays to 1 keV if known to better precision.

The data set with the higher statistics has been preferentially used in the individual nuclide tables unless otherwise stated.

Uncertainities in all cases are defined as 9.0(10) ⌘ 9.0 ± 1.0.

Hindrance Factors (HF) and nuclear radius parameters (R0) are calculated using the AlphaHF program written by Jun Chen (part of the ENSDF Analysis and

Utility Programs available at https://nds.iaea.org/public/ensdf)

In the figures for each Tz, T1/2 amd J
p

values are taken from ENSDF.

Tz (N-Z)/2

Jp
Spin and parity of the parent nucleus

T1/2 The half-life of the parent nucleus

Qe Total electron capture energy Qe =M(A,Z) - M(A, Z-1)

Qe p Total energy available for b+
-p; Qe p=M(A,Z) - M(A-1, Z-2) -

1
H

Qe 2p Total energy available for b+
-2p; Qe 2p=M(A,Z) - M(A-2, Z-3) - 2

1
H

Qe 3p Total energy available for b+
-3p; Qe 3p=M(A,Z) - M(A-3, Z-4) - 3

1
H

Qe a Total energy available for b+
-a emission; Qa = M(A,Z) - M(A-4, Z-3) -

4
He

Sp Total energy available for direct one proton emission; Sp= -M(A,Z) + M(A-1, Z-1) -
1
H

S2p Total energy available for direct two proton emission; Sp= -M(A,Z) + M(A-2, Z-2) - 2
1
H

# Value from systematics [2021Wa16]

BRb p Measured branching ratio for b+
-p emission

BRb 2p Measured branching ratio for b+
-delayed two proton emission

BRb 3p Measured branching ratio for b+
-delayed three proton emission

BRa Measured branching ratio for direct a emission

BRb a Measured branching ratio for b+
-delayed a emission

BRbF Measured branching ratio for b+
delayed fission

BRp Measured branching ratio for direct one proton emission, not including b -delayed multiple proton emission

BR2p Measured branching ratio for direct two proton emission

BRSF Measured branching ratio for spontaneous fission

Ep(c.m.) Energy (MeV) of the emitted proton in the center of mass frame

Ep(lab) Energy (MeV) of the emitted proton in the laboratory frame

E2p Sum energy (MeV) of the 2 emitted protons in b+
-2p decay in the center of mass frame

E3p Sum energy (MeV) of the 3 emitted protons in b+
-3p decay in the center of mass frame

Ea (c.m.) Energy of the emitted a particle in the center of mass frame

Ea (lab) Energy (MeV) of the emitted a in the laboratory frame

Ip(rel)% Relative intensity of the direct or b+
-delayed p transition with the largest transition set to 100%

Ip(abs)% Absolute intensity of the direct or b+
-delayed p transition per 100 decays.

I2p Intensity of the b+
-2p transition

I3p Intensity of the b+
-3p transition

Ia (rel)% Relative intensity of the direct or b+
-delayed a transition with the largest transition set to 100%

Ia (abs)% Absolute intensity of the direct or b+
-delayed a transition per 100 decays

Eemitter(nuclide) Energy (MeV) of the state fed by b+
-decay that emits a proton, the level energy is calculated from the particle

energy and the particle separation energy taken from [2021Wa16]. For levels de-excited by more than one proton

transition, Elevel (emitter) is the weighted average.

Edaughter(nuclide) Energy (MeV) of the state fed by the charged particle emission

coincident g-rays Energies (MeV) of gamma-rays coincident with the emitted heavy charged particles (p,a)

R0 nuclear radius parameter

HF Hindrance Factor
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Fig. 1: Known experimental values for heavy particle emission of the Tz= -4 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = -4 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe 3p Qe a Experimental

48Ni 0+ 2.1+1.4
�0.6 ms 16.45(66)# 18.02(66)# 30(20)% 16.02(43)# 15.82(42)# 8.30(52)# [2014Po05, 2011Po09]

Table 2
Particle separation and emission from the even-Z, Tz = -4 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or
deduced from values therein.

Nuclide Sp BR1p S2p BR2p Qa Experimental

48Ni -0.27(74)# -2.39(30)# 70(20)% -4.83(5)* [2014Po05, 2011Po09, 2005Do20]

* Prediction from Ref. [2013Ti01].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = -7/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p BRb 2p Qe 3p BRb 3p Qe a Experimental

29Ar 23.95(48)# 26.61(47)# 24.05(44)# 23.24(44)# 15.36(59)#
33Ca 23.49(40)# 25.94(40)# 23.49(40)# 23.22(40)# 24.59(44)#
37Ti 21.39(50)# 24.33(40)# 21.77 (40)# 21.68(40)# 15.21(45)#
41Cr 20.10(45)# 22.11(41)# 20.01(40)# 20.60(40)# 14.21(50)#
45Fe (3/2+) 3.76(22) ms 19.39(41)# 20.54(29)# 18.9(35)%* 17.75(28)# 7.8(23)%* 17.65(28)# 3.3(16)%* 11.68(34)# [2012As02, 2012Au08,

2016ChZV, 2011Bl01,
2009Gr07, 2009Mi29,
2008Mi03, 2007Mi36,
2005Do20, 2007Gi10,
2005Bl31, 2005Gi15,
2002Pf02, 2002Gi09,
2001Gi01, 1996Bl21]

49Ni 7/2� 7.5(10) ms 18.31(78)# 19.25(61)# 83(13)% 16.52(60)# 16.14(60)# 1.09(67)# [2007Do17, 1996Bl21]

* deduced from values in [2007Mi36]

Table 2
Particle emission from the even-Z, Tz = -7/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp BR1p S2p BR2p Qa Experimental

29Ar -2.41(35)# —— -5.90(18)# -8.03(63)#
33Ca -1.75(57)# —— -5.13(45)# -9.36(59)#
37Ti -1.73(50)# —— -5.40(45)# -8.29(57)#
41Cr -0.65(50)# —— -3.33(45)# -7.19(57)#
45Fe 0.34(41)# —— -1.21(5)* 70(4)%** -8.43(49)# [2012As02, 2012Au08, 2007Mi36, 2011Bl01,

2009Gr07, 2009Mi29, 2008Mi03, 2007Gi10,
2005Do20, 2005Bl31, 2005Gi15, 2002Pf02,
2002Gi09]

49Ni 0.49(78)# —— -1.08(78)# -8.30(66)#

* from [2012Au08], [2021Wa16] lists -1.80(20)#.
** [2007Mi36].
*** Prediction from Ref. [2013Ti01].

Table 3
direct 2 proton emission from 45Fe*, T1/2 = 3.76(22) ms, BRp =100%.

E2p(c.m.) I2p(abs) Edaughter(43Cr)

1.21(5) 100% 0.0

* All values from [2012Au08].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = -7/2 nuclei

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe 3p Qe a Experimental

31K <10 ps 22.94(36)# 22.30(30)# 22.78(30)# 19.54(30)# 14.35(50)# [2019Ko18]
35Sc 21.91(45)# 21.03(45)# 21.91(40)# 18.57(40)# 13.35(45)#
39V 20.07(45)# 19.53(45)# 21.13(40)# 18.12 (40)# 14.96(45)#

43Mn 19.34(45)# 17.70(45)# 18.49(40)# 16.03(40)# 12.45(45)#
47Co 17.75(78)# 15.75(61)# 15.55(60)# 12.56(60)# 10.17(63)#

Table 2
Particle emission from the odd-Z, Tz = -7/2 nuclei

Nuclide Sp BR1p S2p Qa Experimental

31K -2.15(15)* 100% -5.66(35)#
35Sc -4.92(50)# -4.980(45)# -9.59(50)#
39V -3.91(50)# -4.21(50)# -6.96(57)#

43Mn -3.02(50)# -2.48(45)# -7.63(57)#
47Co -2.12(67)# -1.02(67)# -9.18(72)#

* From [2019Ko18], [2021Wa16] lists -4.90(35)#.

Table 3
direct proton emission from 31K*, T1/2 = <10 ps, BRp =100%.

Ep(c.m.) Ip(abs) Edaughter(30Ar)

2.15(15) 100% 0.0

* All values from [2019Ko18].
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Fig. 1: Known experimental values for heavy particle emission of the even Z Tz= -3 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the even Z, Tz = -3 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p BRb 2p Qe 3p Qe a Experimental

22Si 0+ 28.6(14) ms* 15.44(64)# 15.45(50)# 61.8(52)%* 12.21(50)# 0.7(3)%** 10.02(50)# 6.18(51)# [2020Le16, 2017Xu01, 2022Ci04,
1997Cz02, 1996Bl11]

26S 0+ < 79 ns 16.71(63)# 16.56(60)# 13.15(60)# 11.29(60)# 7.06(72)# [2011Fo08]
30Ar 0+ < 10 ps 17.40(18)# 17.88(18) 14.64(18) 12.59(18)# 8.67(27)# [2019Ko18, 2016Xu08, 2015Mu13]
34Ca 0+ < 35 ns 16.11(36)# 16.99(30)# 13.64(30)# 12.07(30)# 7.79(30)#
38Ti 0+ < 120 ns 15.62(36)# 17.22(30)# 14.21(30)# 12.55(30)# 10.17(36)# [1996Bl21]
42Cr 0+ 13.3(10) ms*** 14.68(36)# 15.47(30)# 94.4(50)% 13.01(30)# 12.48(30)# 8.89(36)# [2007Do17, 2001Gi01]
46Fe 0+ 13.0(20) ms*** 13.63(31)# 13.44(30)# 66(4)%@ 10.44(30)# 0.4(6)%@ 8.66(30)# 6.41(36)# [2014Po05, 2007Do17, 1992Bo37]
50Ni 0+ 18.5(12) ms*** 14.13(52)# 14.00(50)# 86.7(6)%a 11.26(50)# 14(5)% 9.24(50)# [2007Do17, 2003Ma34]
54Zn 0+ 1.59+0.60

�0.35 ms 15.54(45)# 16.64(22)# b 14.07(22)# 12.62(22)# 9.47(26)# [2011As08, 2005Bl15]
58Ge 0+ <100 ns 15.96(58)# 17.68(54)# 16.47(50)# 15.89(50)# 11.24(64)# [2016Bl05]

* [2020Le16]
** [2017Xu01].
*** [2007Do17]
@ [2014Po05]
a Energies of individual proton peaks not reported in [2007Do17, 2003Ma34].
b Events were measured in [2011As08, 2005Bl15] consistent with b -delayed proton emission.

Table 2
Particle emission from even Z, Tz = -3 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp BR1p S2p BR2p Qa Experimental

22Si 0.74(78)# —— -1.58(50)#
26S -0.20(72)# -2.36(60)# -8.39(78)#

30Ar -0.76(13)# -2.45+0.05
�0.10* 100% -8.03(63)# [2019Ko18, 2016Xu08, 2015Mu13]

34Ca -0.06(36)# -2.51(30)# -9.61(35)#
38Ti -0.30(42)# -3.24(30)# -5.95(42)#
42Cr 0.54(36)# -1.48(31)# -6.74(42)#
46Fe 1.10(42)# -0.05(30)# -8.28(42)#
50Ni 0.97(71)# 0.03(51)# -7.09(58)#
54Zn -0.15(55)# -2.28(20) 90+5

�10% -4.67(55)# [2011As08]
58Ge -0.54(64)# -3.23(64) -4.30(55)# [2011As08]

* [2019Ko18]

Table 3
b -p emission from 22Si*, T1/2= 28.6(14) ms, BRb p = 61.8(52)%

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (22Al)** Edaughter(21Mg)*** coincident g-rays***

0.71(5) 12(3) 5.3(10) 0.902(403) 0.202(4) 0.202
1.95(5) 100(15) 43.0(46) 2.142(403) 0.202(4) 0.202
2.15(5) 31(6) 13.5(21) 2.142(403) 0 ——

*All values taken from [2020Le16] except where noted. [1997Cz02, 1996Bl11] reported protons with energies of 1.63(5) and 2.10(5) meV which were nor
observed in [2020Le16].

** Calculated from proton energies and Sp (22Al) = -10(400) keV [2021Wa16]. For levels de-excited by more than one proton transition, Elevel (emitter) is the
weighted average.

*** Values from measured g energy in [2020Le16].

Table 4
b -2p emission from 22Si*, T1/2= 28.6(14) ms, BRb 2p =0.7(3)%.

E2p(c.m.) Ip(abs) Eemitter (22Al) Edaughter(20Na) coincident g-rays

5.600(70) 0.007(3) 8.83(41) 0 ——

*All values taken from [2017Xu01] except where noted.
** Calculated from two proton energy and S2p (22Al) = 3230(400)# keV [2021Hu06].
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Table 5
b -p emission from 42Cr*, T1/2= 13.3(10) ms**, BRb p = 94.4(50)%.

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (42V) Edaughter(41Ti) coincident g-rays

1.537(35) 31(25) 14(11)
1.951(20) 100(34) 45(15)
2.551(30) 31(25) 14(11)
3.186(20) 26(14) 11.8(64)
3.806(20) 21(14) 9.5(61)

* Energies and relative intensities are taken from [2001Gi01]. Absolute intensities are calculated from the relative intensities modified by the total branching
ratio from [2007Do17].

** [2007Do17].

Table 6
b -p emission from 46Fe*, T1/2= 13.0(20) ms, BRb p = 78.7(38)%

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (46Mn)** Edaughter(45Cr) coincident g-rays

⇡0.75*** 12(7) 1.2(7)
⇡1.05*** 16(8) 1.6(8)
1.457(28) 100(30) 10(3)
1.692(23) 40(40) 4(4)
3.272(23) 61(25) 6.1(25)
4.239(33) 79(32) 7.9(32) 4.92(9)+x 0.494+x 0.494

*All values taken from [2007Do17] except where noted.
** Calculated from proton energies and Sp (46Mn) = 190(90)# keV [2021Hu06].
*** Possible transitions from [2014Po05].

Table 7
b -2p emission from 50Ni*, T1/2= 18.5(12) ms, BRb 2p =24(5)%.

E2p(c.m.) Ip(abs) Eemitter (50Co)** Edaughter(48Mn) coincident g-rays

1.972(13) 14(5) 4.82(13) 0 ——

*All values taken from [2007Do17] except where noted.
** Calculated from two proton energy and S2p (50Co) = 2870(130)# keV [2021Hu06].
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Fig. 1: Known experimental values for heavy particle emission of the odd Z Tz= -3 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the odd Z, Tz = -3 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe 3p Qe a Experimental

24P 23.28(50)# 19.98(50)# 19.84(50)# 14.34(50)#
28Cl 24.20(53)# 21.64(50)# 20.83(50)# 15.32(50)# 15.10(50)#
32K 24.19(40)# 21.74(40)# 21.47(40)# 16.18(40)# 15.50(43)#

36Sc 22.60(20)# 20.03(30)# 19.95(30)# 15.29(30)# 15.93(30)#
40V 21.46(31)# 19.35(30)# 19.95(30)# 15.40(30)# 16.50(30)#

44Mn < 105 ns 20.88(30)# 18.09(30)# 17.99(30)# 14.24(30)# 14.03(31)# [1992Bo07]
48Co 19.74(51)# 18.02(66)# 16.62(50)# 11.75(50)# 12.73(50)#
52Cu 20.68(61)# 18.17(60)# 18.02(60)# 13.87(60)# 13.71(61)#
56Ga 21.55(64)# 20.51(52)# 20.86(50)# 16.95(50)# 16.30(51)#
60As 21.89(50)# 20.83(43)# 22.08(40)# 19.80(40)# 17.33(57)#

Table 2
Particle emission from odd Z, Tz = -3 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp BR1p S2p BR2p Qa Experimental

24P -2.78(71)# -1.24(64)#
28Cl -1.60(8)* 100% -2.72(54)# -8.18(71))# [2018Mu18]
32K -3.38(45)# -2.74(40)# -8.71(64)#

36Sc -3.67(36)# -2.79(36)# -8.26(50)#
40V -2.68(36)# -2.14(36)# -6.11(42)#

44Mn -2.14(36)# 100%** -0.50(36)# -7.43(42)# [1992Bo07]
48Co -01.57(71)# 0.43(51)# -8.16(58)#
52Cu -2.48(78)# -1.23(61)# -6.03(78)#
56Ga -3.14(64)# -2.82(64)# -4.39(78)#
60As -3.44(57)# -3.32(50)# -4.23(64)#

* from [2018Mu18], -3.49(30)# in [2021Wa16].
** Inferred from Half-life.

Table 3
direct proton emission from 28Cl*, BRp =100%.

Eparent Ep(c.m.) Ep(lab) Ip(abs) Edaughter(27S)

0.0 1.60(8) 1.54(8) 100% 0.0
1.60 3.20(6) 3.09(6) 100% 0.0

* All values from [2018Mu18].
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Table 1
Observed and predicted b -p, b -2p, and b -3p emission from the even-Z Tz = -5/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p BRb 2p Qe 3p BRb 3p Qe a Experimental

11O (3/2�) 1.30 MeV 23.37(6) 24.75(6) 20.75(6) 17.637(65) 11.24(64)# [2019We03]
15Ne 0.59 MeV 23.65(7) 24.92(7) 20.30(7) 18.35(7) 13.43(67)# [2014Wa09]

19Mg 4.0(15) ps 18.910(60) 19.23(60) 15.31(60) 14.71(60) 12.85(60) [2007Mu15]
23Si* (5/2)+ 42.3(4) ms 17.20(50)# 17.06(50)# 81.8(11)%** 11.56(50)# 7.73(35)%** 9.13(50)# 0.029+0.038

�0.019%** 8.60(50)# [2022Ci04, 2018Wa05,
1997Cz02, 1997Bl04]

27S (5/2)+ 16.3(2) ms*** 18.15(40)# 17.34(40)# 62.2(29)%@ 11.83(40)# 2.4(5)%*** 9.56(40)# <0.1% 8.32(40)# [2021Sh23, 2020Su05,
2019Su14, 2017Ja05,
2001Ca60, 1991Bo32]

31Ar 5/2+ 15.1(3) ms@@ 18.36(20)# 18.10(20)# 68.3(3)% 13.71(20)# 9.0(2)% 10.96(20)# 0.07(2)% 9.57(20)# @@@
35Ca (1/2+) 25.7(2) ms 16.36(20)# 16.28(20) # 95.7(15)% 11.62(20)# 4.2(3)% 9.34(20)# 9.80(20)# [2016Ci05, 2015Li20,

1999Tr04, 1985Ay01]
39Ti (3/2+) 28.5(9) ms 16.67(20)# 17.27(20)# 93.7(28)%a 12.72(20)# a 10.87(20)# 11.25(20)# [2007Do17, 1992Mo15,

2001Gi01, 1990De43]
43Cr (3/2+) 21.2(7) ms 15.95(21)# 15.85(20)# 79.3(30)% 12.09(20)# 11.6(10)% 11.01(20)# 0.13+0.18

�0.08% 9.78(20)# [2012Au08, 2007Do17,
2011Po01, 2001Gi01,
1992Bo37]

47Fe (7/2�) 21.9(2) ms 15.44(50)# 15.05(50)# 88.4(9)% 10.18(50)# 8.55(50)# 8.37(50)# [2007Do17, 1992Bo37]
51Ni 7/2� 23.8(2) ms 15.69(50)# 15.54(50)# 87.2(9)%b 11.39(50)# 0.50(2)%c 9.30(50)# 8.50(80)# [2012Au08, 2007Do17]
55Zn 5/2� 19.8(13) ms 17.37(43)# 17.72(40)# 91.0(51)% 13.81(40)# 12.20(40)# 10.65(40)# [2007Do17]
59Ge 13.3(17) ms 17.39(43)# 18.64(40)# 100% 16.36(40)# 15.67(40)# 12.85(53)# [2017GoZT, 2016Go26,

2015Ci06]
63Se 13.2(39) ms 16.65(54)# 18.00(52)# 100% 15.70(50)# 15.46(50)# 14.49(53)# [2017GoZT, 2016Go26]
67Kr 7.4(30) ms 16.98(52)# 18.82(47)# 63(14)%d 16.81(43)# 16.90(42)# 15.52(47)# [2017GoZT, 2016Go26]

* In addition a branching ratio for b -pa is reported as 0.014+0.033
�0.012% [2022Ci04].

** [2022Ci04]
*** [2021Sh23]
@ From [2021Sh23] plus two high energy peaks from [2001Ca60].
@@ [2015Li20]
@@@ [2015Li20, 2000Fy01, 1998Ax02, 1992Ba01, 2019Ko29, 2018Mu18, 2016Ci05, 2016Ma17, 2014Ko17, 2014Ko34, 2013Ko13, 2002Fy01, 2002Bo29,

1999Fy01, 1999Th09, 1998Ax01, 1998Mu06, 1991Bo32, 1990Bo24, 1989Re02] ].
a Mixture of b -p and b -2p [2007Do17], b -xp is expected to be 100% as 39Sc is unbound to proton emission Sp= -597(24) keV [2021Wa21].
b [2007Do17].
c [2012Au08].
d b -daughter 67Br is unbound to proton emission.

Table 2
Particle emission from the even-Z Tz = -5/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp S2p BR2p Qa Experimental

11O -1.65(40) -4.25(6) 100% [2019We03]
15Ne -0.96(8) -2.52(7) 100% -9.95(9) [2014Wa09]

19Mg 0.49(11) -0.760(50) 100% -10.80(90) [2018Xu04, 2016Xu08, 2015Mu13,
2012Mu05, 2009Mu17, 2007Mu15]

23Si 1.54(64)# 1.53(50)# —— -10.31(50)#
27S 0.77(45)# 0.91(40)# —— -8.88(64)#

31Ar 0.64(20)# 0.006(34)* -8.59(45)#
35Ca 0.88(28)# 0.00(20)# -8.56(28)#
39Ti 0.54(28)# -1.06(20)# -5.12(28)#
43Cr 1.64(28)# 0.85(20)# —— -6.90(28)#
47Fe 2.00(51)# 2.19(50)# —— -7.58(54)#
51Ni 1.35(52)# 1.48(50)# —— -6.95(71)#
55Zn 0.32(57)# -0.78(40)# -5.04(64)#
59Ge 0.12(50)# -1.60(45)# <0.2% -4.53(57)# [2017GoZT]
63Se -0.28(58)# -2.36(58)# <0.5% -2.91(64)# [2017GoZT]
67Kr -0.73(58)# -2.89(30)# 37(14)% -1.13(66)# 2017GoZT, 2016Go26]

* from [2018Mu18], [2021Wa16] lists 0.64(20)#
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Table 3
b -p Emission from 23Si*, T1/2= 42.3(4) ms, BRb p = 81.8(11) %c

Ep(c.m.) Ip(rel)% Ip(abs)% Eemitter (23Al)** Edaughter(22Mg)*** coincident g-rays***

0.300(90)c 0.45+0.22
�0.15 0.12+0.06

�0.04
0.654(31) 9.1(4) 2.4(1) 0.795(31) 0 ——
1.333(28) 21.8(14) 5.78(37) 1.474(28) 0 ——
1.657(37) 17(2) 4.6(6) 1.798(37) 0 ——
2.356(29) 100(5) 26.5(14) 3.744(29) 1.247 1.247
2.764(35) 36.4(4) 9.64(10) 4.152(35) 1.247 1.247
3.024(36) 31.9(14) 8.5(4) 3.165(36) 0 ——
3.592(44) 27.2(8) 7.2(2) 3.733(44) 0 ——

—— 3.811(51)a 23.4(4) 6.2(1)a 3.952(51) 0
4.235(39) 18.8(4) 4.99(10) 4.376(39) 0 ——
4.781(41) 10.1(7) 2.7(2) 4.922(41) 0 ——

5.545(82)a 5.686(82) 0 ——
8.680(70)b 1.5(4) 0.4(1)b 8.821(70) 0 ——
9.670(70)b 0.4(2) 0.11(4)b 9.811(70) 0 ——

10.410(70)b 0.3(1) 0.07(3)b 10.551(70) 0 ——
10.930(80)b 0.3(1) 0.09(3)b 11.071(80) 0 ——

11.620(100)b 0.1(1) 0.03(2)b 11.761(100) 0 ——

* Weighted average of [2018Wa05] and [1997Bl04, 1997Cz02], except where noted.
** Calculated from proton energies [1997Bl04] and Sp (23Al) = 140.9(4) keV [2021Hu06]. For levels de-excited by more than one proton transition, Elevel

(emitter) is the weighted average.
*** Values from adopted levels in ENSDF [2015Ba27].
a [2018Wa05].
b [1997Bl04].
c [2022Ci04].

Table 4
b -2p emission from 23Si*, BRb 2p = 7.73(35)%@.

E2p(c.m.) I2p(rel)% I2p(abs)% Eemitter (23Al)** Edaughter(21Na)*** coincident g-rays***

5.858(55) 100 1.85(20) 11.78(7) 0.3319(10) 0.332
6.052(55) 86(20) 1.60(20) 11.78(7) 0 ——

* Weighted average of [2018Wa05] and [1997Bl04, 1997Cz02].
** Determined from 23Si b -p emission.
*** Values from adopted levels in ENSDF [2015Fi05].
@ [2022Ci04].
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Table 5
b -p emission from 27S*, T1/2= 16.3(2) msb, BRb p = 62.2(29)%

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (27P)a Edaughter(26Si)@ coincident g-rays@

0.318(8) 100(9) 23.1(21) 1.125(12) 0 —
0.762(8) 38.5(61) 8.9(1) 1.569(12) 0 —
0.913(9) 6.5(18) 1.5(3) 4.507(13) 2.7871(1) 0.9889, 1.7922, 2.7870
1.054(9) 7.8(18) 1.8(3) 1.861(13) 0 —
1.282(9) 4.8(12) 1.1(2) 4.876(13) 2.7871(1) 0.9889, 1.7922, 2.7870
1.676(9) 2.6(18) 0.6(3) 5.270(13) 2.7871(1) 0.9889, 1.7922, 2.7870
1.86(12) 1.3(18) 0.3(3) 4.464(15) 1.7973 1.7973

1.951(11) 3.5(18) 0.8(3) 5.545(14) 2.7871(1) 0.9889, 1.7922, 2.7870
2.128(10) 4.3(18) 1(3) 5.722(13) 2.7871(1) 0.9889, 1.7922, 2.7870

2.264(9) 24.7(49) 5.7(8) 5.858(13) 2.7871(1) 0.9889, 1.7922, 2.7870
2.417(11) 6.9(24) 1.6(4) 5.021(14) 1.7973 1.7973
2.576(11) 5.6(24) 1.3(4) 6.170(14) 2.7871(1) 0.9889, 1.7922, 2.7870
2.717(10) 2.6(12) 0.6(2) 3.524(13) 0 —
2.808(10) 8.7(31) 2(5) 6.402(13) 2.7871(1) 0.9889, 1.7922, 2.7870
2.953(12) 4.8(24) 1.1(4) 6.547(15) 2.7871(1) 0.9889, 1.7922, 2.7870

3.03(12) 4.3(18) 1(3) 6.624(15) 2.7871(1) 0.9889, 1.7922, 2.7870
3.121(11) 4.8(24) 1.1(4) 6.715(14) 2.7871(1) 0.9889, 1.7922, 2.7870
3.238(11) 6.1(24) 1.4(4) 5.842(14) 1.7973 1.7973
3.475(12) 3.5(18) 0.8(3) 7.069(15) 2.7871(1) 0.9889, 1.7922, 2.7870
3.720(11) 1.7(12) 0.4(2) 6.324(14) 1.7973 1.7973
3.786(11) 1.7(12) 0.4(2) 7.380(14) 2.7871(1) 0.9889, 1.7922, 2.7870

3.95(11) 1.7(6) 0.4(1) 6.554(14) 1.7973 1.7973
4.05(11) 5.2(18) 1.2(3) 6.654(14) 1.7973 1.7973
4.26(15) 1.7(12) 0.4(2) 6.864(17) 1.7973 1.7973

4.399(15) 2.2(12) 0.5(2) 7.993(17) 2.7871(1) 0.9889, 1.7922, 2.7870
4.693(15) 1.7(12) 0.4(2) 8.287(17) 2.7871(1) 0.9889, 1.7922, 2.7870

4.84(12) 2.2(12) 0.5(2) 7.444(15) 1.7973 1.7973
7.80(40)*** 5.4(19) 1.4(5)%***

10.56(40)*** 3.4(15) 0.9(4)%*** 13.164(400) 1.7973 1.7973

* From [2019Su14] unless otherwise stated.
** [2017Ja05]
*** [2001Ca60] (above energy threshold for [2019Su14].
@ Values from adopted levels in ENSDF [2016Ba18].
a Calculated from proton energies and Sp (27P) = 7807(9) keV [2021Hu06].
b [2021Sh23].

Table 6
b -2p emission from 27S*, BRb 2p = 2.4(5)%

E2p(c.m.) I2p(rel) I2p(abs) Eemitter (27P)** Edaughter(25Al)@ coincident g-rays@

6.372(15) 100 0.7(3)% 12.693(17) 0 ——

* All values taken from [2021Sh23], a 5.3 MeV transition from [2017Ja05] was not observed.
** Calculated from two proton energy and S2p (27P) = 6321(9) keV [2021Hu06].
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Table 7
b -p emission from 31Ar*, T1/2= 15.1(3) mse, BRb p = 68.3(3)%**.

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (31Cl) Edaughter(30S)d coincident g-raysd

0.461(15)b 0.49(16)b 0.14(5) 0.725(15) 0 ——
0.779(15)b 3.0(3)b 0.87(9) 3.254(15) 2.2106(5) 2.211

0.844(15)ab 4.2(4) 1.2(1)
1.006(15)b 1.4(2)b 0.41(6) 1.270(15) 0 ——
1.169(5)ab 2.7(16)b 0.78(46) 6.651(6) 5.2174(7) 2nd proton emitted

1.251(4) 1.7(5) 0.49(14) 6.651(6) 5.136(2) 2.2106, 2.925
1.343(13)a 0.70(11) 0.20(3) 6.825(13) 5.2174(7) 2nd proton emitted

1.463(2) 34.0(3) 9.88(9) 1.7527(4) 0 ——
1.554(2) 6.2(2) 1.80(6) 4.029(4) 2.2106(5) 2.211
1.698(2) 2.88(14) 0.84(4) 5.364(4) 3.4026(5) 1.192, 2.211, 3.402

1.880(3)a 3.0(4) 0.87(11) 7.361(4) 5.2174(7) 2nd proton emitted
1.932(3) 0.8(2) 0.23(6) 5.599(4) 3.4026(5) 1.192, 2.211, 3.402

1.987(3)a 0.44(14) 0.13(4) 7.469(4) 5.2174(7) 2nd proton emitted
2.075(3) 10.0(2) 2.91(6) 5.742(4) 3.4026(5) 1.192, 2.211, 3.402
2.153(2) 100.0 29.1(2) 2.417(4) 0 ——
2.328(2) 4.0(3) 1.16(9) 2.592(4) 0 ——
2.405(4) 5.1(4) 1.48(11) 2.669(5) 0 ——
2.977(3) 0.99(13) 0.29(4) 6.644(4) 3.4026(5) 1.192, 2.211, 3.402
3.121(3) 1.08(14) 0.31(4) 5.595(4) 2.2106(5) 2.211
3.258(4) 0.44(10) 0.13(3) 5.733(5) 2.2106(5) 2.211
3.357(4) 1.17(15) 0.34(4) 3.621(5) 0 ——
3.546(3) 0.89(11) 0.26(3) 7.477(4) 3.6675(10) 1.4566, 2.211

3.680(11) 3.6(8) 1.0(2) 7.346(11) 3.4026(5) 1.192, 2.211, 3.402
3.755(3) 6.1(8) 1.8(2) 4.019(4) 0 ——

3.933(4)a 0.53(13) 0.15(4) 9.414(5) 5.2174(7) 2nd proton emitted
4.032(3) 2.22(14) 0.65(4) 6.507(4) 2.2106(5) 2.211
4.164(3) 7.0(2) 2.03(6) 6.639(4) 2.2106(5) 2.211

4.340(4)a 1.09(18) 0.32(5) 12.295(5) 7.693(4) 2nd proton emitted
4.432(4)a 0.31(8) 0.09(2) 12.295(5) 7.598(4) 2nd proton emitted
4.535(5)a 0.59(11) 0.17(3) 12.295(5) 7.485(4) 2nd proton emitted
4.778(9)b 0.7(2) b 0.20(6) 5.042(9) 0 ——
4.888(5) 1.68(18) 0.49(5) 7.361(6) 2.2106(5) 2.211
5.454(5) 17.6(3) 5.06(9) 5.716(6) 0 ——

5.820(9)a 0.31(5) 0.09(1) 12.286(9) 5.389(2) 2nd proton emitted
6.150(7)a 0.19(6) 0.05(2) 12.256(8) 5.843(5) 2nd proton emitted
6.251(9) 0.51(12) 0.15(3) 6.515(9) 0 ——
6.350(7) 0.51(12) 0.15(3) 6.614(8) 0 ——

6.599(7)a 0.26(5) 0.08(1) 12.252(8) 5.389(2) 2nd proton emitted
6.758(8)a 0.84(11) 0.24(3) 12.239(9) 5.2174(7) 2nd proton emitted
7.182(9) 0.70(9) 0.20(2) 7.446(9) 0 ——

7.310(16) 0.49(7) 0.14(2) 7.574(9) 0 ——
8.362(12) 0.25(4) 0.07(1) 12.295(6) 3.6675(10) 1.457, 2.211
8.625(15) 0.51(6) 0.15(2) 12.295(6) 3.4026(5) 1.192, 2.211, 3.402
9.155(19) 0.22(19) 0.064(55) 9.419(19) 0 ——
9.809(20) 0.30(4) 0.087(12) 12.284(20) 2.2106(5) 2.211

12.042(28) 0.23(11) 0.067(32) 12.310(25) 0 ——
12.253(29) 0.034(3) 0.010(1) 12.517(29) 0 ——

*All values are taken from [2000Fy01] except where indicated. (Values from [2016Ma17] are listed as preliminary and are not included in this table).
** From [2015Li20].
a Single proton from a b -2p decay.
b [1998Ax02]
c Calculated from proton energies and Sp (31Cl) = 264(3) keV [2021Hu06].
d Values from adopted levels in ENSDF [2010Ba29].
e [2015Li20].
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Table 8
b -2p emission from 31Ar*, BRb 2p = 9.0(2)%**

E2p(c.m.) I2p(rel) I2p(abs) Eemitter (31Cl)*** Edaughter(29P)@ coincident g-rays@

5.680(20) 48(23) 0.61(11) 12.295(5) 1.9539(2) 1.954, 0.570, 1.384
6.230(20) 56(23) 0.71(12) 12.295(5) 1.3836(1) 1.384
7.635(25) 100 1.26(20) 12.295(5) 0 ——

*All values are taken from [1998Ax02] except where indicated.
** From [2015Li20].
*** Determined from 31Ar b -p emission.
@ Values from adopted levels in ENSDF [2012Ba18].

Table 9
b -3p emission from 31Ar, BRb 3p = 0.07(2)%**.

E3p(c.m.)⇤ I3p(rel) I3p(abs)** Eemitter (31Cl)*** Edaughter(29Si) coincident g-rays

5.03(29) 100 0.07(2) 12.295(5) 0 ——

* [1992Ba01].
** [2016Ci02, 2015Li20].
*** Determined from 31Ar b -p emission.

Table 10
b -p emission from 35Ca*, T1/2= 25.7(2) ms, BRb p = 95.7(15)%**.

Ep(c.m.) Ep(lab) Ip(rel) Ip(abs) Eemitter (35K)*** Edaughter(34Ar)@ coincident g-rays@

1.469(5) 1.427(5) 100 48.5(13) 1.511(5) 0 ——
1.965-2725 1.909-2.647a 11(2) 5.4(9) 4.084-4.822 2.0911(3) 2.091
1.965-2725 1.909-2.647a 2.1(8) 1.0(4) 5.280-6.018 3.2877(5) 1.197, 2.091, 3.286
1.965-2725 1.909-2.647a 4.1(14) 2.0(7) 5.866-6.604 3873(3) 0.585, 1.197, 1.782, 2.091

2.807(13) 2.727(13) 12.4(10) 6.0(5) 4.902(13) 2.0911(3) 2.091
3.034-3.603 2.947-3.500a 4.5(6) 2.2(3) 5.122-5.675 2.0911(3) 2.091

3.698(25) 3.592(25) 6.2(6) 3.0(3) 3.676(25) 0 ——
3.934(36) 3.822(36) 7.8(6) 3.8(3) 3.906(36) 0 ——
4.160(71) 4.041(71) 6.0(6) 2.9(3) 6.216(71) 2.0911(3) 2.091
4.704(48) 4.570(48) 6.0(6) 2.9(3) 4.654(48) 0 ——
4.894(38) 4.754(38) 8.7(8) 4.2(4) 4.838(38) 0 ——
5.166(71) 5.018(71) 8.0(6) 3.9(3) 5.102(71) 0 ——
5.450(48) 5.294(48) 1.5(4) 0.72(18) 5.378(48) 0 ——
5.627(48) 5.466(48) 1.26(31) 0.61(15) 5.550(48) 0 ——
5.781(37) 5.616(37) 2.95(35) 1.43(17) 5.700(37) 0 ——
6.006(60) 5.834(60) 2.9(4) 1.40(19) 5.918(60) 0 ——

6.159-6.845 5.983-6.649a 2.25(35) 1.09(17) 6.067-6.733 0 ——
6.983(22) 6.783(22) 7.8(4) 3.8(2) 8.958(22) 2.0911(3) 2.091

7.341-8.119 7.131-7.887a 2.3(4) 1.1(2) 4.084-7.971 0 ——
9.061(89) 8.802(89) 0.85(12) 0.41(6) 8.886(89) 0 ——

* All values are taken from [1999Tr04], except where noted.
** From [2016Ci05, 2015Li20].
*** Calculated from proton energies and Sp (35K) = 83.6(5) keV [2021Wa16].
@ Values from adopted levels in ENSDF [2012Si06].
a unresolved multiplet

Table 11
b -2p emission from 35Ca*, BRb 2p = 4.2(3)%**.

E2p(c.m.) E2p(lab) Ip(rel) Ip(abs) Eemitter (35K)**** Edaughter(33Cl) coincident g-rays

4.305(26) 100 4.2(3) 9.053(27) 0 ——

* All values are taken from [1999Tr04], except where noted.
** From [2016Ci05].
*** Calculated from two-proton energy and S2p (35K) = 4747.5(6) keV [2021Hu06].
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Table 12
b -p emission from 39Ti*, T1/2 = 28.5(9) ms, BRb p = 93.7(28)%**.

Ep(c.m.) Ip(rel)*** Ip(abs)*** Eemitter (39Sc) Edaughter(38Ca) coincident g-rays@

3.27(2) 70(20) 7(2)
5.17(3)a 100(30) 10(3)

* All values taken from [2007Do17], except where noted.
** Mixture of b -p and b -2p [2007Do17], b -xp is expected to be 100% as 39Sc is unbound to proton emission Sp= -597(24) keV [2021Hu06].
*** Note that there is considerable disagreement between the published works in this nucleus, and many b -p transitions are unknown.
a Possible two proton peak from the b -2p decay of 39Ti to the ground state of 37K [2001Gi01, 1992Mo15].

Table 13
b -2p emission from 39Ti*

E2p(c.m.) I2p(rel) I2p(abs) Eemitter (39Sc) Edaughter(37K)** coincident g-rays **

⇡2.50 ⇡100 2.1702(1) 2.170
⇡4.75 ⇡55 0 ——

* All values taken from [1992Mo15], except where noted.
** Value from adopted levels in ENSDF [2012Ca15].

Table 14
b -p emission from 43Cr*,T1/2 = 21.2(7) ms, BRb p = 79.3(30)%**.

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (43V)*** Edaughter(42Ti) coincident g-rays

1.014(17) 8(1) 0.6(1)
1.614(34) 30(15) 2.1(11)
1.812(15) 100 7.1(12)
2.179(17) 66(10) 4.7(7)
2.753(19) 17(6) 1.2(4)
3.138(17) 48(10) 3.4(7)
3.382(25) 14(6) 1.0(4)
3.744(27) 42(20) 3.0(14)
4.671(26) 63(11) 4.5(8)

* All proton energies, intensity and half-life values taken from [2007Do17].
** From [2012Au08]. [2007Do17] gives a value of 92.5(28)% for the sum of b -p and b -2p.
*** Calculated from proton energies and Sp (43V) = 100(40) keV [2021Hu06].

Table 15
b -2p emission from 43Cr*, BRb 2p = 12.09(40)%**.

E2p(c.m.) I2p Eemitter (43V)*** Edaughter(41Sc) coincident g-rays

4.348(16) 8.198(43) 0 ——

* All values taken from [2007Do17] except where noted.
** [2012Au08].
*** Calculated from two-proton energy and S2p (43V) = 3850(40) keV [2021Hu06].
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Table 16
b -p emission from 47Fe*, T1/2 = 21.5(7) ms, BRb p = 88.4(9)%.

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (47Mn)** Edaughter(46Cr) coincident g-rays

1.548(19) 36(13) 1.9(7)
1.718(20) 75(23) 4.0(12)
1.864(15) 100 5.3(7) 5.44(3) 1.9871(3) 0.892, 1.095
2.462(29) 36(13) 1.9(7)
3.973(20) 83(23) 4.4(12) 7.55(4) 3.1965(6) 0.892, 1.095

5.00(22) 38(8) 2.0(4) 7.38(4)a 1.9871(3) 0.892, 1.095
6.104(24) 70(13) 3.7(7) 7.38(4)a 0.8922(1) 0.829

* All values taken from [2007Do17], except where noted.
** Calculated from proton energy and Sp (47Mn) = 380(30) keV [2021Hu06].
aIAS state [2007Do17].

Table 17
b -p Emission from 51Ni*, T1/2 = 23.8(2) ms, BRb p = 87.2(9)%*.

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (51Co)** Edaughter(50Fe)*** coincident g-rays***

1.084(41) 14(9) 1.3(8)
1.356(23) 17(6) 1.5(5 )
1.859(20) 35(10) 3.0(9 )
2.234(18) 21(6) 1.8(5 )
2.515(28) 55(25) 4.8(22)
2.915(17) 46(10) 4.0(9 )
3.121(31) 24(12) 2.1(10)
3.421(23) 6(5) 0.5(4 )
3.709(29) 17(6) 1.5(5 )
3.929(24) 13(7) 1.1(6 )
4.415(27) 6(3) 0.5(3 )
4.662(16) 100 8.7(8 ) 6.664(52) 1.8515(5) 0.765, 1.087
5.664(30) 10(5) 0.9(4 )

* All values taken from [2007Do17], except where noted.
** Calculated from proton energy and Sp (51Co) = 150(50) keV [2021Hu06].
*** Values from adopted levels in ENSDF [2011El01].

Table 18
b -p Emission from 55Zn*, T1/2 = 19.8(13) ms, BRb 2p = 91.0(51)%.

Ep(c.m.) Ip Eemitter (55Cu) Edaughter(54Ni) coincident g-rays

4.689(38) obs ⇡7.30* 2.5-2.6**

* All values taken from [2007Do17], except where noted.
** The emitted proton is assumed to be from IAS in 55Cu at ⇡7.300 MeV to the second excited state in 54Ni which is expected to be ⇡2.5-2.6 MeV.
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= -5/2 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z Tz = -5/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p BRb 2p Qe 3p Qe a Experimental

13F 18.92(50)# 17.40(50)# 16.80(50)# 8.11(50)# 10.7(50)# [2021Ch19]
17Na 18.22(6) 16.76(6) 17.29(6)# 9.99(6)# 9.18(6) [2017Br07]
21Al < 35ns 16.19(60)# 12.95(60)# 10.76(60)# 4.35(60)# 8.17(60)# [1997Au04]

25P < 35 ns 16.36(40)# 12.95(40)# 11.09(40)# 3.50(40)# 6.86(40)# [1997Au04]
29Cl < 20 ns 17.12(19)# 13.88(19)# 11.83(19)# 4.36(19)# 7.77(19)# [2015Mu13]
33K 16.93(20)# 13.59(20)# 12.00(20)# 5.87(20)# 8.21(20)#

37Sc 16.92(30)# 13.91(30)# 12.25(30)# 6.35(30)# 10.74(30)#
41V 16.01(20)# 13.55(20)# 13.02(20)# 7.24(20)# 11.02(20)#

45Mn 14.54(30)# 11.54(30)# 9.76(30)# 5.27(30)# 8.29(30)#
49Co 14.97(50)# 12.23(50)# 10.21(50)# 5.43(50)# 7.31(50)#
53Cu < 130 ns 16.49(50)# 13.92(50)# 12.47(50)# 7.62(50)# 9.19(50)# [2005Bi15]
57Ga 17.14(45)# 15.93(40)# 15.35(40)# 10.73(40)# 11.80(40)#
61As 16.59(42)# 15.10(36)# 15.44(30)# 12.60(30)# 12.93(36)#
65Br 16.53(58)# 15.75(54)# 15.85(50)# 13.63(50)# 14.88(58)#

Table 2
Particle emission from the odd-Z Tz = -5/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp BRp S2p Qa Experimental

13F -2.73(50)# 100% -3.09(50)# [2021Ch19]
17Na -3.44(6) 100% -3.57(6) -9.740(10) [2017Br07]
21Al -2.32(60)# 100% 0.42(60)# -10.06(60)# [1997Au04]

25P -2.16(40)# 100% 1.14(40# -9.32(72)# [1997Au04]
29Cl -2.66(10)# 100% -0.10(19)# -8.59(44)# [2015Mu13]
33K -2.45(20)# 0(200)# -8.91(28)#

37Sc -2.94(30)# -0.38(30)# -6.19(36)#
41V -2.02(21)# 0.10(20)# -5.90(36)#

45Mn -1.15(30)# 1.64(30)# -7.72(36)#
49Co -0.94(51)# 1.79(50)# -7.23(58)#
53Cu -2.13(51)# 0.38(50)# -5.79(71)#
57Ga -2.69(57)# -1.65(43)# -4.70(64)#
61As -3.04(42)# -1.98(35)# -4.22(50)#
65Br -3.08(71)# -2.43(54)# -1.72(58)#
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Table 1
Observed and predicted b -delayed particle emission from the even Z, Tz = -2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p BRb 2p Qe 3p Qe a Experimental

12O 0+ < 72 keV 14.675(12) 14.075(12) 5.384(12) -1.202(12) 6.666(12) [2012Ja11]
16Ne 0+ < 80 keV 13.312(21) 13.842(20) 6.546(20) -1.005(20) 4.224(20) [2008Mu13]

20Mg 0+ 90.4(6) ms 10.627(2) 8.437(2) 30.0(12)% 2.027(2) -3.580(2) 4.378(5) [1995Pi03, 2019Gl02,
2016Lu13, 2012Wa15]

24Si 0+ 141.4(15) ms 10.794(19) 8.930(19) 33.3(16)% 1.349(19) -5.390(19) 1.469(19) [2011Ic06, 2020Lo05,
2016Su22, 2015Su15,
2001Ba07, 1998Cz01,
1997Cz02]

28S 0+ 125(10) ms 11.22(16) 9.17(16) 20.7(20)% 1.702(160) -4.604(160) 1.69(16) [1989Po10]
32Ar 0+ 98(2) ms 11.134(2) 9.553(2) 35.58(22)% 3.423(2) -2.172(2) 2.523(2) [2021Bl02, 2008Bh08,

1985Bj01, 2002Fy01,
2020Ar04, 1999Ad10,
1999Th09, 1993Sc16,
1985Bj01, 1977Ha29]

36Ca 0+ 100.8(20) ms 10.970(40) 9.310(40) 53.5(15)%* 3.412(40) -1.731(40) 4.46(4) [2015Su01, 2007Do17,
2001Lo11, 1997Tr05,
1995Tr02]

40Ti 0+ 52.4(3) ms 11.530(70) 11.000(70) 99.0+10
�16% 5.233(70) 0.091(70) 6.002(70) [2007Do17, 2001Gi01,

1990De43, 1998Bh12,
1998Li46, 1998Le45,
1997Tr11, 1997Li25]

44Cr 0+ 42.8(6) ms 10.390(50) 8.600(50) 14.0(9)% 4.123(50) -0.149(50) 4.678(50) [2007Do17, 2020Fu05,
2014Po05]

48Fe 0+ 51(3) msb 11.290(90) 9.270(90)# 14.4(7)% 4.488(90) -0.867(90) 3.373(90) [2016Or03, 2014Po05,
2016Ru04]
[2007Do17, 1996Fa09]

52Ni 0+ 42.8(3) ms 11.780(80) 10.340(80) 31.1(5)% 5.489(80) 0.905(80) 4.312(80) [2016Or03, 2007Do17,
1994Fa06]

56Zn 0+ 32.9(8) ms 13.24(40)# 12.66(40)# 88.5(26)% 8.04(40) 6.55(40)# 3.69(40) [2016Or03, 2015Or02,
2014Or04, 2014Or03,
2007Do17]

60Ge 0+ 25.0(3) ms 12.06(36)# 12.40(30)# 67(3)% 9.56(30)# <14% 6.69(30)# 8.68(30)# [2021Or01, 2016Ci01]
64Se 0+ >180 ns 12.67(54)# 12.77(50)# 10.55(50)# 7.62(50)# 10.31(54)# [2005St34]
68Kr 0+ 21.6(33) ms 13.17(56)# 13.67(51)# 89+11

�10% 11.82(50)# 8.98(50)# 11.48(54)# [2017GoZT, 2016Bl05]

* Weighted average of 53.9(72)% [2015Su01], 54.3(18)% [2097Do17], 54.3(18)% [2001Lo11] and 56.8(13)% [1999Tr05].

Table 2
Particle emission from the even Z, Tz = -2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp S2p BR2p Qa Experimental

12O -0.359(13) -1.737(12) 100% -5.476(22) [2012Ja11]
16Ne -0.131(25) -1.401(20) -10.451(24)

20Mg 2.741(11) 2.418(2) —— -8.934(21)
24Si 3.292(19) 3.433(19) —— -9.157(20)
28S 2.56(16) 3.36(16) —— -9.10(16)

32Ar 2.455(4) 2.719(2) —— -8.70(16)
36Ca 2.57(4) 2.65(4) —— -6.68(4)
40Ti 2.110(70) 1.510(70) —— -4.970(80)
44Cr 2.790(70) 2.900(50) —— -6.850(90)
48Fe 2.73(10) 3.110(90) —— -7.010(110)
52Ni 2.51(10) 2.660(80) —— -6.98(12)
56Zn 1.04(43)# 0.69(40)# —— -5.26(41)#
60Ge 1.06(35)# -0.19(30)# —— -4.57(50)#
64Se 0.65(54)# -0.70(52)# —— -1.75(58)#
68Kr 0.64(40)# -1.46(54)# —— -1.19(71)#
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Table 3
b -p emission from 20Mga, BRb p = 30.3(14)%*.

Ep(c.m.) Ip(rel)% Ip(abs)% Eemitter (20Na) Edaughter(19Ne)b coincident g-raysb

0.805(2)c 100(3) 10.6(3)c 2.995(2) 0 ——
1.067(18)d 6.6(9) 0.70(9) 4.793(18) 1.5360(4) 1.298, 0.238

1.210(250) f 0.14(3) 0.0149(35) 7.433(250) 4.0329(24) 4.033, 1.298, 0.238
1.423(16)d 0.4(1) 3.8(10) 3.855(10) 0.2383(1) 0.238

1.622(4) 18.0(28) 1.9(3) 4.087(4) 0.2751(1) 0.275
1.666(10)c 48(3) 5.1(3)c 3.855(10) 0 ——
1.853(40) 0.3(2) 0.03(2) 5.533(17) 1.5360(4) 1.298, 0.238

1.905(5) 1.2(4) 0.13(4) 5.603(5) 1.5076(3) 1.232, 0.275
1.907(3)c 4.5(4) 0.48(4)c 4.097(3) 0 ——
2.120(70) 1.03(7) 0.11(1) 5.817(19) 1.5076(3) 1.232, 0.275

2.335(14)e 5.2(7) 0.6(1)e 4.800(14) 0.2751(1) 0.275
2.344(18) 2.9(8) 0.31(8) 4.772(18) 0.2383(1) 0.238
2.560(14) 3.1(9) 0.33(9) 6.286(14) 1.5360(4) 1.298, 0.238

2.567(4) 21.7(19) 2.3(2) 4.758(4) 0 ——
2.620(14) 3.8(19) 0.4(2) 6.318(14) 1.5076(3) 1.232, 0.275

2.700(230) f 2.0(1) 0.212(7) f 6.505(250) 1.6156(5) 1.616, 1.377, 1.341, 0.275, 0.238
2.782(13) 4.4(7) 0.47(7) 6.508(13) 1.5360(4) 1.298, 0.238
2.830(16) 0.95(28) 0.10(3) 6.528(16) 1.5076(3) 1.232, 0.275
3.033(12) 4.4(8) 0.46(8) 5.498(12) 0.2751(1) 0.275
3.096(17) 5.1(8) 0.54(8) 5.532(17) 0.2383(1) 0.238
3.389(19) 3.5(6) 0.37(6) 5.817(19) 0.2383(1) 0.238
3.389(18) 0.76(19) 0.08(2) 5.854(18) 0.2751(1) 0.275

3.813(14)c 2.7(8) 0.28(8)c 6.281(14) 0.2751(1) 0.275
3.820(12) 4.2(5) 0.44(5) 6.242(12) 0.2383(1) 0.238
4.033(12) 2.9(7) 0.31(7) 6.496(4) 0.2751(1) 0.275

4.051(2) 8.3(9) 0.9(1)e 6.242(4) 0 ——
4.053(12) 2.8(19) 0.3(2) 6.481(12) 0.2383(1) 0.238
4.305(4)c 9.7(6) 1.02(7)c 6.496(4) 0 ——
4.347(20) 2.6(8) 0.27(8) 6.775(20) 0.2383(1) 0.238
4.544(15) 3.0(1) 0.319(10) 6.734(15) 0 ——
4.993(16) 0.75(28) 0.08(3) 7.183(16) 0 ——

a Values taken from [2016Lu13], except where noted.
b Values from adopted levels in ENSDF [1995Ti07].
c Weighted average of [2016Lu13], [1995Pi03] and [2017Su05].
d Weighted average of [1995Pi03] and [2017Su05].
e Weighted average of [2016Lu13] and [2017Su05].
f [2019Gl02].
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Table 4
b -p emission from 24Si, T1/2 = 141.4(15) ms*, BRb p = 33.3(16)%**.

Ep(c.m.)a Ip(rel)% Ip(abs)%b Eemitter (24Al) Edaughter(23Mg)c coincident g-raysc

1.125(15) 50(4) 5.7(4) 2.989(15) 0 ——
1.497(13) 100(7) 11.3(8) 3.361(13) 0 ——
1.723(13) 38(4) 4.3(4) 5.944(13) 2.3570(7) 0.451, 1.906, 2.358
2.021(10) 9.2(9) 1.0(1) 6.242(10) 2.3570(7) 0.451, 1.906, 2.358

2.515(9) 5.8(7) 0.65(8) 4.379(9) 0 ——
2.826(7) 12(2) 1.4(2) 4.691(7) 0 ——
3.104(8) 8.7(9) 0.98(10) 4.968(8) 0 ——

3.510(10)d 6(1) 0.68(10)d 5.374(10) 0 ——
3.938(26)b 9.4(18) 1.1(2) 5.802(26) 0 ——

4.082(7) 59(5) 6.6(6) 5.947(7) 0 ——
4.370(9) 15(2) 1.7(2) 6.234(9) 0 ——

4.615(11)d 2.3(4) 0.26(4)d 6.479(11) 0 ——
4.863(11)d 0.6(2) 0.07(2)d 6.727(11) 0 ——

* Weighted average of 143.4(22)ms [2015Su15] and 140.5(15)ms [2011Ic06].
** [2011Ic06]
a Weighted average of [2015Su22, 2015Su15], [2009Ic05, 2011Ic06], [1998Ba53] and [1998Cz01], except where noted.
b Weighted average of [2015Su12] and [2009Ic05], except where noted.
c Values from adopted levels in ENSDF [2021Ba01].
d Only reported in [1998Ba53]. No Ip or energy error bars on the energy are assigned in the paper.
e Only reported in [2009Ic05].

Table 5
b -p emission from 28S*, T1/2 = 125(10) ms, BRb p = 20.7(20)%.

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (25Al)** Edaughter(24Mg)@ coincident g-rays@

1.260(25) 20(3) 1.4(4)
1.510(25) 30(5) 2.1(6)
1.695(30) 24(3) 1.7(4)
1.892(30) 19(3) 1.3(3)
2.195(30) 15(3) 1.0(3)
2.630(25) 22(3) 1.6(4)

2.872(30)*** 25(3) 1.75(4) 5.779(30) 0.9574(2) 0.957
3.095(20)*** 100 7.0(15) 5.817(20) 0.7809(2) 0.781

3.570(30) 13(2) 0.9(2)
3.835(20)*** 28(3) 2.0(4) 5.750(20) 0 ——

* All values taken from [1989Po10], except where noted.
** Calculated from proton energies and Sp (28P) = 2052.2(12) keV [2021Wa16].
*** [1989Po10] list these three transitions as depopulating a 5.900(21) MeV IAS.
@ Values from adopted levels in ENSDF [2011Ba29].
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Table 6
b -p emission from 32Ar, T1/2 = 98(2) ms*, BRb p = 35.58(22)%**

Ep(c.m.)a Ip(rel)% Ip(abs)%g Eemitter (32Cl) Edaughter(31S)b coincident g-raysb

0.6273(46) 1.876(39) 0.385(8) 2.2084(46) 0 ——
0.9416(50)c 0.070(40)c 0.014(8) 3.7716(50) 1.24887(9) 1.2489(1)
1.2501(42) 1.557(112) 0.319(23) 4.0801(42) 1.24887(9) 1.2489(1)
1.731(12)d 0.143(65)d 0.029(13) 4.561(12) 1.24887(9) 1.2489(1)

2.1906(37)e 17.66(30)e 3.62(7) 3.7717(37) 0 ——
2.2152(36) f 1.286(41) f 0.264(9) 5.0452(36) 1.24887(9) 1.2489(1)
2.4729(32) f 0.58(11) f 0.119(22) 5.3029(32) 1.24887(9) 1.2489(1)
2.5016(37)e 35.28(47)e 7.24(11) 4.0827(37) 0 ——
2.5935(30) 3.26(25) 0.668(51) 5.4235(30) 1.24887(9) 1.2489(1)

2.7006(86)d 0.247(63)d 0.051(13) 5.5306(86) 1.24887(9) 1.2489(1)
2.8656(54) 0.429(80) 0.088(16) 5.6956(54) 1.24887(9) 1.2489(1)

3.2178(43)e 0.136(12)e 0.028(2) 4.7989(43) 0 ——
3.218(11)d 0.090(22)d 0.018(5) 6.0483(11) 1.24887(9) 1.2489(1)
3.4621(22) 100 20.51(17) 5.0432(22) 0 ——
3.6996(44) 0.270(34) 0.055(7) 6.5296(44) 1.24887(9) 1.2489(1)

3.722.3(82)d 0.394(58)d 0.081(12) 5.3034(82) 0 ——
3.7675(37) 0.325(23) 0.067(5) 6.5975(37) 1.24887(9) 1.2489(1)

3.8481(44)e 0.413(46)e 0.085(9) 5.4292(44) 0 ——
3.9052(39) f 0.300(98) f 0.062(20) 6.7352(39) 1.24887(9) 1.2489(1)
4.1208(46) 0.926(50) 0.190(10) 5.7019(46) 0 ——
4.4825(41) 0.138(33) 0.028(7) 7.3125(41) 1.24887(9) 1.2489(1)
4.4838(30) 0.496(18) 0.102(4) 6.0649(30) 0 ——
4.6728(30) 0.457(21) 0.094(4) 6.2539(30) 0 ——
4.7754(32) 0.165(30) 0.034(6) 7.6054(32) 1.24887(9) 12489(1)
5.0246(43) 0.259(24) 0.053(5) 7.8546(43) 1.24887(9) 1.2489(1)
5.1391(89) 0.063(17) 0.013(4) 6.7202(89) 0 ——
5.7403(40) 0.547(25) 0.112(5) 7.3214(40) 0 ——
5.8683(85) 0.022(8) 0.005(2) 7.4494(85) 0 ——
6.0116(60) 0.423(32) 0.087(7) 7.592(60) 0 ——
6.2677(88) 0.109(8) 0.022(2) 7.8488(88) 0 ——

6.572(13) 0.057(7) 0.012(1) 8.153(13) 0 ——

* [1985Bj01]
** [2008Bh08]
a Values are a weighted average of [2021Bl02], [2008Bh08], and [1985Bj01] except as indicated.
b Values from adopted levels in ENSDF [2013Ou01].
c [2008Bh08]
d [2021Bl02]
e Weighted average of [2021Bl02] and [1985Bj01]
f Weighted average of [2021Bl02] and [2008Bh08]
g Absolute values were determined by setting the sum of the relative intensities equal to the measured b -p branching ratio. Note that if there are a significant

amount of unobserved transitions in the measured b -p branching ratio, these values will be lower.

Table 7
b -p emission from 36Ca*, T1/2 = 100.8(20) ms**, BRb p = 54.3(18)%

Ep(c.m.)a Ip(rel)% Ip(abs)% Eemitter (36K)b Edaughter(35Ar)c coincident g-raysc

1.444(8) <10.8 <4.1 4.290(23) 1.184 1.184
1.704(23) 25(3) 9.3(8) 3.358(23) 0 ——
2.628(8) 100(3) 37(1) 4.290(23) 0 ——

2.798(23) 9.7(14) 3.5(5) 4.457(23) 0 ——
3.011(37) 2.8(8) 1.0(3) 4.644(46) 0 ——
3.591(23) 1.7(6) 0.6(2) 5.250(23)d 0 ——
4.102(69) 2.5(6) 0.9(2) 5.761(69)d 0 ——
4.274(46) 4.7(8) 1.7(3) 5.919(46) 0 ——
5.136(69) 0.8(3) 0.3(1) 6.791(69) 0 ——

* All values from [2001Lo11], except where noted.
** Weighted average of 100.0(24) [2015Su01], 100.1(23) [2007Do11], and 102(2) [1997Tr05].
a Calculated using Eemitter energies from [2001Lo11] and Sp(36K) = 1.658.9(8) [2021Wa16].
b Values taken from a weighted average of [2001Lo11] and [1997Tr05] except where noted.
c Values from adopted levels in ENSDF [2011Ch48].
d [2011Lo11]
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Table 8
b -p emission from 40Ti*, T1/2 = 52.4(3) ms**, BRb p = 95.8(13)%**

Ep(c.m.) Ip(rel)% Ip(abs)% Eemitter (40Sc) a Edaughter(39Ca)c coincident g-raysc

0.248(80)b 4.4(14) 1.3(4)b 3.246(80) 2.4685(9) 2.469
0.410(60)b 2.4(10) 0.7(3)b 3.408(60) 2.4685(9) 2.469
0.766(36) 1.6(6) 0.5(2) 3.764(36) 2.4685(9) 2.469

0.975(86)b 2.7(11) 0.8(3)b 4.531(86) 3.026(3) 3.026
1.139(20) 1.8(6) 0.53(18) 4.138(20) 2.4685(9) 2.469

1.359(7) 12(2) 3.6(6) 4.357(8) 2.4685(9) 2.469
1.649(17) 1.3(6) 0.38(19) 4.647(17) 2.4685(9) 2.469

1.745(6) 80(2) 23.8(6) 2.274(7) 0 ——
1.896(14) 4.8(13) 1.4(4) 4.895(14) 2.4685(9) 2.469
2.007(21) 2.9(14) 0.86(34) 5.005(21) 2.4685(9) 2.469
2.079(28) 1.5(6) 0.44(17) 5.077(28) 2.4685(9) 2.469

2.215(6) 100(2) 29.8(7) 2.754(7) 0 ——
2.401(10) 6.5(13) 1.95(41) 2.931(10) 0 ——
2.607(16) 3.1(7) 0.9(2) 3.137(16) 0 ——

2.676(60)b 3.5(14) 1.1(4)b 3.205(60) 0 ——
2.798(16) 2.0(6) 0.58(17) 3.328(16) 0 ——
3.033(47) 0.4(4) 0.1(1) 3511(40) 0 ——

3.117(8) 5.8(7) 1.7(2) 3.647(9) 0 ——
3.251(8) 7.0(10) 2.1(3) 3.781(9) 0 ——

3.325(41)d 0.4(4) 0.1(1) 3.855(41) 0 ——
3.531(21) 1.4(5) 0.43(14) 4.061(21) 0 ——
3.576(25) 1.1(5) 0.33(16) 4.106(25) 0 ——

3.732(8) 6.9(7) 2.1(2) 4.262(9) 0 ——
3.830(7) 73(3) 22(1) 4.359(8) 0 ——

3.987(11) 6.2(9) 1.9(3) 4.516(11) 0 ——
4.120(10) 5.3(11) 1.6(3) 4.650(10) 0 ——
4.291(18) 2.4(7) 0.7(2) 4.821(18) 0 ——
4.483(23) 1.8(9) 0.53(26) 5.013(23) 0 ——
4.547(31) 1.4(9) 0.42(27) 5.076(31) 0 ——

4.689(28)d 0.4(4) 0.1(1) 5.219(28) 0 ——
4.823(60)b 1.8(7) 0.55(21)b 5.352(60) 0 ——
5.035(40)b 0.7(3) 0.20(7)b 5.564(40) 0 ——
5.163(22) 0.8(3) 0.24(9) 5.693(22) 0 ——
5.473(19) 0.7(2) 0.21(7) 6.002(19) 0 ——

5.588(60)b 0.6(4) 0.17(10)b 6.117(60) 0 ——
5.887(60)b 0.34(20) 0.10(6)b 6.417(60) 0 ——

* Values are from [1998Bh12] except where indicated. Values from [1998Bh12] were preferentially used because of the better energy resolution than
[1998Li46].

** [2007Do17]
a Calculated from proton energies and Sp (40Sc) = 529.6(29) keV [2021Wa16].
b [1998Li46]
c Values from adopted levels in ENSDF [2006Si02].
d Transition is questionable, as Ip is consistent with zero.

Table 9
b -p emission from 44Cra, T1/2 = 42.8(6) ms, BRb p = 14.0(9)%

Ep Ip(rel)% Ip(abs)% Eemitter (44V)e Edaughter(43Ti)
0.759(26)b 31(12) 0.6(2)b

0.908(11) 100(15) 2.0(3)c 2.689(14)d 0
1.384(12) 63(19) 1.3(3)c

1.741(15) 28(18) 0.6(3)c

a Values from [2007Do17] except where indicated. Many of the delayed protons have not been measured resulting in a total intensity for individual protons to
be lower than the total b+-p intensity. Other experimental b+-p reference: [1992Bo37].

b [2014Po05]
c Weighted average of [2007Do17] and [2014Po05]
d Assigned as the IAS [2007Do17]
e Calculated from proton energy and Sp (44V) = 1781(9) keV [2021Wa16].
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Table 10
b -p emission from 48Fe*, T1/2 = 51(3) ms**,BRb p = 14.4(7)%**.

Ep(c.m.) Ip(rel)% Ip(abs)% Eemitter (48Mn)*** Edaughter(47Cr) coincident g-rays

1.018(10) 100 4.8(3) 3.041(12) 0 ——
1.186(10) 21(6) 1.0(3) 3.209(12) 0 ——
1.477(10) 38(6) 1.8(3) 3.500(12) 0 ——
1.601(10) 19(6) 0.9(3) 3.624(12)@ 0@ ——
1.695(10) 27(4) 1.3(2) 3.718(12) 0 ——
2.281(10) 25(6) 1.2(3) 4.304(12)@ 0@ ——
2.381(10) 19(8) 0.9(4) 4.404(12) 0 ——
2.499(10) 27(10) 1.3(5) 4.522(12) 0 ——
2.737(10) 17(3) 0.8(1) 4.760(12) 0 ——

* All values taken from [2016Or03], except as noted.
** From [2016Or03]. Others: 15.9(6)% [2007Do17], > 2.5% [1996Fa09].
*** Calculated from proton energy and Sp (48Mn) = 2023(6) keV [2021Wa16].
@ Possibly decaying to 98 keV state in 47Cr, with resulting Elevel (emitter) 98 keV higher [2016Or03].

Table 11
b -p emission from 52Ni*, BRb p = 31.1(5)%.

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (52Co)** Edaughter(51Fe) coincident g-rays

1.048(10) 53.3(7) 7.30(9) 2.492(11) 0 ——
1.352(10) 100 13.7(2) 2.796(11) 0 ——
1.575(10) 8.5(3) 1.17(4) 3.019(11) 0 ——
1.681(10) 11.0(3) 1.50(4) 3.125(11) 0 ——
1.836(10) 3.1(2) 0.42(3) 3.280(11) 0 ——
1.949(10) 9.3(2) 1.28(3) 3.393(11) 0 ——
2.061(10) 8.3(2) 1.14(3) 3.505(11) 0 ——
2.802(10) 7.4(2) 1.01(3) 4.246(11) 0 ——
2.888(10) 1.3(2) 0.18(2) 4.332(11) 0 ——
3.451(10) 0.80(7) 0.11(1) 4.895(11) 0 ——

* All values taken from [2016Or03], except as noted.
** Calculated from proton energy and Sp (52Co) = 1444(5) keV [2021Wa16].

Table 12
b -p emission from 56Zn*, BRb p = 88.5(26)%.

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (56Cu)** Edaughter(55Ni) coincident g-rays

0.831(10) 13(2) 3.0(4) 1.414(12) 0 ——
1.131(10) 100 23.8(11) 1.714(12) 0 ——
1.977(10) 19(4) 4.6(8) 2.560(12) 0 ——
2.101(10) 72(5) 17.1(9) 2.684(12) 0 ——
2.863(10) 89(6) 21.2(10) 3.446(12) 0 ——
2.948(10) 79(6) 18.8(10) 3.531(12) 0 ——

* All values taken from [2016Or03], except where noted.
** Calculated from proton energy and Sp (56Cu) = 583(6) keV [2021Wa16].

7



Table 13
b -p emission from 60Ge*, BRb p = 67(3)%*.

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (60Ga)** Edaughter(59Zn) coincident g-rays

0.820(13) 8.5(12) 2.8(4) 0.910(20) 0 ——
1.076(23) 12.1(15) 4.0(5) 1.166(27) 0 ——
1.359(19) 15.5(12) 5.1(4) 1.449(24) 0 ——
1.684 (17) 12.7(9) 4.2(3) 1.774(23) 0 ——
2.067(15) 30.9(15) 10.2(5) 2.620(21) 0.4633(1) 0.4633(1)
2.522 (15) 100(3) 33(1) 2.612(21) 0 ——
2.981(23) 9.7(9) 3.2(3) 3.071(27) 0 ——
3.490(22) 5.8(6) 1.9(2) 3.580(27) 0 ——

* All values taken from [2021Or01], except where noted.
** Calculated from proton energy and Sp (60Ga) = 90(15) keV [2021Or01].
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Table 1

Observed and predicted b -delayed particle emission from the odd Z, Tz = -2 nuclei. Unless otherwise stated, all Q-values values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p BRb 2p Qe 3p Qe a BRba Experimental

10N (1�) 2.5+2.0
�1.5 MeV 23.10(40) 19.09(40) 19.28(40) 2.03(40) 18.00(40) [2017Ho10]

14F 2� 0.91(10) MeV 23.96(4) 19.33(4) 17.382(40) 1.425(40) 13.836(40) [2010Go16]
18Na (1)� <0.2 MeV 19.72(9) 15.80(9) 15199(90) 3.072(90) 14.607(90) [2012Mu05]
22Al 4+ 91.1(5) ms 18.60(40)# 13.10(40)# 54.5(25)% 10.66(40)# 1.10(11)% -2.18(40)# 10.46(40)# 0.038(17)% [2006Ac04, 1997Bl03,

1982Ca16]
26P 3+ 43.6(3) ms 18.285(61)* 12.775(61)** 33.5(20)% 10.505(61)** 3.20(42)% -1.37(20)# 9.225(61)** [2022Li66, 2020Li06,

2017Ja05, 2015Sc16,
[2004Th09, 1983Ho23,
1983Ca06]

30Cl (3+) <30 ns 18.734(24) 14.338(24) 11.590(24) 0.005(24) 8.95(20)
34K <25 ns 17.16(20)# 12.49(20)# 10.22(20)# 1.35(20)# 10.41(20)#

38Sc 17.81(20)# 13.26(20)# 11.40(20)# 2.90(20)# 11.70(20)#
42V <55 ns 17.49(20)# 13.73(20)# 12.65(20)# 4.32(20)# 12.01(20)#

46Mn 4+ 36.2(4) ms 17.050(90) 12.180(90) 57.0(8)% 10.551(90) 1.901(90) 12.01(20) [2007Do17, 2001Gi01,
1992Bo37]

50Co (6+) 38.8(2) ms 16.89(13) 12.74(13) 70.5(7)% 10.65(13)# 2.55(13)# 9.46(13) [2007Do17, 1996Fa09]
54Cu (3+) < 75 ns 18.04(40)# 14.13(40)# 12.51(40)# 5.14(40)# 10.81(40)#
58Ga 18.76(30)# 16.48(30)# 15.79(30)# 8.62(30)# 13.31(30)#
62As 17.72(33)# 15.43(30)# 15.18(30)# 10.07(30)# 15.46(30)#
66Br 18.09(45)# 16.08(41)# 16.17(40)# 11.11(40)# 16.15(42)#

* Taken from [2022Li66], 18.11(20)# in [2021Wa16].
** Deduced from Qe [2022Li66] of 26P, and daughter values from [2021Wa16].

Table 2

Particle emission from the odd Z, Tz = -2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp BR1p S2p Qa Experimental

10N -2.60(40) 100% -1.30(40) -10.95(20)# [2017Ho10]
14F -1.560(40) 100% -0.050(40) -9.26(400 [2010Go16, 2012Go11]

18Na -1.250(90) 100% 0.220(90) -9.35(10) [2012Mu05, 2018Xu04]
22Al -0.01(40)# 3.23(40)# -9.26(41)# [2006Ac04]

26P 0.14(20)# 3.56(20)# -9.65(45)#
30Cl -0.480(20) 2.756(24) -8.72(20)#
34K -0.88(20)# 2.46(20)# -8.32(20)#

38Sc -1.60(20)# 1.41(20)# -5.45(28)#
42V -0.79(20)# 1.67(20)# -5.80(28)#

46Mn 0.19(90) 3.19(90) -7.22(21)#
50Co 0.13(13) 2.87(13) -7.60(15)
54Cu -1.10(40)# 1.47(40)# -6.08(42)#
58Ga -1.72(36)# -0.51(30)# -4.73(50)#
62As -2.08(42)# -0.59(36)# -3.31(42)#
66Br -2.16(30)# -1.39(45)# -1.57(50)#
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Table 3

b -p emission from 22Al*, T1/2 = 91.1(5) ms, BRb p = 54.5(25)%

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (22Mg)** Edaughter(21Na)*** coincident g-rays***

0.475(8) 25.6(42) 4.73(63) 6.311(8) 0.3319(1) 0.332
0.721(8) 40(7) 7.4(10) 6.225(8) 0 ——
0.975(8) 1.4(3) 0.25(5) 6.479(8) 0 ——
1.033(8) 16(2) 3.00(34) 6.869(8) 0.3319(1) 0.332
1.223(8) 4.05(66) 0.75(10) 6.727(8) 0 ——
1.299(8) 100 18.51(17) 7.135(8) 0.3319(1) 0.332

1.551(10) 4.38(96) 0.81(16) 7.055(10) 0 ——
1.753(8) 2.4(5) 0.45(8) 7.257(8) 0 ——
2.072(8) 2.59(45) 0.48(7) 7.576(8) 0 ——

2.503(10) 3.46(77) 0.64(13) 8.007(10) 0 ——
2.583(8) 26.4(28) 4.89(24) 8.419(8) 0.3319(1) 0.332
2.838(8) 11.4(12) 2.11(9) 8.342(8) 0 ——
3.088(8) 10.2(10) 1.89(7) 8.592(8) 0 ——
3.484(8) 11.8(14) 2.18(15) 8.988(8) 0 ——
4.017(8) 5.6(19) 1.04(33) 9.521(8) 0 ——
4.224(9) 4.5(7) 0.84(11) 9.728(9) 0 ——
4.464(8) 13.6(15) 2.52(14) 9.968(8) 0 ——

4.912(10) 1.5(17) 0.27(32) 10.416(10) 0 ——
5.177(13) 1.6(6) 0.29(11) 10.681(13) 0 ——

5.667(8) 1.9(6) 0.35(11) 14.012(3)@ 2.8291(7) 1.113, 1.384, 2.497, 0.332
5.808(49) 3.0(2) 0.18(55) 11.312(49) 0 ——
5.909(56) 1.1(34) 0.21(62) 11.413(56) 0 ——

6.774(8) 2.2(7) 0.41(12) 14.012(3)@ 1.7161(3) 1.384, 0.332
7.517(11) 1.8(4) 0.33(7) 13.021(11) 0 ——

* All values taken from [2006Ac04], except where noted.
** Calculated from proton energies and Sp (22Al) = 5504.10(16) keV [2021Wa16].
*** Values from adopted levels in ENSDF [2015Fi05].
@ Assigned as IAS.

Table 4

b -2p emission from 22Al*, BRb 2p = 1.10(11)%

E2p(c.m.) I2p(rel) I2p(abs) Eemitter (22Mg) Edaughter(20Ne)*** coincident g-rays@

4.464(8) 100 0.69(8) 13.997(8)** 1.6337 1.634
6.085(8) 59(12) 0.41(7) 14.012(3)** 0 ——

* All values taken from [2006Ac04], except where noted.
** Assigned as IAS.
*** Values from adopted levels in ENSDF [1998Ti06].

Table 5

b -a emission from 22Al*, BRb a = 0.038(17)%

Ea (c.m.) Ia (abs) Eemitter (22Mg)** Edaughter(18Ne)*** coincident g-rays***

4.017(8) 0.038(17) 12.160(8) 1.8873(2) 1.887

* All values taken from [2006Ac04].
** Calculated from a energies and Sa (22Mg) = 8142.5(4) keV [2021Wa16].
*** Values from adopted levels in ENSDF [1995Ti07].
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Table 6

b -p emission from 26P*, T1/2=43.6(3) ms, BRb p = 33.5(20)%**.

Ep(c.m.)@@ Ip(rel) Ip(abs)@@ Eemitter (26Si)*** Edaughter(25Al)@ coincident g-rays@

0.412(2) 100(7) 17.96(90) 5.926(2) 0 ——
0.778(3) 4.3(5) 0.78(7) 6.292(3) 0 ——
0.866(2) 9.5(10) 1.71(15) 6.380(2) 0 ——
1.248(2) 8.4(8) 1.51(12) 6.762(2) 0 ——
1.499(2) 5.5(5) 0.99(7) 7.958(2) 0.9449(5) 0.493, 0.945
1.638(3) 3.6(4) 0.65(6) 7.604(3) 0.4517(5) 0.452
1.798(4) 1.1(3) 0.20(5) 8.251(3) 0.9449(5) 0.452, 0.493
1.983(2) 13.3(11) 2.39(16) 7.497(2) 0 ——
2.139(4) 3.0(8) 0.54(14) 9.429(3) 1.7895(5) 0.452, 0.493, 1.338
2.288(3) 8.2(9) 1.47(12) 9.429(3) 1.6125(5) 1.612
2.541(6) 0.5(2) 0.09(3)
2.593(13) 1.5(3) 0.27(6) 8.559(13) 0.4517(5) 0.452
2.638(18) 0.6(2) 0.11(4) 8.152(18) 0 ——
2.732(4) 2.6(4) 0.47(6) 8.251(4) 0 ——
2.855(17) <0.8(2) <0.14(4)
2.908(11) 0.3(3) 0.06(5) 9.367(11) 0.949(5) 0.452, 0.493
2.968(5) 1.8(3) 0.32(5) 9.419(4) 0.949(5) 0.452, 0.493
3.097(6) 1.7(4) 0.31(6) 10.401(6) 1.7895(5) 0.452, 0.493, 0.845, 1.790
3.258(4) 1.9(2) 0.23(4) 9.717(4) 0.949(5) 0.452, 0.493
3.766(9) 2.0(4) 0.36(7) 9.732(9) 0.4517(5) 0.452
3.817(6) 0.7(3) 0.13(5) 10.291(3) 0.949(5) 0.452, 0.945
3.879(3) 4.4(6) 0.79(12) 1.369
3.920(5) 6.7(9) 1.21(14) 9.419(4) 0 ——
4.097(5) <2.1(3) <0.37(4)
4.719(6) 1.3(2) 0.24(4) 10.685(6) 0.4517(5) 0.452
4.793(3) 3.0(4) 0.54(6) 10.291(3) 0 ——
4.858(4) 2.5(3) 0.44(5) 10.824(4) 0.4517(5) 0.452
5.751(3)@@@ 4.5(8) 0.81(14)@@@ 13.055(2)@@@a 1.7895(5) 0.452, 0.493, 0.845, 1.790
5.921(4)@@@ 2.4(5) 0.43(9)@@@ 13.055(2)@@@a 1.6125(5) 1.625
6.401(10)@@@ 0.40(32) 0.072(57)@@@ 11.912(4)@@@ 0.0 —–
6.587(6)@@@ 0.67(12) 0.12(2)@@@ 13.055(2)@@@a 0.9449(5) 0.493, 0.945
7.075(16)@@@ 1.0(2) 0.18(3)@@@ 13.055(2)@@@a 0.4517(5) 0.452
7.54394)@@@ 1.6(2) 0.29(4)@@@ 13.055(2)@@@a 0.0 —–
7.854(6)@@@ 0.39(11) 0.07(2)@@@ 13.380(13)@@@ 0.0 —–

* All values taken from [2004Th09], except where noted.
** From [2017Ja05].
*** Calculated from proton energies and Sp (26Si) = 5514.00(11) keV [2021Wa16]. For levels de-excited by more than one proton transition, Elevel (emitter) is

the weighted average.
@ Values from adopted levels in ENSDF: B. Singh Janurary 2018, http://www.nndc.bnl.gov/ensdf/
@@ [2020Li06] report the 5 protons up to 1.5 MeV with energies/ Intensities(abs):
Ep(keV) / Ip (abs)%
0.418(8) / 11.1(12)
0.787(8) / 0.74(17)
0.870(8) / 1.44(30)
1.256(8) / 1.45(21)
1.507(9) / 0.80(18)
@@@ [2022Li66].
a IAS.

Table 7

b -2p emission from 26P*, BRb 2p = 3.2(4)%.

E2p(c.m.) I2p(rel) I2p(abs) Eemitter (26Si) Edaughter(24Mg) coincident g-rays

2.758(7) 15.1(6) 0.18(11) 11.912(4) 1.369 1.369
3.902(3) 53(21) 0.63(22) 13.055(2)** 1.369 1.369
4.125(5) 24(10) 0.29(10) 11.912(4) 0.0 —–

4.250(10) 61(21) 0.72(21) 13.380(13) 1.369 1.369
5.277(4) 100(20) 1.19(24) 13.055(2)** 0.0 —–

5.630(20) 16(7) 0.19(7) 13.380(13) 0.0 —–

* All values taken from [2022Li66].
** IAS
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Table 8

b -p emission from 46Mn*, T1/2=36.2(4) ms, BRb p = 57.0(8)%.

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (46Cr)** Edaughter(45V)*** coincident g-rays***

1.224(12) 28(6) 1.8(3)
2.358(13) 26(7) 1.7(4)
3.003(13) 100 6.5(9) 9.144(11) 1.2722(4) 1.272, 0.886, 0.329, 0.055
3.494(25) 54(12) 3.5(6 ) 9.144(11) 0.7972(5) 0.411, 0.329, 0.055, 0.741
4.254(15) 85(15) 5.5(9) 9.144(11) 0 ——

* All values taken from [2007Do17], except where noted.
** IAS. Listed energy is the weighted average calculated from proton energies and Sp (46Cr) = 4874(11) keV [2021Wa16].
*** Values from adopted levels in ENSDF [2008Bu01].

Table 9

b -p emission from 50Co*, T1/2=38.8(2) ms, BRb p = 70.5(7)%.

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (50Fe) Edaughter(49Mn)*** coincident g-rays***

1.874(16) 2.4(5) 1.0(2) 8.473(12)** 2.4813(4) 0.940, 0.482, 1.279, 0.798, 0.261
2.044(14) 7.3(15) 3.0(6)
2.296(27) 2.2(7) 0.9(3)
2.770(12) 100 41.1(24) 8.473(12)** 1.54131(25) 0.482, 1.279, 0.798, 0.261

* All values from [2007Do17], except where noted. Many of the delayed protons have not been measured resulting in a total intensity for individual protons to
be lower than the total b+-p intensity.

** IAS. Listed energy is the weighted average calculated from proton energies and Sp (50Fe) = 4146(9) keV [2021Wa16].
*** Values from adopted levels in ENSDF [2008Bu17].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = -3/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe 3p Qe a BRb a Experimental

9C (3/2�) 126.5(9) ms 16.495(23) 16.680(2) 61.1(17)%* -0.574(2) -10.548(2) 14.806(50) 37.6(56)%** [2001Be51, 2001Bu05, 1972Es05,
2004Ti06, 2000Ge09, 1988Mi03,
1972Es05, 1971EsZR, 1971EsZW,
1965Ha09]

13O (3/2�) 8.58(5) ms 17.770(10) 15.826(10) 11.3(20)% -0.131(10) -11.360(10) 8.274(10) 0.078(6)%*** [2023Bi03, 2005Kn02, 1990As01,
1971EsZR, 1970Es03, 1966Ce02,
1965Mc09, 1963Ba63]

17Ne 1/2� 109.3(6) ms 14.5488(4) 13.9485(4) 94.4(29)% 1.8211(4) -8.3865(4) 8.7300(5) 3.51(16)%@ [2002Mo19, 1988Bo39, 2002Ch61,
1971EsZR, 1971Ha05, 1967Es02,
1966Es04, 1965Ha20, 1964Da13,
1964Fl03, 1964Mc16, 1963Ba63,
1963Ka36]

21Mg 5/2+ 118.6(5) ms 13.0887(8) 10.657(1) 20.9(13)% -2.187(1) -10.180(1) 6.527(1) 0.115(19)%@@ [2015Lu12, 2015Lu13, 1992Go10,
1985Zh05, 1974ScZL, 1973Go06,
1973GoZL, 1973Se08, 1973SeYM,
1965Ha20, 1965Mc01, 1964Fl03,
1963Ba63, 1963Ka36]

25Si 5/2+ 220(4) ms 12.743(10) 10.472(10) 35.0(20)% -1.221(10) -10.015(10) 3.587(10) [2021Su03, 2004Th09, 1993Ro06,
1992Ha28, 1985Zh05, 1975ScZC,
1974SeZL, 1974SeZM, 1973GoZL,
1973SeYM, 1966Ha22, 1966Re07,
1966Re15, 1965Ha20, 1965Mc01
1963Ba63, 1963Mc08]

29S (5/2+) 187(6) ms 13.858(13) 11.109(13) 47(5)% -0.475(13) -8.747(13) 3.397(13) [1985Zh05, 1979Vi01, 1978ViZT,
1978ViZT, 1973Go06, 1973GoZL
1964Ha45, 1967Fi10]

33Ar 1/2+ 173.0(20) ms 11.6190(6) 9.3423(4) 38.8(14)% 0.4782(4) -6.8183(4) 5.1435(6) [2010Ad03, 2014Ko17, 2002Fy01,
2000Ga61, 1999Th09, 1996Ho24,
1993Sc16, 1987Bo21, 1971EsZR,
1971Ha05, 1966Po12, 1965Ha08,
1964Re08]

37Ca 3/2+ 181.1(10) ms 11.6641(6) 9.8065(6) 82.1(8)% 1.299(1) -5071(1) 5.442(1) [1997Tr05, 1991Ga23, 2015Su01,
1997Ka10, 1995Tr03, 1974Se11,
1966Po12, 1964Ha42, 1964Re08]

41Ti 3/2+ 81.9(5) ms 12.945(28) 11.860(28) 92.4(6)%@@@ 3.531(28) -2.850(28) 6.677(28) [2015Sh16, 2007Do17,1998Bh12,
1998Li46, 1974Se11, 1997Tr11,
2014Ka01, 1997Ho12, 1998Jo20,
1985Zh05, 1973Go06, 1966Po12,
1964Re08]

45Cr (7/2�) 60.9(4) ms 12.370(40) 10.74(4) 34.4(8)% 2.100(40) -2.830(40) 6.707(40) [2007Do17, 1987Ki14, 1974Ja10]
49Fe 7/2� 64.7(3) ms 12.869(24) 10.782(25) 56.7(4)% 2.678(24) -2.490(24) 4.710(24) [2007Do17, 2002Pf03, 1996Fa09,

1970Ce02]
53Ni 7/2� 55.2(7) ms 13.029(25) 11.412(13) 22.7(10)%a 4.0354(25)# -1.237(25) 5.564(25) [2016Su10, 2007Do17, 2013Su07,

1993Xu04, 1978ViZT]
57Zn (7/2�) 43.6(2) ms 14.76(20)# 14.07(20)# 90(10)% 6.90(20)# 1.84(20)# 7.68(20)# [2022Sa20, 2020Ci04, 2007Bl09,

2002Jo09 2002Lo13, 1979Vi01]
61Ge (3/2�) 40.7(4) ms 13.35(30)# 13.10(30)# 78(3)% 7.99(30)# 4.57(30)# 11.09(30)# [2017GoZT, 2007Bl09, 2002Lo13,

1987Ho01, 1978ViZT]
65Se (3/2�) 34.2(2) ms 13.92(31)# 14.01(30)# 94+6

�4% 8.95(30)# 6.28(30)# 11.69(30)# [2017GoZT, 2011Ro47, 1993Ba12,
1978ViZT]

69Kr (5/2�) 28(1) ms 14.12(30)# 14.76(30)# 100%b 9.87(30)# 7.60(30)# 12.38(30)# [2011Ro47, 2014De41, 2017GoZT]
73Sr (3/2�) 23.1(14) ms 14.06(40)# 14.70(40)# 100%c 9.97(40)# 8.11(40)# 11.89(40)# [2019Si33, 2020Ho17, 2020Ho06,

1993Ba61]
77Zr 14.84(45)# 15.36(40)# 11.04(40)# 8.87(40)# 11.99(40)#

81Mo >450 ns 14.90(64)# 16.01(58)# 11.76(51)# 9.85(50)# 12.55(54)# [2017Su26]
85Ru >450 ns 15.22(64)# 16.25(58)# 12.40(53)# 11.12(50)# 13.31(64)# [2017Su26]

* Branching ratio is taken from [2001Bu05], normalized to the 54.1(15)% proton transition from the ground state of 9B from Ref. [2001Be51]. The b -delayed
p emission from 9C ends in 8Be which then decays into 2 a particles. Therefore this decay can be called b -p2a emission.

** The b -delayed a emission from 9C ends in 5Li which is proton unbound. Therefore this decay can be called b -ap emission.

*** [2023Bi03] report a value of 0.078(6)% for b -delayed 3ap decay. This value is a combination of both 13O
b�!13N p�!12C a�!8Be 2a�! and 13O

b�!13N a�!-9B p�!
8Be 2a�!.

@ In addition a BRb pa = 0.0014(4)% is reported [2002Mo19].
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@@ In addition a BRb pa = 0.016(3)% is reported [2015Lu12].
@@@ Weighted average of 91.6(6)% [2007Do17], 95.3(23)% [1998Bh12], and 100.3(22)% [1997Tr11].
a Weighted average of 23.4(10)% [2007Do17] and 22.0(10)% [2016Su10].
b Expected to be 100% as the daughter 69Br is unbound by 640(40) keV [2017Wa10].
c Expected to be 100% as the daughter 73Rb is unbound by 570(20) keV [2017Wa10].

Table 2
Particle emission from the even-Z, Tz = -3/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp S2p Qa Experimental

9C 1.2996(24) 1.436(2) -10.65(200)#
13O 1.512(10) 2.112(10) -8.220(10)

17Ne 1.464(5) 0.933(1) -9.040(10)
21Mg 3.2356(13) 5.4261(8) -8.0215(8)

25Si 3.413(10) 5.277(10) -9.501(19)
29S 3.236(13) 5.288(13) -9.347(16)

33Ar 3.3386(7) 4.9197(5) -8.715(13)
37Ca 3.0079(7) 4.667(1) -6.177(1)
41Ti 2.463(28) 2.993(28) -4.986(28)
45Cr 3.000(40) 4.780(40) -6.240(50)
49Fe 2.743(25) 4.766(25) -7.660(40)
53Ni 2.576(26) 4.020(25) -7.310(30)
57Zn 1.21(20)# 1.79(20)# -5.34(20)#
61Ge 1.49(36)# 1.15(30)# -3.67(36)#
65Se 0.78(36)# 0.68(30)# -1.66(42)#
69Kr 0.64(40)# 0.14(31)# -1.55(42)#
73Sr 0.91(64)# 0.20(42)# -2.24(50)#
77Zr 0.64(50)# -0.44(46)# -2.08(57)#

81Mo 0.33(64)# -0.73(58)# -2.29(64)#
85Ru 0.22(64)# -1.13(64)# -1.60(71)#

Table 3
b -p Emission from 9C, T1/2=126.5(9) ms@@, BRb p = 61.1(17)%**

Ep* Ip(rel) Ip(abs)** Eemitter (9B)*** Edaughter(8Be)*** coincident g-rays

0.1858(9) 100 58(11) 0 0 100% a
2.529(30) 0.23(3) 0.136(14) 2.34(3) 0 100% a
3.113(20) 0.18(1) 0.112(6) 2.93(20) 0 100% a
3.25(30) 8.6(9) 5.0(5) 3.10(30) 0 100% a
5.4(14) 1.2(6) 0.72(36) 5.3+1.4

�0.5 0 100% a
9.32(40) 2.1(7) 1.2(4) 12.16+0.03

�0.4 3.03 100% a
12.35(40) 0.084(19) 0.049(6) 12.16+0.03

�0.4 0 100% a
13.526(20) 1.7(9)x 10�5 9.3(5)x 10�6 13.34(20) 0 100% a
14.22(10) 0.069(7) 0.07(2) 14.03(10) 0 100% a
@ 0.38(20) 0.22(12) 100% a

* Ep values calculated from Elevel (emitter) [2001Bu05] and Sp = -0.1858(9) MeV [2021HWa16].
** Branching ratio is taken from [2001Bu05], normalized to the 54.1(15)% proton transition from the ground state of 9B from Ref. [2001Be51].
*** From (table 3 and figure 7) in [2001Bu05].
@ Background states [2001Be51].
@@ [1972Es05]
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Table 4
b -a emission from 9C, BRb a = 37.6(56)%**

Ea * Ia (rel) Ia (abs)*** Eemitter (9B)*** Edaughter(5Li) coincident g-rays

0.653(58) 100(19) 29.3(56) 2.34(3) 0 100% proton
1.237(53) 0.61(33) 0.18(9) 2.93(20) 0 100% proton

1.37(30) 0.11(3) 0.031(4) 3.1(3) 0 100% proton
3.6+1.4

�0.5 1.7(9) 0.49(25) 5.3+1.4
�0.5 0 100% proton

10.47(40) 12.0(10) 3.5(3) 12.16(40) 0 100% proton
12.34(11) 0.61(33) 0.18(9) 14.03(10) 0 100% proton

10.58@ 0.18(12) 0.06(4)@ 12.16(40) 1.49@ 100% proton
# 0.105(5) 0.035(2) 100% proton

* Ea values deduced from Eemitter (9B) [2001Bu05] and Qa = -1.690(50) MeV [2021Wa16].
** Branching ratio is taken from [2001Bu05], normalized to the 54.1(15)% proton transition from the ground state of 9B from Ref. [2001Be51].
*** From (table 3 and figure 7) in [2001Bu05] unless otherwise stated.
# Background states [2001Be51].
@ From [2001Be51].

Table 5
b -p emission from 13O*, T1/2= 8.58(5) ms@, BRb p = 10.9(20)%.

Ep Ip(rel) Ip(abs) Eemitter (13N) Edaughter(12C)** coincident g-rays**

1.006(6) 2.4(3) 0.23(5) 7.376(9)*** 4.4389(3) 4.438
1.5597(10) 100 9.5 3.502(2)*** 0 ——

2.591(6) 4.5(3) 0.43(8) 8.918(11)*** 4.4389(3) 4.438
3.175(6) 1.06(11) 0.10(2) 9.476(8)*** 4.4389(3) 4.438
5.445(6) 0.09(4) 0.009(4) 7.376(9)*** 0 ——
7.030(6) 5.3(4) 0.50(10) 8.918(11)*** 0 ——

7.396(53) 0.011(2) 0.0010(3) 15.300(200) 7.6542(2) 3.215, 4.438
7.614(6) 1.40(13) 0.13(3) 9.476(8)*** 0 ——

8.714(53) 0.030(5) 0.003(1) 15.0646(4)*** 4.4389(3) 4.438
9.78(6) 0.15(4) 0.040(14) 11.700(30)*** 0 ——

11.32(9) 0.11(9) 0.010(9) 13.26(10) 0 ——
13.152(53) 0.049(7) 0.005(1) 15.0646(4)*** 0 ——

13.5(4) 0.04(3) 0.004(3) 15.300(200) 0 ——

* All values taken from [2005Kn02], except where noted.
** Values from adopted levels in ENSDF [2017Ke05].
*** Values from adopted levels in ENSDF [1991Aj01].
@ [1990As01]

4



Table 6
b -p Emission from 17Ne*, T1/2 = 109.3(5) ms@, BRb p = 94.4(29)%

Ep Ip(rel) Ip(abs) Eemitter (17F)*** Edaughter(16O)@@ coincident g-rays@

0.358 <0.10 <0.049 8.075 7.1169(1) 7.115
0.47 0.066(59) 0.033(29) 10.655 9.585(11) 9.582, 6.916, 2.688
0.48 3.06(24) 1.51(9) 8.197 7.1169(1) 7.115

0.557 < 0.12 <0.058 8.074 6.9171(6) 6.916
0.560 <0.0037 <0.0018 10.032 8.8719(5) 2.742, 6.129, 1.755, 7.115
0.680 3.61(27) 1.78(13) 8.197 6.9171(6) 6.916
0.719 1.28(6) 0.63(3) 8.436 7.1169(1) 7.115
0.720 < 2.8 ⇥10�6 < 1.4 ⇥10�6 10.905 9.585(11) 9.582, 6.916, 2.688
0.918 1.28(6) 0.63(3) 8.435 6.9171(6) 6.916
1.002 0.029(8) 0.014(4) 11.187 9.585(11) 9.582, 6.916, 2.688
1.108 2.53(10) 1.25(5) 8.825 7.1169(1) 7.115

1.19 < 0.020 < 0.02 10.662 8.8719(5) 2.742, 6.129, 1.755, 7.115
1.307 2.47(11) 1.22(5) 8.824 6.9171(6) 6.916
1.344 0.16(15) 0.080(7) 8.075 6.129(89) 6.129
1.425 0.91(6) 0.45(3) 8.075 6.0494(1) **

1.44 < 3.1⇥10�4 <0.00015 10.912 8.8719(5) 2.742, 6.129, 1.755, 7.115
1.47 0.97(23) 0.48(12) 8.200 6.129(89) 6.129
1.55 < 3.3⇥10�5 <1.6⇥10�5 8.200 6.0494(1) **

1.706 4.83(17) 2.38(8) 8.436 6.1299 6.129
1.721 0.24(4) 0.12(2) 11.193 8.8719(5) 2.742, 6.129, 1.755, 7.115

1.73 0.62(4) 0.31(2) 9.447 7.1169(1) 7.115
1.786 0.70(3) 0.35(2) 8.436 6.0494(1) **

1.93 1.83(7) 0.90(4) 9.447 6.9171(6) 6.916
2.095 0.16(2) 0.08(1) 8.825 6.1299 6.129
2.175 3.45(20) 1.7(1) 8.825 6.0494(1) **
2.313 < 0.026 <0.013 10.027 7.1169(1) 7.115
2.504 0.31(3) 0.15(2) 3.104 0

2.51 0.22(2) 0.11(1) 10.030 6.9171(6) 6.916
2.72 0.295(20) 0.15(1) 9.450 6.1299 6.129

2.8 0.93(5) 0.46(3) 9.450 6.0494(1) **
2.94 < 0.011 <0.006 10.657 7.1169(1) 7.115
3.14 < 0.015 <0.008 10.657 6.9171(6) 6.916
3.19 0.23(2) 0.112(8) 10.907 7.1169(1) 7.115

3.3 0.034(10) 0.017(5) 10.030 6.1299 6.129
3.38 0.90(5) 0.45(3) 10.030 6.0494(1) **
3.39 0.12(2) 0.057(9) 10.907 6.9171(6) 6.916

3.476 0.37 0.18 11.193 7.1169(1) 7.115
3.676 0.009(3) 0.004(1) 11.193 6.9171(6) 6.916

3.93 < 0.07 <0.035 10.660 6.1299 6.129
4.01 1.20(7) 0.59(4) 10.660 6.0494(1) **
4.04 28.6(6) 14.1(8) 4.640 0
4.18 < 0.07 <0.035 10.910 6.1299 6.129
4.26 1.20(7) 0.59(3) 10.910 6.0494(1) **

4.463 0.50(2) 0.245(10) 11.193 6.1299 6.129
4.543 0.090(7) 0.045(3) 11.193 6.0494(1) **
4.888 100(5) 49.4(27) 5.488 0 ——
5.437 15.1(8) 7.5(4) 6.037 0 ——
7.475 9.7(5) 4.8(3) 8.075 0 ——

7.6 0.39(3) 0.19(1) 8.200 0 ——
7.836 1.25(7) 0.62(4) 8.436 0 ——
8.225 0.81(5) 0.40(2) 8.825 0 ——

8.85 0.043(4) 0.022(2) 9.450 0 ——
9.43 0.043(4) 0.021(2) 10.030 0 ——

10.06 0.004(2) 0.0021(2) 10.660 0 ——
10.31 0.028(4) 0.014(2) 10.910 0 ——

10.5924 0.13(1) 0.063(4) 11.193 0 ——
11.65 0.004(2) 0.0021(8) 12.250 0 ——

* All values taken from [2002Mo19], error bars for energies are not given.
** E0 transition
*** Calculated from alpha energies and Sp (17F) = 600.27(25) keV [2021Wa16].
@ [1988Bo39]
@@ Values from adopted levels in ENSDF [1993Ti07].
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Table 7
b -a emission from 17Ne*, BRb a = 3.51(16)%.

Ea Ia (rel) Ia (abs) Eemitter (17F)*** Edaughter(13N)@ coincident g-rays

1.827 0.08(4)** 0.002(1)** 11.193 3.547(4) 3.547
1.872 11.193 3.502(2) 3.502
2.256 100(6) 2.7(2) 8.075 0
2.381 10.3(8) 0.28(2) 8.2 0
2.617 4.4(3) 0.12(1) 8.436 0
3.006 8.5(6) 0.23(2) 8.825 0

3.63 2.7(2) 0.074(5) 9.45 0
4.21 2.4(2) 0.065(5) 10.03 0
4.84 0.031(28) 0.00085(76) 10.66 0
5.09 0.55(7) 0.025(2) 10.91 0

5.374 0.12(3) 0.003(1) 11.193 0

* All values taken from [2002Mo19], error bars for energies are not given.
** Sum of Ia for Ea = 1.827 and 1.872.
*** Calculated from proton energies and Sa (17F) = 5818.7(4) keV [2021Wa16].
@ Values from adopted levels in ENSDF [1991Aj01]

Table 8
b -ap emission from 17Ne*, Qe a p = 6.787(1) MeV, BRb a p = 0.0014(4)%.

Ea Ea�emitter(17F) Ep Ep�emitter(13N) E f inal (12C) coincident g-rays

3.0089 11.193 0.422 2.365 0 ——

* All values taken from [2002Mo19], uncertainties for energies are not given.

Table 9
b -p emission from 21Mg*, T1/2 = 118.6(5) ms, BRb p = 20.9(13)%.

Ep Ip(rel) Ip(abs) Eemitter (21Na)*** Edaughter(20Ne)@ coincident g-rays@

0.396(10) 3.91(45) 0.22(3) 4.468(10) 1.6337 1.634
0.906(10) 2.0(5) 0.11(3) 8.303(10) 4.9665(2) 1.634, 3.333
0.919(21) 0.28(3) 0.016(2) 8.975(10)a 5.6214(17) 1.634, 3.987
0.937(10) 19.4(5) 1.10(3) 7.609(10) 4.2477(11) 1.634, 2.614
1.102(10) 3.34(6) 0.19(3) 3.544(10) 0 ——
1.316(10) 20.01(15) 1.13(1) 5.380(10) 1.6337 1.634
1.427(10) 2.84(11) 0.16(1) 8.135(10) 4.2477(11) 1.634, 2.614
1.564(10) 4.66(9) 0.26(1) 8.975(10)a 4.9665(2) 1.634, 3.333
1.630(10) 2.95(17) 0.17(1) 8.303(10) 4.2477(11) 1.634, 2.614
1.861(10) 44.05(24) 2.50(2) 4.294(10) 0 ——
2.037(10) 100.0(4) 5.66(2) 4.468(10) 0 ——
2.144(10) 4.58(14) 0.26(1) 6.165(10) 1.6337 1.634
2.263(11) 3.79(55) 0.22(3) 6.341(11) 1.6337 1.634
2.302(10) 0.73(20) 0.04(1) 8.975(10)a 4.247(11) 1.634, 2.614
2.587(10) 20.89(24) 1.18(2) 5.020(10) 0 ——
3.443(10) 34.6(31) 1.96(18) 5.884(10) 0 ——
3.585(11) 8.0(15) 0.45(9) 7.609(11) 1.6337 1.634
4.055(10) 33.58(2.45) 1.90(14) 6.468(10) 0 ——
4.257(10) 1.99(20) 0.11(1) 8.303(10) 1.6337 1.634
4.356(10) 1.94(19) 0.11(1) 8.397(10) 1.6337 1.634
4.769(10) 10.9(8) 0.62(5) 8.827(10) 1.6337 1.634
4.913(10) 24.29(176) 1.4(1) 8.975(10)a 1.6337 1.634
5.171(12) 5.63(75) 0.32(4) 7.609(12) 0 ——
5.868(10) 1.56(18) 0.09(1) 8.303(10) 0 ——
5.983(10) 1.37(13) 0.078(7) 8.397(10) 0 ——
6.388(11) 2.86(29) 0.16(2) 8.827(11) 0 ——
6.537(10) 8.85(65) 0.50(4) 8.975(10)a 0 ——

7.20(30) 0.05(2) 0.003(1) 9.725(30) 0 ——

* All values are taken from [2015Lu12], except where noted.
*** Energy levels from 2015Lu12 based on proton energies and known resonances in 20Ne [1981Fe05, 1969Bl03, 1964Va10, 2004Fi10].
@ Values from adopted levels in ENSDF [1998Ti06].
a IAS [2015Lu12].
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Table 10
b -a emission from 21Mg*, BRb a = 0.115(19)%.

Ea Ia (rel) Ia (abs) Eemitter (21Na) Edaughter(17F) coincident g-rays

2.201(27) 0.11(1) 0.0062(5) 8.827(27) 0 ——
2.397(10) 1.79(5) 0.100(3) 8.975(10) 0 ——
2.700(43) 0.10(1) 0.0056(6) 9.725(30) 0.495 0.495
3.060(81) 0.04(1) 0.0022(6) 9.725(30) 0 ——

* Values are taken from [2015Lu12].

Table 11
b -pa emission from 21Mg*, Qe pa = 5.927(1) MeV, BRb pa = 0.016(3)%.

Ep (c.m.) Ep�emitter (21Na) Ea (c.m.) Ea�emitter (20Ne) E f inal (16O) coincident g-rays
0.921(21) 8.975(10) 0.882(18) 8.054(18) 0

* Values are taken from [2015Lu12].

Table 12
b -p emission from 25Si*, T1/2 = 220(4) ms@, BRb p = 35.0(20)%

Ep Ip(rel)%b Ip(abs)% Eemitter (25Al)** Edaughter(24Mg)*** coincident g-rays**
0.4020(9) 59(17) 6.1(15) 2.6733(6) 0 ——
0.554(10) 4.8(25) 0.49(25) 4.192(4) 1.369 1.369

0.724(4) 0.3(15) 0.036(15) 7.240(3) 4.238 1.369, 2.870, 4.238
0.9437(11) 17(5) 1.7(5) 4.582(2) 1.369 1.369

1.037(16) 1.6(6) 0.16(6) 7.422(5) 4.123 1.369, 2.754
1.268(5) 4.0(22) 0.41(22) 4.906(4) 1.369 1.369
1.380(5) 3.7(14) 0.38(14) 7.901(2) 4.238 1.369, 2.870, 4.238
1.492(6) 2.5(13) 0.26(13) 7.901(2) 4.123 1.369, 2.754
1.584(3) 2.9(16) 0.30(16) 3.8591(8) 0 ——

1.684(12) 1.7(10) 0.18(10) 8186(3) 4.238 1.369, 2.870, 4.238
1.794(3) 5.0(20) 0.51(19) 8.186(3) 4.123 1.369, 2.754

1.9243(20) 25(8) 2.6(7) 4.192(4) 0 ——
2.164(3) 17(5) 1.7(4 ) 5804(4) 1.369 1.369

2.3100(9) 15(4) 1.5(3) 4.582(2) 0 ——
2.453(25) 0.40(12) 0.040(11) 6063(7) 1.369 1.369
2.486(25) 1.0(3) 0.10(3) 6.170(2) 1.369 1.369
2.632(10) 0.50(12) 0.048(10) 4.906(4) 0
3.006(11) 4.1(25) 0.42(25) 6.650(5) 1.369 1.369

3.236(6) 4.1(16) 0.42(16) 6.877(7) 1.389 1.369
3.327(4) 5(3) 0.5(3) 5.597(6) 0 ——
3.464(3) 35(15) 3.6(15) 7.118(5) 1.369 1.369
3.606(4) 10(5) 1.0(5) 7.240(3) 1.369 1.369
3.896(8) 2.9(10) 0.3(1) 6.170(2) 0 ——
4.257(3) 100(14) 10.3(14) 7.901(2) 1.369 1.369

4.345(17) 4.4(16) 0.45(15) 7.936(20) 1.369 1.369
4.551(5) 2.9(10) 0.3(1) 8.186(3) 1.369 1.369
4.614(9) 0.30(12) 0.035(11) 6.909(10) 0 ——
4.614(9) 0.30(12) 0.035(11) 6.909(10) 0 ——
4.845(4) 11(8) 1.1(8 ) 7.118(5) 0 ——
4.980(4) 2.7(23) 0.28(23) 7.240(3) 0 ——

5.382(11) 2.2(14) 0.23(14) 7.646 0 ——
5.549(15) 3.1(10) 0.32(9) 7.819(20) 0 ——

5.6288(15) 21(7) 2.2(6) 7.901(2) 0 ——
6.798(5) 1.3(10) 0.13(10) 9.073(7) 0 ——

7.000(25) 0.10(2) 0.0127(17) 9.275(25)@@ 0 ——
7.141(30) 0.10(2) 0.0127(17) 9.415(30)@@ 0 ——

* average of all data from [2021Su03], [1993Ro06], [1992Ha28], [1985Zh05], taken from table 3 of [2021Su03],
** Values from adopted levels in ENSDF [2009Fi05] except where noted.
*** Values from adopted levels in ENSDF [2007Fi14].
@ Weighted average of 225(6) ms [1965Mc01] and 218(4) ms [1966Re07].
@@ [1985Zh05].
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Table 13
b -p emission from 29S*, T1/2 = 187(6) ms, BRb p = 47(5)%.

Ep(c.m.) Ip(rel)% Ip(abs)%@@ Eemitter (29P) Edaughter(28Si)** coincident g-rays**
0.766@ 22(2) 3.4(3) 5.294(6) 1.779 1.779

1.042(25) 1.0(4) 0.16(6) 8.389(13) 4.619 1.779, 2.838
1.302(10) 24(3) 3.8(4) 5.826(8) 1.779 1.779
1.829(15) 2.4(3) 0.38(5) 6.357(15) 1.779 1.779
1.978(15) 1.9(3) 0.30(4) 6.506(15) 1.779 1.779

2.206@ 75(3) 11.9(4) 4.955(9) 0 ——
2.545@ 3.4(3) 0.53(4) 5.294(6) 0 ——

2.621(10) 6.8(5) 1.08(7) 7.149(10) 1.779 1.779
2.986(15) 0.52(10) 0.082(15) 7.514(15) 1.779 1.779
3.067(15) 1.14(13) 0.18(2) 5.826(8) 0
3.212(15) 1.14(13) 0.18(2) 5.961(15) 0 ——
3.326(15) 1.01(13) 0.16(2) 6.075(15) 0 ——
3.414(15) 2.2(2) 0.34(3)
3.579(15) 2.4(3) 0.38(5) 6.328(15) 0 ——
3.715(15) 1.3(3) 0.21(4) 8.243(11) 1.779 1.779

3.853@ 14.8(9) 2.34 12 8.389(13) 1.779 1.779
3.905(15) 4.5(4) 0.71(6) 6.654(15) 0 ——
4.008(20) 1.7(4) 0.27(6) 8.535(14) 1.779 1.779
4.335(20) 6.8(5) 1.08(7) 7.085(20) 0 ——
4.493(20) 2.1(3) 0.33(4) 7.242(20) 0 ——
4.640(25) 1.6(3) 0.25(4) 7.389(25) 0 ——
4.852(20) 1.7(3) 0.27(4) 9.394(17) 1.779 1.779
5.008(20) 1.5(3) 0.23(4) 7.757(20) 0 ——
5.359(15) 4.4(5) 0.69(7) 8.108(15) 0 ——
5.493(15) 5.8(5) 0.92(7) 8.243(11) 0 ——

5.632@ 100(3) 15.8(4) 8.389(13) 0 ——
5.784(20) 5.5(5) 0.87(7) 8.535(14) 0 ——
6.062(30) 0.89(19) 0.14(3) 8.811(20) 0 ——
6.676(30) 1.0(2) 0.16(3) 9.394(17) 0 ——

6.965(50)*** 0.10(2)*** 0.016(3) 9.714(50) 0 ——
7.105(30)*** 0.21(2)*** 0.033(3) 9.854(30) 0 ——
7.343(30)*** 0.12(1)*** 0.019(2) 10.092(30) 0 ——
7.789(30)*** 0.18(1)*** 0.028(2) 10.538(30) 0 ——

* All values taken from [1979Vi01] except where noted.
** Values from adopted levels in ENSDF [2013Ba53].
*** [1985Zh05].
@ Proton peaks that were used as energy calibrations.
@@ Deduced by evaluator from beta branching (table 2 in [1979Vi01]) and proton branching ratios from these states (tables 3 and 4 in [1979Vi01]).
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Table 14
b -p emission from 33Ar*, T1/2 = 173(2) ms, BRb p = 38.8(14)%**

Ep Ip(rel) Ip(abs) Eemitter (33Cl)*** Edaughter(32S)@ coincident g-rays@

0.786(10) 0.065(6) 0.0202(17) 5.307(4) 2.2306(2) 2.230
1.358(8) 0.54(4) 0.168(9) 5.866(8) 2.2306(2) 2.230
1.696(2) 1.33(64) 0.41(20) 3.973(2) 0 ——
1.717(6) 0.019(4) 0.0060(11) 7.762(3) 3.7784(10) 1.549, 2.230
1.744(6) 0.107(11) 0.0332(32) 6.254(3) 2.2306(2) 2.230
1.819(5) 0.026(4) 0.0081(13) 6.326(5) 2.2306(2) 2.230
1.837(2) 1.52(10) 0.471(22) 4.113(2) 0 ——
2.087(5) 0.014(2) 0.0043(7) 6.595(5) 2.2306(2) 2.230
2.166(3) 8.81(56) 2.73(12) 4.442(3) 0 ——
2.442(6) 0.004(1) 0.0012(3) 8.491(5) 3.7784(10) 1.549, 2.230
2.444(5) 0.049(4) 0.0153(12) 6.951(5) 2.2306(2) 2.230
2.559(2) 1.17(8) 0.362(17) 4.835(2) 0 ——
2.795(7) 0.022(4) 0.0069(12) 7.292(3) 2.2306(2) 2.230
2.830(3) 0.156(16) 0.0483(44) 5.107(3) 0 ——

2.898(10) 0.045(5) 0.00141(14) 7.405(10) 2.2306(2) 2.230
2.976(7) 0.121(13) 0.0376(35) 7.484(7) 2.2306(2) 2.230
3.033(4) 0.24(2) 0.0748(55) 5.310(4) 0
3.049(7) 0.116(12) 0.0359(32) 7.557(7) 2.2306(2) 2.230

3.110(10) 0.0023(7) 0.0007(2) 9.153(4) 3.7784(10) 1.549, 2.230
3.162(6) 0.0145(65) 0.0045(20) 7.666(3) 2.2306(2) 2.230
3.272(3) 100 31.0(14) 5.549(3) 0 ——
3.455(4) 0.296(16) 0.0918(48) 5.731(4) 0 ——
3.577(6) 0.171(15) 0.0531(40) 8.077(3) 2.2306(2) 2.230
3.625(6) 0.048(8) 0.0150(25) 8.132(6) 2.2306(2) 2.230
3.688(5) 0.027(5) 0.0085(16) 8.183(3) 2.2306(2) 2.230
3.978(3) 2.37(15) 0.735 (34) 6.254(3) 0 ——
4.049(5) 0.026(4) 0.0082(13) 8.558(4) 2.2306(2) 2.230
4.341(5) 0.021(3) 0.00645(80) 8.848(5) 2.2306(2) 2.230
4.465(8) 0.0046(13) 0.00142(40) 8.969(5) 2.2306(2) 2.230
4.614(5) 0.0118(19) 0.00367(55) 9.119(4) 2.2306(2) 2.230
4.646(6) 0.0151(21) 0.00467(62) 9.153(4) 2.2306(2) 2.230
4.866(5) 0.0025(3) 0.00079(10) 7.143(5) 0 ——
5.012(4) 0.031(3) 0.0097(8) 7.292(3) 0 ——
5.077(6) 0.0021(5) 0.00066(16) 9.584(6) 2.2306(2) 2.230
5.196(4) 0.723(51) 0.224(12) 7.473(4) 0 ——
5.260(4) 0.152(18) 0.047(5) 7.537(4) 0 ——
5.388(4) 0.0742(84) 0.0234(24) 7.666(3) 0 ——
5.483(3) 0.0268(41) 0.0083(12) 7.760(3) 0 ——
5.799(3) 0.400(29) 0.124(7) 8.077(3) 0 ——
5.902(3) 0.297(21) 0.092(5) 8.183(3) 0 ——
6.038(9) 0.0092(14) 0.00284(40) 8.315(9) 0 ——

6.199(10) 0.0032(5) 0.00100(15) 8.491(5) 0 ——
6.291(10) 0.0445(52) 0.0138(15) 8.558(4) 0 ——

6.542(8) 0.0017(3) 0.00053(9) 8.819(8) 0 ——
6.589(10) 0.0009(3) 0.00027(8) 8.865(10) 0 ——
6.683(10) 0.0332(39) 0.0103(10) 8.969(5) 0 ——
6.835(10) 0.0055(8) 0.00170(23) 9.119(4) 0 ——

6.865(9) 0.0016(3) 0.00049(10) 9.142(9) 0 ——
6.925(9) 0.00012(3) 0.0032(4) 9.202(9) 0 ——

7.01-7.12 0.00074(29) 0.00023(9) 0 ——
7.12-7.22 0.00023(10) 0.00007(3) 0 ——
7.22-7.32 0.00103(14) 0.00032(4) 0 ——
7.43-7.53 0.00039(10) 0.00012(3) 0 ——
7.53-7.63 0.00032(10) 0.00010(3) 0 ——
7.63-7.73 0.00026(10) 0.00008(3) 0 ——
7.73-8.25 0.00019(10) 0.00006(3) 0 ——
8.25-9.28 0.00013(10) 0.00004(3) 0 ——

* All values taken from [2010Ad03], except where noted.
** From [2010Ad03]. Other: 38.7(10)% [1987Bo21].
*** Energy calculated from proton energies and Sp (33Cl) = 2276.8(4) keV [2021Wa16]. For levels de-excited by more than one proton transition, Elevel

(emitter) is the weighted average.
@ Values from adopted levels in ENSDF [2011Ou01].
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Table 15
b -p emission from 37Ca, T1/2 = 181.1(10) ms*, BRb p = 82.1(8)%**

Ep*** Ip(rel)@@ Ip(abs)@ Eemitter (37K)** Edaughter(36Ar)@@@ coincident g-rays@@@

0.418(5) a@ a@ 6.6040(47) 4.3291(7) 2.359, 1.970
0.585(2) b@ b@ 4.4128(13) 1.9704(1) 2.359, 1.970
0.893(2) 11(1) 5.2(5) 2.7501(8) 0
1.223(2) c@ c@ 5.0506(13) 1.9704(1) 1.970
1.293(2) d@ d@ 5.1202(16) 1.9704(1) 1.970
1.382(2) ⇡0.4 ⇡0.2 3.2394(18) 0 ——
1.438(4) e@ e@ 7.4733(33) 4.1783(1) 2.208, 1.970
1.496(2) f@ f@ 5.3230(18) 1.9704(1) 1.970
1.596(3) 0.124(28) 0.058(13) 5.423.7(30) 1.9704(1) 1.970
1.765(3) 6.9(4) 3.2(2) 3.6222(25) 0 ——
1.796(3) g@ g@ 5.6234(24) 1.9704(1) 1.970
1.983(3) 7.5(4) 3.5(2) 3.8402(31) 0 ——
2.187(3) h@ h@ 6.0142(28) 1.9704(1) 1.970
2.264(3) i@ i@ 6.0915(28) 1.9704(1) 1.970
2.334(9) 0.13(4) 0.06(2) 4.191(9) 0 ——
2.566(2) 2.4(1)-b@ 1.10(5)-b@ 4.4128(13) 0 ——
2.604(4) j@ j@ 6.4313(33) 1.9704(1) 1.970
2.638(4) 3.0(2) 1.4(1) 4.4955(39) 0 ——
3.159(5) 2.1(21) 1.0(10) 5.0161(43) 0 ——
3.194(2) 100-c@ 46.7-c@ 5.0506(13) 0 ——
3.263(2) 18.2(9)-d@ 8.5(4)-d@ 5.1202(16) 0 ——
3.411(5) k@ k@ 7.2380(47) 1.970 1.970
3.466(2) 1.20(9)-f@ 0.56(4)-f@ 5.3230(18) 0 ——
3.500(7) 0.11(2) 0.052(7) 5.3570(66) 0 ——
3.541(4) l@ l@ 7.2380(47) 1.9704(1) 1.970
3.589(5) 0.28(2) 0.13(1) 5.4459(47) 0 ——
3.608(5) 0.47(4) 0.22(2) 5.4648(46) 0 ——
3.646(4) e’@ e’@ 7.4733(33) 1.9704(1) 1.970
3.712(5) 0.084(15) 0.039(7) 5.5693(45) 0 ——
3.766(3) 0.32(4)-g@ 0.15(2)-g@ 5.6234(24) 0 ——
3.804(5) 0.21(2) 0.10(1) 7.6315(47) 1.9704(1) 1.970
3.931(5) 0.12(2) 0.054(8) 5.7882(49) 0 ——
3.978(4) m@ m@ 7.8053(37) 1.9704(1) 1.970
4.007(5) 0.21(2) 0.1(1) 7.8343(46) 1.9704(1) 1.970
4.075(5) 0.39(4) 0.18(2) 5.9316(46) 0 ——
4.157(3) 1.24(9)-h@ 0.58(4)-h@ 6.0142(28) 0 ——
4.234(3) 0.80(6)-i@ 0.37(3)-i@ 6.0915(28) 0 ——
4.466(5) 0.30(2) 0.14(1) 6.3228(48) 0 ——
4.557(5) 0.163(3) 0.076(12) 6.4144(48) 0 ——
4.574(4) 0.28(4)-j@ 0.13(2)-j@ 6.4313(33) 0 ——
4.747(5) 0.13(6)-a@ 0.06(3)-a@ 6.6040(47) 0 ——
4.826(5) 0.043(9) 0.020(4) 6.6827(47) 0 ——
4.882(5) 0.017(4) 0.008(2) 6.7389(47) 0 ——
4.966(5) 0.032(9) 0.015(4) 6.8229(47) 0 ——
5.116(5) 0.34(4) 0.16(2) 6.9729(47) 0 ——
5.216(5) 0.24(2) 0.11(1) 7.0727(47) 0 ——
5.325(4) 0.64(15) 0.30(7) 7.1823(35) 0 ——
5.381(5) 0.099(15)-k@ 0.046(7)-k@ 7.238(5) 0 ——
5.511(4) 0.45(4)-l@ 0.21(2)-l@ 7.3685(33) 0 ——
5.616(4) 0.75(9)-e-e’@ 0.35(4)-e-e’@ 7.4733(33) 0 ——
5.685(5) 0.045(9) 0.021(4) 7.5423(47) 0 ——
5.803(5) 0.073(15) 0.034(7) 7.6598(49) 0 ——
5.948(4) 0.34(4)-m@ 0.16(2)-m@ 7.8053(37) 0 ——
6.170(5) 0.084(15) 0.039(7) 8.0273(53) 0 ——

* [1997Tr05].
** [1991Ga23].
*** Ep values deduced from 37K level [1991Ga23] and S(p)=1857.0(14) [2021Wa16] for 37K.
@ Sum of unresolved proton intensities from the emitting state. [1991Ga23] recorded multiple decays from the state with B(GT) values, but did not record

individual proton branching ratios.
@@ Ip values from [2012Ni01] based on B(GT) values [1991Ga23].
@@@ Values from adopted levels in ENSDF [2012Ni01].
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Table 16
b -p emission from 41Ti*, T1/2 = 81.9(5) ms@, BRb p = 92.4(6)%@@.

Ep Ip(rel) Ip(abs) Eemitter ( 41Sc)** Edaughter(40Ca)*** coincident g-rays***

0.771(12) 3.3(25) 0.86(66) 5.762(12) 3.9044 3.904
1.011(2) 19.78(12) 5.15(3) 2.096(2) 0 ——

1.280(15) 3.92(73) 1.02(19) 6.270(15) 3.9044 ——
1.581(2) 18.28(19) 4.76(5) 2.666(2) 0 ——

1.627(10) 2.61(8) 0.68(2) 2.712(10) 0 ——
1.888(40) 2.99(12) 0.78(3) 6.893(28) 3.9044 3.904
2.026(10) 1.98(69) 0.52(18) 6.464(10) 3.3526(1) 3.353
2.131(25) 2.99(8) 0.78(2) 6.953(25) 3.7367(1) 3.737

2.328(3) 15.67(8) 4.08(2) 3.413(3) 0 ——
2.472(3) 8.96(8) 2.33(2) 3.559(3) 0 ——

2.604(13) 2.35(50) 0.61(13) 3.689(13) 0 ——
2.721(8) 4.10(12) 1.07(3) 3.806(8) 0 ——
2.873(8) 2.5(6) 0.66(16) 3.958(8) 0 ——
3.159(4) 62.7(3) 16.33(6) 4.244(4) 0 ——

3.232(19) 3.0(7) 0.78(18) 4.317(19) 0 ——
3.422(9) 2.61(8) 0.68(2) 4.507(9) 0 ——
3.570(9) 2.5(2) 0.65(6) 4.655(9) 0 ——
3.690(5) 5.9(6) 1.55(16) 4.775(5) 0 ——
3.750(8) 11.6(4) 3.01(10) 4.868(4) 0 ——
3.843(4) 28.4(3) 7.39(7) 4.928(5) 0 ——
3.928(8) 3.0(5) 0.78(14) 5.013(8) 0 ——

3.987(18) 2.7(5) 0.71(12) 5.072(18) 0 ——
4.294(4) 13.8(7) 3.59(17) 5.379(4) 0 ——

4.410(12) 1.49(8) 0.39(2) 5.495(12) 0 ——
4.495(6) 5.8(6) 1.5(2) 5.580(6) 0 ——
4.683(7) 2.4(4) 0.62(9) 5.768(7) 0 ——
4.754(4) 14.93(19) 3.89(5) 5.839(4) 0 ——

4.800(10) 4.48(12) 1.17(3) 5.885(10) 0 ——
4.853(3) 100.00(8) 26.05(2) 5.938(3) 0 ——

4.951(10) 7.84(19) 2.04(5) 6.036(10) 0 ——
4.999(17) 3.3(4) 0.86(9) 6.084(15) 0 ——
5.068(11) 3.2(4) 0.83(10) 6.153(11) 0 ——
5.288(14) 3.0(4) 0.79(10) 6.373(14) 0 ——
5.349(40) 2.4(5) 0.63(13) 6.434(40) 0 ——
5.498(60) 1.40(8) 0.36(2) 6.583(60) 0 ——
5.587(40) 2.2(5) 0.58(13) 6.672(40) 0 ——
5.743(14) 2.8(15) 0.73(38) 6.828(14) 0 ——
5.861(14) 1.0(4) 0.27(10) 6.946(14) 0 ——
6.096(20) 0.75(19) 0.19(5) 7.181(20) 0 ——
6.274(19) 0.56(19) 0.15(5) 7.359(19) 0 ——
6.530(38) 0.37(12) 0.10(3) 7.615(38) 0 ——
6.893(60) 0.28(10) 0.073(25) 7.978(60) 0 ——

* Values are from a weighted average of [1998Bh12, 1998Li46, 1997Ho12, 1974Se11, 2015Sh16], except where noted.
** Energy calculated from proton energies and Sp (41Sc) = 1084.93(7) keV [2021Wa16].
*** Values from adopted levels in ENSDF [2017Ch09].
@ [2015Sh16].
@@ Weighted average of 91.6(6)% [2007Do17], 95.3(23)% [1998Bh12], and 100.3(22)% [1997Tr11].

Table 17
b -p emission from 45Cr*, T1/2 = 60.9(4) ms, BRb p = 34.4(8)%

Ep Ip(rel) Ip(abs) Eemitter (45V)** Edaughter(44Ti)*** coincident g-rays***

0.945(31) 2.0(15) 0.4(3)
1.303(25) 2.6(10) 0.5(2)
1.468(27) 2.0(15) 0.4(2)
1.609(28) 2.0(15) 0.4(2)

2.087(9) 100 19.6(15) 4.796(9) 1.0831(1) 1.083

* All values taken from [2007Do17] except where noted.
** Energy calculated from proton energies and Sp (45V) = 1626.8(11) keV [2021Wa16].
*** Values from adopted levels in ENSDF [2011Ch39].
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Table 18
b -p emission from 49Fe*, T1/2 = 64.7(3) ms, BRb p = 56.7(4)%

Ep Ip(rel) Ip(abs) Eemitter (49Mn) Edaughter(48Cr)** coincident g-rays**

1.120(39) 3.8(14) 1.3(5) 3.921 0.7522(1) 0.752
1.321(24) 0.6(3) 0.2(1)
1.544(17) 4.3(7) 1.5(3) 4.380 0.7522(1) 0.752
1.975(13) 100 34.5(2) 4.809 0.7522(1) 0.752

* Values are taken from [2007Do17], energy and intensity values are from a weighted average of [2007Do17, 1996Fa09, 1970Ce02]:
** Values from adopted levels in ENSDF [2006Bu08].

Table 19
b -p emission from 53Ni*, T1/2 = 55.2(7) ms, BRb p = 22.7(10)%@@

Ep Ip(rel) Ip(abs) Eemitter (53Co)*** Edaughter(52Fe)@ coincident g-rays@

1.077(28) 15(4) 0.8(2)
1.251(27) 15(4) 0.8(2)
1.639(22) 33(4) 1.8(2)

1.921(7)** 100 5.5(4) 4.395(7) 0.8495(1) 0.849
2.111(24) 44(6) 2.4(3)
2.399(26) 59(9) 3.2(5)

* Values are from [2007Do17], except where noted.
** [2016Su10].
*** Energy calculated from proton energies and Sp (53Co) = 1616.3(17) keV [2021Wa16].
@ Values from adopted levels in ENSDF [2015Ya15].
@@ Weighted average of 23.4(10)% [2007Do17] and 22.0(10)% [2016Su10].

Table 20
b -p emission from 57Zn*, T1/2 = 38(2) ms, BRb p = 90(10)%**.

Ep Ip(rel) Ip(abs) Eemitter (57Cu)*** Edaughter(56Ni)@ coincident g-rays@

1.168(15) 16(4) 3.5(12) 4.559(15) 2.7006(7) 2.701
1.685(17) 4(2) 0.9(5) 2.375(17) 0 ——
1.836(15) 36(6) 8(2) 2.526(15) 0 ——
1.902(12) 100(10) 22(5) 5.293(12) 2.7006(7) 2.701
2.531(16) 66(8) 14.5(36) 3.221(16) 0 ——
3.092(21) 25(5) 5.5(16) 3.782(21) 0 ——
3.514(24) 11(3) 2.4(8) 4.204(24) 0 ——
3.684(25) 6(2) 1.3(5) 4.374(25) 0 ——
3.871(26) 3(2) 0.7(5) 4.561(26) 0 ——
4.474(30) 7(3) 1.5(7) 5.164(30) 0 ——
4.595(29) 81(9) 18(4) 5.300(29) 0 ——

* Values are taken from [2002Jo09] except where noted.
** From [2007Bl09]. Other: >65% [1979Vi01].
*** Energy calculated from proton energies and Sp (57Cu) = 690.3(4) keV [2021Wa16].
@ Values from adopted levels in ENSDF [2011Hu08].

Table 21
b -p emission from 61Ge*, T1/2 = 40.7(4) ms, BRb p = 78(3)%**.

Ep Ip(abs) Eemitter (61Ga)*** Edaughter(60Zn) coincident g-rays

3.169(11) 62(4) 3.419(50) 0 ——

* All values taken from [2017GoZT], except where noted.
** Weighted ave of [2017GoZT] and [2007Bl09].
*** Energy calculated from proton energy and Sp (61Ga) = 250(40) keV [2021Wa21].
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Table 22
b -p emission from 65Se*, T1/2 = 34.2(2) ms, BRb p = 94+6

�4%.

Ep Ip(rel) Ip(abs) Eemitter (65As)*** Edaughter(64Ge)@ coincident g-rays@

2.642(15) 40(5) 18(2) 3.448(57) 0.9017(3) 0.902
3.532(16) 100(5) 44(2) 3.448(57) 0 ——
3.77(3)**

* All values taken from [2017GoZT], except where noted.
** from [2011Ro47] only
*** Energy calculated from proton energies and Sp (65As) = -90(80) keV [2021Wa16]. Value shown is the weighted average of the two transitions.
@ Values from adopted levels in ENSDF [2011Hu08].

Table 23
b -p emission from 69Kr, T1/2 = 28(1) ms*, BRb p = 100%.

Ep Ip(rel) Ip(abs) Eemitter (69Br) Edaughter(68Se)@ coincident g-rays@

0.641(42)* 3.6(9) 1.9(5)* 0* 0 ——
0.751**+.132

�.042 1.0(2) 0.5(1)** 0+x** 0 ——
2.939(22)* 100 52.5(65)* 3.153(45)*** 0.8538(2) 0.854

* [2014De41].
** [2011Ro47]
*** Energy calculated from proton energies and Sp (69Br) = -640(40) keV [2021Wa16].
@ Values from adopted levels in ENSDF [2012Mc02].

Table 24
b -p emission from 73Sr*, T1/2 = 23.1(14) ms, BRb p = 100%**.

Ep Ip(rel)% Ip(absb)% Eemitter (73Rb)*** Edaughter(72Kr) coincident g-rays

0.64(4) 5(3)@ 2(1)@ 0.0 0.0 ——
1.15(4) 10(5)@ 4(2)@

3.14(2) 61(6) 24(9) 3.21(5) 0.709 0.709
3.85(2) 100 39(7) 3.21(5) 0 ——

* All values taken from [2019Si33], except where noted.
** Expected to be 100% as the daughter 73Rb is unbound by 570(20) keV [2017Wa10].
*** Energy calculated from proton energies and Sp (73Rb) = -640(40) keV [2021Wa16].
@ Estimated from Fig 1 of [2020Ho17].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = -3/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe 3p Qe a Experimental

7B (3/2�) 801(20) keV 11.908(25) 6.301(25) 1.868(32) -19.51(21) 10.321(25) [2011Ch32]
11N 1/2+ 830(30) keV 13.716(5) 5.026(5) -1.561(5) -18.447(5) 6.172(5) [2006Ca05, 2000Ma62,

1996Ax01]
15F 1/2+ 660(20) keV 13.711(14) 6.414(14) -1.136(14) -18.669(14) 3.493(14) [2010Mu12, 2006AcZY]

19Na (5/2+) <40 keV 11.177(11) 4.767(11) -0.840(11) -14.622(11) 7.648(11) [2010Mu12, 2006AcZY]
23Al 5/2+ 446(6) ms* 12.2217(3) 4.6405(4) 1.22(5)% -2.0981(3) -15.1014(3) 2.5711(4) [2011Sa15, 2011Ki26,

2006Ia03, 2015Su15,
2014Ka01, 2000Pe28,
1995Ti08, 1972Go03,
1971GoZH]

27P (5/2)+ 260(80) ms 11.725(9) 4.262(9) ⇡0.07% -2.044(9) -14.108(9) 2.390(9) [1996Og01,1985Ay02,
1983Ay02]

31Cl 3/2+ 190(1) ms 12.008(3) 5.877(3) 2.4(2)% 0.282(3) -11.705(3) 2.925(3) [2022Bu14, 2011SaZM,
2018Be12, 2016Sa60,
2014Ka01, 2006Ka11,
1996Og01, 1985Ay02,
1983Ay02, 1982Ay01]

35K 3/2+ 175(2) ms 11.8744(9) 5.9782(5) 0.37(15)% 0.8349(5) -8735(1) 5.445(1) [2018Sa54, 1998Sc19, 1980Ew02]
39Sc (7/2-) <300ns 13.110(24) 7.339(24)# 2.197(24) -6.521(40) 6.449(24) [1994Bl10]
43V 79.3(24) ms 11.400(40) 6.920(40) <2.5%*** 2.640(40) -6.251(40) 6.938(40) [2007Do17]

47Mn (5/2�) 88.0(13) ms 12.000(30) 7.220(30) >1.7% 1.862(30) -6.621(30) 4.321(31) [1996Fa09]
51Co 68.8(19) ms 12.850(50) 8.000(50) <3.8%*** 3.414(50) -4.729(50) 4.798(50) [2007Do17]
55Cu 3/2� 55.4(18) ms 13.70(16) 9.09(16) ?@ 4.73(16) -2.80(16) 6.12(16) [2017GoZT, 2013Tr09,

2007Do17]
59Ga <43 ns 13.46(17)# 10.62(17)# 7.75(17)# 0.41(17)# 9.15(17)# [2005St29]
63As (3/2�) < 43 ns 13.420(20)# 11.20(20)# 8.27(20)# 2.98(20)# 11.29(20)# [2005St29]
67Br 14.05(31)# 12.21(30)# 9.37(30)# 4.44(30)# 11.97(30)#
71Rb 14.04(42)# 11.85(40)# 9.57(40)# 4.74(40)# 11.87(41)#

75Y 14.80(37)# 12.81(30)# 10.15(30)# 5.38(30)# 12.09(33)#
79Nb 15.12(58)# 13.23(58)# 11.58(50)# 6.96(50)# 12.55(55)#
83Tc 15.02(64)# 13.20(58)# 11.62(51)# 7.96(50)# 13.03(58)#

* [2006Ia03].
** [2011SaZM].
*** Not observed.
@ Reported as 15.0(43)% in [2007Do17], but [2013Tr09] and [2017GoZT] report no observation of delayed protons despite having much higher statistics.

Table 2
Particle emission from the odd-Z, Tz = -3/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp BR1p S2p Qa experimental

7B -2.013(26) 100% -1.420(60) -3.42(200)# [2011Ch32]
11N -1.378(5) 100% 2.629(5) -5.736(26) [2006Ca05,1996Ax01, 2000Ma62]
15F -1.27(14) 100% 3.357(14) -10.224(15) [2010Mu12, 2006AcZY]

19Na -0.323(11) 100% 3.600(11) -6.062(18) [2010Mu12, 2006AcZY]
23Al 0.1409(4) —— 5.6450(3) -8.606(11))

27P 0.807(9) —— 6.321(9) -9.832(9)
31Cl 0.264(3) —— 4.660(3) -8.800(10)
35K 0.0836(5) —— 4.7475(6) -6.563(3)

39Sc -0.597(24) 3.950(24) -5.425(24)
43V 0.100(40) —— 3.850(40) -6.170(50)

47Mn 0.380(30) —— 5.260(30) -7.070(50)
51Co 0.150(50) —— 4.300(50) -7.200(60)
55Cu -0.35(16) 3.55(16) -6.72(16)
59Ga -1.25(18)# 1.03(17)# -4.55(23)#
63As -1.35(24)# 0.94(20)# -2.17(26)#
67Br -1.84(36)# 0.17(31)# -1.45(36)#
71Rb -1.52(45)# 0.61(40)# -2.19(50)#

75Y -1.72(32)# 0.39(30)# -1.96(50)#
79Nb -1.91(64)# -0.21(54)# -2.26(58)#
83Tc -1.76(64)# -0.46(64)# -2.09(71)#
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Table 3
b -p emission from 23Al*, T1/2 = 446(6) ms@@, BRb p = 1.22(5)%**.

Ep Ip(rel) Ip(abs) Eemitter (23Mg)*** Edaughter(22Na) coincident g-rays

0.206(11) 32(6) 0.14(3) 7.787(11) 0 ——
0.267(9) 42(8) 0.18(4) 7.848(9) 0 ——

0.337(14) 8(2) 0.03(1) 7.918(14) 0 ——
0.443(14) 4(2) 0.02(1) 8.025(14) 0 ——

0.579(8) 65(2) 0.28(1) 8.160(8) 0 ——
0.866(8) 100 0.41(1) 8.447(8) 0 ——
1.204(8) 0.04(1) 0.02(1) 8.785(8) 0 ——
1.338(9) 6(1) 0.02(1) 8.919(9) 0 ——

1.419(10) 4(1) 0.02(1) 9.000(10) 0 ——
1.520(5)* 0.7(2) 0.0032(6) 9.101(5) 0

1.561(9) 0.03(1) 9.142(9) 0 ——
1.729(25) 4(1) 0.02(1) 9.310(25) 0 ——

1.843(9) 11(1) 0.05(1) 9.424(9) 0 ——
1.887(5)@ 0.0084(6)@ 9.468(5) 0 ——
2.023(5)@ 0.0025(3)@ 9.604(5)@ 0 ——
2.100(7)@ 0.0008(2)@ 9.682(7)@ 0 ——

* Values are taken from [2011Sa15], except where noted.
** From [2011Sa15]. Others: 0.46(23)% [2000Pe28], ⇡1.1% [1995Ti08].
*** Energy calculated from proton energies and Sp (23Mg) = 7581.25(14) keV [2021Wa16].
@ [2011Ki26].
@@ [2006Ia03].

Table 4
b -p emission from 27P*, T1/2 = 260(80) ms@, BRb p = ⇡0.07%.

Ep Ip(rel) Ip(abs) Eemitter (27Si) ** Edaughter(26Al)*** coincident g-rays

0.484(3) 9(2) ⇡0.0063(14) 8.176(3) 0.2283 100% b+

0.636(2) 97(3) ⇡0.034(1) 8.327(2) 0.2283 100% b+

0.759(2) 100 ⇡0.035 8.451(2) 0.2283 100% b+

1.376(4) 7(2) ⇡0.0025(7) 9.068(30) 0.2283 100% b+

* All values taken from [1996Og01] except where noted.
** Energy calculated from proton energies and Sp (27Si) = 7463.34(13) keV [2021Wa16].
*** Values from adopted levels in ENSDF [2016Ba18].
@ [1985Ay02]

Table 5
b -p emission from 31Cl*, T1/2 = 190(1) ms, BRb p = 2.4(2)%.

Ep Ip(rel)% Ip(abs)% Eemitter (31Cl) Edaughter(30P) coincident g-rays

0.260 *** 0.063+9
�0.7 8.3+1.2

�0.9⇥10�4 6.3902(7) 0
0.806(2) 20.4(2) 0.367(6) 6.936(2) 0
0.906(2) 12.4(2) 0.161(6) 7.037(2) 0
1.026(2) 100(4) 1.31(2) 7.157(2) 0
1.225(3) 2.7(1) 0.035(2) 7.355(3) 0

1.390(17) 1.3(12) 0.017(16) 7.521(17) 0
1.571(3) 21.0(4) 0.273(6) 7.702(3) 0

1.647(17) 1.4(2) 0.019(25) 7.778(17) 0
1.763(3) 6.4(2) 0.084(3) 7.894(3) 0
1.891(3) 10.9(2) 0.143(3) 8.022(3) 0

1.991(17) 1.4(1) 0.019(1) 8.122(17) 0
2.139(17) 1.3(1) 0.017(1) 8.270(17) 0
2.298(3) 2.3(1) 0.030(1) 8.429(3) 0

2.362(17) 0.9(7) 0.011(1) 8.493(17) 0
2.572(17) 0.91(6) 0.012(1) 8.703(17) 0
2.729(17) 0.19(4) 0.002(1) 8.860(17) 0
2.901(17) 0.3(1) 0.004(1) 9.031(17) 0

* All values taken from [2011SaZM], except where noted.
** energy calculated from proton energies and Sp (31S) = 6130.65(24) keV [2021Wa16].
*** From [2022Bu14].
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Table 6
b -p emission from 35K*, T1/2 = 175(2) ms**, BRb p = 0.37(15)%.

Ep(com) Ep(lab) Ip(rel) Ip(abs) Eemitter (35Ar)*** Edaughter(34Cl)@ coincident g-rays@

1.320(20) 1.281(20) 16(3)% 0.020(9)%
1.467(20) 1.425(20) 100(8)% 0.12(5)% 7.503(20) 0.1464 0.146
1.601(20) 1.555(20) 41(5)% 0.051(2)% 7.503(20) 0 ——
1.755(20) 1.705(20) 42(6)% 0.052(2)%
1.930(20) 1.875(20) 24(4)% 0.030(1)%
2.038(20) 1.980(20) 17(3)% 0.021(9)% 8.393(20)
2.349(20) 2.282(20) 23(4)% 0.029(1)% 8.393(20) 0.1464 0.146
2.496(20) 2.425(20) 19(4)% 0.024(1)% 8.393(20) 0 ——
2.651(20) 2.575(20) 10(3)% 0.012(6)%
2.890(20) 2.807(20) 5.7(18)% 7.1(4)⇥10�3%

*All values taken from [1980Ew02] except where noted.
** [2018Sa54].
*** Listed energy calculated from proton energies and Sp (35Ar) = 5896.2(7) keV [2021Wa16]. For levels de-excited by more than one proton transition, Elevel

(emitter) is the weighted average.
@ Values from adopted levels in ENSDF [2012Ni10].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = -1 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Experimental

30S 0+ 1.178(5) s 6.1416(2) 0.5471(4) -11.7866(2) [1980Wi13]
34Ar 0+ 846.46(35) ms 6.06179(6) 0.9186(1) -8.6514(1) [2020Ia01]
38Ca 0+ 443.63(35) ms 6.74226(6) 1.6002(3) -7.1145(2) [2015Bl02]
42Ti 0+ 211.7(19) ms 7.01648(22) 2.7446(2) -6.1469(3) [2015Mo01]
46Cr 0+ 224.3(13) ms 7.604(11) 2.250(11) -6.234(11) [2015Mo01]
50Fe 0+ 152.1(6) ms 8.151(8) 3.567(9) -4.576(5) [2017Ku12, 2017RuZX]
54Ni 0+ 114.2(3) ms 8.732(5) 4.380(5) -3.145(5) [2012MoZW]

54mNi 6.4574(9) 10+ 155(3) ns 15.189(5) 10.837(5) 3.312(5) [2021Gi18, 2008Ru09]
58Zn 0+ 86(2) ms* 9.370(50) 6.500(50) 0.7(1)%** -0.838(50) [2020Ci04, 2017Ku12, 2012OrZY,

2009Fu15, 2005Ka46, 2002Lo13,
1998Jo18]

62Ge 0+ 82.9(14) ms 10.25(14)# 6.92(14)# 1.63(14)# [2014Gr10]
66Se 0+ 42(12) ms 10.37(20)# 7.53(20)# 2.60(20)# [2002Bl17]
70Kr 0+ 40(6) ms 10.33(20)# 8.05(20)# <1.3% 3.22(20)# [2014Ro14]
74Sr 0+ 27(8) ms 11.09(10)# 8.44(10)# 3.65(10)# [2014He29]
78Zr 0+ >170 ns 11.32(50)# 9.67(40)# 5.05(40)# [2001Ki13]

82Mo 0+ >400 ns 11.44(50)# 9.80(41)# 6.20(40)# [2017Su26]
86Ru 0+ >400 ns 11.80(50)# 10.45(40)# 6.85(40)# [2017Su26]
90Pd 0+ >760 ns 11.92(45)# 11.26(50)# 7.38(40)# [2016Ce02]
94Cd 0+ >760 ns 11.96(64)# 11.57(58)# 7.98(50)# [2016Ce02]
98Sn 0+ 11.55c 10.66@ 7.40b

* [2017Ku12]
** [2020Ci04]
@ Predictions taken from [1995Mo29].

Table 2
Particle emission from the even-Z, Tz = -1 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp BRp S2p Qa Qe a BRb a Experimental

30S 4.3954(4) 7.14440(21) -9.34317(23) -4.2742(2) ——
34Ar 4.6639(4) 6.94070(8) -6.74395(22) -0.6024(1) ——
38Ca 4.54727(22) 6.4049(2) -6.10513(21) -0.0434(2) ——
42Ti 3.75096(27) 4.83589(27) -5.4708(3) 1.2714(4)
46Cr 4.874(11) 6.501(11) -6.792(11) 0.224(11)
50Fe 4.146(9) 6.233(11) -7.430(14) 0.175(8)
54Ni 3.908(5) 5.524(5) -7.227(10) 0.924(5)

54mNi** -2.549(5) 49.5(21)% -0.933(5) -0.779(10) 7.381(5) [2021Gi18, 2008Ru09]
58Zn 2.280(50) 2.970(50) -5.450(50) 3.285(50)
62Ge 2.29(15)# 2.54(14)# -2.27(15)# 7.10(14)#
66Se 2.01(22)# 1.92(20)# -1.95(24)# 7.90(20)#
70Kr 2.13(21)# 1.49(20)# -1.87(28)# 8.50(20)#
74Sr 2.11(11)# 1.47(10)# -2.15(22)# 8.17(10)#
78Zr 1.70(45)# 1.18(40)# -2.45(41)# 8.64(40)#

82Mo 1.30(57)# 0.19(50)# -1.95(57)# 9.38(50)#
86Ru 1.21(57)# 0.18(50)# -1.83(57)# 9.62(50)#
90Pd 1.35(54)# -0.50(500)# -2.36(57)# 9.44(50)#
94Cd 1.33(64)# 0.24(61)# -3.16(64)# 8.77(54)#
98Sn 1.65* 1.31* -4.57* 7.02*

* Predictions taken from [1995Mo29].
** Excitation energy = 6.4574(9) MeV [2008Ru09].
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Table 3
Direct proton emission from 54mNi*, Ex. = 6.4574(9) MeV, T1/2 = 155(3) ns, BRp = 49.5(21) %.

Ep(lab) Ep(c.m.) Ip(rel) Ip(abs) Edaughter(53Co) coincident g-rays

1.1979(44) 1.2205(45) 100(5) % 28.4(13) % 1.3270(9) 1.327
2.5002(43) 2.5477(44)*** 74(7) % 21.1(16) % 0.0 —–

* All values taken from [2021Gi18].
** [2008Ru09].
*** [2021Gi18] uses the masses of 53Co and 53mCo From [2010Ka26] to get this value.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = -1 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a BRb a Experimental

4Li 2� 22.90(21) 3.08(21)
8B 2+ 768(3) ms 17.980(1) 0.7255(10) -9.248(1) 6.106(1) 100% [1988Aj01, 1971Wi05,

1964Ma35]
12N 1+ 11.000(16) ms 17.3881(10) 1.3814(10) -9.847(1) 9.971(1) 4.12(22)% [2020Bi15, 2020Bi11,

2009Hy01,2009Hy02,
2010Hy01]

16F 0� 40 (20) keV 15.412(5) 3.285(5) -6.923(5) 8.250(5) [1993Ti07, 2014Wu03]
20Na 2+ 447.9(40) ms 13.8924(11) 1.0490(11) -6.9447(11) 9.1625(11) 20.05(22)% [2021Wa06, 2013La22,

1989Cl02, 1972To08,
1972Mo08, 1971Go18,
1989Ra17]

24Al 4+ 2.053(4) s 13.8848(2) 2.19207(23) 0.0012(3)% -6.6021(2) 4.5681(2) 0.035(6)% [1994Ba54, 2011Ma88]
1979Ho08

24mAl 0.4258(1) 1+ 130.9(13) ms 14.3106(2) 2.6179(3) -6.1763(2) 4.9939(2) 0.028(6)% [1994Ba54, 1979Ho08,
2011Ma88, 1979Ho08]

28P 3+ 270.3(5) ms 14.3449(11) 2.7600(11) 0.0013(4)% -5.5114(11) 4.3607(11) 0.00086(25)% [1996Og01, 1968Ar03,
1979Ho27]

32Cl 1+ 298(1) ms 12.6808(6) 3.8169(6) 0.026(5)% -3.4797(6) 5.7331(6) 0.054(8)% [1979Ho27, 2008Bh08,
2018Ab06, 2012Me03,
1985Bj01]

36K 2+ 342(2) ms 12.8144(3) 4.3074(3) 0.048(9)% -2.0635(3) 6.1733(3) 0.0034(7)% [1996Il02, 1980Es01,
1997Il03, 1980Ew01]

40Sc 4� 182.7(8) ms 14.3230(28) 5.9949(28) 0.44(7)% -0.3866(28) 7.2831(28) 0.017(5)% [1982Ho09, 1968Ar03,
1969Ve04, 1974Se11]

44V (2)+ 111(7) ms 13.4741(7) 5.091(7) 0.161(7) 8.613(7) obs [1977Ha04, 1971Ce02]
48Mn 4+ 158.1(22) ms 13.525(10) 5.421(7) 0.280(37)% 0.253(7) 5.827(7) [1991Sz03, 1987Se07]
52Co (6+) 111(4) ms 13.988(5) 6.610(5) 1.339(5) 6.052(9) [2017Ku12]
56Cu (4+) 80(2) ms 15.278(6) 8.111(6)# 0.40(12)% 3.047(6) 7.277(6) [2001Bo54, 2017Ku12]
60Ga (2+) 69.4(2) ms 14.58(20)# 9.48(20)# 1.6(7)% 6.06(20)# 11.89(20)# [2021Or01, 2017Ku12,

2001Ma96]
64As 69.0(14) ms 14.78(20)# 9.73(20)# 7.06(20)# 12.22(20)# [2020Gi02]
68Br 35(5) ns 15.40(26)# 10.51(26)# 8.24(26)# 13.10(26)# [2019Wi08, 1995Bl06,

1997Au04]
72Rb (5+) 103(22) ns 15.61(50)# 10.88(50)# 9.02(50)# 13.43(50)# [2019Si33, 2017Su31]

76Y 24+12
�6 ms 16.00(30)# 11.68(30)# 9.50(30)# 13.27(30)# [2019Si33]

80Nb 16.34(50)# 12.09(41)# 10.18(40)# 13.41(40)#
84Tc 16.47(50)# 12.62(43)# 11.34(40)# 14.37(50)#
88Rh 17.48(50)# 13.54(40)# 12.67(40)# 14.89(50)#
92Ag ** 17.25(53)# 13.75(50)# 12.78(40)# 14.39(50)# [2016Ce02]

96In ** 17.48(65)# 14.53(64)# 13.43(50)# 14.27(61)# [2016Ce02]

* Calculated from the sum of the b feeding to states [2020Bi15] above the alpha separation energy
** Observed at RIKEN with BigRIPS and ZDS that have a time of flight 760 ns [2016Ce02].
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Table 2
Particle emission from the odd-Z, Tz = -1 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp BR1p S2p Qa Experimental

4Li -3.10(21) 100% -6.80(200)# [1996Ed02, 1990Br14, 1973Fr04]
8B 0.1364(10) —— 5.7433(10) -4.83(21)

12N 0.6003(10) —— 9.2905(10) -8.0084(14)
16F -0.531(5) 100% 6.766(5) -9.088(5) [2014Wu03, 1993Ti07]

20Na 2.1905(11) —— 8.6006(12) -6.250(5)
24Al 1.86411(23) —— 9.44536(26) -9.3242(11)

24mAl@ 2.2899(3) —— 9.8712(3) -9.7500(11)
28P 2.0523(12) —— 9.5157(11) -9.52240(12)

32Cl 1.5811(5) —— 7.7118(6) -8.6118(13)
36K 1.6589(8) —— 7.5550(3) -6.5074(6)

40Sc 0.5296(29) —— 6.3005(28) -5.5311(28)
44V 1.781(9) —— 6.265(7) -5.710(8)

48Mn 2.023(6) —— 6.799(7) -7.913(10)
52Co 1.444(5) —— 6.295(5) -7.472(9)
56Cu 0.583(6) —— 5.198(6) -6.711(8)
60Ga -0.34(20)# 2.50(20)# -3.39(20)#
64As -0.10(20)# 2.12(20)# -2.37(29)#
68Br -0.50(25)# 100%** 1.34(26)# -1.68(33)# [2019Wi08, 1995Bl06, 1997Au04]
72Rb -0.71(52)# 100%** 1.48(50)# -1.96(56)# [2019Si33, 2017Su31]

76Y -1.08(37)# 0.91(30)# -2.35(58)#
80Nb -1.06(50)# 70.83(50)# -2.60(50)#
84Tc -1.35(57)# 0.47(50)# -1.71(57)#
88Rh -1.58(57)# -0.13(50)# -1.59(57)#
92Ag -1.35(58)# 100%** 0.47(45)# -3.10(57)# [2016Ce02]

96In -1.68(76)# 100%** 0.27(64)# -2.99(64)# [2016Ce02]

@ Excitation energy = 0.4258(1) MeV.
** Inferred by half-life

Table 3
b -a emission from 20Na*, T1/2 = 447.9(40) ms@, BRb a =20.05(22) %.

Ea (c.m.) Ia (rel)% Ia (abs)% Eemitter (20Ne) Edaughter(16O)*** coincident g-rays

0.8915(17) 0.039(6) 0.0063(9) 5.6214(17) 0 ——
1.5073(35) 0.0099(44) 0.0016(7) 12.367(35) 6.12989(4) 6.130
1.0579(26) 0.0099(31) 0.0016(5) 5.7877(26) 0 ——

1.9902(5) 0.0149(44) 0.0024(7) 6.720(5) 0 ——
2.6937(18) 100(4) 16.1(6) 7.4235(18) 0 ——
3.1020(23) 4.3(3) 0.69(3) 7.8318(23) 0 ——
3.324(7)** 0.074(6) 0.015(1)** 8.054(7)** 0 ——
4.0402(50) 0.21(5) 0.034(8) 8.770(50) 0 ——
4.7587(22) 1.91(13) 0.307(18) 9.4885(22) 0 ——

5.5469(2) 17.4(10) 2.80(12) 10.2767(20) 0 ——
5.8522(3) 0.53(3) 0.085(4) 10.582(3) 0 ——

6.1117(22) 1.21(7) 0.195(8) 11.300(10) 0 ——
6.383(7)** 0.055(7) 0.011(2)** 11.116(9)** 0 ——
6.561(4)** 0.165(11) 0.033(2)** 11.291(4)** 0 ——
6.5702(10) 0.217(15) 0.035(2) 11.870(50) 0 ——
7.1402(50) 0.014(1) 0.0023(1) 12.367(35) 0 ——

* All values taken from [2021Wa06], except where noted.
** [1989Cl02].
*** Values from adopted levels in ENSDF [1998Ti06].
@ Weighted average of 442(5) ms [1971Go18], 446(8) ms [1972Mo08], 448(4) ms [1972To08], and 452(4) ms [1989Cl02].
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Table 4
b -p emission from 28P*, T1/2 = 270.3(5) ms***, BRb p = 0.0013(4)%.

Ep Ip(rel) Ip(abs)(⇥10�4) Eemitter (28Si)** Edaughter(27Al) coincident g-rays

0.486(1) 6(1) 0.4(14) 12.071(1) 0 ——
0.704(1) 100 6.8(21) 12.289(1) 0 ——
0.859(1) 6(1) 0.41(14) 12.444(1) 0 ——
0.988(1) 56(4) 3.8(12) 12.573(1) 0 ——
1.129(1) 4(1) 0.27(11) 12.714(1) 0 ——
1.314(1) 18(2) 1.2(4) 12.899(1) 0 ——
1.506(4) 2(1) 0.14(8) 13.091(4) 0 ——

*All values taken from [1996Og01], except where noted.
** Calculated from proton energies and Sa (28Si) = 11584.90(5) keV [2021Wa16].
*** [1968Ar03]

Table 5
b -a emission from 28P*, BRb a = 0.00086(25)%.

Ea Ia (rel) Ia (abs)(⇥10�5) Eemitter (28Si)** Edaughter(24Mg) coincident g-rays

1.528(1) 25(3) 8(2) 11.512(1) 0 ——
1.671(1) 79(6) 24(7) 11.65(1)7 0 ——
1.945(1) <3 <0.9 11.929(1) 0 ——
2.085(1) 15(4) 4(2) 12.069(1) 0 ——
2.303(1) 14(5) 5(2) 12.287(1) 0 ——
2.457(1) 100 31(9) 12.441(1) 0 ——
2.563(1) 23(6) 7(3) 12.547(1) 0 ——
2.738(1) 6(2) 1.8(8) 12.722(1) 0 ——
2.912(1) 13(3) 4.0(15) 12.896(1) 0 ——
3.107(1) 3(1) 0.9(4) 13.091(1) 0 ——

*All values taken from [1996Og01], except where noted.
** Calculated from a energies and Sa (28Si) = 9984.14(1) keV [2021Wa16].

Table 6
b -p emission from 32Cl*, T1/2 = 298(1) ms, BRb p = 0.026(5)%.

Ep Ip(rel) Ip(abs) Eemitter (32S) Edaughter(31P) coincident g-rays

0.787(5) 47(10) 0.0052(8) 9.651(5) 0 ——
1.023(5) 100 0.0113(17) 9.887(5) 0 ——
1.085(5) 17(4) 0.0019(4) 9.949(5) 0 ——
1.367(5) 47(10) 0.0052(8) 10.231(5) 0 ——
1.426(5) 7(2) 0.00078(2) 10.290(5) 0 ——
1.916(5) 14(3) 0.0016(3) 10.780(5) 0 ——

*All values taken from [1979Ho27], except where noted.
** Calculated from proton energies and Sp (32S) = 8863.96 keV [2021Wa16].
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Table 7
b -a emission from 32Cl*, T1/2 =BRb a = 0.054(8)%.

Ea Ia (rel) Ia (abs) Eemitter (32S) Edaughter(28Si) coincident g-rays

1.744(5) 3.7(8) 0.0011(2) 8.692(5) 0 ——
1.912(5) 49(9) 0.0146(20) 8.860(5) 0 ——
2.283(5) 0.7(3) 0.0002(1) 9.231(5) 0 ——
2.515(5) 100 0.0300(42) 9.463(5) 0 ——
2.762(5) 13(3) 0.0040(7) 9.710(5) 0 ——
3.035(5) 2.3(5) 0.00069(20) 9.983(5) 0 ——
3.345(5) 5.7(13) 0.0017(3) 10.293(5) 0 ——
3.511(5) 0.8(3) 0.00024(10) 10.459(5) 0 ——
3.583(5) 2.8(8) 0.00084(20) 10.531(5) 0 ——
3.845(5) 1.7(4) 0.00051(10) 10.792(5) 0 ——
4.115(5) 0.2(1) 0.00006(3) 11.063(5) 0 ——

*All values taken from [1979Ho27], except where noted.
** Calculated from a energies and Sa (32S) = 6947.66 keV [2021Wa16].

Table 8
b -p emission from 36K*, T1/2 = 342(2) ms**, BRb p = 0.048(14)%**.

Ep Ip(rel) Ip(abs) (X 10�4) Eemitter (36Ar)** Edaughter(35Cl) coincident g-rays

0.5161(11) 0.33(9) 0.011(3) 9.023(1) 0 ——
0.6405(14) 0.45(12) 0.015(4) 9.1475(14) 0 ——

0.7133(8) 23.(6) 0.76(20) 9.2203(8) 0 ——
0.876(1) 6.7(18) 0.22(6) 9.383(1) 0 ——

0.9973(12) 100(27) 3.3(9) 9.5043(12) 0 ——
1.2019(14) 0.18(6) 0.006(2) 9.7089(14) 0 ——
1.2327(11) 0.73(18) 0.024(6) 9.7397(11) 0 ——

1.308(2) 0.45(12) 0.015(4) 9.815(2) 0 ——
1.3723(7) 13(3) 0.43(11) 9.8793(7) 0 ——

1.4496(22) 0.30(9) 0.010(3) 9.9566(22) 0 ——
1.928(10) 0.33(15) 0.011(5) 10.435(10) 0 ——
2.049(10) 1.45(58) 0.048(19) 10.556(10) 0 ——
2.107(10) 1.42(55) 0.047(18) 10.614(10) 0 ——
2.528(10) 0.88(36) 0.029(12) 11.035(10) 0 ——
2.715(10) 0.61(27) 0.020(9) 11.222(10) 0 ——

*All values taken from [1996Il02], except where noted.
** [1980Es01]
*** Calculated from proton energies and Sp (36Ar) = 8506.98(4) keV [2021Wa16].

Table 9
b -a emission from 36K*, BRb a = 0.031(6)%**.

Ea Ia (rel) Ia (abs) (X 10�6) Eemitter (36Ar)*** Edaughter(32S) coincident g-rays

1.712(3) 3.3(7) 0.5(1) 8.353(3) 0 ——
1.757(3) 1.6(5) 0.24(8) 8.398(3) 0 ——
2.208(3) 4.0(13) 0.6(2) 8.849(3) 0 ——
2.268(3) 100(27) 15(4) 8.909(3) 0 ——
2.508(3) 10(3) 1.5(4) 9.149(3) 0 ——
2.721(3) 0.73(20) 0.11(3) 9.362(3) 0 ——
2.827(3) 0.53(20) 0.08(3) 9.468(3) 0 ——
3.068(3) 67(20) 10(3) 9.709(3) 0 ——
3.355(3) 0.53(13) 0.08(2) 9.996(3) 0 ——
3.566(3) 0.73(27) 0.11(4) 10.207(3) 0 ——
3.688(3) 2.7(7) 0.4(1) 10.329(3) 0 ——
3.808(3) 1.7(5) 0.26(7) 10.449(3) 0 ——
3.923(3) 7.3(20) 1.1(3) 10.564(3) 0 ——
3.958(3) 4.0(13) 0.6(2) 10.599(3) 0 ——
4.065(4) 0.27(13) 0.04(2) 10.706(4) 0 ——
4.217(3) 1.1(3) 0.17(5) 10.858(3) 0 ——
4.330(4) 0.23(10) 0.034(15) 10.971(4) 0 ——
4.417(3) 1.9(5) 0.28(8) 11.058(3) 0 ——
4.597(4) 0.40(13) 0.059(20) 11.238(4) 0 ——
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*All values taken from [1996Il02], except where noted.
** [1980Es01]
*** Calculated from a energies and Sa (36Ar) = 6640.92(3) keV [2017Wa10].

Table 10
b -p Emission from 40Sc*, T1/2 =182.7(8) ms**, BRb p = 0.44(7)%.

Ep Ip(rel) Ip(abs) (X 10�4) Eemitter (40Ca) Edaughter(39K)*** coincident g-rays

1.032(3) 65(14) 7.2(11) 9.360(3) 0 ——
1.087(8) 40(9) 4.40(75) 9.415(8) 0 ——
1.098(6) 50(12) 5.50(95) 9.427(6) 0 ——
1.123(3) 100.00 11.0(17) 9.451(3) 0 ——
1.273(3) 29(6) 3.2(5) 9.601(3) 0 ——
1.482(4) 8(2) 0.88(15) 9.810(4) 0 ——
1.501(8) 2.4(7) 0.26(7) 9.829(8) 0 ——
1.592(3) 4.5(11) 0.50(9) 9.920(3) 0 ——
1.650(5) 0.8(5) 0.092(5) 9.978(5) 0 ——
1.721(4) 3.8(10) 0.42(9) 10.049(4) 0 ——
1.797(4) 1.2(4) 0.13(4) 10.125(4) 0 ——
1.882(4) 12.6(28) 1.39(22) 10.210(4) 0 ——
2.003(4) 0.42(19) 0.046(2) 10.331(4) 0 ——
2.037(8) 0.27(19) 0.03(2) 10.365(8) 0 ——
2.118(4) 2.(6) 0.28(5) 10.446(4) 0 ——
2.143(4) 8.5(18) 0.94(14) 10.471(4) 0 ——
2.175(4) 11.4(25) 1.25(19) 10.504(4) 0 ——
2.253(5) 1.5(4) 0.17(4) 10.582(5) 0 ——
2.268(10) 0.32(19) 0.035(20) 10.596(10) 0 ——

2.364(5) 0.7(3) 0.076(30) 10.692(5) 0 ——
2.426(8) 0.8(3) 0.092(30) 10.754(8) 0 ——
2.447(5) 11.6(26) 1.28(20) 10.775(5) 0 ——
2.485(9) 0.74(30) 0.081(3) 10.813(9) 0 ——
2.520(5) 3.5(6) 0.38(2) 10.8548(5) 0 ——
2.581(5) 0.32(19) 0.035(20) 10.909(5) 0 ——
2.628(8) 1.82(46) 0.20(4) 10.956(8) 0 ——
2.644(7) 1.82(46) 0.20(4) 10.972(7) 0 ——
2.709(7) 0.63(21) 0.069(20) 11.037(7) 0 ——
2.786(6) 1.00(31) 0.11(3) 11.114(6) 0 ——
2.813(6) 2.09(49) 0.23(4) 11.142(6) 0 ——
2.888(5) 6.2(14) 0.68(11) 11.216(5) 0 ——
2.987(5) 0.46(20) 0.051(20) 11.315(5) 0 ——
3.089(7) 0.25(19) 0.028(20) 11.417(7) 0 ——
3.123(9) 0.75(22) 0.083(20) 11.451(9) 0 ——

3.287(10) 0.22(10) 0.024(10) 11.615(10) 0 ——
3.393(10) 0.66(29) 0.073(30) 11.721(10) 0 ——
3.463(10) 0.24(19) 0.026(20) 11.791(10) 0 ——
3.676(10) 0.09(9) 0.01(1) 12.004(10) 0 ——
3.706(10) 0.22(10) 0.024(10) 12.034(10) 0 ——
3.743(10) 0.11(9) 0.012(10) 12.071(10) 0 ——

*All values taken from [1982Ho09], except where noted.
** [1968Ar03]
*** Calculated from proton energies and Sp (40Ca) = 8328.18(2) keV [2021Wa16].
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Table 11
b -a emission from 40Sc*, BRb �a = 0.017(5)%.

Ea Ia (rel) Ia (abs) Eemitter (40Ca)** Edaughter(36Ar) coincident g-rays

2.321(6) 14.9(5) 8.8(2) 9.361(6) 0 ——
2.911(8) 2.7(2) 1.6(1) 9.951(8) 0 ——
3.089(8) 3.2(2) 1.9(1) 10.129(8) 0 ——
3.113(8) 5.4(2) 3.2(1) 10.153(8) 0 ——
3.152(8) 3.6(2) 2.1(1) 10.192(8) 0 ——
3.424(7) 13.2(4) 7.8(2) 10.464(7) 0 ——
3.480(7) 14.1(4) 8.3(2) 10.520(7) 0 ——
3.559(7) 11.7(4) 6.9(2) 10.599(7) 0 ——
3.684(5) 100.0 59(12) 10.724(5) 0 ——
3.779(7) 7.1(4) 4.2(2) 10.819(7) 0 ——

3.947(12) 1.9(2) 1.1(1) 10.986(12) 0 ——
4.048(12) 1.7(2) 1.0(1) 11.088(12) 0 ——

4.164(5) 64.4(19) 38(8) 11.204(5) 0 ——
4.266(7) 4.1(2) 2.4(1) 11.305(7) 0 ——
4.431(7) 6.1(2) 3.6(1) 11.471(7) 0 ——
4.509(6) 11.2(4) 6.6(2) 11.549(6) 0 ——
4.622(7) 3.9(2) 2.3(1) 11.662(7) 0 ——
4.687(7) 1.5(2) 0.9(1) 11.726(7) 0 ——
4.800(6) 4.7(2) 2.8(1) 11.840(6) 0 ——
4.958(7) 8.5(4) 5.0(2) 11.998(7) 0 ——
5.021(9) 2.7(2) 1.6(1) 12.061(9) 0 ——

* All values taken from [1982Ho09], except where noted.
** Calculated from a energies and Sa (40Ca) = 7039.78(3) keV [2021Wa16].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz =-1/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 39Ca, 43Ti, 47Cr, 51CFe, and 55Ni are taken from ENSDF.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

39Ca 3/2+ 859.4(16) ms 6.5245(6) 0.1431(6) -10.099(1) -0.694(1) [1977Az01]
43Ti 7/2� 509(5) ms 6.8673(6) 1.943(6) -8.3345(7) 2.066(7) [1987Ho14]
47Cr 3/2� 508(10) ms 7.444(5) 2.276(5) -8.069(5) -0.800(65) [1985Bu07]
51Fe 5/2� 288(6) ms 8.0540(14) 2.77832(14) -6.805(2) -0.607(1) [2017Ku12]
55Ni 7/2� 203(2) ms 8.9640(6) 3.6297(6) -5.2237(8) 0.482(1) [2017Ku12]
59Zn 3/2� 174(2) ms* 9.1428(6) 5.7242(7) 0.023(8)% -2.4480(9) 4.389(1) [1981Ho19, 2017Ku12, 1984Ar12]
63Ge 3/2� 153.6(11) ms* 9.630(40) 6.960(40) 0.486(40) 7.014(40) [2017GoZT, 2017Ku12,

2014Ro14, 2002Bl17]
67Se (5/2-) 133(4) ms 10.010(70) 7.740(70) 0.5(1)% 1.500(70) 7.542(70) [1995Bl23, 2002Lo13, 2002Bl17,

2014Ro14]
71Kr (5/2�) 100(3) ms 10.18(13) 8.31(13) 2.1(7)% 2.20(13) 7.83(13) [1997Oi01, 1995Bl23]
75Sr (3/2�) 88(3) ms 10.60(22) 8.42(22) 5.2(9)% 2.45(22) 7.46(22) [ 1995Bl23, 2003Hu01]
79Zr 56(30) ms 11.03(31)# 9.12(30)# 3.48(30)# 8.02(30)# [1999Bl08]

83Mo 6+30
�3 ms 11.27(43)# 9.99(40)# 4.80(40)# 9.04(41)# [2001Ki13]

87Ru >1.5 us 11.96(40)# 11.09(40)# 5.97(40)# 9.46(43)# [1995Le14, 1995Ry03]
91Pd 32(3) ms 12.40(30)# 11.43(42)# 3.0+1.1

�0.9 % 6.65(42)# 9.10(42)# [2018Pa20, 1995Le14, 1995Ry03]
95Cd 32(3) ms 12.85(400)# 11.76(57)# 4.5+1.2

�1.0 % 7.37(57)# 9.09(64)# [2018Pa20, 2017Da07, 2016Ce02]
99Sn 24(4) ms 13.40(50)# 12.37(58)# 3.9+3.4

�1.7 % 8.35(58)# 9.51(71)# [2018Pa20]

* [2017Ku12]

Table 2
Particle emission from the even Z, Tz = -1/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp S2p Qa

39Ca 5.7709(6) 10.9130(6) -6.6603(9)
43Ti 4.484(6) 8.756(6) -4.458(6)
47Cr 4.776(5) 10.131(5) -7.672(8)
51Fe 4.8513(14) 9.44348(26) -8.051(5)
55Ni 4.6149(7) 8.9664(18) -7.5717(16)
59Zn 2.8368(7) 5.7097(8) -4.3046(10)
63Ge 2.220(40) 5.150(40) -2.130(40 )
67Se 1.840(70) 4.680(70) -2.08(80)
71Kr 2.19(13) 4.47(13) -2.17(15)
75Sr 1.99(22) 4.64(22) -2.72(25)
79Zr 1.89(42)# 3.55(30)# -2.58(37)#

83Mo 1.82(50)# 3.39(41)# -2.00(50)#
87Ru 1.45(50)# 2.80(40)# -1.82(57)#
91Pd 1.83(47)# 2.38(42)# -2.87(58)#
95Cd 1.94(69)# 2.65(68)# -3.31(71)#
99Sn 1.36(66)# 1.82(72)# -3.35(81)#
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Table 3
b -p Emission from 59Zn*, T1/2 = 174(2) ms**, BRb p = 0.023(8)%.

Ep Ip(rel)% Ip(abs) (X 10�5)% Elevel (emitter)*** Elevel (daughter) coincident g-rays

0.929(10) 16(8) 7(3) 4.348(10) 0
1.081(5) 31(14) 14(5) 4.500(5) 0

1.286(10) 9(7) 4(3) 4.705(10) 0
1.354(10) 9(7) 4(3) 4.773(5) 0

1.400(5) 51(21) 23(7) 4.819(5) 0
1.809(5) 100 45(13) 5.228(5) 0
1.848(5) 58(24) 26(8) 5.267(5) 0
1.889(5) 38(17) 17(6) 5.308(5) 0
2.060(5) 36(15) 16(5) 5.479(5) 0
2.125(5) 62(27) 28(9) 5.544(5) 0

2.220(10) 24(11) 11(4) 5.639(10) 0
2.235(10) 22(11) 10(4) 5.654(10) 0
2.289(10) 18(8) 8(3) 5.708(10) 0
2.452(15) 36(17) 16(6) 5.871(15) 0
2.497(15) 11(5) 5(2) 5.916(15) 0

* All values taken from [1981Ho19], except where noted.
** [2017Ku12]
*** Calculated from proton energies and Sp (59Cu) = 3418.6(4) keV [2021Wa16].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz =-1/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 57Cu, and 61Ga are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

53Co (7/2�) 245(3) ms 8.2881(4) 0.7630(24) -5.7867(17) 0.248(3) [2017Ku12]
53mCo 3.1752(23) (19/2�) 245(102) ms 11.403(8) 2.321(8) -2.613(8) 3.422(8) [2023SaXX, 2015Sh16, 1972Ce01,

1976Vi02, 1971Ce01, 1970Ce04]
57Cu 3/2� 195(4) ms 8.7749(4) 1.4425(5) -4.4056(6) 1.214(2) [2017Ku12]
61Ga 3/2� 163(5) ms 9.210(40) 3.920(40) <0.25%** -0.551(40) 6.529(40) [2017Ku12, 2002We07]
65As 130.3(6) ms 9.540(80) 4.610(80) 0.695(80) 6.984(82) [2017GoZT, 2002Lo13]
69Br 3/2� <24ns 10.180(40) 5.350(40) 7.793(40) 1.836(40) 7.793(40) [2014De41]
73Rb (3/2�) < 81 ns 10.540(40) 5.760(40) 2.559(40) 8.00(40) [2020Ho17, 2020Ho061]

77Y (5/2+) 57 +22
�12 ms 11.37(20)# 6.75(20)# 7.69(20)# 3.31(20)# 7.69(20)# [2002Fa13]

81Nb < 40 ns 11.16(41)# 7.50(40)# 4.54(40)# 9.02(40)# [2017Su26]
85Tc < 43 ns 11.66(40)# 8.06(40)# 5.48(40)# 9.25(41)# [2017Su26]
89Rh < 120 ns 12.72(36)# 8.73(36)# 6.66(36)# 9.435(36)# [2016Ce02]
93Ag (9/2+) 228(16) ns 12.58(55)# 9.31(40)# 7.26(40)# 9.54(40)# [2016Ce02]

97In (9/2+) 36(6) ms 13.34(58)# 9.83(41)# 1.7+1.7
�0.8 % 8.00(40)# 9.17(55)# [2018Pa20, 2016Ce02, 2011StZV]

97mIn 0.61(18) (1/2�) 120(110) µs 13.95(61)# 10.44(45)# 8.61(44)# 9.78(58)# [2018Pa20]

* Deduced from Sp(53Co) and p energy.
** Not observed.

Table 2

Particle emission from the odd-Z, Tz = -1/2 nuclei, Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp BR1p S2p Qa Experimental

53Co 1.6163(17) —— 8.9941(17) -7.464(3)
53mCo -1.580(30) 1.3(1)% 5.798(30) -4.267(30) [2023SaXX, 2015Sh16, 1972Ce01,

1976Vi02, 1971Ce01, 1970Ce04]
57Cu 0.6903(4) —— 7.8570(5) -7.0746(18)
61Ga 0.250(40) —— 5.350(40) -2.250(40)
65As -0.090(80) 4.970(80) -2.230(90)
69Br -0.640(40) 100% 4.250(40) -1.750(90) [2014De41, 2011Ro18, 2011Ro47]
73Rb -0.640(40) 100% 4.090(40) -2.180(60) [2020Ho06, 2020Ho17, 2017Su31]

77Y -0.52(20)# 3.80(20)# -2.85(21)#
81Nb -1.11(50)# 100 %* 3.14(41)# -2.35(45)# [2017Su26, 2016Ce02, 2001Ki13]
85Tc -1.03(50)# 100 %* 2.82(43)# -1.91(57)# [2017Su26, 2016Ce02
89Rh -1.40(20)# 100 %* 2.54(36)# -2.23(54)# [2016Ce02]
93Ag -1.09(53)# 100 %* 2.41(50)# -3.17(54)# [2016Ce02]

97In -0.89(57)# 2.06(57)# -3.42(57)#
97mIn -1.50(60)# 100 % 1.45(60)# 2.81(60)# [2018Pa20]

* Inferred by half-life

Table 3

Direct proton emission from 53mCo*, Ex = 3.1752(23) MeV, T1/2 =250(10) ms, BRp 1.3(1) %.

Ep(c.m.) Ep(lab) Ip(rel) Ip(abs) Edaughter(52Fe) coinc g-rays

0.7095(16) 0.6961(16) 1.90(29)% 0.025(4)% 0.849 0.849
1.5589(16) 1.5295(16) 100% 1.3(1) % 0.0 —–

* All values taken from [2023SaXX].
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Table 4

Direct proton emission from 69Br*, T1/2 = <24 ns, BRp ⇡ 1.5 %.

Ep(c.m.) Ep(lab) Ip(abs) Eemitter (69Br) Edaughter(68Se)

0.641(42) 0.632(42) 100 % 0 0

* All values taken from [2014De41].
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Piot, Ilkka Pohjalainen, Juuso Reinikainen, Sami Rinta-Antila, Henning Schaffner, Olivier Sorlin, Christelle Stodel, Jean-Charles
Thomas, Maud Versteegen, Annika Voss, Nature Communications 14, 5961 (2023). https://doi.org/10.1038/s41467-023-39389-2

4



Even Z
Tz = 0

64Ge

68Se

72Kr

0+
63.7 s

0+
35.5 s

0+
17.1 s

Qεp  = 0.609 MeV

Qεp  = 1.195 MeV

p  < 1e-6 %-+

Qεp  = 1.917 MeV

108Xe
0+

58 us

Qεp  = 10.18 MeV

    100 %

88Ru
0+

1.9 s

88Tc

92Pd
0+

1.06 s

92Rh

96Cd

0+
1.02 s

96Ag

100In

p   < 3.6%-+

Qεp  = 5.26 MeV

Qεp  = 6.17 MeV

Qεp  = 7.11 MeV

(6+)
5.8 s

100Sn
0+

1.18 s

58Ge
0+

< 100 ns

104Te
0+

< 18 ns

Qεp  = 5.245 MeV

76Sr

80Zr

84Mo

0+
7.9 s

0+
4.6 s

0+
2.2 s

76Rb

80Y
(4-)

30.1 s

84Nb

Qεp  = 2.790 MeV

Qεp  = 3.43 MeV

Qεp  = 4.45 MeV

p  3.4(8) e-5%-+

75Kr
5/2+
4.6 m

72Br

68As

64Ga

1+
78.6 s

3+
152 s

0+
2.6 m

9.8 s

91Ru
(9/2+)
8.0 s

96Pd
0+

122 s

6.4 s

p   1.6(2)%-+

p   1.7(4) %-+

p   < 17%-+

16+
0.53 s

isomer = 5.81(156) MeV
p   19.5(20)%-+

Q   = 5.10 MeV

Qεp  = 10.74 MeV

    100 %
Q   = 4.57 MeV

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSIONFig. 1: Known experimental values for heavy particle emission of the even-Z Tz= 0 nuclei.

Last updated 11/23/22

1



Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = 0 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp Ex T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

64Ge 0+ 63.7(25) s 4.517(4) 0.609(4) -6.107(4) 1.604(4) [1974Ro16]
68Se 0+ 35.5(7) s 4.7051(19) 1.195(4) -5.044(1) 2.218(2) [1994Ba50]
72Kr 0+ 17.1(2) s 5.121(8) 1.917(8) <1⇥10�6% -4.185(8) 2.529(8) [2003Pi03, 2015Br17]
76Sr 0+ 7.89(7) s 6.230(30) 2.790(40) 3.4(8)⇥10�5% -3.540(31) 2.387(30) [2004De24, 2013Pe13]
80Zr 0+ 4.6(6) s 6.39(30)# 3.43(30)# -2.40(30)# 3.29(30)# [2003Au02]

84Mo 0+ 2.2(2) s 7.02(30)# 4.45(30)# -0.68(30)# 4.55(30)# [2009St04]
88Ru 0+ 1.9(5) s 7.33(30)# 5.26(30)# <3.6% 0.22(30)# 4.43(30)# [2019Pa16, 2001Ki13]
92Pd 0+ 1.06(3) s 8.22(35) 6.17(35) 1.6(2)% 1.37(35) 4.47(35) [2019Pa16]
96Cd 0+ 1.02(6) s 8.94(40)# 7.11(41)# 1.7(4)% 2.76(41)# 5.00(41)# [2019Pa16, 2017Da07, 2012Lo08]

96mCd 5.81(156) 16+ 0.53(3) s 14.7(16)# 12.9(16)# 19.5(29)% 8.6(16)# 10.8(16) [2019Pa16, 2017Da07]
100Sn 0+ 1.18(8) s 7.03(24) 5.245(7) <17% 1.34(24) 4.94(26) [2019Lu08, 1997Su06, 2012Hi07,

2012Lo08, 2008Ba53]
104Te 0+ <18 ns 9.67(33)# 10.18(33)# 6.49(32) 12.12(32) [2018Au04, 2019Xi06]
108Xe 0+ 58+106

�23 µs 10.74(39)# 9.27(38) 14.25(39)# [2018Au04, 2019Xi06, 2008Ko04]

Table 2

Particle emission from the even-Z, Tz = 0 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp S2p Qa BRa Experimental

64Ge 5.057(4) 7.725(4) -2.566(4) —–
68Se 4.8912(7) 7.1604(25) -2.299(4) —–
72Kr 4.727(10) 6.589(8) -2.176(8) —–
76Sr 4.320(30) 6.490(30) -2.91(71) —–
80Zr 4.25(31)# 6.16(30)# -2.94(30)# —–

84Mo 3.85(34)# 5.13(30)# -1.84(42)# —–
88Ru 3.94(30)# 4.91(30)# -2.59(42)# —–
92Pd 3.50(46)# 4.47(35) -2.86(46)# —–
96Cd 2.96(57)# 4.05(41)# -3.22(54)# —–

96mCd -2.85(16)# -1.76(16)# 1.88(16)#
100Sn 3.06(38)# 4.09(25) -4.00(48)# —–
104Te 0.25(44)# -0.73(33) 5.10(21) 100% [2019Xi06, 2018Au04]
108Xe 0.49(48)# -1.01(39)# 4.57(21) 100% [2018Au04, 2019Xi06, 2008Ko04]

Table 3

b -p Emission from 96mCd*, T1/2 = 0.53(3) s, BRb p = 19.5(29)%.

Ep Ip(rel)% Ip(abs)% Eemitter (96Ag) Edaughter(95Pd) coincident g-rays

** 22(14) 2.1(14) 4.751 0.130, 0.691, 0.821, 1.375
** 72(42) 7.0(42) 4.071 0.130, 0.691, 0.821, 1.375
** 100(62) 9.8(62) 2.696 0.130, 0.691, 0.821

* All values taken from [2019Pa16].
** Unresolved multiplet (Ep ⇡ 1.5-6 MeV) - see Fig 8 in ref. [2019Pa16].

Table 4

direct a emission from 104Te*, Jp = 0+, T1/2 =<18 ns, BRa =100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(100Sn) coincident g-rays R0 (fm) HF

5.096(20) 4.90(20) 100% 0+ 0.0 —– 1.890+.058
�.035 >0.41

* All values from [2018Au04].
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Table 5

direct a emission from 108Xe*, Jp = 0+, T1/2 = 58+106
�23 µs, BRa =100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(104Te) coincident g-rays R0 (fm) HF

4.569(20) 4.40(20) 100% 0+ 0.0 —– 2.046+0.060
�0.036 0.75(30)

* All values from [2018Au04].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = 0 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

62Ga 0+ 116.121(21) ms 9.1811(4) 2.7081(11) -2.0918(7) 5.8169(7) [2008Be21]
66As (0+) 95.77(23) ms 9.582(6) 3.343(6) -0.599(5) 6.718(5) [2014Ro14]
70Br 0+ 78.42(51) ms 10.504(15) 4.400(40) 0.975(25) 7.756(15) [2017Mo18]
74Rb (0+) 64.9(5) ms 10.416(3) 4.441(7) 1.374(4) 7.589(3) [2013Du14]

78Y (0+) 47(5) ms 11.00(30)# 5.37(30)# 2.27(30)# 7.74(30)# [2007Na13]
82Nb (0+) 50(4) ms 11.80(30)# 6.61(30)# 3.92(30)# 8.940(30)# [1999Lo07, 1998Lo17]
86Tc (0+) 59+8

�7 ms 12.54(30)# 7.42(30)# 5.274(300)# 9.619(30)# [2002Fa13]
90Rh (0+) 29(3) ms 13.25(20)# 8.47(30)# 6.48(20)# 10.06(20)# [2019Pa16]

90mRh x (7+) 0.56(2) s 13.25(20)# + x 8.47(30)# + x 9.6(10)% 6.48(20)#+x 10.06(20)#+x [2019Pa16]
94Ag (0+) 27(2) ms 13.70(40)# 9.32(40)# <0.2% 7.32(40) 10.01(40)# [2019Pa16, 2004Mu30, 1994Sc35]

94m1Ag x (7+) 0.47(1) s 13.70(40)# + x 9.32(40)# + x 17.0(6)% 7.313#+ x 10.01(40)#+x [2019Pa16, 2004Mu30, 1994Sc35]
94m2Ag 6.49(63)# (21/2+) 0.39(4) s 20.19(75)# 15.81(75)# ⇡27% 13.81(75)# 16.50((75)# [2004Mu30, 005Mu15, 2007Ro16,

2006Mu03]
98In 0+ 30(1) ms 13.73(30)# 9.71(31)# <0.13% 7.70(30)# 9.77(30)# [2019Pa16, 2012Lo08]

98mIn 0.82(73) (9+) 0.89(2) s 14.55(79)# 10.53(79)# 44(2)% 8.52(79)# 9.77(30)#+x [2019Pa16]
102Sb 13.84(41)# 10.16(40)# 8.52(40)# 14.12(40)#

106I 14.92(41)# 13.43(40)# 13.75(40)# 19.21(41)#

Table 2
Particle emission from the odd-Z, Tz = 0 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp BR1p S2p BR2p Qa Experimental

62Ga 2.927(16) —– 8.2197(17) -2.7441(7)
66As 2.836(6) —– 7.770(6) -2.463(6)
70Br 2.280(15) —– 7.109(15) -1.825(16)
74Rb 2.653(7) —– 7.432(3) -2.915(15)

78Y 1.66(30)# —– 6.27(30)# -2.68(30)#
82Nb 1.57(31)# —– 5.24(30)# -2.06(42)#
86Tc 1.35(30)# —– 4.95(30)# -2.19(42)#
90Rh 0.55(20)# —– 4.54(20)# -2.49(36)#

90mRh 0.55(20)#-x —– 4.54(20)#-x -2.49(36)#+x
94Ag 0.71(55)# —– 3.98(40)# -3.19(45)#

94m1Ag 0.71(55)#-x —– 3.98(40)#-x -3.19(45)#+x
94m2Ag -5.78(84)# 4.1(6)% -2.50(75)# 0.5(3)% 3.00(77)# [2006Mu03, 2005Mu15]

98In 0.46(52)# 3.97(32)# -3.93(50)#
98mIn 0.46(52)# -x —– 3.97(32)# -x -3.93(50)# +x
102Sb -1.92(50)# 1.50(40)# 0.38(50)#

106I -2.22(50)# -1.42(41)# 5.38(57)#

Table 3
b -p emission from 90mRh*, Ex. = unk, T1/2 =0.56(2) s, BRb p = 9.6(10)%.

Ep(c.m.) Ip(rel)% Ip(abs)% Eemitter (90Ru) Edaughter(89Tc) coincident g-rays

** 37(21) 2.6(15) 0.796 0.796
** 100(56) 7.0(40) 0 —–

* All values taken from [2019Pa16].
** Unresolved multiplet (Ep ⇡ 1.5-6 MeV) - see Fig 8 in ref. [2019Pa16].
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Table 4
b -p emission from 94m1,94m2Ag*, T1/2 (94m1Ag)=0.47(1) s@, T1/2(94m2Ag) =390(40) ms

Ep(c.m.)** Ip(rel)%** Eemitter (94Pd) Edaughter(89Tc) coincident g-rays

3.3(7) 0.0 —–
1.7 0.2401(1) 0.241
0.4 0.622(1) 0.622
6.8 0.8529(1) 0.853
3.0 0.8942(1) 0.894
0.3 1.4510(7) 0.557, 0.894, 1.451
0.3 1.4637(8) 0.570, 0.894, 1.464
0.5 1.7184(5) 1.718
1.3 1.7189(1) 0.853, 0.866
0.7 2.1978(5)*** 2.198
0.3 2.5951(2) 0.333, 0.542, 0.853, 0.866
0.2 2.8905(3) 0.295, 0.333, 0.542, 0.853

0.866
0.1 3.5430(4) 0.295, 0.333, 0.542, 0.653

0.853, 0.866, 0.948
0.1 4.0887(3) 0.295, 0.333, 0.542, 0.546

0.653, 0.853, 0.866, 0.948
1.494

0.3 4.7084(11) 0.159, 0.295, 0.297, 0.333
0.542, 0.853, 0.866, 1.361

0.1 4.7489(4) 0.138, 0.295, 0.333, 0.497
0.542, 0.522, 0.853, 0.866
1.362, 1.494

0.8 5.4469(5) 0.138, 0.295, 0.333, 0.497
0.542, 0.522, 0.698, 0.853
0.866, 1.362, 1.494

0.6 5.6938(5) 0.138, 0.247, 0.295, 0.333
0.497, 0.542, 0.522, 0.698
0.853, 0.866, 1.362, 1.494

0.4 6.5797(6) 0.138, 0.191, 0.247, 0.295
0.333, 0.497, 0.542, 0.522
0.698, 0.853, 0.866, 1.362
1.494

0.4 6.7099(7)*** 0.130, 0.138, 0.191, 0.247
0.295, 0.333, 0.497, 0.542
0.522, 0.698, 0.853, 0.866
1.362, 1.494

* All values taken from [2004Mu30] and are a combination of the (7⇤) and (21+) isomers. The ratio of the the two is estimated to be is estimated to be 89%
and 11%, respectively.

** Individual proton energies not measured. Intensities in daughter inferred by gammas and TAS measurements [2004Mu30].
***tentative assignment
@ [2019Pa16]
@@ [2004Mu30]

Table 5
direct proton emission from 94m2Ag*, Ex = 6.49(63)#**, T1/2 =390(40) ms***, BRp =4.1(6)%.

Ep(c.m.) Ep(lab) Ip (rel)% Ip(abs)% Edaughter(93Pd) coincident g-rays

0.790(30) 0.781(30) 86 (28) 1.9(5) 4.994 0.167, 0.196, 0.208, 0.275, 0.349, 0.361, 0.887, 0.984, 0.991, 1.096, 1.132
1.010(30) 0.999(30) 100(18) 2.2(4) 4.751 0.167, 0.196, 0.208, 0.275, 0.349, 0.361, 0.403, 0.614, 0.887, 0.984, 0.991, 1.096

* All values from [2005Mu13], except where noted.
** Excitation Energy = 6.49(63)# MeV, based on Qp = 5.78(30) MeV [2005Mu13] and Sp (94Ag) = 0.71(55) MeV # [2021Wa16].
*** [2004Mu30]
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Table 6
direct 2-proton emission from 94m2Ag*, Ex = 6.49(63)#**, T1/2 =390(40) ms***, BR2p =0.5(3)%.

E2p(c.m.) E2p(lab) I2p(abs)% Edaughter(92Rh) coincident g-rays

1.90(10) 1.860(10) 0.5(3) 1.549 0.235, 0.278, 0.364, 0.672, 1.036

* All values from [2005Mu13], except where noted.
** Excitation Energy = 6.49(63)# MeV, based on Qp = 5.78(30) MeV [2005Mu13] and Sp (94Ag) = 0.71(55) MeV # [2021Wa16].
*** [2004Mu30]

Table 7
b -p Emission from 98mIn*, Ex = 0.82(73) MeV, T1/2 = 30(1) ms, BRb p = 44(2)%.

Ep Ip(rel)% Ip(abs)% Eemitter (98Cd) Edaughter(97Ag) coincident g-rays

** 61(14) 9.7(22) 2.343 0.290, 0.763, 1.290
** 100(22) 15.8(36) 2.053 0.763, 1.290
** 78(17) 12.3(27) 2.020 0.602, 0.730, 1.290, 1.470
** 36(31) 5.7(49) 1.290 1.290

* All values taken from [2019Pa16].
** Unresolved multiplet (Ep ⇡ 1.5-6 MeV) - see Fig 8 in ref. [2019Pa16].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +1/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. The Jp value for 61Zn is taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

61Zn 3/2� 89.1(2) s 5.635(16) 0.835(16) -8.67(16) 0.572(16) [1972Du09]
65Ge 3/2� 30.8(7) s 6.1793(23) 2.2368(23) 0.011(3)% -5.476(2) 3.045(2) [1987Vi01, 2000Gi11,

1976Ha29]
69Se (1/2�) 27.4(2) s 6.680(30) 3.2551(24) 0.052(8)% -4.134(2) 3.798(2) [2000Gi11, 1988De28,

1977Ma24, 1976Ha22,
1976Ha29]

73Kr (3/2�) 27.3(10) s 7.094(9) 4.027(7) 0.25(3)% -3.237(8) 4.133(31) [2000Gi11, 1999Mi17,
1981Ha44, 1972Ho20,
1976Ha29]

77Sr 5/2(+) 9.0(2) s 7.027(8) 3.921(9) 0.08(3)% -3.274(9) 3.418(11) [2000Gi11, 1976Ha29]
81Zr (3/2�) 5.5(4) s 8.190(90) 5.500(90) 0.12(2)% -1.295(90) 4.886(90) [1999Hu05, 2005Xu04,

1997Hu15, 1977Ce05,
1976HaWO]

85Mo (1/2�) 3.2(2) s 8.770(16) 6.623(17) 0.14(2)% 0.118(25) 5.778(17) [1999Hu05, 2005Xu04,
1997Hu15, 1976HaWO]

89Ru (9/2+) 1.31(3) s 9.025(25) 7.028(25) 3.1(2) % 0.927(25) 5.486(24) [2019Pa16, 2012Lo08,
2005Xu04, 1999Li33]

93Pd (9/2+) 1.18(2) s 10.03(37) 8.03(37) 7.4(2)% 2.43(37) 5.990(30) [2019Pa16, 2012Lo08,
2005Xu04, 2001Xu05,
2000Sc31]

97Cd (9/2+) 1.20(7) s 10.17(42) 8.16(42) 7.4(2)% 3.03(42) 5.87(42) [2019Pa16, 2012Lo08,
1982Ku15]

97mCd 2.62(58) (25/2+) 3.86(6) s 12.79(72) 10.78(72) 25.1(5)% 5.65(72) 8.49(72) [2019Pa16, 2012Lo08,
2011Lo09]

101Sn (5/2+) 2.22(5) s 8.24(30) 6.60(30) 23.6(8)% 1.82(30) 8.17(30) [2019Pa16, 2012Lo08,
2020Pa25, 2007Ka15,
2007Se04, 1995Ja16]

105Te (5/2+) 0.62(7) µs 11.20(30) 11.53(30) 7.24(30) 13.31(30) [2006Li41, 2010Da17,
2019Xi06, 2007Li83,
2007LiZP, 2006Se08]

109Xe (7/2+) 13(2) ms 11.50(30) 12.32(30) 9.91(30) 15.42(30) [2006Li41, 2019Xi06,
2010Da17, 2007Li83,
2007LiZP, 2006Li41,
2006Se08]

113Ba 12.06(30)# 13.03(30)# 10.67(30)# 15.54(30)#

* Excitation Energy = 2.62(58) MeV [2019Pa16].

Table 2
Particle emission from the even-Z, Tz = +1/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp S2p Qa BRa Experimental

61Zn 5.293(16) 9.770(16) -2.690(16) ——
65Ge 4.9344(26) 8.8427(27) -2.554(16) ——
69Se 4.8292(24) 8.339(5) -2.3814(26) ——
73Kr 4.779(7) 7.983(7) -2.542(7) ——
77Sr 4.613(8) 8.058(11) -3.677(10) —–
81Zr 3.670(90) 6.620(90) -2.150(90) ——

85Mo 3.605(16) 6.176(17) -2.140(90) ——
89Ru 3.988(25) 6.063(24) -3.285(29) ——
93Pd 3.270(37) 5.32(37) -3.04(37) ——
97Cd 3.51(43) 5.35(42) -4.18(56) ——

97mCd 0.89(72) 2.73(72) -1.56(81) ——
101Sn 3.42(30) 4.95(30) -2.00(52) ——
105Te 0.81(32) 0.30(32) 5.069(3) 100% [2010Da17, 2019Xi06, 2006Li41, 2006Se08]
109Xe 0.69(32) 0.09(32) 4.217(7) 100% [2010Da17, 2019Xi06, 2006Li41, 2006Se08]
113Ba 0.58(32)# -0.23(32)# 4.04(42)#

2



Table 3
b -p emission from 93Pd*, T1/2 = 1.18(2) s, BRb p = 7.4(2)%.

Ep Ip(rel)% Ip(abs)% Eemitter (93Rh) Edaughter(92Ru) coincident g-rays

** < 5.5 <0.3 2.672 0.817, 0.865, 0.990
** 14(3) 0.74(15) 1.855 0.865, 0.990
** 100(7) 5.3(4) 0.865 0.865
** ⇡25(7) ⇡1.3(4) 0.0

* All values taken from [2019Pa16].
** Unresolved multiplet (Ep ⇡ 1.5-5 MeV) - see Fig 8 in ref. [2019Pa16].

Table 4
b -p emission from 97Cd*, T1/2 = 1.20(7) s, BRb p = 7.4(2)%.

Ep Ip(rel)% Ip(abs)% Eemitter (97Ag) Edaughter(96Pd) coincident g-rays

** 4.7(23) 0.16(7) 3.342 1.415, 1.972
** 19.6(52) 0.64(17) 2.391 0.192, 0.684, 1.415
** 100(23) 3.3(8) 2.099 0.684, 1.415
** 73(27) 2.4(9) 1.415 1.415
** 30(27) 1.0(9) 0.0 —–

* All values taken from [2019Pa16].
** Unresolved multiplet (Ep ⇡ 1.5-6 MeV) - see Fig 8 in ref. [2019Pa16].

Table 5
b -p emission from 97mCd*, Ex = 2.62(58) MeV, T1/2 = 3.86(6) s, BRb p =25.1(5)%.

Ep Ip(rel)% Ip(abs)% Eemitter (97Ag) Edaughter(96Pd) coincident g-rays

** 15.4(18) 2.16(25) 5.282 0.106, 0.423, 0.684, 1.253, 1.415, 1.499
** 58.4(13) 8.18(24) 4.574 0.106, 0.423, 0.684, 0.790, 1.253, 1.415
** 100(7) 14(1) 3.784 0.106, 0.423, 0.684, 1.253, 1.415

* All values taken from [2019Pa16].
** Unresolved multiplet (Ep ⇡ 1.5-5 MeV) - see Fig 8 in ref. [2019Pa16].

Table 6
direct a emission from 105Te*, Jp = 5/2+, T1/2 = 0.62(7) µs**, BRa =100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(101Sn) coincident g-rays R0 (fm) HF

4.898(3) 4.711(3) 100(4)% 89(4)% 5/2+ 0.172(2) 0.172 1.696(74) 3+5
�2

5.073(20) 4.880(20) 12(4)% 11(4)% 7/2+ 0.0 —– 1.696(74) 100+18
�7

* All values from [2010Da17], except where noted
** [2006Li47]

Table 7
direct a emission from 109Xe*, Jp = 5/2+, T1/2 = 13(2) ms**, BRa =100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(105Te) coincident g-rays R0 (fm) HF

4.059(10) 3.910(10) 45(8)% 31(7)% 7/2+ 0.150(3) 0.150 1.65(12) 3+12
�3

4.218(4) 4.063(4) 100(10)% 69(7)% 5/2+ 0.0 —– 1.65(12) 7+30
�6

* All values from [2010Da17], except where noted.
** [2006Li41].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +1/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 71Br, 75Rb, 79Y, 83Nb, are taken from ENSDF.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

71Br (5/2�) 21.4(6) s 6.644(6) 0.543(6) -3.979(5) 3.747(6) [1982Ha32]
75Rb 3/2(�) 19.2(10) s* 7.105(8) 0.780(6) -3.570(7) 3.503(3) [1983Ke08, 1977Da04]

79Y (5/2+) 14.9(6) 7.680(80) 1.840(80) -2.209(80) 4.099(80) [1992Mu12]
83Nb (5/2+) 3.8(2) 8.30(16) 3.16(16) -0.66(16) 5.45(16) [2009St04]
87Tc (9/2+) 2.0(3) s 9.195(5) 4.155(7) <0.7% 0.907(7) 5.797(7) [2019Pa16, 2001Ki13, 2000StZU]
91Rh (7/2+) 1.60(2) s 9.67(30)# 4.87(30)# 0.18(4)%** 1.87(30)# 5.89(30)# [2019Pa16, 2012Lo08]
95Ag (9/2+) 1.80(7) s 10.06(40)# 5.71(40)# 1.76(9)% 2.73(40)# 5.90(40)# [2019Pa16, 2012Lo08, 1994Sc35]

99In (9/2+) 3.11(6) s 8.56(30)# 4.40(30)# 0.29(3)% 1.85(30)# 6.16(30)# [2020Pa25, 2019Pa16, 2012Lo08]
103Sb < 46 ns 10.42(32)# 6.74(30)# 4.59(30)# 10.84(30)# [2017Su26, 2013Su23, 1995Ry03]

107I 11.23(32)# 9.76(30)# 9.33(30)# 15.24(32)#
111Cs 11.62(23)# 10.28(21)# 10.24(20)# 15.34(22)#

* Weighted average of 21.4(10) s [1983Ke08] and 17.0(10) s [1977Da04].
** Decay from combination of ground state and (1/2�) isomer.

Table 2

Particle separation and emission from the odd-Z, Tz = +1/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or
deduced from values therein.

Nuclide Sp BR1p S2p Qa Qe a Experimental

71Br 1.861(6) —– 7.970(30) -2.340(5)
75Rb 2.1758(23) —– 8.151(7) -3.141(6)

79Y 1.920(80) —– 7.550(80) -3.010(80)
83Nb 1.29(16) —– 6.48(16) -2.23(18)
87Tc 0.868(5) —– 5.988(6) -2.50(16)
91Rh 0.98(30)# —– 5.75(30)# -3.30(30)#
95Ag 1.09(40)# —– 5.47(40)# -3.76(50)#

99In 1.03(30)# —– 5.05(30)# -3.90(50)#
103Sb -0.98(32)# 100 % 2.70(30)# 2.28(42)# [2017Su26, 2013Su23, 1995Ry03

107I -1.50(32)# -0.010(300)# 4.82(42)#
111Cs -1.73(22)# -0.20(20)# 4.11(36)#
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +1 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

82Zr 0+ 32(5) s 4.450(6) 0.625(4) -6.017(3) 0.886(3) [1982Li17]
86Mo 0+ 19.1(3) s 5.023(6) 1.775(7) -4.795(5) 1.528(6) [2005Ka39]
90Ru 0+ 11.7(9) s 5.841(4) 2.842(5) -3.292(60) 1.825(6) [2004De40]
94Pd 0+ 9.6(2) s 6.805(5) 3.825(5) -1.754(5) 2.198(4) [2006Ba55]
98Cd 0+ 9.3(1) s 5.430(40) 2.880(50) <0.029% -2.530(51) 2.843(50) [2019Pa16, 1997Ra22, 1996He25]

102Sn 0+ 3.8(2) s 5.76(10) 3.61(10) -1.37(10) 5.72(10) [2002Fa13]
106Te 0+ 70 +20

�15 µs 8.25(10) 7.83(10) 3.39(10) 10.05(10) [2016Ca33, 2005Ja03, 2002Ma19,
1994Pa11, 1981Sc17]

110Xe 0+ 93(3) ms 8.55(12) 8.50(10) 5.95(10) 12.13(10) [2016Ca33, 2007Sa36, 2002Ma19,
1993HeZV, 1992HeZU, 1981Sc17]

114Ba 0+ 380+190
�110 ms 8.78(13) 9.01(10) 20(10)% 6.58(10) 12.14(12) [2016Ca33, 2002Ma19, 1997Ja12,

2003Mb01, 2001Ro35, 1995Gu10]

Table 2

Particle emission from the even-Z, Tz = +1 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp S2p Qa BRa Experimental

82Zr 5.190(6) 7.881(4) -2.865(8) —–
86Mo 5.120(5) 7.267(6) -2.922(3) —–
90Ru 4.778(5) 6.775(5) -3.198(5) —–
94Pd 4.379(5) 6.379(5) -3.643(6) —–
98Cd 4.020(50) 6.030(50) -3.960(50) —–

102Sn 3.68(10) 5.32(10) 0.28(11)
106Te 1.49(10) 1.17(10) 4.290(9) 100% [2016Ca33, 1994Pa11, 2005Ja03,

2002Ma19, 1981Sc17]
110Xe 1.54(10) 0.72(10) 3.872(9) 64(35)% [2016Ca33, 2002Ma19, 2007Sa36,

1993HeZS, 1992HeZU, 1981Sc17]
114Ba 1.43(10) 0.46(10) 3.592(19) 0.9(3)% [2016Ca33, 2002Ma19, 2003Mb01,

2001Ro35, 1997Ja12, 1995Gu10]

Table 3

direct a emission from 106Te*, Jp = 0+, T1/2 = 70 +20
�15 µs**, BRa =100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(102Sn) coincident g-rays R0 (fm) HF

4.290(9) 4.128(9) 100% 100% 0+ 0.0 —- 1.684(49) 0.94(27)

* All values from [1994Pa11], except where noted.
** [2016Ca33].

Table 4

direct a emission from 110Xe*, Jp = 0+, T1/2 = 93(3) ms**, BRa =64(35)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(106Te) coincident g-rays R0 (fm) HF

3.860(20) 3.720(20) 100% 64(35)% 0+ 0.0 —- 1.655(47) 0.91.1
�0.3

* All values from [2016Ca33],except where noted
** [2007Sa36].
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Table 5

direct a emission from 114Ba*, Jp = 0+, T1/2 = 380+190
110 ms, BRa =0.9(3)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(110Xe) coincident g-rays R0 (fm) HF

3.610(20) 3.480(20) 100% 0.9(3)% 0+ 0.0 —- 1.700(47) 1.21.5
�0.8

* All values from [2016Ca33].
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +1 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +1 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 68As, 72Br, 76Rb, 80Y, 84Tc are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

68As 3+ 151.5(9) s 8.0843(26) 0.6957(22) -4.5733(19) 4.685(2) [1977Pa13]
72Br 1+ 78.6(24) s 8.8064(22) 1.543(4) -3.0778(13) 5.492(2) [1974Co14]
76Rb 1(�) 36.2(2) s 8.535(4) 1.339(4) -2.8439(9) 4.964(2) [1993Al03]

80Y (4�) 30.1(5) s 9.163(7) 2.366(7) -1.548(6) 5.441(7) [1998Do04]
84Nb 9.5(10) s 10.228(6) 3.723(19) 0.238(6) 6.692(3) [2003Do01]
88Tc (6+) 5.8(4) s* 11.016(6) 4.915(8) <0.3%* 1.721(6) 7.327(6) [2019Pa16]
92Rh (6+) 5.7(1) s 11.302(5) 5.699(5) 1.9(1)% 2.596(5) 7.263(6) [2019Pa16, 2012Lo08,

2005Xu04, 2001Xu05]
96Ag (8+) 4.46(4) s 11.670(90) 6.540(90) 4.4(5) % 3.496(90) 7.366(90) [2019Pa16, 2012Lo08,

2003Ba39, 1997Sc30]
96mAg x (2+) 4.395(85) s 11.67+x 6.540+x 14.7(24)% 3.496+x 7.366+x [2019Pa16, 2012Lo08,

2003Ba39, 1997Sc30]
100In (6+) 5.62(6) s 10.164(28) 5.245(7) 1.66(3)% 2.565(6) 9.580(5) [2019Pa16, 2012Lo08,

2002Pl03, 1995Sz01]
104Sb 440+150

�110 ms 12.33(10)# 8.05(10)# <7% 5.78(10)# 12.47(10)# [1996FaZZ, 2019Au02,
1995Le14, 1995Sc28]

108I 26.4(8) ms 13.01(10)# 10.59(10)# 10.01(10)# 16.43(10)# [2019Pa16, 1996IkZZ,
1994Pa11, 1991Pa05]

112Cs (1+) 486(37) µs** 13.61(12)# 11.25(12)# 11.24(12)# 16.94(12)# [2012Ca03, 2012Wa10,
1996IkZZ, 1994Pa12]

116La 50(22) ms 13.48(20)#@ 11.51(20)#@ 11.61(20)#@ 16.75(20)#@ [2022Zh76]

* Combined result for ground state and isomer.
** Weighted average of 506(55) µs [2012Wa10] and 470(50) µs [2012Ca03].
@ Mass excess of 116La is calculated to be -40897(200)# keV (-40050(320)# keV in [2021Wa16]) from the emitted proton energy and the mass excess for

115Ba of -48920(200)# keV [2021Wa16]. This value is compared to the mass excess of the daughter from [2021Wa16] to deduce the value shown.

Table 2
Particle emission from the odd-Z, Tz = +1 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp BR1p S2p Qa BRa Experimental

68As 3.510(5) —– 9.7487(21) -2.4866(23) ——
72Br 3.2042(30) —– 9.3057(17) -2.5921(21) ——
76Rb 3.444(8) —– 9.769(6) -3.8423(14) ——

80Y 2.957(10) —– 8.791(7) -3.094(6) ——
84Nb 2.571(6) —– 7.708(6) -2.471(6) ——
88Tc 2.074(5) —– 7.114(7) -2.901(4) ——
92Rh 2.048(5) —– 6.852(4) -3.754(6) ——
96Ag 1.83(9) —– 6.18(9) -2.93(64) ——

96mAg 1.83-x 6.18-x -2.93+x ——
100In 1.5360(27) —– 5.690(30) -2.090(90) ——

104Sb -0.510(20 <1% 3.18(10)# 2.46(10)# [2019Au02]
108I -0.597(13) <1% 0.88(10)# 4.099(5) 100% [2019Au02, 1994Pa11]

112Cs -0.816(4) 100% 0.53(13)# 3.940(20)** [2012Ca03, 2012Wa10,
1996IkZZ, 1994Pa12]

116La -0.734(9)** 60(18)% 0.79(20)#@ 3.09(20)#@ [2022Zh76]

* [2019Au02]
** From [2022Zh76], -1.58(38)# in [2021Wa16].
@ Mass excess of 116La is calculated to be -40897(200)# keV (-40050(320)# keV in [2021Wa16]) from the emitted proton energy and the mass excess for

115Ba of -48920(200)# keV [2021Wa16]. This value is compared to the mass excess of the daughter from [2021Wa16] to deduce the value shown.
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Table 3
direct a emission from 108I*, Jp = , T1/2= 26.4(8) ms, BRa = 99.50(21)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(105Te) coincident g-rays

4.097(10) 3.945(10) 99.50(21)% 0.0 —–

* All values from [2019Au02].

Table 4
direct proton emission from 108I*, Jp = , BRp =0.50(21)%.

Ep(c.m.) Ep(lab) Ip(absb) Jp
f Edaughter(111Xe) coincident g-rays

0.597(13) 0.591(13) 0.50(21)% (5/2+) 0.0 —–

* All values from [2019Au02].

Table 5
direct proton emission from 112Cs*, Jp = T1/2 = 486(37) µs**, BRp =100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(abs) Jp
f Edaughter(111Xe) coincident g-rays

0.716(20) 0.710(20) ⇡ 10% ⇡ 9%
0.817(5) 0.810(5) 100% ⇡91% 0.0 —–

* All values from [2012Wa10], except where noted.
** Weighted average of 506(55) µs [2012Wa10] and 470(50) µs [2012Ca03].

Table 6
direct proton emission from 116La*, Jp = T1/2 = 50(22) ms, BRp = 60(18)%.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(115Ba) coincident g-rays

0.734(9) 0.718(9) 60(18)% (5/2+) 0.0 —–

* All values from [2022Zh76].
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +3/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 67Ge, 71Se, 75Kr, 79Sr, 83Zr are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

67Ge 1/2� 19.0(3) m 4.205(4) -1.063(4) —— -9.988(4) 0.481(4) [1969Ba07]
71Se (5/2�) 4.74(5) m 4.747(5) 0.1266(29) -8.397(3) 1.308(3) [1980Te01]
75Kr 5/2+ 4.60(7) m 4.783(9) 0.601(8) -7.949(9) 1.144(9) [1995BeZS]
79Sr 3/2(�) 2.31(6) m 5.323(8) 1.410(7) -6.823(8) 1.202(8) [1981Li12]
83Zr (1/2�) 42(2) s 6.294(20) 2.809(9) obs -5.033(8) 2.466(6) [2015Mc011983Ha06]

87Mo (7/2+) 14.5(3) s 6.990(7) 3.795(5) 15(8)% -3.621(19) 2.896(19) [1997Hu07, 1983Ha06, 1981Mi15]
91Ru (9/2+) 7.6(2) s 7.747(3) 4.644(4) <0.2%* -2.192(24) 3.209(7) [2019Pa16, 1983Ha06]
95Pd (9/2+) 7.4(5) s 8.375(5) 5.329(4) 0.23(5)% -0.938(3) 3.596(4) [2019Pa16]

95mPd 1.8751(1) (21/2+) 13.2(4) s 10.250(5) 7.204(4) 0.71(7)% �0.937(3) 5.471(4) [2019Pa16, 1982Ku15,1982No06,
99Cd (5/2+) 17(1) s 6.781(6) 4.101(5) 0.21(2)% -1.909(40) 5.985(4) [2019Pa16, 1978El09, 1982Ku15]

103Sn (5/2+) 7.0(2) s 7.54(10)# 5.28(10)# 1.2(1)% -0.33(10)# 7.20(10)# [2005Ka34, 2004Mu32, 1981Ti03]
107Te (5/2+) 3.1(1) ms 10.00(10)# 9.41(10)# 4.40(10)# 11.55(10)# [1994Pa11, 2019Au02, 2020Ca01,

2004Ha59, 2002Se10, 1981Sc17,
1991He21, 1979Sc22]

111Xe (7/2+) 0.81(20) s 10.43(12)# 10.42(12)# 7.15(12)# 13.71(12)# [2010Da17, 1994Pa11, 2012Ca03
2020Ca01, 1993HeZS, 1991He21,
1981Sc17]

115Ba (5/2+) 0.45(5) s 10.78(23)# 10.88(20)# >15% 7.62(20)# 13.61(20)# [1997Ja12, 1995Gu01]
119Ce 11.20(58)# 11.09(54)# 8.09(50)# 13.46(51)#

* Combination of ground state and (1/2�) isomer.
** Excitation energy = 1.8751(1) MeV.

Table 2

Particle emission from the even-Z, Tz = +3/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp S2p Qa BRa Experimental

67Ge 6.239(4) 11.340(4) -2.885(5) ——
71Se 6.102(3) 10.624(3) -2.898(5) ——
75Kr 6.324(10) 10.674(11) -3.602(9) ——
79Sr 5.833(8) 9.888(8) -3.581(11) ——
83Zr 5.137(8) 8.961(7) -2.857(10) ——

87Mo 5.040(6) 8.288(7) -3.398(7) ——
91Ru 4.8041(24) 7.803(4) -3.780(4) ——
95Pd 4.347(5) 7.327(4) -4.151(4) ——

95mPd 2.472(5) 5.419(4) -2.276(4) ——
99Cd 4.150(30) 6.703(5) -2.390(3) ——

103Sn 3.69(10)# 5.83(10)# 0.41(10)#
107Te 1.47(10)# 1.90(10)# 4.010(5)# 70(30)%* [2019Au02, 2002Se10, 1991He21,

1981Sc17, 1979Sc22, 2020Ca01,
2004Ha59, 1994Pa11 ]

111Xe 1.34(13)# 1.38(12)# 3.719(10)** 10.4(19)% [12012Ca03, 2020Ca01, 2010Da17,
1994Pa11, 1993HeZS, 1991He21,
1981Sc17]

115Ba 1.52(22)# 1.30(20)# 3.18(23)#
119Ce 1.49(58)# 0.94(56)# 2.68(54)#

* The short half-life suggests BRa is ⇡ 100%.
** From [2010Da070], 3.710(60)# in [2021Wa16].
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Table 3

direct a emission from 107Te, Jp = (5/2+), T1/2 = 3.1(1) ms@, BRa =70(30)%*.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(110Xe) coincident g-rays R0 (fm) HF

3.836(7)** 3.692(7) 0.67(13)% 0.47(9)% (7/2+) 0.1680(1) 0.1680(1) 1.672(31) 50+5
�2

4.004(6)*** 3.854(6) 100% 70(30)% (5/2+) 0.0 —- 1.672(31) 2.4+2.3
�1.2

@ [1994Pa11].
* [1981Sc17].
** [2002Se10].
*** Weighted average of 3.982(15) [1979Sc22], 4.012(10) [1991He21] and 4.007(10) [2019Au02].

Table 4

direct a emission from 111Xe*, Jp = (7/2+), T1/2 = 0.81(20) s**, BRa =10.4(19)%***.

Ea (c.m.) Ea (lab)** Ia (rel)* Ia (abs) Jp
f Edaughter(107Te) coincident g-rays R0 (fm) HF

3.631(15) 3.500(15) 58(32)% 3.8(22)% (7/2+) 0.0903(4) 0.0903(4) 1.663(61) 7+11
�5

3.719(10) 3.582(10) 100(32)% 6.5(24)% (5/2+) 0.0 —– 1.663(61) 14+21
�9

* All values from [2012Ca03] except where noted.
** [2010Da17]
*** [1979Sc22]
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +3/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 69As, 73Br, 77Rb, 81Y, 85Nd, 89Tc, 93Rh, 97Ag are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

69As 5/2� 15.1(3) m 3.990(30) -3.320(30) —— -9.808(20) 0.377(20) [1979Su02]
73Br 1/2� 3.4(2) m 4.582910) -2.705(8) —— -8.317(7) 1.030(7) [1987He21]
77Rb 3/2� 3.78(4) m 5.3390(24) -1.830(9) —— -7.212(1) 0.999(7) [1993Al03]

81Y (5/2+) 69.0(11) s 5.815(6) -0.826(6) —— -5.849(6) 2.032(5) [1993Mi11]
85Nb (9/2+) 20.9(7) s 6.896(8) 0.326(6) -4.060(8) 2.823(5) [1988Ku14]
89Tc (9/2+) 12.8(9) s 7.620(5) 1.490(60) -2.626(6) 3.355(7) [1991He04]
93Rh (9/2+) 11.9(7) s 8.205(3) 2.625(4) -1.381(7) 3.578(5) [2004De40]
97Ag (9/2+) 25.3(3) s 6.902(13) 1.495(16) -2.024(16) 3.888(12) [1997Sc30]
101In (9/2+) 14.9(12) s 7.292(12) 2.304(13) <1.7% -0.940(13) 6.836(13) [2019Pa16, 1997Sz04]

105Sb (5/2+) 1.22(11) s 9.323(22) 4.878(23) <0.1% 2.059(22) 9.397(22) [2007Ma35, 1997Sh13, 2007MaZB, 2005Li47,
2005LiZY, 1995Sc28,1995Sc33, 1994Ti03]

109I 1/2+ 93.5(3) µs 10.043(8) 7.484(9) 6.261(9) 13.240(8) [2007Ma35, 2019Au02, 2012Ca03, 1995Ho26,
2007MaZB, 1999Yu02, 1997IkZZ, 1995Ho26,
1993HeZS, 1993Se04, 1991He21, 1987FaZT,
1987Gi02, 1984Fa04]

113Cs (3/2+) 17.1(2) µs 10.439(11) 8.010(13) 7.244(11) 13.525(10) [2015Wa02, 1995Ho26, 1994Pa12, 2012Ca03,
2012Wa10, 2002Ry02, 1998GrZT, 1998GrZZ,
1993HeZS, 1987Gi02, 1987FaZT, 1984Fa04]

117La (3/2+) 20.1(25) ms 11.19(32)# 8.48(22)# 7.81(20)# 13.51(20)# [2022Zh76, 2011Li28, 2001Ma69, 2001So02,
2007LiZR]

117mLa 0.151(12) (9/2+) 10(5) ms 11.34(32)# 8.63(22)# 7.96(20)# 13.66(20)# [2001So02]
121Pr (3/2) 10+6

�3 ms 11.14(64)# 8.73(58)# 8.46(54)# 13.46(56)# [2005Ro19, 2007DaZU, 1972Bo28]

Table 2

Particle emission from the odd-Z, Tz = +3/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp BR1p S2p Qa BRa Experimental

69As 3.420(30) —— 10.810(30) -2.880(30) ——
73Br 3.067(7) —— 10.330(8) -2.960(30) ——
77Rb 3.106(4) —— 10.301(4) -3.610(7) ——

81Y 2.690(6) —— 9.488(6) -3.307(6) ——
85Nb 2.147(7) —— 8.652(19) -4.072(7) ——
89Tc 1.997(5) —— 8.098(8) -3.540(6) ——
93Rh 2.000(4) —— 7.603(4) -4.042(5) ——
97Ag 2.010(13) —— 7.141(13) -4.317(12) ——
101In 1.639(12) —— 6.410(13) -0.066(17) ——

105Sb -0.323(22) < 0.1% 3.961(24) 2.104(25) [2007Ma35, 1997Sh13, 2007MaZB, 2005Li47,
2005LiZY, 1995Sc28, 1995Sc33, 1994Ti03]

109I -0.820(4) 99.846(4)% 1.597(8) 3.918(21) 0.014(4)% [2007Ma35, 1995Ho26, 2019Au02, 2012Ca03,
2007Ma35, 1999Yu02, 1997IkZZ, 1995Ho26,
1993HeZS, 1993Se04, 1991He21, 1987FaZT,
1987Gi02, 1984Fa04]

113Cs -0.9728(22) 100% 1.389(10) 3.483(8) [1995Ho26, 2015Wa02, 1994Pa12, 2012Ca03,
2012Wa10, 2010Ho16,2002Ry02, 1998GrZT,
1998GrZZ, 1993HeZS, 1993HeZV, 1987Gi02,
1987FaZT, 1984Fa04]

117La -0.820(3) 100% 1.15(23)# 3.07(20)# [2022Zh76, 2011Li28, 2001So02, 2011Ma69,
2007LiZR, 2003ScZZ]

117mLa -0.970(3) 100% 1.30(23)# 3.22(20)# [2001So02]
121Pr -0.890(10) ⇡ 100% 1.11(58)# 2.30(54)# [2005Ro19, 2007DaZU, 1972Bo28]

2



Table 3

direct proton emission from 109I*, Jp = 1/2+, T1/2 = 93.5(2) µs**, BRp =99.846(4)%.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(108Te) coincident g-rays

0.8202(40) 0.8126(40) 99.846(4)% 0+ 0.0 ——

* All Values from [1995Ho26], except where noted.
** [2007Ma15].

Table 4

direct a emission from 109I, Jp = 1/2+, BRa =0.014(4)%*.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(105Sb) coincident g-rays R0 (fm) HF

3.915(20) 3.774(20) 100% 0.014(4)% (5/2+) 0.0 —– 1.658(30) 31+22
�14

* All Values from [2007Ma15].

Table 5

direct proton emission from 113Cs*, Jp = (3/2+), T1/2 = 17.1(2) µs**, BRp =100%.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(112Xe) coincident g-rays

0.969(3) 0.960(3) 100% 0+ 0.0 ——

* All values from [1995Ho26], except where noted
** [2015Wa02].

Table 6

direct proton emission from 117La, Jp = (3/2+), T1/2 = 20.7(25) ms*, BRp = ⇡100%.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(116Ba) coincident g-rays

0.819(3) 0.812(3)** ⇡100% 0+ 0.0 ——

* Weighted average of 20.1(25) ms [2011Li28] and 21.6(31) ms [2022Zh76].
** Weighted average of 0808(5) MeV [2022Zh76] and 0.813(3) MeV [2011Li28].

Table 7

direct proton emission from 117mLa, Ex = 0.151(12) MeV, Jp = (9/2+),T1/2 = 10(5) ms, BRp =100%

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(116Ba) coincident g-rays

0.941(10) 0.933(10) 97.4(13)% 0+ 0.0 ——

* All values from [2001So02], transition not observed in [2011Li28].

Table 8

direct proton emission from 121Pr*, Jp =(3/2), T1/2 = 10+6
�3 ms, BRp ⇡ 100%.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(120TCe) coincident g-rays

0.889(10) 0.882(10) ⇡100% 0+ 0.0 ——

* All values from [2005Ro19].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

96Pd 0+ 122(2) s 3.504(11) -0.015(10) —– -6.603(6) 0.318(5) [1982Ku15]
100Cd 0+ 49.1(5) s 3.943(5) 0.699(5) -5.598(12) 3.068(10) [1989Ry02]
104Sn 0+ 21(1) s 4.556(8) 1.736(6) -3.958(10) 4.086(8) [1985Ra19]
108Te 0+ 2.1(1) s 6.664(8) 5.442(8) 2.4(10)% 0.248(13) 7.976(8) [1979Sc22, 2019Au02, 2019Xi06, 1994Pa11,

1993HeZS, 1985Ti02, 1965Ma12]
112Xe 0+ 2.7(8) s 7.037(13) 6.272(10) 2.846(10) 9.940(90) [1979Sc22, 1994Pa11, 1978Ro19]
116Ba 0+ 1.3(2) s 7.66(22)# 6.99(20)# 3(1)% 3.68(20)# 10.06(20)# [1997Ja12]
120Ce 0+ 7.84(58)# 7.57(54)# 4.10(50)# 9.89(51)#
124Nd 0+ 8.32(64)# 8.17(58)# 5.13(58)# 10.32(58)#
128Sm 0+ 9.07(58)# 9.47(58)# 6.59(54)# 11.58(64)#

Table 2

Particle emission from the even-Z, Tz = +2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp BR1p S2p Qa BRa Experimental

96Pd 5.132(6) —– 8.178(5) -4.307(5) —–
100Cd 4.771(6) —– 7.452(5) -0.436(5) —–
104Sn 4.284(11) —– 6.545(6) 0.143(6)
108Te 2.417(7) —– 3.006(7) 3.445(4)* 49(4)% [1994Pa11, 1991He21,1993HeZS, 1981Sc17]
112Xe 2.362(10) —– 2.374(11) 3.330(6) 0.8+1.1

�0.5 % [1994Pa11, 1978Ro19, 1992HeZU, 1981Sc17]
116Ba 1.97(23)# —– 1.87(20)# 3.22(30)#
120Ce 2.00(58)# —– 2.11(54)# 2.23(54)#
124Nd 1.89(64)# —– 1.53(64)# 2.48(71)#
128Sm 1.13(64)# —– 0.35(58)# 3.26(71)#

* From a decay to ground state of 104Sn [1991He21], 3.420(8) in [2021Wa16].

Table 3

direct a emission from 108Te, Jp = 0+, T1/2 = 2.1(1) s*, BRa =49(4) %**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(104Sn) coincident g-rays R0 (fm) HF

3.445(4) 3.318(4)*** 100% 49(4) %** 0+ 0.0 —– 1.6315(80) 1.50(14)

* [1979Sc22].
** [1994Pa11].
*** [1991He21].

Table 4

direct a emission from 112Xe*, Jp = 0+, T1/2 = 2.7(8) s**, BRa =0.8+1.1
�0.5 %.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(108Te) coincident g-rays R0 (fm) HF

3.335(7) 3.216(7) 100% 0.8+1.1
�0.5 % 0+ 0.0 —– 1.6671(75) 2+4

�1

* All Values from [1994Pa11], except where noted.
** [1979Sc22].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 66Ga, 70As, 74Br, 78Rb, 82Y, 86Nb 90Tc, are taken from ENSDF.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe a BRba Experimental

66Ga 0+ 9.57(6) h 5.1755(8) -3.7490(12) —– -11.203(1) 0.598(1) [1956Ru45]
70As 4+ 52.5(3) m 6.2281(16) -2.295(2) —– -8.905(2) 2.140(2) [1968Bo40]
74Br (0�) 11.5(1) m 6.925(6) -1.624(7) —– -7.280(6) 2.849(6) [1975Sc07]
78Rb 0+ 17.66(3) m 7.243(3) -0.990(4) —– -6.261(3) 2.853(3) [1981Ba40]

82Y 1+ 8.3(2) s 7.946(8) 0.104(7) -4.749(5) 3.689(5) [1998Oi02]
86Nb (6+) 88(1) s 8.835(7) 1.419(20) -3.062(5) 4.451(8) [1985Wa10]
90Tc (8+) 49.2(4) s 9.448(4) 2.612(24) -1.674(5) 4.819(4) [1981Ox01]
94Rh (4+) 70.6(6) s 9.676(5) 3.410(4) 1.8(5)% -0.677(3) 4.840(4) [1982Ku15]
98Ag (6+) 47.5(3) s 8.250(30) 2.240(50) 0.0011(5)% -1.568(30) 7.089(30) [1996He25, 1997Ra22,

1982Ku15]
102In (6+) 23.3(1) s 8.965(5) 3.351(7) 0.0093(13)% -0.060(19) 8.201(7) [1995Sz01]

106Sb (1+, 2+) 0.6(2) s 10.880(9) 5.878(13) 2.917(7) 10.76(7) [2005So06]
110I (1+) 664(24) ms 11.760(60) 8.490(60) 11(3)% 7.022(60) 14.459(60) 1.1(3)% [1977Ki11, 1981Sc17,

1994Pa11, 1985Ti02 ]
114Cs (1+) 0.57(2) s 12.400(90) 9.140(90) 8.7(13)% 8.300(90) 15.115(90) 0.16(6)% [1985Ti02, 1978Ro19]
118La 12.58(36)# 9.58(31)# 8.85(30)# 15.04(30)#
122Pr 13.09(64)# 10.12(58)# 9.53(58)# 15.00(54)#

126Pm 13.63(5)# 11.03(58)# 10.59(58)# 15.70(64)#
130Eu 0.90+0.49

�0.29 ms 14.19(67)# 12.38(62)# 12.44(58)# 17.45(62)# [2004Da04]

Table 2
Particle emission from the odd-Z, Tz = +2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp BR1p S2p Qa BRa Experimental

66Ga 5.101(1) —– 12.877(1) -3.361(1) —–
70As 7.781(1) —– 17.921(2) -5.077(1) —–
74Br 4.350(9) —– 11.636(7) -3.379(6) —–
78Rb 4.055(4) —– 11.224(10) -4.072(7) —–

82Y 3.825(6) —– 10.467(6) -3.554(6) —–
86Nb 3.248(8) —– 9.818(7) -3.495(8) —–
90Tc 2.999(4) —– 9.130(60) -4.015(6) —–
94Rh 2.980(4) —– 8.560(5) -4.608(4) ——
98Ag 2.550(30) —– 7.960(30) -2.580(30) ——
102In 2.147(5) —– 7.135(7) -0.050(30) ——

106Sb 0.424(8) —– 4.869(9) 1.797(9)
110I 0.040(60) —– 2.600(50) 3.536(10)* 17(4)% [1981Sc17, 1991He21, 1978Ro19, 1994Pa11, 1985Ti02]

114Cs -0.230(90) 2.200(90) 3.360(60) 0.018(6)% [1994Pa11, 1985Ti02, 1981Sc17, 1980Ro04, 1978Ro19, 1996He25]
118La -0.55(39)# 2.16(32)# 2.64(31)#
122Pr -0.62(64)# 1.79(58)# 2.42(58)#

126Pm -1.03(64)# 1.18(64)# 2.610(71)#
130Eu -1.028(15)** 100% -0.13(62)# 3.81(74)# [2004Da04, 2003SeZZ, 2002Ma61]

* From a decay to ground state of 106Sb [1991He21, 1978Ro19], 3.580(50) in [2021Wa16].
** From p emission to the ground state of 129Sm [2004Da04], -1.53(20)# in [2021Wa16].

Table 3
direct a emission from 110I, Jp = (1+), T1/2 = 664(24) ms*, BRa = 17(4)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(106Sb) coincident g-rays

3.536(10) 3.447(10)*** 100% 17(4)%** (1+, 2+) 0.0 ——

*Weighted average of 0.69(4) s [1977Ki11] and 0.65(3) s [1981Sc17].
** [1981Sc17]
*** Weighted average of 3.457(10) [1991He21], and 3.424(15) [1978Ro19].
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Table 4
direct a emission from 114Cs, Jp = (1+), T1/2 = 0.57(2) s*, BRa = 0.018(6)%*

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(110I) coincident g-rays

3.351(30)** 3.233(30) 100% 0.018(6)%*** (1+) 0.0 ——

* [1978Ro19].
** Weighted average of 3.239(30) [1981Sc17], and 3.226(30) MeV [1980Ro04].
*** [1994Pa11]

Table 5
b -p emission from 114Cs*, BRb p = 8.7(13)%.

Ep(c.m.) Ip(rel) Ip(abs) Eemitter (114Xe) Edaughter(113I) coincident g-rays

14.4(43)% 1.25(19)% 0.0307(5)
11.7(1.2)% 1.02(15)% 0.121.2(5)
7.5(8)% 0.65(10)% 0.2388(5)
3.2(8)% 0.28(14)% 0.4004(5)
3.9(10)% 0.34(5)% 0.4035(5)

* All values from [1985Ti02].

Table 6
b -a emission from 114Cs*, BRb p = 0.16(6)%.

Ea (c.m.) Ia (rel) Ia (abs) Eemitter (114Xe) Edaughter(110Te) coincident g-rays

17(8)% 0.027(10)% 0.6572(3) 0.6572(3)

* All values from [1985Ti02].

Table 7
direct proton emission from 130Eu*, Jp = T1/2 = 0.90+0.49

�0.29 ms, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(129Sm) coincident g-rays

1.028(15) 1.020(15) 100% (1/2+, 3/2+) 0.0 ——

*All values from [2004Da04].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +5/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 85Zr, 89Mo, 93Ru, 81Y, 97Pd, 101Cd, 93Rh, 125Nd, 129Sm are taken from ENSDF.

Nuclide Jp T1/2 Qe Qe p BRb p Qe2p Qe a BRba Experimental

85Zr (7/2+) 7.85(4) m 4.667(20) 0.185(7) -8.682(6) -0.143(8) [1972Tu07]
89Mo (9/2+) 1.98(14) m 5.611(24) 1.325(7) -6.575(4) 0.402(19) [1985Be12]
93Ru (9/2+) 59.7(6) s 6.389(2) 2.303(2) -5.157(4) 0.984(24) [1976De37]
97Pd (5/2+) 3.1(1) m 4.790(40) 0.986(5) -6.363(7) 3.375(5) [1980Go11]

101Cd (5/2+) 1.37(5) m 5.498(5) 2.087(18) -4.830(19) 4.339(40) [1980Ka05]
105Sn (5/2+) 32.7(5) s 6.303(11) 3.341(4) 0.011(4)% -3.113(6) 5.571(6) [2006Ka44]
109Te (5/2+) 4.3(1) s 8.536(7) 7.066(7) 9.4(31)% 1.274(11) 9.501(11) < 0.00443% [1985Ti02, 2002Re28,

1977Bo15, 1977Ki11,
1967Ka01, 2019Xi06,
1981Sc17, 1979Sc22,
1977Ki11, 1973Bo20]

113Xe (5/2+) 2.74(8) s 8.916(11) 8.075(11) 7(4)% 4.055(11) 11.622(9) 0.007(4)% [1985Ti02, 2005Ja10,
2013Pr01, 1981Sc17,
1979Sc22, 1978Ro19]

117Ba (3/2) 1.75(7) s 9.04(26) 8.30(25) 13(3)% 4.30(25) 11.24(25) 0.011-0.038% [1997Ja12, 1985Ti02,
1978Bo20]

121Ce 5/2+ 1.1(1) s 9.50(50)# 8.91(50)# ⇡1% 5.04(40)# 11.38(40)# [2005Xu04, 1997Li19,
2002XuZZ]

125Nd (5/2) 0.60(15) s 10.00(50)# 9.56(50)# obs 6.00(45)# 11.70(50)# [1999Xu05, 2005Xu04]
129Sm (1/2+, 3/2+) 0.55(10) s 10.85(58)# 10.91(54)# obs 7.63(54)# 13.32(58)# [1999Xu05, 2005Xu04]
133Gd 11.18(58)# 11.79(58)# 9.13(54)# 14.70(58)#

Table 2
Particle emission from the even-Z, Tz = +5/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp S2p Qa BRa Experimental

85Zr 6.5780(5) 10.956(9) -4.072(7) —–
89Mo 6.130(60) 10.246(6) -4.265(8) —–
93Ru 5.580(4) 9.586(7) -4.627(4) —–
97Pd 5.407(11) 8.926(11) -3.014(5) —–

101Cd 4.987(5) 8.32(5) -0.456(5) —–
105Sn 4.444(7) 7.264(4) 0.074(4)
109Te 2.559(7) 3.781(7) 3.198(6) 3.9(13)% [1985Ti02, 1981Sc17, 1979Sc22]
113Xe 2.429(12) 3.194(9) 3.087(8) ⇡0.011% [1985Ti02]
117Ba 2.70(27) 8.30(25) 2.32(25) [1997Ja12, 1985Ti02]
121Ce 2.41(50)# 8.91(50)# 2.34(47)#
125Nd 2.21(57)# 2.36(50)# 2.22(57)#
129Sm 1.40(58)# 1.00(58)# 3.32(64)#
133Gd 1.15(64)# 0.36(64)# 3.85(71)#

Table 3
direct a emission from 109Te, Jp = (5/2+), T1/2 = 4.3(1) s*, BRa = 3.9(13)%.**

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(105Sn) coincident g-rays R0 (fm) HF

3.197(15) 3.080(15)*** 100% 3.9(13)% (5/2+) 0.0 —– 1.650(60) 0.8+1.2
�0.5

* Weighted average of 4.2(2) s [1967Ka01], 4.9(4) s [1977Bo15] , 4.1(2) s [1977Ki11] , and 4.6(3) s [2002Re28].
** From 1981Sc17].
*** From [1979Sc22].

Table 4
direct a emission from 113Xe*, Jp = (5/2+), T1/2 = 2.74(8) s, BRa = ⇡ 0.011%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(109Te) coincident g-rays R0 (fm) HF

3.095(16) 2.985(15) 100% ⇡0.011% (5/2+) 0.0 —– 1.68(12) 3+11
�2
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* All values from [1985Ti02].

Table 5
b -p emission from 113Xe*, BRb p = 7(4)%.

Ep(c.m.) Ip(rel) Eemitter (113I) Edaughter(112Te) coincident g-rays

32(2)% 0.0 —–
60(3)% 0.689 0.689
⇡ 4% 1.476 0.787, 0.689
⇡ 4% 1.484 0.794, 0.689

* All values from [2005Ja10].

Table 6
b -p emission from 117Ba*, T1/2 = 1.75(7) s, BRb p = 13(3)%.

Ep(c.m.) Ip(rel) Eemitter (117I) Edaughter(116Xe) coincident g-rays

51(4))% 0.0 —–
41(4)% 0.394 0.394
8(2)% 1.016 0.622. 0.394

* All values from [1985Ti02].

Table 7
b -p emission from 121Ce*, T1/2 = 1.1(1) s**, BRb p = ⇡ 1%.

Ep(c.m.) Ip(rel) Eemitter (121La) Edaughter(120Ba) coincident g-rays

2.5-6.0 0.0 —–
2.5-6.0 80% 0.1858 0.1858
2.5-6.0 0.5438 0.3578, 0.1858

* All values from [2005Xu04] except where noted.
** [1997Li19]

Table 8
b -p emission from 125Nd*, T1/2 = 0.60(15) s, BRb p = obs.

Ep(c.m.) Ip(rel) Eemitter (125Pr) Edaughter(124Ce) coincident g-rays

2.5-6.5 100% 0.1419 0.1419
2.5-6.5 26(6)% 0.4478 0.3059, 0.1419
2.5-6.5 <3% 0.8919 0.4441, 0.3059, 0.1419

* All values from [1999Xu05].

Table 9
b -p emission from 129Sm*, T1/2 = 0.55(10) s, BRb p = obs.

Ep(c.m.) Ip(rel) Eemitter (129Pm) Edaughter(128Nd) coincident g-rays

2.0-6.0 100% 0.1337 0.1337
2.0-6.0 <10% 0.44245 0.2908, 0.1337

* All values from [1999Xu05].
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +5/2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +5/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe a BRe a Experimental

87Nb (1/2)� 3.7(1) m 5.473(8) -1.880(16) —– -7.349(8) 0.499(10) [1974Vo03]
91Tc (9/2)+ 3.14(2) m 6.222(7) -0.614(4) —– -5.887(4) 0.953(5) [1976De37]
95Rh 9/2+ 5.02(10) m 5.117(10) -1.471(6) —– -6.112(4) 1.443(7) [1975We03]
99Ag (9/2)+ 124(3) s 5.470(8) -0.826(13) —– -5.169(7) 4.322(12) [1981Hu03]
103In (9/2+) 65(7) s 6.019(9) 0.325(12) -3.778(10) 5.126(10) [1978Lh01]

107Sb 5/2+ 4.0(2) s 7.859(7) 2.666(13) -0.897(4) 7.574(4) [2002Re14]
111I 2.5(2) s 8.634(8) 5.207(8) 3.098(9) 11.133(7) [1977Ki11]

115Cs 1.03(10) s 8.96(10)# 5.65(10)# 0.2(1)% 4.07(10)# 11.46(10)# 0.010(5)% [2023DaXX, 2020DaZX, 1978Da07]
119La 9.57(36)# 5.10(30)# 4.59(30)# 11.21(30)#
123Pr 10.06(50)# 7.02(50)# 5.93(42)# 11.94(45)#

127Pm 10.60(50)# 7.73(45)# 6.77(45)# 12.56(50)#
131Eu 3/2+ 17.8(19) ms 10.82(57)# 8.72(45)# 8.34(45)# 14.03(50)# [1999So17]
135Tb (7/2�) 0.94+0.33

�0.22 ms 11.20(57)# 9.46(50)# 9.60(50)# 14.81(57)# [2004Wo07]

Table 2

Particle emission from the odd-Z, Tz = +5/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp BR1p S2p Qa BRa Experimental

87Nb 3.194(8) —– 10.610(20) -4.094(20) —–
91Tc 3.103(4) —– 9.939(24) -4.537(7) —–
95Rh 3.046(5) —– 9.312(4) -4.779(5) —–
99Ag 2.680(8) —– 8.690(40) -0.797(7) —–
103In 2.262(9) —– 7.876(10) -0.345(11) —–

107Sb 0.589(7) —– 5.591(11) 1.554(10)
111I 0.013(8) —– 4.192(12) 3.270(10)* 0.088% [1979Sc22, 1978Ro19, 1977Ki11, 1993HaZS, 1981Sc17]

115Cs -0.10(10)# 3.16(10)# 2.83(10)#
119La 0.11(36)# 3.10(31)# 2.26(32)#
123Pr -0.36(57)# 2.62(50)# 2.37(50)#

127Pm -0.78(50)# 1.82(50)# 2.50(57)#
131Eu -0.947(5) 89(9)% 0.86(50)# 3.42(57)# [1999So17, 1998Da03, 2000SeZX]
135Tb -1.188(7) ⇡100% 0.40(50)# 3.99(57)# [2004Wo07, 2005Se21, 2003SeZZ, 2002DaZV]

* Deduced from a-decay; 2.957(12) MeV in [2021Wa16].

Table 3

direct a emission from 111I*, Jp = , T1/2 = 2.5(2) s**, BRa = ⇡ 0.088%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(107Sb) coincident g-rays R0 (fm) HF

3.270(10) 3.152(10) 100% 0.088% 5/2+ 0 —– 1.655(91) 20+5
�2

* All values from [1979Sc22], except where noted.
** [1977Ki11]

Table 4

direct p emission from 131Eu*, T1/2 = 17.8(19) ms, BRp = 89(9)%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(abs) Edaughter(130Sm) coincident g-rays

0.817(7) 0.811(7) 32(6)% 28(7)% 0.212 0.212
0.939(7) 0.932(7) 100(6)% 89(11)% 0.0 —–

* All values from [1999So17].
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Table 5

direct p emission from 135Tb*, T1/2 = 0.94+0.33
�0.22 ms, BRp = ⇡ 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(abs) Edaughter(134Gd) coincident g-rays

1.188(7) 1.179(7) 100% ⇡ 100% 0.0 —–

* All values from [2004Wo07].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +3 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +3 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

98Pd 0+ 17.7(4) m 1.854(13) -2.489(5) —– -10.077(7) 0.412(6) [1972Ga12]
102Cd 0+ 5.5(5) m 2.587(8) -1.517(5) —– -8.647(18) 1.091(12) [1969Ha03]
106Sn 0+ 115(5) s 3.254(13) -0.309(5) —– -6.816(6) 2.468(10) [1988Ba10]
110Te 0+ 18.4(8) s 5.220(9) 3.111(10) 5.953(14) 5.953(14) [1977Ki11]
114Xe 0+ 10.0(4) s 5.553(23) 3.970(30) 7.939(13) 7.939(13) [1977Ki11]
118Ba 0+ 5.5(2) s 6.21(20)# 4.70(20)# 8.01(20)# 8.01(20)# [1997Ja12]
122Ce 6.67(50)# 5.58(43)# 8.1140)# 8.11(40)#
126Nd 0+ > 200 ns 6.94(36)# 5.99(36)# 8.74(42)# 8.74(42)# [2000So11]
130Sm 7.77(45)# 7.39(45)# 10.20(45)# 10.20(44)#
134Gd 8.27(50)# 8.41(50)# 11.52(45)# 11.52(44)#
138Dy 8.67(59)# 8.99(59)# 12.45(58)# 12.45(58)#
142Er 9.32(64)# 10.16(58)# 13.25(58)# 13.25(58)#

Table 2

Particle emission from the even-Z, Tz = +3 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp S2p Qa BRa Experimental

98Pd 6.012(36) 9.819(5) -1.162(6) —–
102Cd 5.614(5) 9.025(18) -0.764(5) —–
106Sn 5.002(11) 7.963(5) -0.119(5) —–
110Te 3.268(8) 4.738(8) 2.723(15)* ⇡0.00076% [1981Sc17, 1977Ki11, 2000De11]
114Xe 3.255(14) 4.096(14) 2.719(13)
118Ba 3.00(21)# 3.73(20)# 2.46(20)#
122Ce 2.97(50)# 3.56(50)# 1.90(45)#
126Nd 2.60(42)# 3.04(42)# 2.07(50)#
130Sm 1.81(50)# 1.75(45)# 3.26(50)#
134Gd 1.58(50)# 0.97(50)# 3.75(57)#
138Dy 1.25(64)# 0.42(59)# 4.17(64)#
142Er 0.86(64)# -0.32(64)# 4.58(71)#

* Deduced from a energy, 2.699(8) MeV in [2021Wa16].

Table 3

direct a emission from 110Te*, Jp = 0+, T1/2 = 18.4(8) s, BRa = ⇡ 0.00076%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(106Sn) coincident g-rays R0 (fm) HF

2.723(15) 2.624(15) 0.00076% 0+ 0.0 —– 1.64(11) ⇡2.5

* All values from [1981Sc17].
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +3 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +3 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 80Rb, 84Y, 88Nb, 92Tc, 96Rh, 100Ag, 104In, 108Sb, are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a BRba Experimental

80Rb 1+ 33.4(7) s 5.718(2) -3.396(2) —– -9.728(2) 0.652(2) [1993Al03]
84Y (6+) 39(1) m 6.755(4) -2.113(5) —– -7.880(4) 1.574(4) [1981DeZD]

88Nb (8+) 14.56(11) m 7.46(60) -0.442(58) —– -6.225(60) 2.053(58) [2009Ga02]
92Tc (8+) 4.5(1) m 7.883(3) 0.423(4) -4.781(3) 2.278(6) [1985Be12]
96Rh 6+ 9.9(1) m 6.393(10) -0.955(11) —– -5.852(10) 4.696(10) [1975Gu01]

100Ag (5)+ 2.0(1) m 7.075(18) 0.158(20) -4.491(8) 5.517(5) [1980Ha20]
104In (5,6) 1.80(3) m 7.786(6) 1.331(7) -2.858(6) 6.605(19) [1995Sz01]

108Sb (4+) 7.6(3) s 9.625(8) 3.832(11) 0.109(5) 9.098(6) [1997Sh13]
112I (1+) 3.42(11)s 10.504(13) 6.484(14) 0.88(10)% 4.201(17) 12.582(11) 0.104(12)% [1985Ti02]

116Cs (1+) 0.70(4) s 11.00(10)# 7.01(10)# 0.28(7)%** 5.27(10)# 13.10(10)# 0.049(25)%** [1977Bo28, 1985Ti02,
1978Da07, 1978Ka17,
1976Bo36, 1975Bo11]

116mCs 0.10(6)* 3.85(13) s 11.08(10)# 7.11(10)# 0.66(13)%** 5.37(10)# 13.18(12)# <0.0033%** [1977Bo28, 1985Ti02,
1978Da07, 1978Ka17]

120La 2.8(2) s 11.32(42)# 7.45(30)# obs 5.93(30)# 13.05(30)# [1984Ni03]
124Pr 1.2(2) s 11.77(50)# 8.21(45)# obs 6.88(40)# [1986Wi15]

128Pm 1.0(3) s 12.31(36#) 9.04(36)# ⇡6% 8.02(30)# 13.31(50)# 14.27(42)# [2005Xu04, 1999Xu05]
132Eu 12.94(50)# 10.28(45)# 9.82(40)# 15.91(45)#
136Tb 13.19(58)# 10.96(54)# 10.90(54)# 16.82(58)#
140Ho 6(3) ms 13.51(64)# 11.52(58)# 11.76(54)# 17.35(58)# [1999Ry04]
144Tm 9+*** 1.9 +1.2

�0.5 µs 14.45(45)# 12.60(50)# 18.25(57)# 13.38(83)# [2005Gr32]

* Excitation energy is unknown, Estimated from systematics to be 100(60) keV [2003Au02].
** There are large discrepancies between the three studies [1985Ti02], [1978Da07] and [1977Bo28]. The b -p to b -a ratios reported for the 3.85 s isomer are

200(80), 47(20 and > 200 respectively. For the 0.7 s isomer, the ratio is 16(4) [1985Ti02], 4.7(18) [1977Bo28], and no value is reported by [1978Da07]. This is
somewhat consistent if the value reported by [1978Da07] arises from a combination of the 0.7 and 3.8 s isomers. Individual branching ratios for b -p and b -a are
not reported by [1985Ti02].

*** [2022Si09]

Table 2

Particle separation and emission from the odd-Z, Tz = +3 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or
deduced from values therein.

Nuclide Sp BR1p S2p Qa BRa Experimental

80Rb 5.022(4) —– 13.301(4) -4.311(10) —–
84Y 4.386(8) —– 12.285(5) -4.144(5) —–

88Nb 4.113(58) —– 11.466(60) -4.702(58) —–
92Tc 4.006(7) —– 10.842(5) -5.179(58) —–
96Rh 3.519(14) 10.107(11) -3.187(10) —–

100Ag 3.244(7) —– 9.541(13) -0.875(11) —–
104In 2.820(6) —– 8.514(10) -0.470(8) —–

108Sb 1.222(8) —– 6.415(13) 1.312(8)
112I 0.765(12) —– 4.192(12) 2.957(12) ⇡0.0012% [1985Ti02, 1978Ro19]

116Cs 0.68(10)# —– 3.98(18)# 2.60(10)# [1985Ti02, 1978Da07, 1977Bo28, 1978Ka17]
116mCs 0.60(12)# —– 3.90(33)# 2.70(12)# [1985Ti02, 1978Da07, 1977Bo28,1978Ka17]

120La 0.27(36)# 3.74(30)# 2.05(32)#
124Pr 0.15(50)# 3.19(50)# 1.99(50)#

128Pm -0.40(42)# 2.47(36)# 2.51(50)#
132Eu -0.79(57)# 1.310(45)# 3.59(50)#
136Tb -1.06(64)# 0.68(58)# 3.88(64)#
140Ho -1.094(10) 100% 0.30(58)# 4.16(71)# [1999Ry04, 1999BaZR, 1999RyZZ, 1998BaZU]
144Tm -1.712(16) 100% -0.51(57)# 4.73(64)# [2005Gr32, 2005Bi24]
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Table 3

direct a emission from 112I*, Jp = (1+), T1/2 = 3.42(11)s**, BRa = ⇡0.0012%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(139Dy ) coincident g-rays

2.987(30) 2.880(30) ⇡0.0012%*** (5/2+) 0.0 —–

* All values from [1981Sc17], except where noted.
** [1985Ti02].
*** [1978Ro19].

Table 4

direct p emission from 140Ho*, Jp = T1/2 = 6(3) ms, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(abs) Jp
f Edaughter(139Dy ) coincident g-rays

1.094(10) 1.086(10) 100% 100% (7/2+) 0.0 —–

* All values from [1999Ry04].

Table 5

direct p emission from 144Tm*, Jp = 9+, T1/2 = 1.9 +1.2
�0.5 µs, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(143Er) coincident g-rays

1.430(25) 1.440(25) ⇡ 29% ⇡ 29%
1.700(16) 1.712(16) ⇡ 71% ⇡ 71%

* All values from [2005Gr32].

References used in the Tables

[1] 1975Bo11 D. D. Bogdanov, A. V. Demyanov, V. A. Karnaukhov, L. A. Petrov, Yad. Fiz. 21, 233 (1975); Sov. J. Nucl. Phys. 21,
123 (1975).

[2] 1975Gu01 S. C. Gujrathi, C. Weiffenbach, J. K. P. Lee, J. Phys. (London) G1, 67 (1975). https://doi.org/10.1088/0305-
4616/1/1/009

[3] 1976Bo36 D. D. Bogdanov, I. Voborzhil, A. V. Demyanov, V. A. Karnaukhov, O. K. Nefedev, L. A. Petrov, Yad. Fiz. 24, 9
(1976); Sov. J. Nucl. Phys. 24, 4 (1977).

[4] 1977Bo28 D. D. Bogdanov, J. Voboril, A. V. Demyanov, L. A. Petrov, Phys. Lett. 71B, 67 (1977). https://doi.org/10.1016/0370-
2693(77)90741-9

[5] 1978Da07 J. M. D’Auria, J. W. Gruter, E. Hagberg, P. G. Hansen, J. C. Hardy, P. Hornshoj, B. Jonson, S. Mattsson, H. L. Ravn,
P. Tidemand-Petersson, Nucl. Phys. A301, 397 (1978). https://doi.org/10.1016/0375-9474(78)90057-X

[6] 1978Ka17 S. G. Kadmenskii, V. I. Furman, V. G. Khlebostroev, Yad. Fiz. 27, 938 (1978); Sov. J. Nucl. Phys. 27, 497 (1978).

[7] 1980Ha20 H. I. Hayakawa, I. Hyman, J. K. P. Lee, Phys. Rev. C22, 247 (1980). https://doi.org/10.1103/PhysRevC.22.247

[8] 1981DeZD S. Della Negra, IPNO-T-81-09 (1981).

[9] 1984Ni03 J. M. Nitschke, P. A. Wilmarth, P. K. Lemmertz, W. -D. Zeitz, J. A. Honkanen, Z. Phys. A316, 249 (1984).
https://doi.org/10.1007/BF01412274

[10] 1985Be12 V. S. Belyavenko, G. P. Borozenets, I. N. Vishnevsky, V. A. Zheltonozhsky, Izv. Akad. Nauk SSSR, Ser. Fiz. 49,
103 (1985); Bull. Acad. Sci. USSR, Phys. Ser. 49, No. 1, 108 (1985).

[11] 1985Ti02 P. Tidemand-Petersson, R. Kirchner, O. Klepper, E. Roeckl, D. Schardt, A. Plochocki, J. ZyliCz, Nucl. Phys. A437,
342 (1985). https://doi.org/10.1016/0375-9474(85)90094-6

[12] 1986Wi15 P. A. Wilmarth, J. M. Nitschke, R. B. Firestone, J. GilatZ. Phys. A325, 485 (1986).

[13] 1993Al03 G. D. Alkhazov, L. H. Batist, A. A. Bykov, F. V. Moroz, S. Yu. Orlov, V. K. Tarasov, V. D. Wittmann, Z. Phys.
A344, 425 (1993). https://doi.org/10.1007/BF01283198

[14] 1998BaZR J. C. Batchelder, C. R. Bingham, C. J. Gross, R. Grzywacz, K. Rykaczewski, K. S. Toth, E. F. Zganjar, Y. Akovali,
T. Davinson, T. N. Ginter, J. H. Hamilton, Z. Janas, M. Karny, S. H. Kim, B. D. MacDonald, J. F. Mas, J. W. McConnell, A.

3



Piechaczek, J. J. Ressler, R. C. Slinger, J. Szerypo, W. Weintraub, P. J. Woods, C. -H. Yu, Proc. Nuclear Structure 98, Gatlinburg,
Tenn. , C. Baktash, Ed. , p. 216 (1999); AIP Conf. Proc. 481 (1999).

[15] 1998BaZU J. C. Batchelder, C. R. Bingham, K. Rykaczewski, K. S. Toth, T. Davinson, T. N. Ginter, C. J. Gross, R. Grzywacz,
M. Karny, S. H. Kim, J. F. Mas, J. W. McConnell, B. D. MacDonald, A. Piechaczek, J. J. Ressler, R. C. Slinger, J. Szerypo, W.
Weintraub, P. J. Woods, C. -H. Yu, E. F. Zganjar, Contrib. Nuclear Structure ’98, Gatlinburg, p. 8 (1998).

[16] 1999Ry04 K. Rykaczewski, J. C. Batchelder, C. R. Bingham, T. Davinson, T. N. Ginter, C. J. Gross, R. Grzywacz, M.
Karny, B. D. MacDonald, J. F. Mas, J. W. McConnell, A. Piechaczek, R. C. Slinger, K. S. Toth, W. B. Walters, P. J. Woods,
E. F. Zganjar, B. Barmore, L. Gr. Ixaru, A. T. Kruppa, W. Nazarewicz, M. Rizea, T. Vertse, Phys. Rev. C60, 011301 (1999),
https://doi.org/10.1103/PhysRevC.60.011301

[17] 1999RyZZ K. Rykaczewski, J. C. Batchelder, C. R. Bingham, R. Grzywacz, C. J. Gross, J. F. Mas, J. W. McConnell, K. S.
Toth, A. Piechaczek, E. F. Zganjar, T. Ginter, B. D. MacDonald, J. J. Ressler, W. Walters, T. Davinson, R. C. Slinger, P. J. Woods,
Z. Janas, M. Karny, ORNL-6957, Physics Division Progress Report 1998, RIB040 (1999).

[18] 1999Xu05 S. -W. Xu, Z. -K. Li, Y. -X. Xie, Q. -Y. Pan, Y. Yu, J. Adam, C. -F. Wang, J. -P. Xing, Q. -Y. Hu, S. -H.
Li, H. -Y. Chen, T. -M. Zhang, G. -M. Jin, Y. -X. Luo, Yu. Penionzhkevich, Yu. Gangrsky, Phys. Rev. C60, 061302 (1999).
https://doi.org/10.1103/PhysRevC.60.061302

[19] 2003Au02 G. Audi, O. Bersillon, J. Blachot, A. H. Wapstra, Nucl. Phys. A729, 3 (2003).
https://doi.org/10.1016/j.nuclphysa.2003.11.001

[20] 2005Bi24 C. R. Bingham, M. N. Tantawy, J. C. Batchelder, M. Danchev, T. N. Ginter, C. J. Gross, D. J. Fong, R. Grzywacz,
K. Hagino, J. H. Hamilton, M. Karny, W. Krolas, C. Mazzocchi, A. Piechaczek, A. V. Ramayya, K. Rykaczewski, A. Stolz, J.
A. Winger, C. -H. Yu, E. F. Zganjar, NIM B241, 185 (2005). https://doi.org/10.1016/j.nimb.2005.07.082

[21] 2005Gr32 R. Grzywacz, M. Karny, K. P. Rykaczewski, J. C. Batchelder, C. R. Bingham, D. Fong, C. J. Gross, W. Krolas,
C. Mazzocchi, A. Piechaczek, M. N. Tantawy, J. A. Winger, E. F. Zganjar, Eur. Phys. J. A 25, Supplement 1, 145 (2005).
https://doi.org/10.1140/epjad/i2005-06-210-2

[22] 2005Xu04 S. -W. Xu, Z. -K. Li, Y. -X. Xie, Q. -Y. Pan, W. -X. Huang, X. -D. Wang, Y. Yu, Y. -B. Xing, N. -C. Shu, Y. -S.
Chen, F. -R. Xu, K. Wang, Phys. Rev. C 71, 054318 (2005). https://doi.org/10.1103/PhysRevC.71.054318

[23] 2009Ga02 J. M. Gates, I. Dragojevic, J. Dvorak, P. A. Ellison, K. E. Gregorich, L. Stavsetra, H. Nitsche, Radiochim. Acta 97,
79 (2009). https://doi.org/10.1524/ract.2009.1582

[24] 2021Wa16 M. Wang, W. J. Huang, F. G. Kondev, G. Audi, S. Naimi, Chin. Phys. C 45, 030003 (2021). https://doi.org/
10.1088/1674-1137/abddaf

[25] 2022Si09 P. Siwach, P. Arumugam, S. Modi, L. S. Ferreira, E. Maglione, Phys.Rev. C 105, L031302 (2022). oi: 10.1103/Phys-
RevC.105.L031302

4



Even Z
Tz = +7/2

119Cs

119Ba
(5/2+)
5.4 s

99Pd

103Cd

(5/2+)
21 m

(5/2+)
7.3 m

99Rh

103Ag

Qεp  = -1.247 MeV
Qε    = 1.414 MeV

7/2+
66 m

1/2-
16 d

107Sn
(5/2+)
2.9 m

107In

111Te
(5/2)+
26 s

111Sb

Qεp  = -0.038 MeV
Qε    = 2.508 MeV

Qεp  = 1.331MeV
Qε    = 3.866 MeV

Qεp  = 4.966 MeV
Qε    = 7.554 MeV

110Sn
0+

4.1 h

p  obs-+

115Xe
(5/2+)
18 s

115I

118Xe
0+

3.8 m

95Ru
5/2+
1.6 h

95Tc

Qεp  = -2.333 MeV
Qε    = 0.755 MeV

9/2+
20 h

9/2+
32 m

Qεp  = 5.944 MeV
Qε    = 9.755 MeV

114Te
0+

15 m

p  obs-+

    0.0003(1) %-+

Qεp  = 6.20 MeV
Qε    = 9.32 MeV

p  25(2) %-+

123La

123Ce
(5/2)
3.8 s

122Ba
0+

2.0 m

Qεp  = 7.03# MeV
Qε    = 9.59# MeV

p   obs-+

127Pr

127Nd

1.8 s

126Ce
0+

51 s

131Pm

131Sm

1.2 s

130Nd
0+

21 s

Qεp  = 7.62# MeV
Qε    = 10.32 MeV

p   obs-+

Qεp  = 9.03# MeV
Qε    = 11.84# MeV

p   obs-+

135Eu

135Gd
(5/2+)
1.1 s

134Sm
0+

9.5 s

Qεp  = 9.84# MeV
Qε    = 13.10# MeV

p   ~ 18%-+

139Tb

139Dy
(7/2+)
0.6 s

138Gd
0+

4.7 s

Qεp  = 10.67# MeV
Qε    = 14.02# MeV

p   ~2%-+

143Ho

143Er Qεp  = 11.67# MeV
Qε    = 14.55# MeV

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +7/2 nuclei.

Last updated 3/21/23

1



Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +7/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. All Jp values are taken from ENSDF

Nuclide Jp T1/2 Qe Qe p BRb p Qe2p Qe a BRba Experimental

95Ru 5/2+ 1.64(1) h* 2.564(11) -2.333(10) -10.823(10) 0.755(10) [1968Pi03, 1970Bo22]
99Pd (5/2+) 21.4(2) m 3.402(19) -1.247(8) -9.536(7) 1.414(7) [1969Ph01]

103Cd (5/2+) 7.3(1) m 4.151(4) -0.038(2) -7.817(6) 2.508(20) [1969Ha03]
107Sn (5/2+) 2.90(5) m 5.054(11) 1.331(5) -6.019(7) 3.866(7) [1976Hs01, 1974Ho17]
111Te (5/2)+ 26.2(6) s 7.249(11) 4.966(15) obs -1.676(8) 7.554(12) [1967Ka01, 2005Sh24,

1967Bo41, 1967Bo43]
115Xe (5/2+) 18(4) s 7.680(30) 5.944(27) obs 1.182(21) 9.755(15) 0.0003(1)% [1971Ho07, 1972Ho18]
119Ba (5/2+) 5.4(3) s 7.71(20) 6.20(20) 25(2)% 1.27(20) 9.32(20) [1975Bo11,1976Bo36,

1978Bo20], 1979Ew02
123Ce (5/2) 3.8(2) s 8.37(36)# 7.03(30)# obs 2.24(30)# 9.59(30)# [1984Ni03, 1988WiZN]
127Nd 1.8(4) s 8.63(36)# 7.62(30)# obs 3.27(30)# 10.32(36)# [1987WiZM, 1983Ni05,

1986Wi15]
131Sm 1.2(2) s 9.49(45)# 9.03(40)# obs 4.92(40)# 13.10(45)# [1986Wi15, 1987WiZM]
135Gd (5/2+) 1.1(2) s 9.9(45)# 9.84(45)# ⇡18% 6.58(40)# 14.02(54)# [2005Xu04, 1996Xu07]
139Dy (7/2+) 0.6(2) s 10.43(58)# 10.67(54)# ⇡2% 7.87(50)# 14.55(50)# [2005Xu04, 2002XuZZ,

1996Xu07]
143Er 10.89(50)# 11.67(83)# 8.80(41)#

* Weighted average of 1.65(2) h [1968Pi03] and 1.63(2) h [1970Bo22].

Table 2

Particle emission from the even-Z, Tz = +7/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp S2p Qa BRa Experimental

95Ru 6.588(10) 11.229(10) -3.674(11)
99Pd 6.297(13) 10.640(6) -1.150(11)

103Cd 5.694(8) 9.797(5) -0.894(5)
107Sn 5.193(13) 8.756(5) -0.286(6)
111Te 3.427(9) 5.535(10) 2.500(8)
115Xe 3.307(23) 4.888(31) 2.506(14)
119Ba 3.47(20) 4.98(20) 1.64(20)
123Ce 3.03(42)# 4.12(33)# 1.88(36)#
127Nd 2.88(36)# 3.83(36)# 1.95(42)#
131Sm 2.10(45)# 2.48(45)# 3.21(50)#
135Gd 1.74(50)# 1.60(50)# 3.61(57)#
139Dy 1.39(58)# 1.07(58)# 4.12(64)#
143Er 1.20(56)# 0.36(50)# 4.12(64)#
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +7/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 97Rh, 101Ag, 105In, 109Sb, 113I, 117Cs, 129Pm are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe2p Qe a Experimental

97Rh 9/2+ 30.8(6) s* 3.52(40) -4.065(36) —– -9.464(35) 1.785(35) [1975Pl05, 1974Oh07]
101Ag 9/2+ 11.2(1) m 4.098(7) -3.032(19) —– -8.287(5) 2.361(6) [1966Pa14]

105In 9/2+ 5.07(7) m 4.693(10) -1.813(11) —– -6.762(10) 3.367(11) [1984Ve01]
109Sb (5/2+) 16.67(15) s 6.379(9) 0.580(10) -3.839(6) 5.658(5) [1982Jo03]

113I (5/2+) 6.6(2) s 7.228(29) 3.190(20) ⇡3.3e-5% 0.241(10) 9.086(11) [1981Sc17, 1977Ki11]
117Cs (9/2+) 8.4(6) s 7.690(60) 3.639(98) 0.992(68) 9.429(68) [1986Ma41]
121La 5.3(2) s 8.56(33)# 4.41(30)# 2.03(30)# 9.57(30)# [1988Se08]
125Pr 3.3(7) s 8.59(36)# 4.90(31)# 3.01(30)# 10.25(33)# [1995Os03]

129Pm (5/2�) 2.4(9) s 9.2(36)# 5.86(30)# 4.22(30)# 11.05(36)# [2004Xu05]
133Eu 10(42)# 7.10(33)# 5.95(30)# 12.71(36)#
137Tb 10.25(50)# 7.99(45)# 7.31(43)# 13.84(50)#
141Ho 4.1(1) ms 11.02(50)# 8.83(90)# 8.69(45)# 14.42(50)# [2008Ka16]

141mHo 0.066(12) 7.4(3) µs 11.09(50)# 8.90(90)# 14.49(50)# 8.76(45)# [2008Ka16]
145Tm (11/2�) 3.17(20) µs 11.66(28)# 9.74(20)# 10.01(20)# 15.38(36)# [2007Se06

149Lu 0.45+0.17
�0.10 µs 12.32(30)#** 10.47(30)#** 11.02(40)#** 15.81#** [2022Au01]

* Weighted average of 30.3(9) m [1975Pl05] and 31.1(8) m [1974Oh07].
** Deduced from proton energy and daughter values from [2021Wa16].

Table 2

Particle separation and b -a emission from the odd-Z, Tz = +7/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16]
or deduced from values therein.

Nuclide Sp BRp S2p Qa Experimental

97Rh 3.806(35) 11.154(36) -1.416(35)
101Ag 3.411(18) 10.328(20) -1.162(36)

105In 2.961(10) 9.416(11) -0.731(11)
109Sb 1.470(8) 7.262(11) 0.965(12)

113I 0.841(12) 4.861(12) 2.707(10)
117Cs 0.735(64) 4.733(69) 2.202(63)
121La 0.59(42)# 4.46(30)# 1.88(31)#
125Pr 0.44(42)# 4.00(36)# 1.70(42)#

129Pm -0.06(36)# 3.22(39)# 2.47(42)#
133Eu -0.62(42)# 2.04(36)# 3.52(42)#
137Tb -0.83(50)# 1.40(45)# 3.84(60)#
141Ho -1.177(7) 100% 0.81(50)# 4.18(57)# [1998Da03, 1999Ry04, 2008Ka16, 2007KaZO,

2005Bi24, 2003BaZZ, 2002Kr04, 2001Se03,
2000SeZW, 1999BaZR, 1999RyZZ, 1999SeZY]

141mHo -1.243(14) 100% 0.74(50)# 4.25(57)# *
145Tm -1.736(7) 100% 0.11(36)# 4.36(45)# [2007Se06, 2003Ka04, 2001Ry02, 1998Ba13,

2007SeZR, 2005Bi24, 2005RoZY, 2005Se26,
2004SeZW, 2003BaZZ, 2001Ry01, 2001Ry02,
1999BaZR]

149Lu -1.933(20) 100% 0.388(29)#** 4.15(20)#** [2022Au01]

* References for 141mHo are the same as 141Ho.
** Deduced from proton energy and daughter values from [2021Wa16].

Table 3

direct p emission from 141Ho*, Jp = T1/2 =4.1(1) ms, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(140Dy) coincident g-rays

0.975(10) 0.968(10) 0.9(2)% 0.9(2)% (2+) 0.202(2) 0.202(2)
1.177(8) 1.169(8) 100% 99.1(2)% 0+ 0.0 —–

* All vaues from [2008Ka16].
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Table 4

direct p emission from 141mHo*, Ex = 66(12) keV, Jp = T1/2 = 7.4(3) µs, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(140Dy) coincident g-rays

1.037(10) 1.030(10) ⇡1% ⇡1% (2+) 0.202(2) 0.202(2)
1.244(9) 1.235(9) 100% ⇡99% 0+ 0.0 —–

* All values from [2008Ka16].

Table 5

direct p emission from 145Tm*, Jp = (11/2�), T1/2 =3.17(20) µs**, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(144Er) coincident g-rays

1.410(10) 1.400(10) 10.6(15)% 9.6(15)% 2+ 0.330 0.330
1.740(8) 1.728(10) 100% 90.4(15)% 0+ 0.0 —–

* Values from [2003Ka04] except where noted.
** [2007Se06]

Table 6

direct p emission from 149Lu*, Jp = T1/2 =0.45+0.17
�0.10 µs, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(148Yb) coincident g-rays

1.933(20) 1.920(20) 100% 100% 0+ 0.0 —–

* All values from [2022Au01].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z, Tz= +4 nuclei.

Last updated 3/21/23

1



Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +4 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. All Jp values are taken from ENSDF.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

108Sn 0+ 10.30(8) m 2.05(10) -2.369(6) -9.705(6) 0.622(7) [1978Hs01]
112Te 0+ 2.0(2) m 4.031(20) 1.082(10) -5.675(14) 4.127(12) [1976Wi11]
116Xe 0+ 60(2) s 4.37(80) 1.727(31) -3.128(24) 6.127(22) [1974Ha10]
120Ba 0+ 24(2) s 5.00(30) 2.62(30) -2.50(30) 6.11(31) [1992Xu04]
124Ce 0+ 6(2) s 5.34(30)# 3.45(30)# -1.35(30)# 6.55(30)# [1978Bo32]
128Nd 0+ 4(2) s 5.8(20)# 4.16(20)# obs?* -0.13(22)# 7.30(21)# [1983Ni05]
132Sm 0+ 4.0(3) s 6.49(34)# 5.34(30)# 1.46(31)# 8.77(30)# [1989McZU]
136Gd 0+ �200 ns 7.15(36)# 6.48(34)# 3.10(30)# 10.11(33)# [2000So11]
140Dy 0+ 7.65(90)# 7.51(45)# 4.34(40)# 10.99(45)#
144Er 0+ �200 ns 8.00(20)# 8.27(20)# 5.37(73)# 11.45(82)# [2000So11]

148Yb 0+ 8.54(40)# 9.09(40)# 6.43(40)# 11.96(40)#
152Hf 0+
156W 0+ 157+57

�34 ms [2023Br10]
160Os 0+ 97+97

�32 µs [2023Br10]
160mOs 1.844(18) (8+) 41+15

�9 µs [2023Br10]

* Uncertain, may be from 128Pr [1983Ni05]

Table 2

Particle emission from the even-Z, Tz = +4 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp BRp S2p Qa BRa Experimental

108Sn 5.792(11) —– 9.516(5) -0.526(6)
112Te 4.020(12) —– 6.303(16) 2.078(10)
116Xe 3.998(32) —– 5.735(27) 2.096(15)
120Ba 3.87(30) —– 5.39(30) 1.73(30)
124Ce 3.55(36)# —– 4.89(30)# 1.55(42)#
128Nd 3.28(28)# —– 4.29(20)# 1.96(36)#
132Sm 2.66(36)# —– 3.12(30)# 2.97(36)#
136Gd 2.23(36)# —– 2.29(36)# 3.63(42)#
140Dy 1.99(50)# —– 1.75(45)# 3.84(50)#
144Er 1.85(36)# —– 1.07(75)# 3.80(45)#

148Yb 1.54(40)# —– 0.49(40)# 3.95(45)#
152Hf
156W
160Os 7.724(15)* 100% [2023Br10]

160mOs 9.18(10)* 100% [2023Br10]

* Deduced from a energy [2023Br10].

Table 3

direct a emission from 160Os*, Jp = 0+, T1/2 = 97+97
�32 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs)% Jp
f Edaughter(156W) coincident g-rays R0 (fm)] HF

7.274(15) 7.092(15) 100% 0+ 0.0 —– 1.5597(29) 1.8+1.8
�0.6

* All values from [2003BrXX].

Table 4

direct a emission from 160mOs*, Ex. = 1.844(18) MeV, Jp = 8+, T1/2 = 41+15
�9 , BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs)% Jp
f Edaughter(156W) coincident g-rays R0 (fm)] HF

9.118(10) 8.890(10) 100% 0+ 0.0 —– 1.5597(29) 2.6(10) ⇥ 104

* All values from [2003BrXX].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +4 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

94Tc 7+ 293(1) m 4.256(4) -4.234(4) —– -10.277(4) 2.189(4) [1963Ma21]
98Rh (2)+ 8.7(1) m 5.05(10) -3.240(13) —– -8.958(12) 2.814(12) [1956Ka25]

102Ag 5+ 13.0(4) m 5.656(8) -2.123(10) —– -7.597(8) 3.553(10) [1967Ch05]
106In 7+ 6.2(1) m 6.524(12) -0.826(13) —– -5.791(12) 4.870(12) [1978Hu06]

110Sb (3+) 24.0(3) s 8.392(15) 1.751(7) -2.775(6) 7.257(6) [1976Ox01]
114I 1+ 2.1(2) s 9.25(30) 4.489(26) 1.438(20) 10.778(24) [1977Ki11]

118Cs 2 14(2) s 9.67(16) 4.740(29) 0.0542(6)%* 2.276(27) 11.055(28) [1995Ki07, 1977Bo28,
1977Ge03, 1978Da07]

118mCs x (7�) 17(3) s 9.67(16)+x 4.740(29)+x 0.0542(6)%* 2.276(27)+x 11.055(28)+x [1995Ki07, 1977Bo28,
1977Ge03, 1978Da07]

122La 8.7(7) s 10.07(30)# 5.27(30)# obs 3.05(30)# 11.11(30)# [1984Ni03, 1988WiZN]
126Pr 3.14(22) s 10.50(20)# 6.15(20)# obs 4.19(20)# 11.86(20)# [2002Ka66, 1983Ni05]

130Pm 2.6(2) s 11.13(20)# 7.02(20)# obs 5.49(20)# 12.93(20)# [1999Xi03, 1985Wi07]
134Eu 0.5(2) s 11.58(36)# 8.32(30)# 7.05(31)# 14.37(30)# [1989Vi04]
138Tb 12.06(36)# 9.26(30)# 8.63(30)# 15.35(36)#
142Ho (7�, 8+) 0.4(1) s 12.87(83)# 10.00(41)# 15.98(45)# 9.95(40)# [2005Xu04, 2002Xu11,

2001Xu02]
146Tm (5�) 68(3) ms 13.27(20)# 10.78(20)# 10.94(20)# 16.64(76)# [2006Ta08, 2005Bb02,

2003Gi10, 2001Ry01,
2001Ry02, 2005Ro40,
2005Se26, 2007BaZQ,
2007DaZU, 2005Bi24,
2005RoZY, 1995PeZY,
1993Li18, 1993WoZY]

146mTm*** 0.182(4) (10+) 198(3) ms 13.45(20)# 10.96(20)# 11.12(20)# 16.82(76)# [2006Ta08]
150Lu (2+) 45(3) ms** 14.06(42)# 11.88(36)# 12.13(30)# 17.13(30)# [2003Gi10, 2000Gi01]

1993WoZY]
150mLu 0.022(6)*** (1�, 2�) 39+8

�6µs 14.09(42)# 11.91(36)# 12.16(30)# 17.15(30)# [2003Gi10, 2000Gi01]
1993WoZY]

* Mixture of ground state and isomer [1995Ki07, 1977Ge03].
** Weighted average of 43(5) ms [2003Ro21], 49(5) ms [2000Gi01].
*** Excitation Energy = 22(6) keV, deduced from the weighted average of the difference in energies of the protons feeding the ground state of 149Yb; 16(9)

keV [2000Gi10] and 25(7) keV [2003Ro21].
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Table 2
Particle emission from the odd-Z, Tz = +4 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp BRp S2p Qa Experimental

94Tc 4.640(4) —– 12.283(4) -3.922(5)
98Rh 4.344(12) —– 11.932(13) -1.442(13)

102Ag 4.104(9) —– 11.234(20) -1.496(14)
106In 3.563(12) —– 10.070(13) -0.786(15)

110Sb 2.109(10) —– 7.908(10) 0.733(14)
114I 1.581(34) —– 5.618(27) 2.386(21)

118Cs 1.513(16) —– 5.567(76) 1.805(24)
118mCs 1.513(16)-x —– 5.567(76)-x 1.805(24)+x

122La 1.087(33)# —– 5.23(23)# 1.44(30)#
126Pr 0.96(28)# —– 4.64(20)# 1.80(36)#

130Pm 0.38(28)# —– 3.72(20)# 2.43(28)#
134Eu -0.14(42)# 2.71(34)# 3.24(36)#
138Tb -0.32(42)# 1.94(36)# 3.78(42)#
142Ho -0.84(50)# 1.35(90)# 3.93(50)#
146Tm -0.896(6)# 100% 1.02(20)# 3.77(45)# [2006Ta08, 2005Bb02, 2003Gi10, 2001Ry01,

2001Ry02, 2005Ro40, 2005Se26, 2007BaZQ,
2007DaZU, 2005Bi24, 2005RoZY, 1995PeZY,
1993Li18, 1993WoZY]

146mTm -1.078(7)# 71% 0.84(20)# 3.95(45)# *
150Lu -1.270(2) ** 0.58(30)# 3.86(36)# [2003Ro21, 2003Gi10, 2000Gi01, 1999BaZR,

1993Se04, 1993WoZY]
150mLu -1.292(2)# 100%*** 0.60(30)# 3.88(36)# **

* References for the isomer are the same as the ground state.
** b -decay from 150Lu not measured. Using the calculated b -decay T1/2 = 155 ms from [1997Mo25], Ip = 71(2) %.
*** Implied from the short T1/2.

Table 3
direct p emission from 146Tm*, Jp = (5�), T1/2 = 68(3)ms, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel)% Ip(absb)% Jp
f Edaughter(145Er) coincident g-rays

0.938(4) 0.932(4) 20.0(13)% 13.6(9)% (11/2�) 0.253
1.016(4) 1.009(4) 26.8(16)% 18.3(12)% (3/2+) 0.175
1.191(1) 1.18391) 100(3)% 68.1(27)% (1/2+) 0.0 —–

* All values from [2006Ta08].

Table 4
direct p emission from 146mTm*, Ex = 0.182(4) MeV, Jp = (10+), T1/2 = 198(3)ms, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(145Er) coincident g-rays

0.889(8) 0.883(8) 1.0(4)% 1.0(4)% (13/2�) 0.484
1.120(1) 1.112(1) 100(1)% 99(1)% (11/2�) 0.253

* All values from [2006Ta08].

Table 5
direct p emission from 150Lu*, Jp = (2+), T1/2 = 45(3)ms**, BRp = ***.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(149Yb) coincident g-rays

1.261(4) 1.253(4) 100% 71(2)%*** (1/2+) 0.0 —–

* All values from [2000Gi01],except where noted.
** Weighted average of 43(5) ms [2003Ro21], 49(5) ms [2000Gi01].
*** b -decay from 150Lu not measured. Using the calculated b -decay T1/2 = 155 ms from [1997Mo25], Ip = 71(2) %.

3



Table 6
direct p emission from 150mLu*, Jp = (1�, 2�), T1/2= 39+8

�6, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(149Yb) coincident g-rays

1.277(8) 1.268(8) 100% 100% (1/2+) 0.0 —–

* All values from [2000Gi01].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z, Tz= +4 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +4 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. All Jp values are taken from ENSDF.

Nuclide Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

108Sn 0+ 10.30(8) m 2.05(10) -2.369(6) -9.705(6) 0.622(7) [1978Hs01]
112Te 0+ 2.0(2) m 4.031(20) 1.082(10) -5.675(14) 4.127(12) [1976Wi11]
116Xe 0+ 60(2) s 4.37(80) 1.727(31) -3.128(24) 6.127(22) [1974Ha10]
120Ba 0+ 24(2) s 5.00(30) 2.62(30) -2.50(30) 6.11(31) [1992Xu04]
124Ce 0+ 6(2) s 5.34(30)# 3.45(30)# -1.35(30)# 6.55(30)# [1978Bo32]
128Nd 0+ 4(2) s 5.8(20)# 4.16(20)# obs?* -0.13(22)# 7.30(21)# [1983Ni05]
132Sm 0+ 4.0(3) s 6.49(34)# 5.34(30)# 1.46(31)# 8.77(30)# [1989McZU]
136Gd 0+ �200 ns 7.15(36)# 6.48(34)# 3.10(30)# 10.11(33)# [2000So11]
140Dy 0+ 7.65(90)# 7.51(45)# 4.34(40)# 10.99(45)#
144Er 0+ �200 ns 8.00(20)# 8.27(20)# 5.37(73)# 11.45(82)# [2000So11]

148Yb 0+ 8.54(40)# 9.09(40)# 6.43(40)# 11.96(40)#
152Hf 0+
156W 0+ 157+57

�34 ms [2023BrXX]
160Os 0+ 97+97

�32 µs [2023BrXX]
160mOs 1.844(18) (8+) 41+15

�9 µs [2023BrXX]

* Uncertain, may be from 128Pr [1983Ni05]

Table 2

Particle emission from the even-Z, Tz = +4 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp BRp S2p Qa Experimental

108Sn 5.792(11) —– 9.516(5) -0.526(6)
112Te 4.020(12) —– 6.303(16) 2.078(10)
116Xe 3.998(32) —– 5.735(27) 2.096(15)
120Ba 3.87(30) —– 5.39(30) 1.73(30)
124Ce 3.55(36)# —– 4.89(30)# 1.55(42)#
128Nd 3.28(28)# —– 4.29(20)# 1.96(36)#
132Sm 2.66(36)# —– 3.12(30)# 2.97(36)#
136Gd 2.23(36)# —– 2.29(36)# 3.63(42)#
140Dy 1.99(50)# —– 1.75(45)# 3.84(50)#
144Er 1.85(36)# —– 1.07(75)# 3.80(45)#

148Yb 1.54(40)# —– 0.49(40)# 3.95(45)#
152Hf
156W
160Os 7.724(15)* 100% [2023BrXX]

160mOs 9.18(10)* 100% [2023BrXX]

* Deduced from a energy [2023BrXX].

Table 3

direct a emission from 160Os*, Jp = 0+, T1/2 = 97+97
�32 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs)% Jp
f Edaughter(156W) coincident g-rays R0 (fm)] HF

7.274(15) 7.092(15) 100% 0+ 0.0 —– 1.5597(29) 1.8+1.8
�0.6

* All values from [2003BrXX].

Table 4

direct a emission from 160mOs*, Ex. = 1.844(18) MeV, Jp = 8+, T1/2 = 41+15
�9 , BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs)% Jp
f Edaughter(156W) coincident g-rays R0 (fm)] HF

9.118(10) 8.890(10) 100% 0+ 0.0 —– 1.5597(29) 2.6(10) ⇥ 104

* All values from [2003BrXX].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +4 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

94Tc 7+ 293(1) m 4.256(4) -4.234(4) —– -10.277(4) 2.189(4) [1963Ma21]
98Rh (2)+ 8.7(1) m 5.05(10) -3.240(13) —– -8.958(12) 2.814(12) [1956Ka25]

102Ag 5+ 13.0(4) m 5.656(8) -2.123(10) —– -7.597(8) 3.553(10) [1967Ch05]
106In 7+ 6.2(1) m 6.524(12) -0.826(13) —– -5.791(12) 4.870(12) [1978Hu06]

110Sb (3+) 24.0(3) s 8.392(15) 1.751(7) -2.775(6) 7.257(6) [1976Ox01]
114I 1+ 2.1(2) s 9.25(30) 4.489(26) 1.438(20) 10.778(24) [1977Ki11]

118Cs 2 14(2) s 9.67(16) 4.740(29) 0.0542(6)%* 2.276(27) 11.055(28) [1995Ki07, 1977Bo28,
1977Ge03, 1978Da07]

118mCs x (7�) 17(3) s 9.67(16)+x 4.740(29)+x 0.0542(6)%* 2.276(27)+x 11.055(28)+x [1995Ki07, 1977Bo28,
1977Ge03, 1978Da07]

122La 8.7(7) s 10.07(30)# 5.27(30)# obs 3.05(30)# 11.11(30)# [1984Ni03, 1988WiZN]
126Pr 3.14(22) s 10.50(20)# 6.15(20)# obs 4.19(20)# 11.86(20)# [2002Ka66, 1983Ni05]

130Pm 2.6(2) s 11.13(20)# 7.02(20)# obs 5.49(20)# 12.93(20)# [1999Xi03, 1985Wi07]
134Eu 0.5(2) s 11.58(36)# 8.32(30)# 7.05(31)# 14.37(30)# [1989Vi04]
138Tb 12.06(36)# 9.26(30)# 8.63(30)# 15.35(36)#
142Ho (7�, 8+) 0.4(1) s 12.87(83)# 10.00(41)# 15.98(45)# 9.95(40)# [2005Xu04, 2002Xu11,

2001Xu02]
146Tm (5�) 68(3) ms 13.27(20)# 10.78(20)# 10.94(20)# 16.64(76)# [2006Ta08, 2005Bb02,

2003Gi10, 2001Ry01,
2001Ry02, 2005Ro40,
2005Se26, 2007BaZQ,
2007DaZU, 2005Bi24,
2005RoZY, 1995PeZY,
1993Li18, 1993WoZY]

146mTm*** 0.182(4) (10+) 198(3) ms 13.45(20)# 10.96(20)# 11.12(20)# 16.82(76)# [2006Ta08]
150Lu (2+) 45(3) ms** 14.06(42)# 11.88(36)# 12.13(30)# 17.13(30)# [2003Gi10, 2000Gi01]

1993WoZY]
150mLu 0.022(6)*** (1�, 2�) 39+8

�6µs 14.09(42)# 11.91(36)# 12.16(30)# 17.15(30)# [2003Gi10, 2000Gi01]
1993WoZY]

* Mixture of ground state and isomer [1995Ki07, 1977Ge03].
** Weighted average of 43(5) ms [2003Ro21], 49(5) ms [2000Gi01].
*** Excitation Energy = 22(6) keV, deduced from the weighted average of the difference in energies of the protons feeding the ground state of 149Yb; 16(9)

keV [2000Gi10] and 25(7) keV [2003Ro21].
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Table 2
Particle emission from the odd-Z, Tz = +4 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp BRp S2p Qa Experimental

94Tc 4.640(4) —– 12.283(4) -3.922(5)
98Rh 4.344(12) —– 11.932(13) -1.442(13)

102Ag 4.104(9) —– 11.234(20) -1.496(14)
106In 3.563(12) —– 10.070(13) -0.786(15)

110Sb 2.109(10) —– 7.908(10) 0.733(14)
114I 1.581(34) —– 5.618(27) 2.386(21)

118Cs 1.513(16) —– 5.567(76) 1.805(24)
118mCs 1.513(16)-x —– 5.567(76)-x 1.805(24)+x

122La 1.087(33)# —– 5.23(23)# 1.44(30)#
126Pr 0.96(28)# —– 4.64(20)# 1.80(36)#

130Pm 0.38(28)# —– 3.72(20)# 2.43(28)#
134Eu -0.14(42)# 2.71(34)# 3.24(36)#
138Tb -0.32(42)# 1.94(36)# 3.78(42)#
142Ho -0.84(50)# 1.35(90)# 3.93(50)#
146Tm -0.896(6)# 100% 1.02(20)# 3.77(45)# [2006Ta08, 2005Bb02, 2003Gi10, 2001Ry01,

2001Ry02, 2005Ro40, 2005Se26, 2007BaZQ,
2007DaZU, 2005Bi24, 2005RoZY, 1995PeZY,
1993Li18, 1993WoZY]

146mTm -1.078(7)# 71% 0.84(20)# 3.95(45)# *
150Lu -1.270(2)# ** 0.58(30)# 3.86(36)# [2003Ro21, 2003Gi10, 2000Gi01, 1999BaZR,

1993Se04, 1993WoZY]
150mLu -1.292(2)# 100%*** 0.60(30)# 3.88(36)# **

* References for the isomer are the same as the ground state.
** b -decay from 150Lu not measured. Using the calculated b -decay T1/2 = 155 ms from [1997Mo25], Ip = 71(2) %.
*** Implied from the short T1/2.

Table 3
direct p emission from 146Tm*, Jp = (5�), T1/2 = 68(3)ms, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel)% Ip(absb)% Jp
f Edaughter(145Er) coincident g-rays

0.938(4) 0.932(4) 20.0(13)% 13.6(9)% (11/2�) 0.253
1.016(4) 1.009(4) 26.8(16)% 18.3(12)% (3/2+) 0.175
1.191(1) 1.18391) 100(3)% 68.1(27)% (1/2+) 0.0 —–

* All values from [2006Ta08].

Table 4
direct p emission from 146mTm*, Ex = 0.182(4) MeV, Jp = (10+), T1/2 = 198(3)ms, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(145Er) coincident g-rays

0.889(8) 0.883(8) 1.0(4)% 1.0(4)% (13/2�) 0.484
1.120(1) 1.112(1) 100(1)% 99(1)% (11/2�) 0.253

* All values from [2006Ta08].

Table 5
direct p emission from 150Lu*, Jp = (2+), T1/2 = 45(3)ms**, BRp = ***.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(149Yb) coincident g-rays

1.261(4) 1.253(4) 100% 71(2)%*** (1/2+) 0.0 —–

* All values from [2000Gi01],except where noted.
** Weighted average of 43(5) ms [2003Ro21], 49(5) ms [2000Gi01].
*** b -decay from 150Lu not measured. Using the calculated b -decay T1/2 = 155 ms from [1997Mo25], Ip = 71(2) %.
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Table 6
direct p emission from 150mLu*, Jp = (1�, 2�), T1/2= 39+8

�6, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(149Yb) coincident g-rays

1.277(8) 1.268(8) 100% 100% (1/2+) 0.0 —–

* All values from [2000Gi01].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +9/2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +9/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. All Jp values taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

105Cd 5/2+ 55.4(4) m* 2.737(4) -2.228(2) —– -10.880(3) 0.654(6) [1953Jo20, 1968Bo25, 1969St18]
109Sn 5/2+ 18.1(2) m** 3.859(9) -0.667(8) —– -8.801(8) 2.016(9) [1969Ba04, 1972Ba41, 1956Pe56]
113Te (7/2+) 1.6(2) m 6.07(30) 3.019(28) -4.533(28) 5.718(28) [1976Wi11]
117Xe 5/2(+) 61(2) s 6.253(28) 3.789(26) 0.0029(6)% -1.760(19) 7.807(20) [1971Ho07]
121Ba 5/2(+) 29.7(15) s 6.36(14) 4.14(14) obs -1.545(144) 7.27(14) [1974Ka31]
125Ce (7/2�) 9.9(5) s*** 7.10(20)# 5.14(20)# obs -0.19(20)# 8.02(20)# [1998Be64, 1983Ni05, 1986Wi15]
129Nd (5/2+) 6.7(4) s 7.40(20)# 5.87(20)# obs 0.94(20)# 8.96(20)# [2010Xu12, 1985Wi07, 2011MaZL,

1977Bo02]
133Sm y@ (1/2�) 3.4(5) sa 8.18(30)# 6.91(30)# obs 2.49(30)# 10.12(30)# [2006Xu07,2001Xu04, 1993BrZU,

1985Wi07, 1977Bo02]
133mSm@ x@ (5/2+) 2.8(5) s 8.18(30)#+x 6.91(30)#+x obs 2.49(30)#+x 10.12(30)#+x [2006Xu07, 2001Xu04, 1985Wi07,

1977Bo02]
137Gd (7/2) 2.2(2) s 8.93(30)# 8.301(30)# obs 4.27(31)# 11.77(30)# [2005Xu04]
141Dy (9/2�) 0.9(2) s 9.16(32)# 9.11(30)# obs 5.44(30)# 12.34(30)# [2006Xu03, 1984Ni03, 1986Wi15]
145Er (1/2+) 9.88(20)# 10.04(20)# obs 6.60(21)# 12.88(23)# [2010Ma20]

145mEr@@ 0.253(1) (1/2+) 0.9(3) s 10.13(20)# 10.29(20)# obs 6.86(21)# 13.13(23)# [2010Ma20, 2006Ta08, 1989Vi02,
1988WiZN]

149Yb (1/2+) 0.7(2) s 10.61(36)# 10.86(30)# ⇡6% 7.849(30)# 13.37(30)# [2005Xu04]
153Hf > 200 ns 11.08(34)# 11.68(34)# 8.89(30)# 14.22(36)# [2006Xu07]
157W (7/2�) 275(40) ms 9.91(43)# 10.84(43)# 8.28(40)# 6.26(423)# [2019Hi06, 2010Bi03, 2008PaZV]
161Os (7/2�) 640(60) µs 10.65(43)# 11.84(43)# 9.67(40)# 16.97(43)# [2010Bi03, 2019Hi06, 2008BiZT,

2008PaZV]
165Pt (7/2�) 0.26+26

�9 ms 11.28(43)# 12.82(43)# 11.11(40)# 18.10(43)# [2019Hi06]

* Weighted average of 54.7(8) m [1953Jo20], 57.0(6) m [1968Bo25] and 56.0(5) [1969St18].
** Weighted average of 518.0(2) m [1969Ba04], 18.3(3) m [1972Ba41] and 18.1(3) m [1956Pe56].
*** Weighted average of 10.5(5) s [1998Be64], 8.9(7) s [1983Ni05] and 9.2(10 s [1986Wi15].
a Weighted average of 3.2(7) s [2006Xu07] , 3.4(5) s [2001Xu04], 3.7(7) s [1993BrZU].
@ The relative energy placement of the two isomers is unknown.

Table 2

Particle separation and emission from the even-Z, Tz = +9/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or
deduced from values therein.

Nuclide Sp BRp S2p Qa BRa Experimental

105Cd 6.506(4) —– 11.455(2) -1.327(5) —–
109Sn 5.799(12) —– 10.218(8) -0.721(8) —–
113Te 4.037(33) —– 6.986(28) 1.858(29)
117Xe 4.054(76) —– 6.701(30) 1.737(30)
121Ba 4.15(142) —– 6.53(14) 1.02(14)
125Ce 3.69(20)# —– 5.58(20)# 1.66(24)#
129Nd 3.33(20)# —– 4.97(20)# 1.86(28)#
133Sm 2.89(33)# —– 4.04(30)# 2.72(36)#

133mSm* 2.89(33)#-x —– 4.04(30)#-x 2.72(36)#+x
137Gd 2.26(36)# —– 2.93(34)# 3.59(42)#
141Dy 2.19(85)# —– 2.33(36)# 3.41(42)#
145Er 1.92(20)# —– 1.65(20)# 3.72(36)#

145mEr** 1.67(20)# —– 1.90(20)# 3.97(36)#
149Yb 1.85(30)# —– 1.30(30)# 3.49(36)#
153Hf 1.17(36)# —– 0.34(43)# 3.61(42)#
157W 0.98(50)# —– -0.04(50)# 5.19(50)#
161Os 0.61(50)# —– -0.66(50)# 7.069(11)# 5.9(27)% [2010Bi03, 2019Hi06, 2008BiZT]
165Pt 0.12(51) # -1.44(50)# 7.453(14)# 100% [2019Hi06]
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Table 3

direct a emission from 161Os*, Jp = (7/2�), T1/2= 640(60) µs, BRa = 5.9(27)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (absb) Jp
f Edaughter(157W) coincident g-rays

6.747(30) 6.580(30) 100% 5.9(27)% (9/2�) 0.318
7.066(12) 6.890(12) 100% 5.9(27)% (7/2�) 0.0 —–

* All values from [2010Bi03].

Table 4

direct p emission from 165Pt*, Jp = (7/2�), T1/2= 0.26+26
�9 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ip(abs) Jp
f Edaughter(161Os) coincident g-rays R0 (fm) HF

7.453(14) 7.272(14) 100% 100% (7/2�) 0.0 —– 1.551(19) 2.6+1.5
�1.2

* All values from [2019Hi06].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +9/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 103Ag, 107in, 111Sb, 115I, 119Cs, 123La, 127Pr, 131Pm, 135Eu, 139Tb, 143Ho are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

103Ag 7/2+ 65.7(7) m 2.654(4) -5.308(8) —– -11.423(4) 0.398(4) [1975Di09]
107In 9/2+ 32.4(3) m 3.424(10) -3.913(10) —– -9.727(10) 1.465(10) [1973Ny03]

111Sb (5/2+) 73(1) s 5.102(10) -1.656(15) —– -6.910(9) 3.729(9) [1976Wi10]
115I (5/2+) 1.3(2) m 5.72(40) 0.870(35) -2.588(29) 7.176(29) [1969Ha03]

119Cs 9/2+ 43.0(2) s 6.489(17) 1.377(24) -1.788(19) 7.333(31) [1984IcZY]
123La 16.3(3) s 7.00(20)# 2.21(20)# -0.75(20)# 7.72(20)# [1992Ic02]
127Pr 4.2(3) s 7.44(20)# 3.14(22)# 0.55(20)# 8.69(20)# [1995Gi12]

131Pm (11/2�) 6.3(8) s 8.00(20)# 4.12(21)# 1.94(20)# 9.78(20)# [1999Ga41]
135Eu 8.71(25)# 5.327(20)# 3.61(20)# 11.20(20)#
139Tb 1.6(2) s 9.50(36)# 6.33(30)# 5.28(30)# 12.30(34)# [1999Xi04]
143Ho 10.12(30)# 7.22(76)# 6.60(30)# 13.16(36)#
147Tm 11/2� 615(45) ms 10.63(40) 7.975(9) 7.690(9) 13.770(15) [1993Se04, 1993To02]

147mTm 0.068(6)* 3/2+ 375(5) µs 10.70(40) 8.043(11) 7.758(11) 13.838(16) [2023Au03]
151Lu 11/2� 78(1) ms 11.24(43)# 8.90(36)# 8.86(30)# 13.88(30) [2015Ta12]

151mLu 0.078(10)* 3/2+ 17(1) µs 11.32(43)# 8.98(36)# 8.894(30)# 13.96(32) [2015Ta12

155Ta (1/2+) 2.9+1.5
�1.1 ms 10.32(42)# 8.39(36)# 8.59(36)# 15.13(43) [2007Pa27]

155mTa x 11/2� 12+4
�3 µs 10.32(42)#+x 8.39(36)#+x 8.59(36)#+x 15.13(43)+x [1999Uu01]

159Re (1/2+) 10.63(43)# 9.02(37)# 9.47(37)# 17.08(43)#
159mRe x 11/2� 21(4) µs 10.63(43)#+x 9.02(37)#+x 9.47(37)#+x 17.08(43)#+x [2006Jo10]

163Ir 11.03(50)# 9.85(45)# 10.62(45)# 17.70(50)#

* From difference in Sp.

Table 2

Particle separation and emission from the odd-Z, Tz = +9/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or
deduced from values therein.

Nuclide Sp BRp S2p Qa BRa Experimental

103Ag 4.189(4) —– 11.968(7) -1.643(20) —–
107In 3.723(10) —– 11.074(11) -1.189(10) —–

111Sb 2.284(16) —– 8.925(10) 0.305(13)
115I 1.737(38) —– 6.499(34) 2.074(30)

119Cs 1.515(17) —– 6.444(29) 1.608(32)
123La 1.33(20)# —– 6.13(13)# 1.23(20)#
127Pr 1.01(20)# —– 5.36(20)# 1.68(28)#

131Pm 0.46(20)# —– 4.58(20)# 2.35(28)#
135Eu 0.06(28)# 3.32(20)# 3.20(28)#
139Tb -0.24(36)# 2.56(30)# 3.59(36)#
143Ho -0.78(79)# 2.09(32)# 3.66(42)#
147Tm -1.059(3) 15(5)% 1.432(10) 3.65(30) [1993Se04, 1993To02, 2023Au03, 2008Ra03,

2007Ra37, 2007HeZV, 2007RaZZ, 2004SeZW,
1997Se03, 1995Ho26, 1995PeZY, 1993WoZY,
1988ToZW, 1984HoZN, 1983La27, 1982Kl03]

147mTm -1.127(7) 100% 1.500(12) 3.72(31) [1993Se04, 2023Au03, 1993To02, 1997Se03,
1995PeZY, 1995Ho26, 1995PeZY, 1993WoZY]

151Lu -1.232(4)* ** 0.94(36) 3.25(30) [2015Ta12, 1999Bi14, 1997Mo25, 1993Se04,
1982Ho04, 2017Wa18, 2017Wa47, 2013Pr05,
2007LiZR, 2003Pr05, 2003YuZW, 1999BaZR,
1998BaZU, 1982Ho04]

151mLu -1.319(10) 100% 1.02(37) 3.33(32) [2015Ta12, 2017Wa18, 2017Wa47, 1999Bi14,
1997Mo25, 1993Se04, 2013Pr05, 2007LiZR,
2003YuZW, 1999BaZR, 1999BaZZ]

155Ta -1.453(15) 100% 0.19(334) 3.89(42) [2007Pa27]
155mTa -1.453(15)-x 100% 0.19(33)-x 3.89(42)+x [1999Uu01]

159Re -1.599(53)# -0.21(34)# 6.76(55)#
159mRe -1.599(53)#-x 92.5(35)% -0.21(34)#-x 6.76(55)#+x 7.5(35)% [2007Pa27, 2006Jo10, 2007JoZX, 2007PaZT]

163Ir -1.90(50)# -0.95(43)# 7.07(50)#

* Deduced from proton energy, -1.241(2) MeV in [2021Wa16].
** b -decay branch not measured.
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Table 3

direct p emission from 147Tm*, Jp = 11/2�, T1/2 = 615(45) ms**, BRp = 15(5)%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(146Er) coincident g-rays

1.071(33) 1.0510(33)*** 100% 15(5)% 0+ 0.0 —–

* All values from [1993To02], except where noted.
** Weighted average of 580(70) ms [1993Se04], and 640(60) ms [1993To02].
*** [1993Se04].

Table 4

direct p emission from 147mTm*, Ex = 68(6) keV, Jp = 3/2+, T1/2 = 360(40) ms, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(146Er) coincident g-rays

1.1315(39) 1.1108(39) 100% 100% 0+ 0.0 —–

* All values from [1993Se04].

Table 5

direct p emission from 151Lu*, Jp = 11/2�, T1/2= 78(1) ms.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(150Yb) coincident g-rays

1.240(4) 1.232(4) 0+ 0.0 —–

* All values from [2015Ta12].

Table 6

direct p emission from 151mLu*, Ex = 78(10) keV, Jp = 3/2+, T1/2= 17(1) µs, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(150Yb) coincident g-rays

1.294(4) 1.285(4) 100% 100% 0+ 0.0 —–

* All values from [2015Ta12].

Table 7

direct p emission from 155Ta*, Jp = (1/2+), T1/2= 2.9+15
�11 ms, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(154Hf) coincident g-rays

1.453(15) 1.444(15) 100% 100% 0+ 0.0 —–

* All values from [2007Pa27].

Table 8

direct p emission from 155mTa*, Ex = unk., Jp = 11/2�, T1/2= 12+4
�3 µs, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(absb) Jp
f Edaughter(154Hf) coincident g-rays

1.776(10) 1.765(10) 100%

* All values from [1999Uu01].

Table 9

direct p emission from 159mRe*, Ex = unk., Jp = 11/2�, T1/2= 21(4) µs, BRp = 92.5(35)%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jp
f Edaughter(158W) coincident g-rays

1.816(20) 1.805(20) 100% 92.5(35)% 0+ 0.0 —–
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* All values from [2006Jo10].

Table 10

direct a emission from 159mRe*, Ex = unk., Jp = 11/2�, T1/2= 21(4) µs**, BRa = 7.5(35)%.

Ea (c.m.) Ea (lab) Ia (rel) Ip(absb) Jp
f Edaughter(155Ta) coincident g-rays

6.950(26) 6.776(26) 100% 7.5(35)% 0+ 0.0 —–

* All values from [2007Pa27], except where noted.
** [2006Jo10]
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +5 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

114Te 0+ 15.2(7) m 2.610(30) -0.851(24) —– -8.477(25) 2.155(27) [1976Wi11]
118Xe 0+ 3.8(9) m 2.892(22) -0.273(17) —– -5.835(12) 3.993(22) [1976Be61]
122Ba 0+ 1.95(15) m 3.540(40) 0.583(30) -5.440(32) 3.937(34) [1978Bo32]
126Ce 0+ 51.0(4) s 4.150(90) 1.559(30) -3.657(29) 4.899(44) [2002Ko02]
130Nd 0+ 13(3) s 4.580(70) 2.402(40) -2.549(61) 5.952(95) [2000Xu08]
134Sm 0+ 9.3(8) s 5.39(20)# 3.67(20)# -0.73(20)# 7.37(21)# [1990Ko25]
138Gd 0+ 4.7(9) s 6.09(20)# 5.04(20)# 0.93(21)# 8.68(21)# [1999Xi04]
142Dy 0+ 2.3(3) s 6.44(20)# 5.82(73)# 0.06(3) % 2.29(73)# 9.20(73)# [1991Fi03, 1986Wi15]
146Er 0+ 1.7(6) s 6.916(9) 6.632(9) 3.468(29) 9.813(70) [1993To05]

150Yb 0+ � 200 ns 7.66(36)# 7.62(30)# 4.58(31)# 9.98(30)# [2000So11]
154Hf 0+ 2(1) s 6.94(36)# 7.14(36)# 4.41(31)# 11.34(36)# [1981Ho10]
158W 0+ 1.5(2) ms 7.43(36)# 7.87(36)# 5.43(31)# 13.55(36)# [2000Ma95]

158mW 1.888(8) (8+) 143(19) µs 9.32(36)# 9.76(36)# 7.32(31)# 15.44(36)# [2000Ma95]
162Os 0+ 2.05(10) ms 7.95(36)# 8.72(36)# 6.75(31)# 14.19(36)# [2000Mu95]
166Pt 0+ 260+100

�60 µs 8.52(36)# 9.68(36)# 8.11(31)# 15.25(36)# [2019Hi06]
170Hg 0+ 80+40

�4 µs 9.12(36)# 10.59(36)# 9.504(31)# 16.30(36)# [2019Hi06]

Table 2

Particle emission from the even-Z, Tz = +5 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp BRp S2p Qa BRa Experimental

114Te 4.762(30) —– 7.813(24) 1.527(28)
118Xe 4.929(28) —– 7.393(26) 1.386(27)
122Ba 4.796(31) —– 7.014(308) 1.045(30)
126Ce 4.350(38) —– 6.309(31) 1.363(40)
130Nd 4.112(41) —– 5.640(40) 1.799(40)
134Sm 3.26(20)# —– 4.53(20)# 2.80(20)#
138Gd 2.80(20)# —– 3.43(20)# 3.29(28)#
142Dy 2.87(74)# —– 2.92(73)# 3.12(76)#
146Er 2.49(10) —– 2.330(10) 3.37(73)

150Yb 2.18(36)# —– 1.93(30)# 3.07(30)#
154Hf 1.64(34)# —– 1.04(34)# 3.68(42)#
158W 1.39(34)# —– 0.45(34)# 6.612(3) 100 % [2000Ma95, 2005Se11, 1996Pa01, 1989Ho12]

158mW -0.50(34)# -1.44(34)# 8.503(8) 100 % [2000Ma95, 2005Se11, 2017Jo09, 1996Pa01, 1989Ho12]
162Os 0.95(34)# —– -0.25(34)# 6.768(3) 100 % [2000Mu95, 2004Jo12, 1996Bi07, 1989Ho1]
166Pt 0.48(34)# —– -1.06(34)# 7.292(7) 100 % [2019Hi06, 1996Bi07]

170Hg 0.09(42)# -1.85(34)# 7.773(30)* 100 % [2019Hi06]

* From [2019Hi06], 7.77(31)# in [2021Wa16].

Table 3

direct a emission from 158W*, Jp = 0+, T1/2= 1.5(2) ms, BRa = 100 %.

Ea (c.m.) Ea (lab) Ip(absb) Jp
f Edaughter(154Hf) coincident g-rays R0 (fm) HF

6.612(3) 6.445(3) 100% 0+ 0.0 —– 1.557(10) 1.0

* All values from [2000Ma95].

Table 4

direct a emission from 158mW*, Ex = 1.888(8) MeV, Jp = 0+, T1/2= 143(19) µs, BRa = 100 %.

Ea (c.m.) Ea (lab) Ip(absb) Jp
f Edaughter(154Hf) coincident g-rays R0 (fm) HF

8.501(7) 8.286(7) 100% 0+ 0.0 —– 1.557(10) 1.0

* All values from [2000Ma95].
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Table 5

direct a emission from 162Os*, Jp = 0+, T1/2= 2.05(10) ms, BRa = 100 %.

Ea (c.m.) Ea (lab) Ip(absb) Jp
f Edaughter(158W) coincident g-rays R0 (fm) HF

6.767(3) 6.600(3) 100% 0+ 0.0 —– 1.561(3) 1.0

* All values from [2000Ma95].

Table 6

direct a emission from 166Pt*, Jp = 0+, T1/2= 260+100
�60 µs, BRa = 100 %.

Ea (c.m.) Ea (lab) Ip(absb) Jp
f Edaughter(162Os) coincident g-rays R0 (fm) HF

7.294(8) 7.118(8) 100% 0+ 0.0 —– 1.555(26) 1.0

* All values from [2019Hi06].

Table 7

direct a emission from 170Hg*, Jp = 0+, T1/2=80+40
�4 µs, BRa = 100 %.

Ea (c.m.) Ea (lab) Ip(absb) Jp
f Edaughter(168Pt) coincident g-rays R0 (fm) HF

7.773(30) 7.590(30) 100% 0+ 0.0 —– 1.532(38) 1.0

* All values from [2019Hi06].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +5 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. All Jp values are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a BRea Experimental

96Tc 7+ 4.20(4) d 0.259(5) -6.324(5) —– -13.130(5) 0.212(5) [1950Co69]
100Rh 1� 20.2(1) h 3.636(18) -5.552(18) —– -12.053(18) 0.779(18) [1995KeZZ]
104Ag 5+ 89.2(10) m 4.279(4) -4.374(5) —– -10.588(4) 1.686(4) [1971Mu22]

108In 7+ 58.0(12) m 5.133(9) -3.002(9) —– -8.790(9) 2.850(9) [1975Fl01]
112Sb (3+) 53.5(5) s 7.056(18) -0.496(18) —– -5.829(18) 5.229(18) [1972Si28]

116I 1+ 2.91(15) s 7.840(80) 2.294(77) -1.439(75) 8.809(75) [1976Go02]
120Cs 2(+) 61.3(14) s 8.284(15) 2.600(24) 7(3)⇥10�6% -0.776(21) 8.950(26) 2.0(4)⇥10�5% [1975Ho09, 1969Ch18]

124La* 21(4) s 8.830(60) 3.496(58) 0.518(58) 9.489(58) [1997As05]
128Pr 3.1(3) s 9.200(40) 4.276(40) obs 1.761(32) 10.334(32) [1985Wi07]

132Pm (3+) 6.2(6) s 9.8(150)# 5.38(156)# obs 3.22(15)# 11.48(15)# [1988WiZN]
136Eu (7+) 3.3(3) s 10.57(20)# 6.53(21)# obs 4.82(20)# 12.76(20)# [1989Vi04]

136mEu x (3+) 3.8(3) s 10.57(20)#+x 6.53(21)#+x obs 4.82(20)#+x 12.76(20)#+x [1989Vi04]
140Tb 7+ 2.0(5) s 11.30(80) 7.63(80) obs 6.44(80) 13.90(80)# [2006Xu03, 1991Fi03,

1986Wi15]
144Ho (5�) 0.7(1) s 11.961(11) 8.521(52) obs 7.772(29) 14.748(29) [1986Wi15]
148Tm (10+) 0.7(2) s 12.714(14) 9.703(11) 9.212(12) 15.380(13) [1982No08]
152Lu 0.7(1)s 12.85(25)# 10.06(20)# obs 9.83(20)# 15.63(20)# [1988Ni02]
156Ta (2�) 106(4) ms 11.82(34)# 9.26(30)# 9.35(30)# 17.84(34) [2011Da12

156mTa 0.102(7) (9+) 333+25
�22 ms 11.92(34)# 9.36(30)# 9.45(30)# 17.94(34) [2023Br10]

160Re 611(7) µs 12.45(34)# 10.27(30)# 10.65(30)# 8.52(34) [2011Da12]
164Ir 12.94(35)# 11.23(32)# 11.94(32)# 19.42(35)#

164mIr x (9+) 70(10) µs 12.94(35)#+x 11.23(32)#+x 11.94(32)#+x 19.42(35)#+x [2014Dr02]
168Au 13.54(43)# 12.31(40)# 13.38(40)# 20.53(43)#

* Possibly not the ground state

Table 2

Particle separation and emission from the odd-Z, Tz = +5 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or
deduced from values therein.

Nuclide Sp BRp S2p Qa BRa Experimental

96Tc 5.399(5) —– 14.031(5.) -1.793(5) —–
100Rh 5.255(18) —– 13.737(18) -2.194(19) —–
104Ag 4.948(4) —– 12.911(8) -1.950(19) —–

108In 4.418(9) —– 11.755(9) -1.428(10) —–
112Sb 2.949(19) —– 9.707(21) 0.096(20)

116I 2.647(80) —– 7.502(78) 1.753(77)
120Cs 2.383(14) —– 7.496(22) 1.107(76)
124La 1.893(58) —– 6.692(66) 1.205(58)
128Pr 1.640(42) —– 5.935(95) 1.503(64)

132Pm 1.15(15)# —– 5.03(16)# 2.28(15)#
136Eu 0.68(25)# —– 4.06(20)# 2.96(25)#

136mEu 0.68(25)#-x —– 4.06(20)#-x 2.96(25)#+x
140Tb 0.14(82)# 3.31(80)# 3.34(82)#
144Ho -0.27(16) 2.63(70) 3.45(80)
148Tm -0.55(40) 2.105(12) 3.420(13)
152Lu -0.83(36)# 1.51(28)# 2.92(20)#
156Ta -1.020(4) 71(3) % 0.91(36) 5.00(36) [2011Da12, 2023Br10, 1996Pa01, 1992Pa05, 1993Li34,

1993WoZY]
156mTa -1.122(4) 4.2(9) % 0.90(36) 5.10(36) [1996Pa01, 1993Li34, 2023Br10, 2011Da12, 1992Pa05]

160Re -1.267(7) 89(1) % 0.34(36) 6.698(4) 11(1) % [2011Da12, 2001Ke05, 1996Pa01,1995PeZY, 1993WoZY, 1992Pa05]
164Ir -1.56(10)# -0.39(38)# 6.97(10)#

164mIr -1.56(10)#-x* 96(2) % -0.39(38)#-x 6.97(10)#+x** 4(2) % [2014Dr02, 2002Ma61, 2001Ke05, 2001DaZU]
168Au -1.99(50)# -1.26(45)# 7.59(51)#

* Qp from the isomer is 1.825(5) MeV, suggesting the the isomer excitation = 265(100) keV assuming decay to the ground state of 163Os.
** Qa from the isomer is 7.052(14) MeV, and assuming decay to the 184(1) keV (9+) level of 160Re would give an isomer excitation = -102(100) keV. This

suggests that the value given for Qa from [2021Wa19] is too small.
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Table 3

direct p emission from 156Ta*, Jp = (2�), T1/2= 106(4) ms, BRp = 71(3)%.

Ep(c.m.) Ep(lab) Ip(absb) Jp
f Edaughter(155Hf) coincident g-rays

1.018(5) 1.011(5)(14) 71(3) % (7/2�) 0.0 —–

* All values from [2011Da12].

Table 4

direct p emission from 156mTa*, Ex = 102(7) keV, Jp = (9+), T1/2= 358(45) ms**, BRp = 4.2(9)%.

Ep(c.m.) Ep(lab) Ip(absb) Jp
f Edaughter(155Hf) coincident g-rays

1.113(8) 1.106(8)*** 4.2(9)% (7/2�) 0.0 —–

* All values from [1996Pa01], except where noted.
** Weighted average of 320(80) ms [1993Li34] and 375(54) ms [1996Pa01].
** Weighted average of 1.108(8) MeV [1996Pa01] and 1.103(12) MeV [1993Li34].

Table 5

direct p emission from 160Re*, Jp = , T1/2= 611(7) µs, BRp = 89(1) %.

Ep(c.m.) Ep(lab) Ip(absb) Jp
f Edaughter(159W) coincident g-rays

1.272(6) 1.264(6) 89(1) % 0.0 —–

* All values from [2011Da12].

Table 6

direct a emission from 160Re*, Jp = , T1/2= 611(7) µs, BRa = 11(1) %.

Ea (c.m.) Ea (lab) Jp
f Ip(absb) Edaughter(156Ta) coincident g-rays

6.697(4) 6.530(4) 100% (2�) ((1/2+)0.0 —–

* All values from [2011Da12].

Table 7

direct p emission from 164mIr*, Ex = unk, Jp = (9+), T1/2= 70(10) µs, BRa = 96(2) %.

Ep(c.m.) Ep(lab) Ip(absb) Jp
f Edaughter(163Os) coincident g-rays

1.826(6) 1.814(6) 96(2) % (7/2�) 0.0 —–

* All values from [2014Dr02].

Table 8

direct a emission from 164mIr*, Ex = unk, Jp = (9+), T1/2= 70(10) µs, BRa = 4(2) %.

Ea (c.m.) Ea (lab) Ip(abs) Jp
f Edaughter(160Re) coincident g-rays

7.052(10) 6.550(10) 100% 0.184** 0.096, 0.038, 0.050?***

* All values from [2014Dr02], except where noted.
** [2014Dr02] assign the a decay as L=0, populating the ph11/2 state in 160Re (from [2011Da01].
*** Existence of this g is implied but not observed in [2011Da01]
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +11/2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +11/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 111Sn, 115Te, 119Xe, 123Ba, 127Ce are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

111Sn 7/2+ 35.8(8) m 2.453(6) -2.880(5) —– -11.797(5) 0.043(6) [1969Sh11]
115Te 7/2+ 6.0(1) m 4.940(30) 1.208(28) -7.274(28) 3.904(28) [1972Sh37]
119Xe (5/2+) 5.8(3) m 4.983(24) 1.607(21) -4.733(13) 5.784(19) [1976Be61]
123Ba (5/2+) 2.4(4) m* 5.389(17) 2.411(16) -3.987(13) 5.698(25) [1975Ar31, 1962Pr09]
127Ce (1/2+) 34(2) s 5.920(40) 3.402(31) -2.468(30) 6.639(31) [1996Ge07]
131Nd (5/2+) 25.5(10) s** 6.530(50) 4.366(39) obs -1.022(35) 7.703(38) [1986Wi15, 1999Ga41,

1993Al03,1977Bo02]
135Sm (3/2+, 5/2+) 10.3(5) s 7.21(18) 5.50(16) 0.02(1)% 0.50(16) 9.02(16) [1989Vi04, 1977Bo02]
139Gd 5.8(9) s 7.77(20)# 6.58(20)# obs 1.86(20)# 10.01(21)# [1999Xi04, 1983Ni05]

139mGd x 4.8(9) s 7.77(20)#+x 6.58(20)#+x obs 1.86(20)#+x 10.01(21)#+x [1999Xi04, 1983Ni05]
143Dy (1/2+) 5.6(10) s 8.250(50) 7.502(31) obs 3.179(18) 10.804(19) [2003Xu04, 1984Ni03,

1983Ni05]
143mDy 0.3107(6) (11/2�) 3.0(3) s 8.561(50) 7.833(31) obs 3.1490(18) 11.115(19) [2003Xu04]

147Er (1/2+) ⇡2.5 s 9.150(40) 8.658(39) obs 5.21(12) 11.386(64) [2010Ma20, 2011MaZL,
2010Ma27,1988WiZN,
1987ToZU, 1984ScZT]

147mEr x (11/2�) 2.5(2) s 9.150(40)+x 8.658(39)+x obs 5.21(12)+x 11.386(64)+x [2010Ma20, 2011MaZL,
2010Ma27, 1988WiZN,
1987ToZU, 1984ScZT]

151Yb (1/2+) 1.6(1) s 9.23(30) 9.00(30) obs 5.53(30) 11.79(30) [1989Ni02, 1986To12]
151mYb x (11/2�) 1.6(1) s 9.23(30)+x 9.00(30)+x obs 5.53(30)+x 11.79(30)+x [1989Ni02, 1986To12]

155Hf (7/2�) 840(30) ms 8.24(30)# 8.33(30)# 5.09(30)# 14.04(30)# [1981HoZM, 2011Sa59]
159W (7/2�) 8.2(7) ms 9.01(30)# 9.38(30)# 6.43(30)# 14.69(30) [1996Pa01]
163Os (7/2�) 6.2+1.3

�0.9ms 9.67(30)# 10.37(30)# 7.86(30)# 15.68(30)# [2019Hi06

167Pt 0.90(13) ms*** 10.32(31)# 11.39(31)# 9.33(31)# 16.82(31) [2019Hi06, 1996Pa01,

1996Bi07]
171Hg 59+36

�16 µs 10.90(31)# 12.35(31)# 10.86(31)# 17.99(31) [2004Ke06]

* Weighted average of 2.7(4) m [1975Ar31] and 2.0(5) m [1962Pr09].
** Weighted average of 26.6(17) s [1999Ga41], and 25.0(12) s [1993Al03].
*** Weighted average of 1.1(2) ms [2019Hi06], 0.9(3) ms [2004Ke06], and 0.91(16) ms [1996Bi07].

Table 2

Particle emission from the even-Z, Tz = +11/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp S2p Qa BRa Experimental

111Sn 6.758(13) 12.012(6) -1.373(6) —–
115Te 4.855(34) 8.313(28) 1.451(28)
119Xe 5.112(22) 8.277(17) 0.843(30)
123Ba 4.799(36) 7.752(16) 0.715(16)
127Ce 4.295(95) 6.888(31) 1.251(31)
131Nd 3.882(70) 6.058(39) 1.786(40)
135Sm 3.38(16) 5.10(16) 2.49(16)
139Gd 3.17(20)# 4.22(20)# 2.80(25)#

139mGd 3.17(20)#-x 4.22(20)#-x 2.80(25)#+x
143Dy 2.90(70) 3.52(24) 3.04(20)#

143mDy 2.59(70) 3.21(24) 3.35(20)#
147Er 2.659(39) 2.94(39) 3.136(40)

147mEr 2.659(39)-x 2.94(39)-x 3.136(40)+x
151Yb 2.34(36)# 2.38(30) 2.64(30)

151mYb* 2.34(36)#-x 2.38(30)-x 2.64(30)+x
155Hf 1.93(36)# 1.73(36)# 4.81(43)# 0.06% [1981HoZM]
159W 1.605(36)# 1.16(36)# 6.451(4) 92+8

�23% [1996Pa01, 1981Ho10, 2019Hi06, 2011Sa59, 1981HoZM]
163Os 1.17(36)# 0.41(36)# 6.673(7) 100% [2019Hi06, 1996Pa01, 1996Bi07, 1981Ho10, 2004Ke06]
167Pt 0.74(37)# -0.42(37)# 7.160(60) 100% [2019Hi06, 1996Pa01, 1996Bi07, 1981Ho10

171Hg 0.245(37)# -1.23(37)# 7.668(15) 100% [2004Ke06]
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Table 3

direct a emission from 155Hf*, Jp = (7/2�), T1/2 = 840(30) ms**, BRa = 0.06 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(151Yb) coincident g-rays R0 (fm) HF

4.900 4.774 0.06% (1/2+) 0.0 —–

* All values from [1981HoZM], except where noted.
** [2011Sa59].

Table 4

direct a emission from 159W*, Jp = (7/2�), T1/2 = 8.2(7) ms, BRa = 92+8
�23 %.

Ea (c.m.) Ea (lab) Ip(abs) Jp
f Edaughter(155Hf) coincident g-rays R0 (fm) HF

6.457(5) 6.295(5)** 92+8
�23 % (7/2�) 0.0 —– 1.5566(82) 2.2+0.5

�0.4

* All values from [1996Pa01].
** Weighted average of 6.292(5) MeV [1996Pa01] and 6.299(6) MeV [1981Ho10].

Table 5

direct a emission from 163Os*, Jp = (7/2�), T1/2 = 6.2+1.3
�0.9ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ip(abs) Jp
f Edaughter(159W) coincident g-rays R0 (fm) HF

6.666(12) 6.503(12) 100% (7/2�) 0.0 —– 1.5537(37) 1.28(31)

* All values from [2019Hi06].
** Weighted average of 6.512(19) MeV [1996Pa01] and 6.499(12) keV [2019Hi06].

Table 6

direct a emission from 167Pt, Jp = , T1/2 = 0.90(13) ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ip(abs) Jp
f Edaughter(163Os) coincident g-rays R0 (fm) HF

7.163(7) 6.983(7)** 100% (7/2�) 0.0 —– 1.555(10) 1.5+0.4
�0.3

* Weighted average of 1.1(2) ms [2019Hi06], 0.9(3) ms [2004Ke06], and 0.91(16) ms [1996Bi07].
** Weighted average of 6.985(8) MeV [2019Hi06], 6.979(7) [2004Ke06], and 6.988(10) MeV [1996Bi07].

Table 7

direct a emission from 171Hg*, Jp = , T1/2 = 59+36
�16 µs, BRa = 100 %.

Ea (c.m.) Ea (lab) Ip(abs) Jp
f Edaughter(167Pt) coincident g-rays R0 (fm) HF

7.667(12) 7.488(12) 100% 0.0 —– 1.541(24) 0.5+0.5
�0.4

* All values from [2004Ke06].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +11/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 113Sb, 117I 121Cs, 125La, 119Pr, 133Pm, 137Eu, 141Tb, 145Ho, 149Tm are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe 2p Qe a Experimental

113Sb 5/2+ 6.67(7) m 3.911(17) -3.716(18) -9.743(17) 1.662(17) [1976Wi10]
117I (5/2+) 22.2(4) m 4.657(28) -0.906(26) -4.983(26) 5.465(26) [1985Le10]

121Cs 3/2+ 155(4) s 5.379(14) -0.644(21) -4.498(16) 5.568(20) [1991Ge02]
125La (3/2+) 64.8(12) s 5.909(28) 0.693(28) -3.089(28) 6.297(28) [1992Ic02]
129Pr (3/2+) 6.510(40) 1.563(62) -1.534(32) 7.470(32)

133Pm (3/2+) 13.5(3) s* 6.920(70) 2.531(58) -0.277(60) 8.455(58) [1995Br21, 1977Bo02]
137Eu (11/2�) 11(2) s 7.846(29) 3.735(69) 1.490(20) 9.762(47) [1982No15]
141Tb (5/2�) 3.5(2) s 8.68(11) 5.16(12) 3.26(11) 11.03(11) [1989Gi06]
145Ho (11/2�) 2.4(1) s 9.122(10) 5.959(29) 4.53(20) 11.679(21) [1989Vi02]
149Tm (11/2�) 0.9(2) s 9.80(20)# 6.76(22)# obs 5.68(20)# 11.88(20)# [1987To12]
153Lu 11/2� 0.9(2) s 8.78(25)# 6.06(14)# 5.31(15)# 12.94(15)# [1989Ni04]
157Ta 1/2+ 10.1(4) ms 9.26(25)# 6.82(14)# 6.33(15)# 15.14(25)# [1997Ir01]

157m1Ta 0.022(5) 11/2� 4.3(1) ms 9.28(25)# 6.84(14)# 6.35(15)# 15.16(25)# [1996Pa01, 1997Ir01]
157m2Ta 1.589(10) (25/2�) 1.7(1) ms 10.85(25)# 8.41(14)# 7.92(15)# 16.73(25)# [1996Pa01]

161Re 1/2+ 0.44(1) ms 9.66(25)# 7.69(14)# 7.43(15)# 15.59(25)# [1997Ir01]
161mRe 0.1238(13) 11/2� 14.8(3) ms 9.78(25)# 7.81(14)# 7.55(15)# 15.71(28)# [2006La16]

165Ir (1/2+) 10.15(26)# 8.59(15)# 8.74(17)# 16.49(26)#
165mIr 0.18(5) (11/2�) 340(40) µs 10.33(26)# 8.77(15)# 8.92(17)# 16.67(26)# [2014Dr02]
169Au <5 µs 10.68(36)# 9.59(30)# 10.13(31)# 17.53(36)# [2019Uu01]

* Weighted average of 15(3) s [1995Br21] and 12(3) s [1977Bo02].

Table 2

Particle emission from the odd-Z, Tz = +11/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp BRp S2p Qa BRa Experimental

113Sb 3.051(17) —– 10.603(18) -0.352(18) —–
117I 2.464(35) —– 8.013(30) 1.553(31)

121Cs 2.219(19) —– 7.903(26) 0.911(29)
125La 1.959(29) —– 7.294(29) 0.918(30)
129Pr 1.529(41) —– 6.455(40) 1.561(40)

133Pm 1.271(56) —– 5.685(69) 1.941(58)
137Eu 0.624(13) —– 4.662(83) 2.837(50)
141Tb 0.05(11) 3.72(11) 3.18(11)
145Ho -0.161(10) 3.279(52) 3.00(11)
149Tm -0.25(20)# 2.76(20)# 2.76(20)#
153Lu -0.606(10) 2.18(15) 3.14(25)#
157Ta -0.935(10) 3.4(12) % 1.63(15) 6.355(6) 96.6(12)% [1997Ir01, 1996Pa01]

157m1Ta -0.957(11) 1.41(16) 6.377(8) 95+5
�12% [1997Ir01, 1996Pa01, 1981HoZM, 1979Ho10]

157m2Ta -2.524(140) 0.04(18) 7.944(12) 100% [1996Pa01]
161Re -1.197(5) 100% 0.98(15) 6.328(7) 1997Ir01, 2006La16, 1996Pa01, 2011Sa59,

2001Ke05, 1979Ho10]
161mRe -1.300(14) 7.0(3) % 0.86(15) 6.162(15) 93.0(3)% 2006La16, 1997Ir01, 1996Pa01, 2011Sa59,

2001Ke05, 1995DeZY, 1981HoZM, 1979Ho10]
165Ir -1.541(50)# 0.17(16)# 6.823(50)#

165mIr -1.721(71)# 88(2)% -0.10(17)# 7.003(71)# 12(2)% [2014Dr02, 1997Da07]
169Au -1.93(33)# ⇡ 100% -0.71(30)# 7.382(34)# [2019Uu01]

Table 3

direct p emission from 157Ta*, Jp = 1/2+, T1/2 = 10.1(4) ms, BRp = 3.4(12) %.

Ep(c.m.) Ep(lab) Ip(absb) Jp
f Edaughter(156Hf) coincident g-rays

0.933(7) 0.927(7) 3.4(12)% 0+ 0.0 —–

* All values from [1997Ir01], except where noted.
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Table 4

direct a emission from 157Ta*, Jp = 1/2+, T1/2 = 10.1(4) ms, BRa = 96.6(12) %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(153Lu) coincident g-rays R0 (fm) HF

6.277(4) 6.117(4) 96.6(12)% 1/2+ 80(5) ? 1.5551(66) 0.73+0.11
�0.10

* All values from [1997Ir01].

Table 5

direct a emission from 157m1Ta*, Ex = 22(5) keV**, Jp = (11/2�), T1/2 = 4.3(1) ms, BRa = 95+5
�12%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(153Lu) coincident g-rays R0 (fm) HF

6.375(4) 6.213(4) 95+5
�12% 11/2� 0.0 —– 1.5551(66) 1.56+0.23

�0.20

* All other values from [1996Pa01], except where noted.
** [1997Ir01]

Table 6

direct a emission from 157m2Ta*, Ex = 1.589(10) MeV, Jp = (25/2�), T1/2 = 1.7(1) ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(153Lu) coincident g-rays R0 (fm) HF

7.946(8) 7.744(8) 100% 11/2� 0.0 —– 1.5551(66) 2.07(29)⇥104

* All values from [1996Pa01].

Table 7

direct p emission from 161Re*, Jp = 1/2+, T1/2 = 0.44(1) ms, BRp = 100 %.

Ep(c.m.) Ea (lab) Ip(abs) Jp
f Edaughter(160W) coincident g-rays

1.199(6) 1.192(6) 100% 0+ 0.0 —–

* All values from [1997Ir01].

Table 8

direct p emission from 161mRe*, Ex = 123.8(13) keV**, Jp = 1/2+, T1/2 = 14.8(3) ms, BRp = 7.0(3) %.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(160W) coincident g-rays

1.199(2) 1.192(2)** 7.0(3)% 0+ 0.0 —–

* All values from [2006La16], except where noted.
** [1997Ir01].

Table 9

direct a emission from 161mRe*, Ex = 123.8(13) keV**,Jp = 11/2�, T1/2 = 14.8(3) ms, BRa = 93.0(3) %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(157Ta) coincident g-rays R0 (fm) HF

6.429(6) 6.269(6)*** 93.0(3)% 11/2� 0.022 —– 1.5580(46) 1.30(13)

* All values from [2006La16], except where noted.
** [1997Ir01].
*** Weighted average of 6.265(6) MeV [1996Pa01], and 6.272(6) MeV [2006Pa01].
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Table 10

direct p emission from 165mIr, Ex = 180(50) keV*, Jp = 11/2�, T1/2 = 340(40) µs*, BRp = 88(2)%*.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(164Os) coincident g-rays

1.733(7) 1.707(7)** 88(2)%* 0+ 0.0 —–

* [2014Dr02]
** [1997Da07]

Table 11

direct a emission from 165mIr, Ex = 180(50) keV*, Jp = (11/2�), T1/2 = 340(40) µs*, BRa = 12(2)%*.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(161Re) coincident g-rays R0 (fm) HF

6.882(7) 6.715(7)** 12(2)%* 11/2� 0.1238 —– 1.551(11) 1.2+0.5
�0.4

* [2014Dr02]
** [1997Da07]
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +6 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe2p Qe a Experimental

116Te 0+ 2.50(2) h 1.558(25) -2.519(24) —– -11.272(24) 0.301(25) [1961Fi05]
120Xe 0+ 40(1) m 1.575(19) -2.279(14) —– -8.754(12) 2.225(13) [1965An05]
124Ba 0+ 10.5(5) m 2.651(15) -1.130(16) —– -7.588(14) 2.232(20) [1975Ra03]
128Ce 0+ 4.0(1) m 3.090(60) -0.005(30) —– -5.761(30) 3.782(29) [2000Li08]
132Nd 0+ 94(6) s* 3.800(40) 0.994(41) -4.376(35) 4.775(60) [1992Le09, 1995Bu11]
136Sm 0+ 47(2) s 4.360(70) 2.114(23) -2.861(24) 5.992(31) [1988Ke03]
140Gd 0+ 15.8(4) s 5.200(60) 3.309(30) -1.446(30) 6.963(75) [1991Fi03]
144Dy 0+ 9.1(5) s 5.798(29) 4.37(20) obs 0.161(31) 7.991(52) [1986Wi05]
148Er 0+ 4.6(2) s 6.510(80) 5.428(14) obs 1.707(46) 8.464(30) [1988To03]

152Yb 0+ 3.03(6) s 5.45(14) 4.71(15) 1.010(15) 9.30(17) [1987To02]
156Hf 0+ 23(1) ms 5.88(14) 5.39(15) 2.03(15) 11.48(16) [1996Pa01]

156mHf 1.952(6)** 8+ 520(10) µs 7.83(15) 7.34(16) 3.98(16) 13.43(17) [2018Pa37]
160W 0+ 91(5) ms 6.49(14) 6.24(15) 3.31(15) 11.95(16) [1996Pa01]
164Os 0+ 21(1) ms 7.05(14) 7.20(16) 4.78(16) 12.97(16) [1996Pa01]
168Pt 0+ 2.04(16) ms*** 7.66(14) 8.20(17) 6.25(17) 14.04(16) [2009Gi06, 2004Ke06,

1998Ki20, 1996Bi07]
172Hg 0+ 231(9) µs 8.26(14) 9.12(17) 7.54(18) 15.18(16) [2009Sa27]

* Weighted average of 105(10) s [1992Le09] and 88(7) s [1995Bu11].
** Deduced from a center of mass energies of the isomer (7980(5) MeV) [2018Pa37] and ground state (6.028(4)MeV) [1996Pa01] decays, that both feed the

ground state of 152Yb.
*** Weighted average of 1.98(16) ms [2009Gi06], 2.1(2) ms [2004Ke06], 2.0(2) ms [1998Ki20], and 2.0(4) ms [1996Bi07].

Table 2

Particle separation and emission from the even-Z, Tz = +6 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or
deduced from values therein.

Nuclide Sp BRp S2p Qa BRa Experimental

116Te 5.549(29) —– 9.282(248) 0.966(24)
120Xe 5.684(25) —– 9.060(22) 0.666(27)
124Ba 5.335(17) —– 8.313(17) 0.658(17)
128Ce 4.927(38) —– 7.442(31) 1.131(31)
132Nd 4.414(53) —– 6.581(37) 1.683(37)
136Sm 4.038(84) —– 5.742(17) 2.190(27)
140Gd 3.673(31) —– 4.862(30) 2.604(31)
144Dy 3.440(52) —– 4.189(29) 2.787(29)
148Er 3.011(11) —– 3.502(12) 2.666(13)

152Yb 2.79(15) —– 3.02(15) 2.78(15)
156Hf 2.56(15) —– 2.47(15) 6.026(3) 100% [1996Pa01, 2018Pa37, 2011Da12, 1981HoZM, 1979Ho10, 1978ReZZ]

156mHf 0.61(16) —– 0.52(16) 7.978(7) 100% 2018Pa37, 1996Pa01, 2011Da12, 1981HoZM]
160W 2.18(15) —– 1.81(15) 6.066(5) 87(8)% [1996Pa01, 1981Ho10, 1979Ho10, 1978ReZZ]
164Os 1.71(15) —– 1.00(15) 6.479(5) 96+4

�5% [2008Bi15, 1996Pa01, 1996Bi07, 1981Ho10]
168Pt 1.23(15) —– 0.16(15) 6.990(3) ⇡ 100%* [2009Gi06, 2004Ke06, 1998Ki20, 1996Bi07, 1981Ho10]

172Hg 0.79(15) —– -0.66(15) 7.524(6) 100%* [2009Sa27, 2004Ke06, 1999Se14, 1998NiZW]

* Not measured, deduced from half-life.

Table 3

direct a emission from 156Hf*, Jp = 0+, T1/2 = 23(1) ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(152Yb) coincident g-rays R0 (fm) HF

6.028(4) 5.873(4) 100% 0+ 0.0 —– 1.5536(31) 0.99(4)

* All values from [1996Pa01].
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Table 4

direct a emission from 156mHf*, Ex = 1.952(6) MeV**, Jp = 8+, T1/2 = 520(10) µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(152Yb)*** coincident g-rays*** R0 (fm) HF

6.098(15) 5.942(15) 0.0038(23)% 0.0038(23)% 3� 1.8901(6) 1.531, 0.359 1.5536(31) 1.0+1.6
�0.4⇥103

6.439(15) 6.274(15) 0.0064(30)% 0.0064(30)% 2+ 1.5314(5) 1.531 1.5536(31) 1.1+1.0
�0.4⇥104

7.980(5) 7.775(5) 100% 99.990(4)% 0+ 0.0 —– 1.5536(31) 1.65(3)⇥104

* All values from [2018Pa37], unless otherwise noted.
** Deduced from a center of mass energies of the isomer (7980(5) MeV) [1996Pa37] and ground state (6.028(4)MeV) [1996Pa01] decays, that both feed the

ground state of 152Yb.
*** Values taken from [2013Ma77].

Table 5

direct a emission from 160W*, Jp = 0+, T1/2 = 91(5) ms, BRa = 87(8)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(156Hf) coincident g-rays R0 (fm) HF

6.072(10) 5.920(10) 100% 0+ 0.0 —– 1.5533(77) 1.06(11)

* All values from [1996Pa01].

Table 6

direct a emission from 164Os*, Jp = 0+, T1/2 = 21(1) ms, BRa = 96+4
�5%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(160W) coincident g-rays R0 (fm) HF

6.479(7) 6.321(7) 96+4
�5% 0+ 0.0 —– 1.5504(56) 0.95(6)

* All values from [1996Pa01], except where noted.
** [2008Bi05].

Table 7

direct a emission from 168Pt, Jp = 0+, T1/2 = 2.04(16) ms*, BRa = ⇡ 100%***.

Ea (c.m.) Ea (lab)** Ia (abs) Jp
f Edaughter(164Os) coincident g-rays R0 (fm) HF

6.987(3) 6.821(3) ⇡ 100% 0+ 0.0 —– 1.5578+45
�42 0.97(8)

* Weighted average of 1.98(16) ms [2009Gi06], 2.1(2) ms [2004Ke06], 2.0(2) ms [1998Ki20], and 2.0(4) ms [1996Bi07].
** Weighted average of 6.823(3) MeV [2009Gi06], and 6.820(4) MeV [2004Ke06].
*** Not measured, deduced from half-life.

Table 8

direct a emission from 172Hg*, Jp = 0+, T1/2 = 231(9) µs, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(168Pt) coincident g-rays R0 (fm) HF

7.523(7) 7.348(7) 100% 0+ 0.0 —– 1.5574(32) 0.99(4)

* All values from [2009Sa27].
** Not measured, deduced from half-life.
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +6 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +6 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. J|pi values for 110In, 114Sb, 118I, 122Cs, 126La, 130Pr, 134Pm, 138Eu are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe2p Qe a Experimental

110In 7+ 4.9(1) h 3.878(12) -5.040(12) —– -11.524(12) 1.013(12) [1975Bu24]
114Sb 3+ 3.51(4) m 6.063(20) -2.418(20) —– -8.500(20) 3.426(20) [1976Wi10]

118I 2� 14.3(1) m 6.720(27) 0.380(21) -4.023(20) 7.164(20) [1969Ha03]
122Cs 1+ 21.18(19) s 7.210(40) 0.812(34) -3.361(34) 7.121(38) [1993Al03]
126La 54(2) s 7.700(90) 1.827(91) -1.884(91) 7.957(91) [2002Ko02]
130Pr (5+) 40.0(4) s 8.250(70) 2.859(68) -0.384(64) 9.070(65) [1988Ba42]

134Pm (2+) ⇡5 s 8.880(40) 3.885(44) 1.127(47) 10.234(50) [1988KeZX]
138Eu (6-) 12.1(6) s 9.750(30) 5.034(31) 2.872(30) 11.472(30) [1985Ch25]
142Tb 1+ 597(17) ms 10.40(70) 6.08(70) 0.0022(11)% 4.32(70) 12.51(70) [1991Fi03]
146Ho (6-) 2.8(5) s 11.317(9) 7.87(11) obs 5.943(29) 13.296(29) [2010Ma37, 2011MaZL,

1986Wi05, 1988ToZW,
1988WiZN, 1986Wi15,
1987WiZM]

150Tm (6�) 2.20(7) s 11.34(20)# 7.87(20)# 1.2(3)% 6.79(20)# 13.64(20)# [1988Ni02]
154Lu (2�) 10.27(20)# 7.02(20)# 6.26(20)# 15.74(20)#

154mLu x (9+) 1.16(5) s 10.27(20)#+x 7.02(20)#+x ⇡0.06% 6.26(20)#+x 15.74(20)#+x [1988Vi02]
158Ta (2�) 46(4) ms 10.98(20)# 8.03(20)# 7.57(20)# 16.39(20)# [2014Ca03]

158m1Ta 0.1408(87) (9+) 35(1) ms 11.12(20)# 8.17(20)# 7.74(20)# 16.53(22)# [1996Pa01]
158m2Ta 2.8055(4) (19�) 6.1(1) µs 13.79(20)# 10.84(20)# 10.38(20)# 19.20(20)# [2014Ca04]

162Re (2�) 107(13) ms 11.55(20)# 9.04(20)# 8.91(20)# 17.22(20) [1997Da07]
162mRe 0.1723(80) (9+) 76(6) ms* 11.72(20)# 9.21(20)# 9.08(20)# 17.39(22) [2016Ca15]

166Ir (2�) 10.5(22) ms 12.13(20)# 10.07(20)# 10.35(20)# 18.27(20) [1997Da07]
166mIr 0.1715(61) (9+) 15.1(9) ms 12.30(20)# 10.24(20)# 10.52(20)# 18.44(20) [1997Da07]
170Au (2�) 286+50

�40 µs 12.60(20)# 11.10(20)# 11.71(20)# 19.30(20) [2004Ke06]
170mAu 0.282(10) (9+) 617+50

�40 µs 12.82(20)# 11.38(20)# 11.99(20)# 19.58(20) [2004Ke06]

* Weighted average of 66(7) ms [1996Pa01] and 84.6(62) ms [1997Da07].

Table 2

Particle emission from the odd-Z, Tz = +6 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp BRp S2p Qa BRa Experimental

110In 5.255(12) —– 13.44(11) -1.952(12) —–
114Sb 3.457(20) —– 11.084(20) -0.452(23) —–

118I 3.165(24) —– 8.727(20) 1.101(28)
122Cs 2.953(35) —– 8.976(37) 0.401(39)
126La 2.593(91) —– 7.810(91) 0.746(97)
130Pr 2.177(70) —– 7.128(84) 1.37(11)

134Pm 1.720(63) —– 6.114(51) 1.987(77)
138Eu 1.047(40) —– 5.158(75) 2.589(50)
142Tb 0.62(70) —– 4.15(70) 2.77(70)
146Ho 0.285(9) —– 3.448(29) 2.90(70)
150Tm 0.04(20)# 3.08(21)# 2.32(20)#
154Lu -0.204(14)# 2.52(21)# 4.40(28)#

154mLu -0.204(14)#-x 2.52(21)#-x 4.40(28)#+x
158Ta -0.448(13) 2.00(21)# 6.124(4) ⇡ 100% [2014Ca03, 1997Da07, 1996Pa01, 1981HoZM, 1978ReZZ]

158m1Ta* -0.4589(16) 2.14(23)# 6.265(10) ⇡ 100% [2019Pa27, 1996Pa01, 2014Ca03, 1997Da07, 2015Ca04, 2016Ca15,
1981HoZM]

158m2Ta** -3.254(13) -0.67(21)# 8.930(4) 1.4(2)% 2016Ca15, 2014Ca03, 1997Da07, 1996Pa01, 1979Ho10, 1981HoZM,
1978ReZZ]

162Re -0.765(11) 1.21(21)# 6.240(5) ⇡100%* [1997Da07]
162mRe*** -0.937(19) 1.04(22)# 6.412(9) 91(5)%** [2016Ca15, 1997Da07, 1996Pa01, 1979Ho10, 1981HoZM, 1978ReZZ]

166Ir -1.152(8) 6.9(29)% 0.41(21)# 6.722(6) 93.1(29)% [1997Da07, 1996Pa01, 2004Ke06, 1981Ho10, 1995DaZX, 1981HoZM]
166mIra -1.324(10) 1.76(58)% 0.24(21)# 6.894(8) 98.24(58)% [1997Da07, 1996Pa01, 2004Ke06, 1981Ho10, 1995DaZX, 1981HoZM]

170Au -1.472(12) 89(10)% -0.39(21)# 7.177(15) 11(10)% [2004Ke06, 2002LeZZ]
170mAub -1.754(16) 58(5)% -0.67(21)# 7.459(18) 42(5)% [2004Ke06, 2002Ma61, 2002LeZZ, 2003SeZZ, 2001DaZU]

* No evidence for a-decay from 162W (arising from the b -decay of 162Re were observed [1997Da07].
** Weighted average of 85(9)% [1996Pa01] and 94(6)% [1997Da07].

2



Table 3

direct a emission from 158Ta*, Jp = (2�), T1/2 = 46(4) ms, BRa ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (absb) Jp
f Edaughter(154Lu) coincident g-rays R0 (fm)** HF

6.123(5) 5.968(5) 100% (2�) 0.0 —– 1.5534(83) 1.76(34)

* All values from [2014Ca03]
** Interpolated between 1.5535(31) fm 156Hf and 1.5533(77) fm 160W.

Table 4

direct a emission from 158m1Ta*, Ex = 140.8(87) keV, Jp = , T1/2 = 35(1) ms**, BRa ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(154Lu) coincident g-rays R0 (fm)@ HF

6.136(4) 5.981(4) 0.1031(25)% 0.099(24)% (8,9,10+) 0.126(11)*** 0.060 1.5534(83) 1.5+0.7
�0.5⇥103

6.177(4) 6.021(4) 2.8(5)% 2.7(5)% (8+) 0.088(11)*** 0.022 1.5534(83) 78+27
�21

6.198(4) 6.041(4) 100% 96+2
�13% (9+) 0.066(11)*** 1.5534(83) 2.7+0.8

�0.6

* All values from [2019Pa27], except where noted.
** [1996Pa01].
*** Deduced from a energy.
@ Interpolated between 1.5535(31) fm 156Hf and 1.5533(77) fm 160W.

Table 5

direct a emission from 158m2Ta*, Ex = 2805.5(4) keV, Jp = (19�), T1/2 = 6.1(1) µs, BRa = 1.4(2)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(154Lu) coincident g-rays R0 (fm)*** HF

8.869(11) 8.644(11) 1.4(2)% (9+) 0.066(11)** 1.5534(83) 6.5(11)⇥103

* All values from [2014Ca03].
** Deduced from a energy.
*** Interpolated between 1.5535(31) fm 156Hf and 1.5533(77) fm 160W.

Table 6

direct a emission from 162Re*, Jp = (2�), T1/2 = 107(13) ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(158Ta) coincident g-rays R0 (fm)** HF

6.239(5) 6.086(5) 100% (2�) 0.0 —– 1.5519(83) 1.7+0.4
�0.3

* All values from [1997Da07].
** Interpolated between 1.5533(77) fm 160W and 1.5504(56) 164Os.

Table 7

direct a emission from 162mRe*, Ex = 172.3(80) keV***, Jp = , T1/2 = 76(6) ms**, BRa = 91(5) %@.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(158Ta) coincident g-rays R0 (fm)@@@ HF

6.190(16) 6.037(16) ⇡ 0.3% ⇡ 0.3%@@ (10+) 0.207(18) 0.066 1.5519(83) ⇡240
6.271(5) 6.116(5) 100% 100% (9+) 0.141(9) —– 1.5519(83) 1.7(4)

* All values from [2016Ca15], except where noted.
** Weighted average of 66(7) ms [1996Pa01] and 84.6(62) ms [1997Da07].
*** Deduced by evaluator from Fig 2 in [2016Ca15].
@ Weighted average of 85(9)% [1996Pa01] and 94(6)% [1997Da07].
@@ [1997Da07]
@@@ Interpolated between 1.5533(77) fm 160W and 1.5504(56) 164Os.
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Table 8

direct p emission from 166Ir*, Jp = (2�), T1/2 = 10.5(22) ms, BRp = 6.9(29)%.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(165Os) coincident g-rays

1.152(8) 1.145(8) 6.9(29)% (7/2�) 0.0 —–

* All values from [1997Da07].

Table 9

direct a emission from 166Ir*, Jp = , T1/2 = 10.5(22) ms, BRa = 93.1(29)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(162Re) coincident g-rays R0 (fm)** HF

6.724(6) 6.562(6) 93.1(29)% (2�) 0.0 —– 1.5541(72) 1.6(4)

* All values from [1997Da07].
** Interpolated between 1.5504(56) 164Os and 1.5578(45) 168Pt.

Table 10

direct p emission from 166mIr*, Ex = 171.5(61) keV, Jp = (9+), T1/2 = 15.1(9) ms, BRp = 1.76(58)%.

Ep(c.m.) Ep(lab) Ip(abs) Edaughter(165Os) coincident g-rays

1.340(8) 1.316(8) 1.76(58)% (2�) 0.0 —–

* All values from [1997Da07].

Table 11

direct a emission from 166mIr*, Ex = 171.5(61) keV, Jp = (9+), T1/2 = 15.1(9) ms, BRa = 98.24(58)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(162Re) coincident g-rays R0 (fm)** HF

6.723(5) 6.561(5) 98.24(58)% (9+) 0.172(8) 1.5541(72) 2.2(4)

* All values from [1997Da07].
** Interpolated between 1.5504(56) 164Os and 1.5578(45) 168Pt.

Table 12

direct p emission from 170Au*, Jp = (2�), T1/2 = 286+50
�40 µs, BRp = 89(10)%.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(169Pt) coincident g-rays

1.472(12) 1.463(12) 89(10)% (7/2�) 0.0 —–

* All values from [2004Ke06].

Table 13

direct a emission from 170Au*, Jp = (2�), T1/2 = 286+50
�40 µs, BRa = 11(10)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(166Ir) coincident g-rays R0 (fm)** HF

7.170(10) 7.001(10) 89(10)% (2�) 0.0 —– 1.5576(55) 2+25
�1

* All values from [2004Ke06].
** Interpolated between 1.5578(45) 168Pt and 1.5574(32) 172Hg.

Table 14

direct p emission from 170mAu*, Ex = 282(10) keV, Jp = (9+), T1/2 = 617+50
�40 µs, BRp = 58(5)%.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(169Pt) coincident g-rays

1.753(6) 1.743(6) 58(5)% (7/2�) 0.0 —–
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* All values from [2004Ke06].

Table 15

direct a emission from 170mAu*, Ex = 282(10) keV, Jp = (9+) , T1/2 = 617+50
�40 µs, BRa = 42(5)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(166Ir) coincident g-rays R0 (fm)** HF

7.278(6) 7.107(6) 42(5)% (9+) 0.172(6) 1.5576(55) 1.2(4)

* All values from [2004Ke06].
** Interpolated between 1.5578(45) 168Pt and 1.5574(32) 172Hg.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +13/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe2p Qe a Experimental

117Te 1/2+ 61(2) m 3.544(13) -0.858(13) —– -10.137(13) 1.847(13) [1961Fi05]
121Xe (5/2+) 38.8(6) m 3.765(11) -0.408(10) —– -7.583(12) 3.734(13) [1969Bu07]
125Ba 1/2+ 3.3(4) m* 4.421(13) 0.709(11) -6.304(12) 4.152(12) [1975Ar31, 1968Da09]
129Ce (5/2+) 3.5(3) m 5.040(40) 1.793(28) -4.625(28) 5.377(29) [1993Al03]
133Nd (7/2+) 70(10) s 5.610(50) 2.847(51) -3.141(54) 6.566(51) [1977Bo02]
137Sm (9/2�) 45(1) s 6.080(30) 3.919(31) -1.634(31) 7.521(31) [1983AlZO]
141Gd 1/2+ 14(4) s 6.701(23) 4.943(23) 0.3(1)% -0.301(24) 8.424(24) [1989Gi06, 1986Wi15]
145Dy (1/2+) 6(2) s 8.16(11) 6.228(29) ⇡50% 1.421(13) 9.258(14) [1993To04, 1984ScZT]
149Er (1/2+) 4(2) s 7.900(30) 6.829(29) 7(2)% 2.423(29) 10.23(11) [1989Fi01, 1984ScZT]

149mEr* 0.7418(2) (11/2�) 8.9(2) s 8.642(30) 7.571(29) 0.18(7)% 3.165(29) 10.97(11) [1989Fi01, 1984To07, 1984ScZT]
153Yb 7/2� 4.2(2) s 6.81(20)# 6.05(20)# 0.008(2)% 1.89(20)# 12.06(20)# [1988Wi05]
157Hf (7/2�) 115(1) s 7.59(20)# 7.12(20)# 3.19(20)# 12.69(20)# [1996Pa01]
161W 409(18) ms 8.27(20)# 8.14(20)# 4.62(20)# 13.51(20)# [1996Pa01]
165Os (7/2�) 21(1) ms 8.91(20)# 9.20(20)# 6.21(20)# 14.61(20)# [1996Pa01]
169Pt (7/2�) 7.0(2) ms 9.63(20)# 10.24(20)# 7.79(20)# 15.77(20)# [2004Ke04]

173Hg (7/2�) 0.80(8) ms 10.17(20)# 11.16(20)# 9.17(20)# 17.001(20)# [2012Od01]

* Weighted average of 3.5(4) m [1975Ar31] and 3.0(5) m 1968Da09].

Table 2
Particle emission from the even-Z, Tz = +13/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp S2p Qa BRa Experimental

117Te 5.562(14) 9.640(13) 0.808(14)
121Xe 6.023(18) 9.876(13) 0.190(17)
125Ba 5.217(14) 8.999(15) 0.387(15)
129Ce 4.951(61) 8.047(30) 0.957(30)
133Nd 4.394(55) 7.202(57) 1.530(54)
137Sm 4.111(75) 6.356(34) 1.916(55)
141Gd 3.527(55) 5.422(23) 2.343(35)
145Dy 3.163(29) 4.59(20) 2.557(21)
149Er 3.039(88) 4.12(29) 2.076(29)

149mEr 3.781(88) 4.86(29) 2.818(29)
153Yb 2.73(21)# 3.47(20)# 4.16(20)#
157Hf 2.44(21)# 2.93(20)# 5.880(3) 94(5)%* [1996Pa01. 1979Ho10, 1989Wo02, 1981HoZM]

1973Ea01, 1965Ma14]
161W 1.972(208)# 2.23(20)# 5.923(4) 73(3)% [1996Pa01. 1981Ho10, 1989Ho02, 1981HoZM]
165Os 1.563(208)# 1.42(21)# 6.335(6) 90(2)% [2008Bi15, 1996Pa01. 2013Dr06, 2002Pa03

[1997Da07, 1991Se01, 1981Ho10, 1978Ca11,
1978CaZF, 1977Ca23]

169Pt 1.087(208)# 0.54(22)# 6.858(5) ⇡ 100% [2004Ke06, 1999Se14, 2012Od01, 2009Go16]
[2008Bi15, 1996Pa01, 1981Ho10]

173Hg 0.632(208)# -0.23(22)# 7.378(4) 100% [2012Od01, 2009Sa27, 2004Ke04, 1999Se14]
[1998NiZW]

* Weighted average of 95(5)% [1996Pa01] and 91(7)% [1979Ho10].

Table 3
direct a emission from 157Hf, T1/2= 115(1) s*, BRa = 94(5)%**.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(153Yb) coincident g-rays R0 (fm) HF

5.881(4) 5.731(4)*** 94(5)%** 0.0 —– 1.5573(31) 1643(14)

* [1996Pa01]
** Weighted average of 95(5)% [1996Pa01] and 91(7)% [1979Ho10].
** Weighted average of 5.729(4) MeV [1996Pa01] and 5.735(5) MeV [1979Ho10].
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Table 4
direct a emission from 161W*, T1/2= 409(18) ms, BRa = 73(3)%.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(157Hf) coincident g-rays R0 (fm) HF

5.923(5) 5.776(5)** 73(3)% 0.0 —– 1.5636(62) 1.80+0.28
�0.24

* All values from [1996Pa01], except where noted.
** Weighted average of 5.775(5) MeV [1996Pa01] and 5.777(5) MeV [1979Ho10], adjusted to 5.776(5) in [1991Ry01].

Table 5
direct a emission from 165Os*, T1/2= 21(1) ms, BRa = 90(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(161W) coincident g-ray R0 (fm) HF

6.342(7) 6.188(7) 90(2)%** 0.0 —– 1.5570(38) 0.41(4)

* All values from [1996Pa01], except where noted.
** [2008Bi15].

Table 6
direct a emission from 169Pt*, T1/2= 7.0(2) ms, BRa = ⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(165Os) coincident g-rays R0 (fm) HF

6.853(3) 6.691(3) ⇡ 100%** 0.0 —– 1.5602(24) 1.37(8)

* All values from [2004Ke06], except where noted.
** [1999Se14].

Table 7
direct a emission from 173Hg*, T1/2= 800(80) µs, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(169Pt) coincident g-rays R0 (fm) HF

7.379(5) 7.208(5) 100% 0.0 —– 1.5524(75) 1.22+0.23
�0.21

* All values from [2010Od01].

References used in the Tables

[1] 1961Fi05 R. W. Fink, G. Andersson, J. Kantele, Arkiv Fysik 19, 323 (1961).

[2] 1965Ma14 R. D. Macfarlane, Phys. Rev. 137, B1448 (1965). https://doi.org/10.1103/PhysRev.137.B1448

[3] 1968Da09 J. M. D’Auria, H. Bakhru, I. L. Preiss, Phys. Rev. 172, 1176 (1968). https://doi.org/10.1103/PhysRev.172.1176

[4] 1969Bu07 V. R. Burmistrov, V. A. Shilin, Yadern. Fiz. 9, 673 (1969); Soviet J. Nucl. Phys. 9, 389 (1969)

[5] 1973Ea01 D. A. Eastham, I. S. Grant, Nucl. Phys. A208, 119 (1973).

[6] 1975Ar31 R. Arlt, A. Jasinski, W. Neubert, H. -G. Ortlepp, Acta Phys.Pol. B6, 433 (1975).

[7] 1977Bo02 D. D. Bogdanov, A. V. Demyanov, V. A. Karnaukhov, L. A. Petrov, A. Plochocki, V. G. Subbotin, J. Voboril, Nucl.
Phys. A275, 229 (1977). https://doi.org/10.1016/0375-9474(77)90285-8

[8] 1977Ca23 C. Cabot, S. Della Negra, C. Deprun, H. Gauvin, Y. Le Beyec, Z. Phys. A283, 221 (1977).
https://doi.org/10.1007/BF01418716

[9] 1978Ca11 C. Cabot, S. Della Negra, C. Deprun, H. Gauvin, Y. Le Beyec, Z. Phys. A287, 71 (1978).
https://doi.org/10.1007/BF01408363

[10] 1978CaZF C. Cabot, S. Della Negra, C. Deprun, H. Gauvin, Y. Le Beyec, Univ. Paris, Inst. Nucl. Phys. , Ann. Rept. , p. R3
(1978).

[11] 1979Ho10 S. Hofmann, W. Faust, G. Munzenberg, W. Reisdorf, P. Armbruster, K. Guttner, H. Ewald, Z. Phys. A291, 53
(1979). https://doi.org/10.1007/BF01415817

3



[12] 1981Ho10 S. Hofmann, G. Munzenberg, F. Hessberger, W. Reisdorf, P. Armbruster, B. Thuma, Z. Phys. A299, 281 (1981).
https://doi.org/10.1007/BF01443948

[13] 1981HoZM S. Hofmann, G. Munzenberg, W. Faust, F. Hessberger, W. Reisdorf, J. R. H. Schneider, P. Armbruster, K. Guttner,
B. Thuma, Proc. Int. Conf. Nuclei Far from Stability, Helsingor, Denmark, Vol. 1, p. 190 (1981); CERN-81-09 (1981).

[14] 1983AlZO G. D. Alkhazov, N. Ganbaatar, K. Ya. Gromov, V. G. Kalinnikov, Ya. Kormitski, K. A. Mezilev, Yu. N. Novikov,
A. M. Nurmukhamedov, A. Potempa, E. Senyavski, F. Tarkani, Program and Theses, Proc. 33rd Ann. Conf. Nucl. Spectrosc.
Struct. At. Nuclei, Moscow, p. 97 (1983)

[15] 1984ScZT D. Schardt, P. O. Larsson, R. Kirchner, O. Klepper, V. T. Koslowsky, E. Roeckl, K. Rykaczewski, P. Kleinheinz,
K. Zuber, Proc. Intern. Conf. Atomic Masses and Fundamental Constants, 7th, Darmstadt-Seeheim, p. 229, (1984).

[16] 1984To07 K. S. Toth, D. M. Moltz, E. C. Schloemer, M. D. Cable, F. T. Avignone III, Y. A. Ellis-Akovali, Phys. Rev. C30,
712 (1984). https://doi.org/10.1103/PhysRevC.30.712

[17] 1986Wi15 P. A. Wilmarth, J. M. Nitschke, R. B. Firestone, J. GilatZ. Phys. A325, 485 (1986).

[18] 1988Wi05 P. A. Wilmarth, J. M. Nitschke, K. Vierinen, K. S. Toth, M. Kortelahti, Z. Phys. A329, 503 (1988).

[19] 1989Fi01 R. B. Firestone, J. M. Nitschke, P. A. Wilmarth, K. Vierinen, J. Gilat, K. S. Toth, Y. A. Akovali, Phys. Rev. C39,
219 (1989). https://doi.org/10.1103/PhysRevC.39.219

[20] 1989Gi06 J. Gilat, J. M. Nitschke, P. A. Wilmarth, R. B. Firestone, Phys. Rev. C40, 2249 (1989).
https://doi.org/10.1103/PhysRevC.40.2249

[21] 1989Ho02 C. J. Horowitz, J. Piekarewicz, Phys. Rev. Lett. 62, 391 (1989). https://doi.org/10.1103/PhysRevLett.62.391

[22] 1989Wo02 P. J. Woods, S. J. Bennett, M. Freer, B. R. Fulton, R. D. Page, K. A. Connell, R. A. Cunningham, J. Groves,
J. Simpson, A. N. James, M. A. C. Hotchkis, W. D. M. Rae, Nucl. Instrum. Methods Phys. Res. A276, 195 (1989).
https://doi.org/10.1016/0168-9002(89)90632-3

[23] 1991Ry01 A. Rytz, At. Data Nucl.Data Tables 47, 205 (1991). https://doi.org/10.1016/0092-640X(91)90002-L

[24] 1991Se01 P. J. Sellin, P. J. Woods, R. D. Page, S. J. Bennett, R. A. Cunningham, M. Freer, B. R. Fulton, M. A. C. Hotchkis,
A. N. James, Z. Phys. A338, 245 (1991). https://doi.org/10.1007/BF01284803

[25] 1993Al03 G. D. Alkhazov, L. H. Batist, A. A. Bykov, F. V. Moroz, S. Yu. Orlov, V. K. Tarasov, V. D. Wittmann, Z. Phys.
A344, 425 (1993). https://doi.org/10.1007/BF01283198

[26] 1993To04 K. S. Toth, D. C. Sousa, J. M. Nitschke, K. S. Vierinen, P. A. Wilmarth, Phys. Rev. C48, 436 (1993).
https://doi.org/10.1103/PhysRevC.48.436

[27] 1996Pa01 R. D. Page, P. J. Wood, R. A. Cunningham, T. Davinson, N. J. Davis, A. N. James, K. Livingston, P. J. Sellin, A.
C. Shotter, Phys. Rev. C53, 660 (1996). https://doi.org/10.1103/PhysRevC.53.660

[28] 1997Da07 C. N. Davids, P. J. Woods, J. C. Batchelder, C. R. Bingham, D. J. Blumenthal, L. T. Brown, B. C. Busse, L. F.
Conticchio, T. Davinson, S. J. Freeman, D. J. Henderson, R. J. Irvine, R. D. Page, H. T. Penttila, D. Seweryniak, K. S. Toth, W.
B. Walters, B. E. Zimmerman, Phys. Rev. C55, 2255 (1997). https://doi.org/10.1103/PhysRevC.55.2255

[29] 1998NiZW D. Nisius, M. P. Carpenter, D. Seweryniak, L. T. Brown, L. Conticchio, C. Davids, R. V. F. Janssens, P. J. Woods,
C. R. Bingham, J. Wauters, ANL-98/24 (Physics Division Ann. Rept. , 1997), p. 14 (1998).

[30] 1999Se14 D. Seweryniak, J. Uusitalo, M. P. Carpenter, D. Nisius, C. N. Davids, C. R. Bingham, L. T. Brown, L. Conticchio,
D. J. Henderson, R. V. F. Janssens, W. B. Walters, J. Wauters, P. J. Woods, Phys. Rev. C60, 031304 (1999); Erratum Phys. Rev.
C61, 039902 (2000). https://doi.org/10.1103/PhysRevC.60.031304

[31] 2002Pa03 A. Parreno, A. Ramos, C. Bennhold, Phys. Rev. C 65, 015205 (2002). https://doi.org/10.1103/PhysRevC.65.015205

[32] 2004Ke06 H. Kettunen, T. Enqvist, T. Grahn, P. T. Greenlees, P. Jones, R. Julin, S. Juutinen, A. Keenan, P. Kuusiniemi, M.
Leino, A. -P. Leppanen, P. Nieminen, J. Pakarinen, P. Rahkila, J. Uusitalo, Phys. Rev. C 69, 054323 (2004).

[33] 2008Bi15 L. Bianco, R. D. Page, D. T. Joss, J. Simpson, B. Cederwall, M. B. Gomez Hornillos, P. T. Greenlees, B. Hadinia,
U. Jakobsson, P. M. Jones, R. Julin, S. Ketelhut, M. Labiche, M. Leino, M. Nyman, E. S. Paul, M. Petri, P. Peura, A. Puurunen,
P. Rahkila, P. Ruotsalainen, M. Sandzelius, P. J. Sapple, J. Saren, C. Scholey, J. Thomson, J. Uusitalo, Nucl. Instrum. Methods
Phys. Res. A597, 189 (2008). https://doi.org/10.1140/epja/i2002-10338-7

[34] 2009Go16 M. B. Gomez Hornillos, D. O’Donnell, J. Simpson, D. T. Joss, L. Bianco, B. Cederwall, T. Grahn, P. T. Greenlees,
B. Hadinia, P. Jones, R. Julin, S. Juutinen, S. Ketelhut, M. Labiche, M. Leino, M. Nyman, R. D. Page, E. S. Paul, M. Petri, P.
Peura, P. Rahkila, P. Ruotsalainen, M. Sandzelius, P. J. Sapple, J. Saren, C. Scholey, J. Sorri, J. Thomson, J. Uusitalo, Phys. Rev.
C 79, 064314 (2009). https://doi.org/10.1103/PhysRevC.79.064314

4



[35] 2009Sa27 M. Sandzelius, E. Ganioglu, B. Cederwall, B. Hadinia, K. Andgren, T. Back, T. Grahn, P. Greenlees, U. Jakobsson,
A. Johnson, P. M. Jones, R. Julin, S. Juutinen, S. Ketelhut, A. Khaplanov, M. Leino, M. Nyman, P. Peura, P. Rahkila, J. Saren,
C. Scholey, J. Uusitalo, R. Wyss, Phys. Rev. C 79, 064315 (2009). https://doi.org/10.1103/PhysRevC.79.064315

[36] 2012Od01 D. O’Donnell, R. D. Page, C. Scholey, L. Bianco, L. Capponi, R. J. Carroll, I. G. Darby, L. Donosa, M. Drummond,
F. Ertugral, T. Grahn, P. T. Greenlees, K. Hauschild, A. Herzan, U. Jakobsson, P. Jones, D. T. Joss, R. Julin, S. Juutinen,
S. Ketelhut, M. Labiche, M. Leino, A. Lopez-Martens, K. Mulholland, P. Nieminen, P. Peura, P. Rahkila, S. Rinta-Antila, P.
Ruotsalainen, M. Sandzelius, J. Saren, B. Saygi, J. Simpson, J. Sorri, A. Thornthwaite, J. Uusitalo, Phys. Rev. C 85, 054315
(2012). https://doi.org/10.1103/PhysRevC.85.054315

[37] 2013Dr06 M. C. Drummond, D. T. Joss, R. D. Page, J. Simpson, D. O’Donnell, K. Andgren, L. Bianco, B. Cederwall, I. G.
Darby, S. Eeckhaudt, M. B. Gomez Hornillos, T. Grahn, P. T. Greenlees, B. Hadinia, P. M. Jones, R. Julin, S. Juutinen, S. Ketel-
hut, A. -P. Leppanen, M. Leino, M. Nyman, J. Pakarinen, P. Rahkila, M. Sandzelius, P. J. Sapple, J. Saren, B. Saygi, C. Scholey,
J. Sorri, J. Thomson, J. Uusitalo, M. Venhart, Phys. Rev. C 87, 054309 (2013). https://doi.org/10.1103/PhysRevC.87.054309

[38] 2021Wa16 M. Wang, W. J. Huang, F. G. Kondev, G. Audi, S. Naimi, Chin. Phys. C 45, 030003 (2021). https://doi.org/
10.1088/1674-1137/abddaf

5



147Ho

Odd Z
Tz = +13/2

119Te

119I
5/2+ 
19 m

Qεp  = -3.070 MeV
Qε    =  3.831 MeV

1/2+
16 h

Qεp  =  4.718 MeV
Qε   = 10.05 MeV
  Q    = 2.237 MeV
  Sp  = 0.491 MeV

151Tm

123Cs
1/2+

5.87 m

123Xe
(1/2+)
2.1 h

127La
(11/2-)
5.1 m

127Ba
1/2+

12.7 m

(11/2-)
4.13 s

(11/2-)
70 ms

163Re

(1/2+)
390 ms

(11/2-)
214 ms

151Er

155Yb
(7/2-)
1.8 s

isomer = 258(13) keV
Qεp  =  8.33# MeV
Qε   = 16.512 MeV
  Q    = 7.085 MeV
  Sp  = -1.448 MeV
  p (isomer) 40(4)%
      p (g. s.) = 100%
         (g. s.) = 60(4)%

131Pr

135Pm

131Ce
7/2+

10.3 m

135Nd
(9/2-)

12.4 m

 
49 s

(3/2+)
1.48 m

143Tb Qεp  = 3.601 MeV
Qε   = 9.536 MeV
  Q    = 2.554 MeV
  Sp  = 0.749 MeV

(11/2-)
12 s

143Gd
(1/2+)
39 s

(1/2+)
1.10 s

(11/2-)
5.8 s

147Dy
(1/2+)
67 s

(11/2-)
514 ms

159Ta

167Ir

(1/2+)
29.3 ms

(11/2-)
28.5 ms

isomer = 175.3(22) keV
Qεp  =  7.476 MeV
Qε   = 15.411 MeV
  Q    = 6.505 MeV
  Sp  = -1.070 MeV
p (isomer) 0.42(8)%
      p (g.s.) 39.3(13)%
     (isomer) 90(3)%
        (g.s.) 43(2)%

166Os
0+

208 ms

139Eu
(11/2-)
17.9 s

139Sm
1/2+
2.6 m

Qεp  = -2.253 MeV
Qε    =  3.714 MeV

Qεp  = -0.834 MeV
Qε    =  4.927 MeV

Qεp  =  0.038 MeV
Qε    =  6.092 MeV

Qεp  = 1.177 MeV
Qε    = 7.221 MeV

Qεp  =  2.277 MeV
Qε    =  8.391 MeV

(7/2-)
23.5 s

(1/2+)
136 ms

(25/2-)
2.7 ms

155Lu

Qεp  =  3.885 MeV
Qε   = 11.000 MeV
  Q    = 2.561 MeV
  Sp  =  0.229 MeV

isomer m2 =1.781 MeV
isomer m1 =19.9 keV
Qεp  =  4.593 MeV
Qε   = 13.296 MeV
  Q    = 5.802 MeV
  Sp  = -0.098 MeV
      (m2) obs
      (m1) 76(16)%
      (g.s.) 90(2)%

isomer = 63.7 keV
Qεp  =  5.484 MeV
Qε   = 13.639 MeV
  Q    = 5.681 MeV
  Sp  = -0.374 MeV
       isomer 55(1)%
       (g. s.)  34(5)%

isomer = 115.1(40) keV
Qεp  =  6.490 MeV
Qε   = 14.425 MeV
  Q    = 6.012 MeV
  Sp  = -0.708 MeV
       (isomer) 66(4)%
            (g.s.) 32(3)%

159Hf
7/2-
5.6 s

163W
7/2-
2.7 s

167Os
(7/2-)

810 ms

171Au

(1/2+)
22 µs

(11/2-)
1.09 ms

170Pt
0+

13.8 ms

7.390 MeV

5.584 MeV

5.659 MeV

5.600 MeV

5.518 MeV

5.920 MeV

5.870 MeV

6.399 MeV

6.348 MeV

6.995 MeV
1.693 MeV

1.448 MeV

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION
Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +13/2 nuclei.

Last updated 3/22/23

1



Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +13/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. J|pi values for 119I, 123Cs, 127La, 131Pr, 135Pm, 139Eu, 143Tb, 147Ho, 151Tm are taken from ENSDF

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe2p Qe a Experimental

119I 5/2+ 19.0(2) m* 3.405(23) -3.070(22) —– -7.958(22) 3.831(22) [1968Se05, 1969La33]
123Cs 1/2+ 5.87(5) m 4.205(15) -2.253(13) —– -7.078(29) 3.714(14) [1993Al03]
127La (11/2�) 5.1(1) m 4.922(28) -0.834(28) —– -5.275(26) 4.927(28) [1992Ic02]
131Pr (3/2+) 1.48(2) m 5.410(60) 0.038(54) -3.818(48) 6.092(48) [1983AkZZ]

135Pm 49(3) s 6.150(90) 1.177(85) -2.222(85) 7.221(89) [1989Ko07]
139Eu (11/2�) 17.9(6) s 6.982(17) 2.227(18) -0.392(18) 8.391(23) [1986De35]
143Tb (11/2�) 12(1) s 7.81(21) 3.601(59) 0.937(52) 9.536(52) [1986Re11]
147Ho (11/2�) 5.8(4) s 8.439(10) 4.718(45) 2.592(20) 10.05(20) [1982No08]
151Tm (11/2�) 4.13(11) s 7.495(25) 3.885(16) 2.344(21) 11.000(21) [1988Ba02]
155Lu (11/2�) 70(1) ms 7.958(25) 4.593(16) 3.344(21) 13.296(25) [1996Pa01]

155m1Lu 0.199(62) (1/2+) 136(9) ms 7.978(25) 4.613(16) 3.364(21) 13.316(25) 1996Pa01, 1997Da07]
155m2Lu 1.781(2) (25/2�) 2.71(3) ms 9.739(25) 6.374(16) 5.125(21) 15.097(25) 1996Pa01]

159Ta (1/2+) 1.10(10) s 8.413(26) 5.484(17) 4.403(23) 13.639(26) 1996Pa01]
159mTa 0.0637(52) (11/2�) 514(9) ms** 8.477(26) 5.548(18) 4.467(24) 13.703(26) 1997Da07, 1996Pa01]

163Re (1/2+) 390(72) ms 8.910(60) 6.490(64) 5.736(30) 14.425(25) [1997Da07]
163mRe 0.1151(40) (11/2�) 214(5) ms 9.025(60) 6.605(64) 5.851(30) 14.540(25) [1997Da07]

167Ir (1/2+) 29.3(6) ms 9.430(80) 7.476(88) 7.211(32) 15.411(61) [2005Sc22]
167mIr 0.1753(22) (11/2�) 28.5(6) ms*** 9.650(80) 7.651(88) 7.386(32) 15.586(61) [2005Sc22, 2004Ke06,

1997Da07]
171Au (1/2+) 22+3

�2 µs 9.900(80)# 8.33(10)# 8.583(33)# 16.512(84) [2004Ke06]
171mAu 0.258(13) (11/2�) 1.09(3) ms 10.158(81)# 8.59(10)# 8.5841(35)# 16.770(85 [2004Ke06]

* Weighted average of 19.3(2) m [1968Se05] and 18.2(3) m [1969La33].
** Weighted average of 500(11) ms [1997Da07], and 544(16) ms [1996Pa01].
*** Weighted average of 30.0(6) ms [1997Da07], 25.7(8) ms [2004Ke06], and 28.7(33) ms [2005Sc22].

Table 2

Particle emission from the odd-Z, Tz = +13/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from
values therein.

Nuclide Sp BRp S2p Qa BRa Experimental

119I 3.376(28) 9.716(23) 0.801(27)
123Cs 2.978(16) 9.376(13) 0.309(25)
127La 2.515(29) 8.384(27) 0.723(29)
131Pr 2.167(55) 7.555(52) 1.171(54)

135Pm 1.705(84) 6.703(84) 1.813(95)
139Eu 1.189(18) 5.903(19) 2.239(84)
143Tb 0.749(58) 5.071(53) 2.554(53)
147Ho 0.491(8) 3.94(11) 2.237(51)
151Tm 0.229(9) 3.704(23) 2.561(20)
155Lu -0.098(8) 3.150(23) 5.802(2) 90(2)% [2016Ca42, 1997Da01, 1996Pa01, 1979Ho10, 2018Pa37, 1998DiZY,

1993Li34, 1993ToZX,1991To09, 1990AbZW, 1989Ho12, 1989HoZX,
1984Gr14, 1981HoZM]

155m1Lu -0.078(10) 3.130(23) 5.822(6) 76(16)% [2016Ca42, 1997Da07, 1996Pa01, 1991To09]
155m2Lu 1.683(12) 1.369(23) 7.583(6) obs [1996Pa01, 2016Ca42, 1993Li34 1981HoZM]

159Ta -0.374(9) 2.578(23) 5.681(6) 34(5)% 1997Da07, 1996Pa01]
159mTa -0.438(10) 2.514(24) 5.745(8) 55(1)% 1997Da07, 1996Pa01, 2002Ro17, 1979Ho10]

163Re -0.708(6) 1.802(31) 6.012(8) 32(3)% [1997Da07]
163mRe -0.823(7) 1.687(31) 6.127(9) 66(4)% [1997Da07, 1996Pa01, 1979Ho10]

167Ir -1.070(4) 39.3(13)% 0.991(30) 6.505(3) 43(2)% [2005Sc22, 1997Da07, 2001Ke05, 1996Pa01, 1995DaZX, 1981Ho10]
167mIr -1.185(6) 0.42(8)% 0.876(30) 6.620(5) 90(3)% 2005Sc22, 2004Ke06, 1997Da07, 1995DaZX,1981Ho10]
171Au -1.448(10) 100% 0.047(31) 7.085(11) [2004Ke06, 1999Po09, 2003Bb21]

171mAu -1.706(16) 40(4)%* -0.211(34) 7.343(17) 60(4)%* [2004Ke06, 1999Po09, 1997Da07, 2003Bb21, 1995DaZX]

* Weighted average from [2004Ke06] BRp = 34(4)% and [1997Da07]. BRp = 46(4) %.
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Table 3

direct a emission from 155Lu, Jp = (11/2�), T1/2 = 70(1) ms*, BRa = 90(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(151Tm) coincident g-rays

5.809(5) 5.659(5)*** 90(2)%** (11/2�) 0.0 —— 1.5533(22) 1.38(9)

* [1996Pa01]
** [1997Da07]
*** Weighted average of 5.661(5) MeV [2016Ca42], 5661(4) MeV [1997Da07], 5.655(5) [1996Pa01], and 5.656(6) MeV [1979Ho10].

Table 4

direct a emission from 155m1Lu, Ex = 19.9(62) keV*, Jp = (1/2+), T1/2 = 136(9) ms**, BRa = 76(16)%*.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(151Tm) coincident g-rays

5.732(4) 5.584(4)*** 76(16)%** (1/2+) 0.096(9)@ 1.5533(22) 1.6+0.6
�0.4

* [1997Da07]
** [1996Pa01]
*** Weighted average of 5.586(5) MeV [2016Ca42], 5.586(4) MeV [1997Da07], 5.584(5) [1996Pa01], and 5.579(5) MeV [1991To09].
@ Deduced from isomer energy, and a energies of ground state and isomer.

Table 5

direct a emission from 155m2Lu*, Ex = 1.781(2) MeV, Jp = (25/2�), T1/2 = 2.71(3) ms, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(151Tm) coincident g-rays

7.586(5) 7.390(5) (11/2�) (11/2�) 0.0? —— 1.5533(22)

* All values from [1996Pa01].

Table 6

direct a emission from 159Ta, Jp = , T1/2 = 1.10(10) s*, BRa = 34(5) %**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(155mLu) coincident g-rays

5.660(4) 5.518(4)*** 34(5) % 19.9(62)

* [1996Pa01].
** [1997Da07].
*** Weighted average of 5.519(4) MeV [1997Da07] and 5.516(5) MeV [1996Pa01].

Table 7

direct a emission from 159mTa*, Ex = 63.7(52) keV, Jp = , T1/2 = 514(9) ms**, BRa = 55(1) %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(155Lu) coincident g-rays

5.746(3) 5.600(3) 55(1)% 0.0 ——

* All values from [1997Da07], except where noted.
** Weighted average of 500(11) ms [1997Da07], and 544(16) ms [1996Pa01].

Table 8

direct a emission from 163Re*, Jp = , T1/2 = 390(72) ms, BRa = 32(3) %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(159Ta) coincident g-rays

6.018(4) 5.870(4) 32(30% 0.0 ——

* All values from [1997Da07].
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Table 9

direct a emission from 163mRe*, Ex = 115.1(40) keV, Jp = , T1/2 = 214(5) ms, BRa = 66(4)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(159mTm) coincident g-rays

6.069(3) 5.920(3) 66(4)% 0.0637(52)

* All values from [1997Da07].

Table 10

direct p emission from 167Ir*, Jp = , T1/2 = 29.3(6) ms, BRp = 39.3(13)%.

Ep(c.m.) Ep(lab) Ip(abs) Edaughter(166Os) coincident g-rays

1.068(6) 1.062(6) 39.3(13)% 0.0 ——

* All values from [2015Sc22], except where noted.

Table 11

direct a emission from 167Ir*, Jp = , T1/2 = 29.3(6) ms , BRa = 43(2)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(163Re) coincident g-rays

6.504(3) 6.348(3) 43(2)% 0.0 ——

* All values from [2005Sc22].

Table 12

direct p emission from 167mIr*, Ex = 175.3(22) keV, Jp = , T1/2 = 28.5(6) ms**, BRp = 0.42(8)%.

Ep(c.m.) Ep(lab) Ip(abs) Edaughter(166Os) coincident g-rays

1.251(7) 1.243(7)*** 0.42(8)% 0.0 ——

* All values from [2005Sa22], except where noted.
** Weighted average of 30.0(6) [1997Da07], 25.7(8) ms [2004Ke06], and 28.7(33) ms [2005Sc22].
** Weighted average of 1.238(7) MeV [1997Da07], and 1.248)7) MeV [2005Sc22].

Table 13

direct a emission from 167mIr, Ex = 175.3(22) keV*, Jp = , T1/2 = 28.5(6) ms**, BRa = 90(3) %***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(163mRe) coincident g-rays

6.556(3) 6.399(3)*** 90(3)% 0.1151(40)

* [1997Da07].
** Weighted average of 30.0(6) ms [1997Da07], 25.7(8) ms [2004Ke06], and 28.7(33) ms [2005Sc22].
*** [2005Sc22].
*** Weighted average of 6.410(3) MeV [1997Da07] and 6.394(2) MeV [2004Ke06].

Table 14

direct p emission from 171Au*, Jp = , T1/2 = 22+3
�2 µs, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(abs) Edaughter(170Pt) coincident g-rays

1.448(12) 1.439(12) 100% 0.0 ——

* All values from [2004Ke06], except where noted.
** Weighted average of 1.437(12) MeV [2004Ke06] and 1.444(17) MeV [1999Po09].
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Table 15

direct p emission from 171mAu, Ex = 258(13) keV*, Jp = , T1/2 = 1.09(3) ms*, BRp = 40(4)%**.

Ep(c.m.) Ep(lab) Ip(abs) Edaughter(170Pt) coincident g-rays

1.703(6) 1.693(6)*** 40(4)% 0.0 ——

* [2004Ke06].
** Weighted average of 34(4)% [2004Ke06], and 46(4)% [1997Da07].
*** Weighted average of 1.694(6) MeV [2004Ke06], and 1.692(6) MeV [1999Po09, 1997Da07].

Table 16

direct a emission from 171mAu*, Ex = 258(13) keV, Jp = , T1/2 = 1.09(3) ms,BRa = 60(4)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(167mIr) coincident g-rays

7.162(4) 6.995(4) 60(4)% 0.1753(22)

* [2004Ke06].
** Weighted average from [2004Ke06] BRa = 66(4)% and [1997Da07]. BRa = 54(4) %.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +7 nuclei. Unless otherwise stated, all Q-values and separation energies values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe2p Qe a Experimental

122Xe 0+ 20.1(1) h 0. 724(12) -4.101(28) —– -11.516(13) 0.216(12) [1965An05]
126Ba 0+ 100(2) m 1.681(16) -2.760(13) —– -9.883(13) 0.984(14) [1976Pa11]
130Ce 0+ 22.9(5) m 2.200(40) -1.651(30) —– -8.069(28) 2.503(30) [1996Xu04]
134Nd 0+ 8.5(15) m 2.882(24) -0.517(20) —– -6.501(38) 3.556(29) [1970Ab07]
138Sm 0+ 3.1(2) m 3.417(17) 0.797(17) -4.735(16) 4.605(24) [1983GaZT]
142Gd 0+ 70.2(6) s 4.350(40) 1.685(29) -3.325(37) 5.530(30) [1991Fi03]
146Dy 0+ 33.2(7) s 5.210(50) 3.083(21) -1.514(13) 6.329(31) [1993Al03]
150Er 0+ 18.5(7) s 4.115(14) 2.574(19) -1.872(21) 7.507(48) [1981NoZY]

154Yb 0+ 409(2) ms 4.495(14) 3.246(20) -0.905(21) 9.589(22) [1996Pa01]
158Hf 0+ 2.85(7) s 5.110(15) 4.029(21) 0.154(23) 9.900(23) [1996Pa01]
162W 0+ 1.13(3) s* 5.780(60) 5.028(29) 1.693(60) 10.788(23) [1981Ho10, 2015Li24]
166Os 0+ 214(6) ms** 6.410(90) 6.141(31) 3.273(33) 11.925(66) [1996Pa01, 2015Li24]
170Pt 0+ 13.9(2) ms*** 6.88(10)# 7.135(32)# 4.918(36)# 13.113(90)# [2004Ke06, 1998Ki20, 1996Bi07]

174Hg 0+ 1.9+0.4
�0.3 ms 7.42(10)# 8.007(66)# 6.160(38)# 14.12(10)# [1999Se14, 1997Uu01]

178Pb 0+ 180+130
�50 µs@ 8.19(10)# 9.060(88)# 7.516(40)# 15.21(10)# [2016Ba60, 2003BaZO]

* Weighted average of 1. 39(4) s [1981Ho10] and 0. 99(3) s [2015Li24].
** Weighted average of 220(7) ms [1996Pa01] and 210(6) ms [2015Li24].
*** Weighted average of 14. 0(2) ms [2004Ke06], 13. 5(3) ms [1998Ki20], 14. 7(5) ms [1996Bi07].
@ Value from maximum likelihood method combining 2 events (147, 202 µs) from [2003BaZO] and 4 events (127, 166, 365, 588 µs) from [2016Ba60].

Table 2
Particle emission from the even-Z, Tz = +7 nuclei. Unless otherwise stated, all Q-values and separation energies values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Sp S2p Qa BRa Experimental

122Xe 6.398(12) 10.571(11) -0.089(21) —–
126Ba 5.869(15) 9.580(13) 0.260(17)
130Ce 5.388(35) 8.632(28) 0.822(31)
134Nd 4.998(17) 7.756(24) 1.352(30)
138Sm 4.714(18) 6.876(17) 1.724(17)
142Gd 4.323(31) 6.082(31) 2.113(30)
146Dy 3.44(11) 5.373(29) 1.980(29)
150Er 3.474(21) 4.550(19) 2.299(18)

154Yb 3.248(21) 4.010(19) 5.474(2) 92.6(20)%* [1996Pa01, 1988Vi02, 1979Ho10, 1989Wo02, 1988KaZK,
1981HoZM, 1978AfZZ, 1977Ha48, 1964Ma45]

158Hf 2.952(21) 3.415(20) 5.405(3) 45(3)% [1996Pa01, 1979Ho10, 2000Di18, 1996HiZX, 1989Wo02,
1981HoZM, 1965Ma14]

162W 2.510(30) 2.638(20) 5.678(2) 44(2)% [1996Pa01, 1981Ho10, 2015Li24, 1989Wo02, 1982De11,
1981HoZM, 1979Ho10, 1975To05, 1974Sc35]

166Os 2.061(30) 1.774(20) 6.143(3) 84(4)%** [2015Li24, 2008Bi15, 1996Pa01, 1981Ho10, 1991Se01,
1978Ca11, 1978ReZZ, 1977Ca23]

170Pt 1.495(30) 0.882(21) 6.707(3) ⇡ 100% [2004Ke06, 1998Ki20, 1996Bi07, 2004GoZZ, 1997Uu01,
1993ToZY, 1982En03, 1981Ho10]

174Hg 1.098(30) 0.112(22) 7.233(6) 100%*** [1999Se14, 1997Uu01, 2016Ba60, 2004GoZZ, 1998NiZW]
178Pb 0.375(32) -0.780(26) 7.789(13) 100%*** [2016Ba60, 2003BaZO]

* Weighted average of 92(2)% [1996Pa01], 92.8(20)% [1988Vi02], and 93(2)% [1979Ho10].
** [2008Bi15].
*** Not measured, inferred from T1/2.

Table 3
direct a emission from 154Yb, Jp = 0+, T1/2 = 409(2) ms*, BRa = 90(3) %***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(150Er) coincident g-rays R0 (fm) HF

5.474.4(21)** 5.332.2(21) 92.6(20)%*** 0+ 0.0 —– 1.5559(33) 1.0

* [1996Pa01].
** [1988Vi02].
*** Weighted average of 92(2)% [1996Pa01], 92.8(20)% [1988Vi02], and 93(2)% [1979Ho10].
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Table 4
direct a emission from 158Hf*, Jp = 0+, T1/2 = 2.85(7) s, BRa = 45(3) %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(154Yb) coincident g-rays R0 (fm) HF

5.406(4) 5.269(4) 45(3)% 0+ 0.0 —– 1.5615(46) 1.0

* All values from [1996Pa01].

Table 5
direct a emission from 162W, Jp = 0+, T1/2 = 1.13(3)s*, BRa = 44(2) %**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(158Hf) coincident g-rays R0 (fm) HF

5.679(5) 5.539(5)*** 44(2)%** 0+ 0.0 —– 1.5712(39) 1.0

* Weighted average of 1.39(4) s [1981Ho10] and 0.99(3) s [2015Li24].
** [1996Pa01].
*** Weighted average of 5.541(5) MeV [1996Pa01] and 5.538(5) MeV [1981Ho10] adjusted to 5.537(5) MeV in [1991Ry01].

Table 6
direct a emission from 166Os, Jp = 0+, T1/2 = 214(6) ms*, BRa = 84(4) %**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(162W) coincident g-rays R0 (fm) HF

6.138(6) 5.991(6)*** 44(2)%** 0+ 0.0 —– 1.5690(43) 1.0

* Weighted average of 220(7) ms [1996Pa01] and 210(6) ms [2015Li24].
** [2008Bi15].
*** Weighted average of 6.000(6) MeV [1996Pa01] and 5.981(6) MeV [1981Ho10].

Table 7
direct a emission from 170Pt, Jp = 0+, T1/2 = 13.9(2) ms*, BRa = ⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(166Os) coincident g-rays R0 (fm) HF

6.707(2) 6.549(2)*** ⇡ 100%** 0+ 0.0 —– 1.5648(11) 1.0

* Weighted average of 14.0(2) ms [2004Ke06], 13.5(3) ms [1998Ki20], 14.7(5) ms [1996Bi07].
** Not measured, inferred from T1/2.
*** [2004Ke06].

Table 8
direct a emission from 174Hg, Jp = 0+, T1/2 = 1.9+0.4

�0.3 ms*, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(170Pt) coincident g-rays R0 (fm) HF

7.233(6) 7.067(6)*** 100%** 0+ 0.0 —– 1.549+13
�10 1.0

* [1999Se14].
** Not measured, inferred from T1/2.
*** Weighted average of 7.066(8) MeV [1999Se14], 7.069(11) MeV [1997Uu01].

Table 9
direct a emission from 178Pb, Jp = 0+, T1/2 = 180+130

�50 µs*, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(174Hg) coincident g-rays R0 (fm) HF

7.788(30) 7.613(30)*** 100%** 0+ 0.0 —– 1.557+68
�30 1.0

* Value from maximum likelihood method combining 2 events (147, 202 µs) from [2003BaZO] and 4 events (127, 166, 365, 588 µs) from [2016Ba60].
** Not measured, inferred from T1/2.
*** Weighted average of 7.615(30) MeV [2003BaZO], and 7.610(30) MeV [2016Ba60].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +7 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. All Jp values are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe2p Qe a Experimental

116Sb 3+ 16.2(12) m 4.704(5) -4.575(5) —– -11.385(5) 1.328(5) [1967Ha27]
120I 2� 81.7(2) m 5.615(15) -1.561(17) —– -6.672(15) 5.354(15) [2000Ho19]

124Cs 1+ 30.9(5) m 5.926(9) -1.087(10) —– -6.006(9) 5.196(9) [1993Al03]
128La* (5+) 5.2(4) m 6.740(50) 0.326(55) -4.057(54) 6.617(54) [1977Zo02]

132Pr (2�) 1.6(3) m 7.240(40) 1.253(40) -2.549(29) 7.717(29) [1987Ko24]
136Pm* (2+) 30-150 s 8.030(70) 2.477(70) -0.915(72) 8.874(72) [1989Vi04]

140Eu 1+ 1.51(2) s 8.470(50) 3.226(53) 0.453(53) 9.788(53) [1991Fi03]
144Tb 1.5(10) s 9.390(40) 4.584(30) 2.036(28) 10.663(31) [1982No08]
148Ho (1+) 2.2(1) s 9.870(80) 5.463(84) 3.517(84) 11.343(88) [1982No08]

148mHo x (5�) 9.59(15) s 9.870(80)+x 5.463(84)+x 0.08(1)% 3.517(84)+x 11.343(88)+x [1988To03]
152Tm (2�) 8.0(10) s 8.780(50) 4.613(55) 3.011(54) 13.714(55) [1982No13]
156Lu (2�) 494(12) ms 9.570(50) 5.637(55) 4.327(54) 14.376(55) [1996Pa01]

156mLu x (10+) 198(2) ms 9.570(50)+x 5.637(55)+x 4.327(54)+x 14.376(55)+x [1996Pa01]
160Ta* 1.7(2) s 10.120(60) 6.596(66) 5.608(55) 15.017(55) [1996Pa01]
160mTa x 1.55(4) s 10.120(60)+x 6.596(66)+x 5.608(55)+x 15.017(55)+x [1996Pa01]

164Re 848+140
�105 ms 10.760(60) 7.773(67) 7.118(55) 16.041(55) [2009Ha42]

164mRe x 864+150
�110 ms 10.760(60)+x 7.773(67)+x 7.118(55)+x 16.041(55)+x [2009Ha42]

168Ir 155(40) ms** 11.330(60)# 8.879(68)# 8.643(56)# 17.144(56) [2009Ha42, 1996Pa01]
168mIr x 161(21) ms 11.330(60)# 8.879(68)# 8.643(56)# 17.144(56)+x [2009Ha42, 1996Pa01]
172Au 22+6

�4 ms 11.790(60) 9.805(68) 10.030(57) 18.252(57) [2009Ha42]
172mAu x 5(1) ms*** 11.790(60) 9.805(68) 10.030(57) 18.252(57)+x 2009Ha42, 1996Pa01, 1993Se09]

176Tl 5.2+3.0
�1.4 ms 12.370(80) 10.699(92) 11.324(84) 19.266(84) [2004Ke06]

* Possibly isomeric state.
** Weighted average of 222+60

�45 ms [2009Ha42] and 125(40) ms [1996Pa01].
*** Weighted average of 9+2

�1ms [2009Ha42], 6.3(15) ms [1996Pa01], and 4(1) ms [1993Se09].

Table 2
Particle emission from the odd-Z, Tz = +7 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or deduced from values
therein.

Nuclide Sp BRp S2p Qa BRa Experimental

116Sb 4.077(5) 12.830(5) -1.257(7)
120I 3.854(17) 10.329(15) 0.650(16)

124Cs 3.782(13) 10.240(11) -0.419(18)
128La* 3.096(56) 8.853(55) 0.691(55)

132Pr 2.808(44) 8.178(39) 0.973(62)
136Pm* 2.245(72) 7.220(72) 1.633(75)

140Eu 1.895(53) 6.650(53) 1.759(86)
144Tb 1.43(20) 5.637(41) 2.193(59)
148Ho 1.084(84) 4.805(95) 1.952(88)

148mHo 1.084(84)-x 4.805(95)-x 1.952(88)+x
152Tm 0.743(56) 4.352(56) 3.85(10)
156Lu 0.486(57) 3.850(56) 5.596(3) ⇡ 100% [1996Pa01, 1991PoZZ, 1981HoZM, 1979Ho10]

156mLu** 0.486(57)-x 3.850(56)-x 5.596(3)+x 98+2
�9% [2019Pa27, 1996Pa01, 1991PoZZ, 1981HoZM, 1979Ho10]

160Ta 0.260(57) 3.189(56) 5.451(5) obs [1996Pa01]
160mTa 0.260(57)-x 3.189(56)-x 5.451(5)+x obs [1996Pa01, 1992Ha10, 1988MeZY, 1987HaZO, 1987ScZH,

1986Ru05, 1981HoZM, 1979Ho10
164Re -0.147(80) 2.269(84) 5.926(5) obs [2009Ha42, 1996Pa01, 1979Ho10, 1981Ho10, 1979Ho10]

164mRe** -0.147(80)-x 2.269(84)-x 5.926(5)+x 3(1)% [2009Ha42]
168Ir -0.544(98) 1.41(10) 6.381(9) obs [2009Ha42, 1996Pa01, 1982De11, 1981DeZA, 1981DeZL,

1978Ca11, 1978CaZF]
168mIr -0.544(98)-x 1.41(10)-x 6.381(9)+x 78(11)%** [2009Ha42, 1996Pa01]
172Au -0.860(99) 0.71(12) 6.923(10) 100% [2009Ha42]

172mAu -0.860(99)-x <2% 0.71(12)-x 6.923(10)+x 100% [2009Ha42, 1996Pa01, 1993Se09]
176Tl -1.265(18) 100% -0.07(13) 7.48(10) [2004Ke06]

* Possibly isomeric state.
** Weighted average of 75(11)% [2009Ha42] and 82(14)% [1996Pa01].
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Table 3
direct a emission from 156Lu*, Jp = (2�), T1/2 = 494(12) ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(152Tm) coincident g-rays

5.593(10) 5.450(10) ⇡ 100% (2�) 0.0 —–

* All values from [1996Pa01].

Table 4
direct a emission from 156mLu*, Ex = unk., Jp = (10+), T1/2 = 198(2) ms, BRa = 98+2

�9%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(152Tm) coincident g-rays

5.589(5) 5.446(5) 0.057(10)% 0.056(10)% 0.1148(5) 0.115
5.707(4) 5.561(4) 100% 98+2

�9% (9+) 0.0 —–

* All values from [2019Pa27], except where noted.
** [1996Pa01].

Table 5
direct a emission from 160Ta*, Jp = , T1/2 = 1.7(2) s, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(156Lu) coincident g-rays

5.449(5) 5.313(5) obs

* All values from [1996Pa01].

Table 6
direct a emission from 160mTa*, Ex = unk., Jp = , T1/2 = 198(2) ms, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(156Lu) coincident g-rays

5.552(5) 5.413(5) obs **

* All values from [1996Pa01].
** a-a coincident with 5.561 MeV a from 156mLu.

Table 7
direct a emission from 164Re*, Jp = , T1/2 = 848+140

�105 ms**, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(160Ta) coincident g-rays

5.926(7) 5.781(7)*** obs

* All values from [2009Ha42], except where noted.
** Other values: 38(16) ms [1996Pa01], 880(240) ms [1979Ha10].
*** Weighted average of 5.780(10) MeV [2009Ha42], 5.784(7) MeV [1996Pa01], and 5.778(10) MeV [1979H010].

Table 8
direct a emission from 164mRe*, Ex = unk., Jp = , T1/2 = 864+150

�110 ms, BRa = 3(1)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(160Ta) coincident g-rays

5.764(10) 5.623(10) 3(1)% **

* All values from [2009Ha421].
** a-a coincident with 5.413 MeV a from 160mTa.
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Table 9
direct a emission from 168Ir, Jp = , T1/2 = 155(40) ms*, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(164Re) coincident g-rays

6.381(10) 6.229(10)** obs

* Weighted average of 222+60
�45 ms [2009Ha42] and 125(40) ms [1996Pa01].

** Weighted average of 6.230(10) MeV [2009Ha42], and 6.227(15) MeV [1996Pa01].

Table 10
direct a emission from 168mIr*, Ex = unk., Jp = , T1/2 = 161(21) ms**, BRa = 78(11)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(164Re) coincident g-rays

6.474(10) 6.320(10) 42(11)% 22(10)% @
6.413(10) 6.260(10) 100% 53(5)% @ 0.069

* All values from [2009Ha421], except where noted.
** [1996Pa01].
*** Weighted average of 75(11)% [2009Ha42] and 82(14)% [1996Pa01].
@ a-a coincident with 5.623 MeV a from 164mRe.

Table 11
direct a emission from 172Au, Jp = , T1/2 = 22+6

�4 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(168Ir) coincident g-rays

6.923(10) 6.762(10) 100%

* All values from [2009Ha42].

Table 12
direct a emission from 172mAu*, Ex = unk., Jp = , T1/2 = 5(1) ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel)*** Ia (abs)*** Jp
f Edaughter(168Ir) coincident g-rays

6.962(10) 6.800(10) 18(8)% 15(7)% @
7.034(10) 6.870(10) 100% 85(7)% @ 0.073, 0.065

* All values from [2009Ha421], except where noted.
** Weighted average of 9+2

�1ms [2009Ha42], 6.3(15) ms [1996Pa01], and 4(1) ms [1993Se09].
*** Based on Fig. 2e of [2009Ha42].
@ a-a coincident with 6.260 MeV a from 168mIr.

Table 13
direct p emission from 176Tl, Jp = , T1/2 = 5.2+3.0

�1.4 ms, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(175Hg) coincident g-rays

1.265(18) 1.258(18) 100% 0.0

* All values from [2004Ke06].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +15/2 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +15/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. J|pi values for 123Xe, 127Ba, 131Ce, 135Md 139Sm, 143Gd, 147Dy, 151Er are taken from ENSDF

Nuclide Jp T1/2 Qe Qe p BRb p Qe2p Qe a Experimental

123Xe 1/2+ 2.040(9) h 2.694(10) -2.224(10) —– -10.227(10) 1.802(12) [2021Ze01]
127Ba 1/2+ 12.7(4) m 3.422(13) -0.961(11) -8.560(11) 2.700(12) [1976Be11]
131Ce 7/2+ 10.5(6) m 4.060(40) 0.259(33) -6.787(33) 4.107(33) [1966No05]
135Nd 9/2� 12.4(6) m 4.722(22) 1.330(28) -5.297(34) 5.131(34) [1975Wi11]
139Sm 1/2+ 2.57(10) m 5.121(17) 2.348(16) -3.756(14) 6.131(16) [1982De06]
143Gd (1/2+) 39(2) s 6.01(20) 3.46(20) -2.29(20) 6.85(20) [1978Fi02]
147Dy (1/2+) 67(7) s 6.547(12) 4.601(10) ⇡0.05% -0.782(9) 7.620(14) [1984To07, 1988WiZN]
151Er (7/2�) 23.8(20) s* 5.356(18) 3.754(17) -1.356(17) 10.051(18) [1988Ba02, 1970To16

155Yb (7/2�) 1.79(2) s** 6.123(19) 4.813(17) -0.068(17) 10.695(19) [1991To08, 1996Pa01]
159Hf (7/2�) 5.2(1) s 6.860(40) 5.868(19) 1.279(33) 11.348(20) [1996Pa01]
163W 7/2� 2.7(1) s*** 7.630(70) 6.971(59) 3.076(65) 12.375(70) [2010Sc02, 1979Ho10, 1973Ea01]
167Os (7/2�) 839(5) ms 8.340(90) 8.100(81) 4.771(82) 13.611(89)# [2010Sc02]
171Pt (7/2�) 43(3) ms 8.950(90) 9.170(82) 6.365(82) 14.943(90) [1996Pa01]

175Hg (7/2�) 10.2(4) ms@ 9.430(90) 10.059(82) 7.721(82) 16.018(90) [2017Ba46, 2002Ro17]
179Pb (9/2�) 2.7(2) ms 10.320(90) 11.078(82) 9.019(82) 17.030(90) [2017Ba46]

* Weighted average of 23(2) s [1970To16] and 24.6(20)s [1988Ba02].
** Weighted average of 1.75(5) s [1991To08] and 1.80(2) s [1996Pa01].
*** Weighted average of 2.6(1) s [2010Sc02], 3.0(2) s [1979Ho10] and 2.5(3) s [1973Ea01].
@ Weighted average of 9.6(4) ms [2017Ba46], and 10.8(4) ms [2002Ro17].

Table 2
Particle separation and emission from the even-Z, Tz = +15/2 nuclei. Unless otherwise stated, all Q-values and separation energies values are taken from
[2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

123Xe 6.458(11) 11.283(28) -0.491(12) —–
127Ba 5.756(15) 10.197(11) 0.005(15)
131Ce 5.370(42) 9.226(34) 0.685(35)
135Nd 4.975(28) 8.373(25) 1.070(38)
139Sm 4.755(16) 7.374(16) 1.408(22)
143Gd 4.211(203) 6.88(20) 1.72(20)
147Dy 3.721(46) 5.847(22) 1.61(20)
151Er 3.609(22) 5.150(19) 3.505(19)

155Yb 3.364(22) 4.614(19) 5.339(2) 90(5)% [1996Pa01, 1991To08, 1979Ho10, 1977Ha48, 1992Al18,
1992AlZM, 1992AlZY, 1990KaZM, 1990Po13, 1989KaYU,
1988KaZK, 1987KaZI, 1982Bo04, 1981HoZM, 1980Da09,
1978AfZZ, 1973BoXL, 1973BoXW, 1964Ma45]

159Hf 2.929(23) 4.011(20) 5.225(3) 12(1)% [1996Pa01, 1992Ha10, 1979Ho10, 1983Fa03, 1996HiZX,
1981HoZM, 1978Ca11, 1973To02, 1973ToZU, 1972ToZC,
1996HiZX, 1996HiZX, 1972ToZL]

163W 2.416(86) 3.171(63) 5.519(5)* 14(2)%** [2010Sc02, 1996Pa01, 1979Ho10, 1975To01, 1973Ea01,
1978Ca11, 1982De11, 1981DeZA, 1981DeZL, 1981HoZM,
1973Ea011975To05, 1972EaZU]

167Os 1.95(12)# 2.215(85)# 5.978(5)*** 58(7)%@ [2010Sc22, 1996Pa01, 1982En03, 1981Ho10, 2009Od02,
1978Ca11, 1978ReZZ, 1977Ca13]

171Pt 1.57(13) 1.322(85) 6.607(3) ⇡ 100%@@ [1996Pa01, 1981De22, 1981Ho10, 2010Sc02, 2006Jo04,
2005Jo18, 2003Ba32, 2002Ro17, 1997Uu01, 1993ToZY,
1982En03, 1981DeZB]

175Hg 1.20(13) 0.61(10) 7.008(4)@@@ ⇡ 100%@@ [2017Ba46, 2002Ro17, 1997Uu01, 1996Pa01, 1984ScZQ,
1983Sc24]

179Pb 0.62(13) -0.25(12) 7.516(4)a ⇡ 100%@@ [2017Ba46, 2010An01]

* Deduced from a energy, 5.520(60) in [2021Wa16].
** Weighted average of 15(2)% [2010Sc22], and 13(2)% [1996Pa01].
*** Deduced from a energy, 5.985(56)# in [2021Wa16].
@ Weighted average of 58(12)% [1981Ho10], 76(10% [1982En03], and 49(7)% [1996Pa01].
@@ Inferred from half-life.
@@@ Deduced from a energy, 7.072(5) in [2021Wa16].
a Deduced from a energy, 7.596(5) in [2021Wa16].
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Table 3
direct a emission from 155Yb, T1/2= 1.79(2) s*, BRa = 90(5)%**.

Ea (c.m.) Ea (lab) Ia (abs)*** Edaughter(151Er) coincident g-rays R0 (fm) HF

5.341(4) 5.203(4)** 90(5)%** 0.0 —– 1.5767(66) 1.79+0.26
�0.24

* Weighted average of 1.75(5) s [1991To08] and 1.80(2) s [1996Pa01].
** [1991To08].
*** Weighted average of 5.202 MeV [1991To08], 5.206(5) MeV [1979Ho10], and 5.202(10) MeV [1977Ha48] (adjusted to 5.203(10) MeV in [1991Ry01]).

Table 4
direct a emission from 159Hf, T1/2= 5.2(1) s*, BRa = 12(1)%**.

Ea (c.m.) Ea (lab) Ia (abs)*** Edaughter(155Yb) coincident g-rays R0 (fm) HF

5.226(5) 5.094(5)*** 12(1)%** 0.0 —– 1.5552(96) 0.96+0.21
�0.19

* [1996Pa01].
** [1979Ho10].
*** Weighted average of 5.095(5) MeV [1979Ho10] (adjusted to 5.094(10) MeV in [1991Ry01]) , 5.088(6) MeV [1992Ha10], and 5.098(5) MeV [1996Pa01].

Table 5
direct a emission from 163W, T1/2= 2.7(1) s*, BRa = 14(2)%**.

Ea (c.m.) Ea (lab) Ia (abs)*** Edaughter(159Hf) coincident g-rays R0 (fm) HF

5.519(5) 5.383(5)*** 14(2)%** 0.0 —– 1.568(13) 1.5+0.5
�0.4

* Weighted average of 2.6(1) s [2010Sc02], 3.0(2) s [1979Ho10] and 2.5(3) s [1973Ea01]
** Weighted average of 15(2)% [2010Sc22], and 13(2)% [1996Pa01].
*** Weighted average of 5.385(5) MeV [1973Ea01], 5.383(6) MeV [2010Sc02], 5383(6) MeV [1996Pa01] and 5.384(5) MeV [1979Ho10] (adjusted to 5.382(5)

MeV in [1991Ry01]).

Table 6
direct a emission from 167Os, T1/2= 839(5) ms*, BRa = 58(7)%**.

Ea (c.m.) Ea (lab) Ia (abs)*** Edaughter(163W) coincident g-rays R0 (fm) HF

5.978(5) 5.835(5)*** 58(7)%** 0.0 —– 1.5653(46) 1.30+0.23
�0.19

* [2010Sc02].
** Weighted average of 58(12)% [1981Ho10], 76(10% [1982En03], and 49(7)% [1996Pa01].
*** [1996Pa01].

Table 7
direct a emission from 171Pt, T1/2= 43(3) ms*, BRa = ⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (abs)*** Edaughter(167Os) coincident g-rays R0 (fm) HF

6.607(4) 6.453(4)*** ⇡ 100%** 0.0 —– 1.5607(30) 1.34(13)

* [1996Pa01].
** Inferred from half-life.
*** Weighted average of 6.453(4) MeV [1981De22] and 6.448(5) MeV [1981Ho10], (adjusted to 6452(5) MeV in [1991Ry01]).
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Table 8
direct a emission from 175Hg, T1/2= 10.2(4) ms*, BRa = ⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (abs)*** Edaughter(171Pt) coincident g-rays R0 (fm) HF

7.008(4) 6.848(4)*** ⇡ 100%** 0.0 —– 1.5469(98) 1.02+0.22
�0.19

* Weighted average of 9.6(4) ms [2017Ba46], and 10.8(4) ms [2002Ro17].
** Inferred from half-life.
*** [2017Ba46].

Table 9
direct a emission from 179Pb*, T1/2= 2.7(2) ms, BRa = ⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (abs)*** Edaughter(175Hg) coincident g-rays R0 (fm) HF

7.516(4) 7.348(5) ⇡ 100%** 0.0 —– 1.532(20) 1.6+0.8
�0.5

* All values from [2017Ba46].
** Inferred from half-life.

References used in the Tables

[1] 1964Ma45 R.D.Macfarlane, Phys.Rev. 136, B941 (1964). https://doi.org/10.1103/PhysRev.136.B941

[2] 1966No05 A. E. Norris, G. Friedlander, E. M. Franz, Nucl. Phys. 86, 102 (1966). https://doi.org/10.1016/0022-1902(66)80265-
8

[3] 1970To16 K. S. Toth, R. L. Hahn, M. A. Ijaz, W. M. Sample, Phys. Rev. C2, 1480 (1970).
https://doi.org/10.1103/PhysRevC.2.1480

[4] 1972EaZU REPT Annual 1972, Schuster Lab, Univ Manchester, P53.

[5] 1972ToZC K. S. Toth, M. A. Ijaz, R. L. Hahn, C. R. Bingham, R. F. Walker, Jr., ORNL-4791, p. 4 (1972).

[6] 1972ToZL K. S. Toth, , REPT ORNL-4791, P4, (1972).

[7] 1973BoXL J. D. Bowman, E. K. Hyde, R. E. Eppley, LBL-1666, p. 4 (1973).

[8] 1973BoXW J. D. Bowman, E. K. Hyde, R. E. Eppley, LBL-1666, p. 4 (1973).

[9] 1973Ea01 D. A. Eastham, I. S. Grant, Nucl. Phys. A208, 119 (1973). https://doi.org/10.1016/0375-9474(73)90738-0

[10] 1973To02 K. S. Toth, R. L. Hahn, C. R. Bingham, M. A. Ijaz, R. F. Walker, Jr., Phys. Rev. C7, 2010 (1973).
https://doi.org/10.1103/PhysRevC.7.2010

[11] 1973ToZU K. S. Toth, R. L. Hahn, C. R. Bingham, M. A. Ijaz, R. F. Walker, Jr., ORNL-4844, p. 85 (1973).

[12] 1975To01 D. Tow, J. M. Eisenberg, Nucl. Phys. A237, 441 (1975). https://doi.org/10.1016/0375-9474(75)90410-8

[13] 1975To05 K. S. Toth, W. -D. Schmidt-Ott, C. R. Bingham, M. A. Ijaz, Phys. Rev. C 12, 533 (1975).
https://doi.org/10.1103/PhysRevC.12.533

[14] 1975Wi11 K. Wisshak, H. Klewe-Nebenius, D. Habs, H. Faust, G. Nowicki, H. Rebel, Nucl. Phys. A247, 59 (1975).
https://doi.org/10.1016/0375-9474(75)90277-8

[15] 1976Be11 G. Beyer, A. Jasinski, O. Knotek, H. -G. Ortlepp, H. -U. Siebert, R. Arlt, E. Herrmann, G. Musiol, H. Tyrroff, Nucl.
Phys. A260, 269 (1976). https://doi.org/10.1016/0375-9474(76)90029-4

[16] 1977Ca13 F. Cannata, M. Savoia, Nuovo Cim. 38A, 1 (1977). https://doi.org/10.1007/BF01418716

[17] 1977Ha48 EHagberg, PGHansen, JCHardy, PHornshoj, BJonson, SMattsson, PTidemand-Petersson, The ISOLDE Collabo-
ration, NuclPhys A293, 1 (1977). https://doi.org/10.1016/0375-9474(77)90472-9

[18] 1978AfZZ V.P.Afanasev, L.Kh.Batist, E.E.Berlovich, K.Ya.Gromov, V.G.Kalinnikov, T.Kozlovski, Ya.Kormitski,
K.A.Mezilev, F.V.Moroz, Yu.N.Novikov, V.N.Panteleev, A.G.Polyakov, V.I.Raiko, E.Rurarz, V.K.Tarasov, Yu.V.Yushkevich,
Program and Theses, Proc.28th Ann.Conf.Nucl.Spectrosc.Struct.At.Nuclei, Alma-Ata, p.70 (1978).

[19] 1978Ca11 C. Cabot, S. Della Negra, C. Deprun, H. Gauvin, Y. Le Beyec, Z. Phys. A287, 71 (1978).
https://doi.org/10.1007/BF01408363

4



[20] 1978Fi02 R. B. Firestone, R. A. Warner, W. C. McHarris, W. H. Kelly, Phys. Rev. C17, 718 (1978).
https://doi.org/10.1103/PhysRevC.17.718

[21] 1978ReZZ W. Reisdorf, GSI-M-2-78 (1978).

[22] 1979Ho10 S. Hofmann, W. Faust, G. Munzenberg, W. Reisdorf, P. Armbruster, K. Guttner, H. Ewald, Z. Phys. A291, 53
(1979). https://doi.org/10.1007/BF01415817

[23] 1980Da09 H. Dautet, G. Bischoff, J. M. D’Auria, B. D. Pate, Can. J. Phys. 58, 891 (1980). https://doi.org/10.1139/p80-122

[24] 1981DeZA S. Della Negra, C. Deprun, D. Jacquet, Y. Le Beyec, Univ. Paris, Inst. Phys. Nucl. , Ann. Rept. , p. R5 (1981).

[25] 1981DeZB S. Della Negra, C. Deprun, D. Jacquet, Y. Le Beyec, Univ. Paris, Inst. Phys. Nucl. , Ann. Rept. , p. R5 (1981).

[26] 1981DeZL Della Negra, REPT IPNO-RC-81-07.

[27] 1981Ho10 S. Hofmann, G. Munzenberg, F. Hessberger, W. Reisdorf, P. Armbruster, B. Thuma, Z. Phys. A299, 281 (1981).
https://doi.org/10.1007/BF01443948

[28] 1981HoZM S. Hofmann, G. Munzenberg, W. Faust, F. Hessberger, W. Reisdorf, J. R. H. Schneider, P. Armbruster, K. Guttner,
B. Thuma, Proc. Int. Conf. Nuclei Far from Stability, Helsingor, Denmark, Vol. 1, p. 190 (1981); CERN-81-09 (1981).

[29] 1982Bo04 J. D. Bowman, R. E. Eppley, E. K. Hyde, Phys. Rev. C25, 941 (1982). https://doi.org/10.1103/PhysRevC.25.941

[30] 1982De06 J. Deslauriers, S. C. Gujrathi, S. K. Mark, Phys. Rev. C25, 504 (1982). https://doi.org/10.1103/PhysRevC.25.504

[31] 1982De11 S.Della Negra, C.Deprun, D.Jacquet, Y.Le Beyec, Ann.Phys.(Paris) 7, 149 (1982).

[32] 1981De22 S. Della Negra, C. Deprun, D. Jacquet, Y. Le Beyec, Z. Phys. A300, 251 (1981).

[33] 1982En03 H. A. Enge, M. Salomaa, A. Sperduto, J. Ball, W. Schier, A. Graue, A. Graue, PhysRev C25, 1830 (1982).
https://doi.org/10.1103/PhysRevC.25.1830

[34] 1983Fa03 R. Fass, P. Lemmertz, L. J. Alquist, H. Wollnik, D. Hirdes, H. Jungclas, Nucl. Instrum. Methods 206, 317 (1983).
https://doi.org/10.1016/0167-5087(83)91275-9

[35] 1983Sc24 J. R. H. Schneider, S. Hofmann, F. P. Hessberger, G. Munzenberg, W. Reisdorf, P. Armbruster, Z. Phys. A312, 21
(1983). https://doi.org/10.1007/BF01411657

[36] 1984ScZQ J. Schneider GSI-84-3 (1984).

[37] 1984To07 K. S. Toth, D. M. Moltz, E. C. Schloemer, M. D. Cable, F. T. Avignone III, Y. A. Ellis-Akovali, Phys. Rev. C30,
712 (1984). https://doi.org/10.1103/PhysRevC.30.712

[38] 1987KaZI K. Katori, H. Miyatake, A. Higashi, A. Shinohara, N. Ikeda, I. Katayama, S. Morinobu, RCNP (Osaka), Ann.
Rept. , 1986, p. 86 (1987).

[39] 1988Ba02 R. Barden, A. Plochocki, D. Schardt, B. Rubio, M. Ogawa, P. Kleinheinz, R. Kirchner, O. Klepper, J. Blomqvist,
Z. Phys. A 329, 11 (1988).

[40] 1988KaZK K.Katori, H.Miyatake, A.Shinohara, A.Higashi, T.Ohshima, N.Ikeda, S.Hatori, I.Katayama, S.Morinobu, RCNP
(Osaka), Ann.Rept., 1987, p.84 (1988).

[41] 1988WiZN P. A. Wilmarth, unpublished (thesis), LBl-26101 (1988).

[42] 1989KaYU K. Katori, T. Ohshima, H. Miyatake, A. Shinohara, S. Hatori, I. Katayama, S. Morinobu, RCNP (Osaka), Ann.
Rept. , 1988, p. 92 (1989).

[43] 1990KaZM V. G. Kalinnikov, K. Ya. Gromov, M. Yanitski, Yu. V. Yushkevich, V. P. Afanasev, V. G. Egorov, M. Yakhim, V.
A. Bystrov, N. Yu. Kotovsky, S. V. Evtisov, JINR-D13-90-183 (1990).

[44] 1990Po13 A. V. Potempa, V. P. Afanasev, Ya. Vavryshchuk, K. Ya. Gromov, V. G. Kalinnikov, N. Yu. Kotovsky, V. V.
Kuznetsov, M. Lewandowski, Ya. A. Saidimov, M. Yakhim, Zh. Sereter, V. I. Fominykh, V. Charnatski, Yu. V. Yushkevich,
M. Yanitski, A. Yasinski, Izv. Akad. Nauk SSSR, Ser. Fiz. 54, 852 (1990); Bull. Acad. Sci. Ussr, Phys. Ser. 54, No. 5, 35 (1990).

[45] 1991To08 K. S. Toth, K. S. Vierinen, M. O. Kortelahti, D. C. Sousa, J. M. Nitschke, P. A. Wilmarth, Phys. Rev. C44, 1868
(1991). https://doi.org/10.1103/PhysRevC.44.1868

[46] 1992Al18 G. D. Alkhazov, A. E. Barzakh, V. P. Denisov, K. A. Mezilev, Yu. N. Novikov, V. N. Panteleyev, A. V. Popov, E.
P. Sudentas, V. S. Letokhov, V. I. Mishin, V. N. Fedoseyev, S. V. Andreyev, D. S. Vedeneyev, A. D. Zyuzikov, Nucl. Instrum.
Methods Phys. Res. B69, 517 (1992). https://doi.org/10.1016/0168-583X(92)95309-F

[47] 1992AlZM G. D. Alkhazov, A. E. Barzakh, V. P. Denisov, K. A. Mezilev, Yu. N. Novikov, V. N. Panteleev, A. V. Popov, Eh.
P. Sudentas, V. S. Letokhov, V. I. Mishin, V. N. Fedoseev, S. V. Andreev, D. S. Vedeneyev, A. D. Zyuzikov, Program and Thesis,
Proc. 42nd Ann. Conf. Nucl. Spectrosc. Struct. At. Nuclei, Alma-Ata, p. 79 (1992).

5



[48] 1992AlZY G. D. Alkhazov, A. E. Barzakh, V. P. Denisov, K. A. Mezilev, Yu. N. Novikov, V. N. Panteleyev, S. V. Andreyev,
V. N. Fedoseyev, V. S. Letokhov, V. I. Mishin, A. D. Zuzicov, D. S. Vedeneyev, Contrib. 6th Intern. Conf. on Nuclei Far from
Stability + 9th Intern. Conf. on Atomic Masses and Fundamental Constant, Bernkastel-Kues, Germany, B2 (1992).

[49] 1992Ha10 E. Hagberg, X. J. Sun, V. T. Koslowsky, H. Schmeing, J. C. Hardy, Phys. Rev. C45, 1609 (1992).
https://doi.org/10.1103/PhysRevC.45.1609

[50] 1993ToZY K. S. Toth, C. N. Davids, Y. A. Akovali, B. B. Back, K. Bindra, C. R. Bingham, H. K. Carter, W. Chung, Y.
Hatsukawa, D. J. Henderson, T. Lauritsen, P. F. Mantica, D. M. Moltz, A. V. Ramayya, J. D. Robertson, W. B. Walters, Proc. 6th
Intern. Conf. on Nuclei Far from Stability + 9th Intern. Conf. on Atomic Masses and Fundamental Constants, Bernkastel-Kues,
Germany, 19-24 July, 1992, R. Neugart, A. Wohr, Eds. , p. 589 (1993).

[51] 1996HiZX M. Hies, T. Ariga, T. T. Inamura, W. G. Jin, H. Kunz, K. Morita, T. Murayama, Y. Pu, M. Wakasugi, RIKEN-95,
p. 46 (1996).

[52] 1996Pa01 R. D. Page, P. J. Wood, R. A. Cunningham, T. Davinson, N. J. Davis, A. N. James, K. Livingston, P. J. Sellin, A.
C. Shotter, Phys. Rev. C53, 660 (1996). https://doi.org/10.1103/PhysRevC.53.660

[53] 1997Uu01 J.Uusitalo, M.Leino, R.G.Allatt, T.Enqvist, K.Eskola, P.T.Greenlees, S.Hurskanen, A.Keenan, H.Kettunen,
P.Kuusiniemi, R.D.Page, W.H.Trzaska, Z.Phys. A358, 375 (1997). https://doi.org/10.1007/s002180050342

[54] 2002Ro17 M. W. Rowe, J. C. Batchelder, T. N. Ginter, K. E. Gregorich, F. Q. Guo, F. P. Hessberger, V. Ninov, J. Powell, K.
S. Toth, X. J. Xu, J. Cerny, Phys. Rev. C 65, 054310 (2002). https://doi.org/10.1103/PhysRevC.65.054310

[55] 2003Ba32 T. Back, B. Cederwall, K. Lagergren, R. Wyss, A. Johnson, P. Greenlees, D. Jenkins, P. Jones, D. T. Joss, R. Julin,
S. Juutinen, A. Keenan, H. Kettunen, P. Kuusiniemi, M. Leino, A. -P. Leppanen, M. Muikku, P. Nieminen, J. Pakarinen, P.
Rahkila, J. Uusitalo, Eur. Phys. J. A 17, 1 (2003). https://doi.org/10.1140/epja/i2002-10126-5

[56] 2005Jo18 D. T. Joss, J. Simpson, D. E. Appelbe, K. Lagergren, C. J. Barton, B. Cederwall, S. Eeckhaudt, T. Grahn, P. M.
Jones, R. Julin, S. Juutinen, B. Hadinia, H. Kettunen, M. Leino, A. -P. Leppanen, P. Nieminen, R. D. Page, J. Pakarinen, E.
S. Paul, J. Perkowski, P. Rahkila, M. A. Riley, C. Scholey, J. Uusitalo, K. Van de Vel, D. D. Warner, D. R. Wiseman, J. Phys.
(London) G31, S1715 (2005). https://doi.org/10.1088/0954-3899/31/10/060

[57] 2006Jo04 D. T. Joss, J. Simpson, D. E. Appelbe, C. J. Barton, D. D. Warner, K. Lagergren, B. Cederwall, B. Hadinia, S.
Eeckhaudt, T. Grahn, P. T. Greenlees, P. M. Jones, R. Julin, S. Juutinen, H. Kettunen, M. Leino, A. -P. Leppanen, P. Nieminen, J.
Pakarinen, J. Perkowski, P. Rahkila, C. Scholey, J. Uusitalo, K. Van de Vel, R. D. Page, E. S. Paul, D. R. Wiseman, M. A. Riley,
Phys. Rev. C 74, 014302 (2006). https://doi.org/10.1103/PhysRevC.74.014302

[58] 2009Od02 D. O’Donnell, T. Grahn, D. T. Joss, J. Simpson, C. Scholey, K. Andgren, L. Bianco, B. Cederwall, D. M. Cullen,
A. Dewald, E. Ganioglu, M. B. Gomez Hornillos, P. T. Greenlees, B. Hadinia, H. Iwasaki, U. Jakobsson, J. Jolie, P. Jones, D.
S. Judson, R. Julin, S. Juutinen, S. Ketelhut, M. Labiche, M. Leino, N. M. Lumley, P. J. R. Mason, O. Moller, P. Nieminen,
M. Nyman, R. D. Page, J. Pakarinen, E. S. Paul, M. Petri, A. Petts, P. Peura, N. Pietralla, Th. Pissulla, P. Rahkila, P. Ruot-
salainen, M. Sandzelius, P. J. Sapple, J. Saren, J. Sorri, J. Thomson, J. Uusitalo, H. V. Watkins, Phys. Rev. C 79, 064309 (2009).
https://doi.org/10.1103/PhysRevC.79.064309

[59] 2010An01 A. N. Andreyev, S. Antalic, D. Ackermann, T. E. Cocolios, V. F. Comas, J. Elseviers, S. Franchoo, S. Heinz, J.
A. Heredia, F. P. Hessberger, S. Hofmann, M. Huyse, J. Khuyagbaatar, I. Kojouharov, B. Kindler, B. Lommel, R. Mann, R. D.
Page, S. Rinta-Antila, P. J. Sapple, S. Saro, P. Van Duppen, M. Venhart, H. V. Watkins, J. Phys. (London) G37, 035102 (2010).
https://doi.org/10.1088/0954-3899/37/3/035102

[60] 2010Sc02 C. Scholey, K. Andgren, L. Bianco, B. Cederwall, I. G. Darby, S. Eeckhaudt, S. Erturk, M. B. Gomez Hornillos, T.
Grahn, P. T. Greenlees, B. Hadinia, E. Ideguchi, P. Jones, D. T. Joss, R. Julin, S. Juutinen, S. Ketelhut, M. Leino, A. -P. Leppanen,
P. Nieminen, M. Niikura, M. Nyman, D. O’Donnell, R. D. Page, J. Pakarinen, P. Rahkila, J. Saren, M. Sandzelius, J. Simpson,
J. Sorri, J. Thomson, J. Uusitalo, M. Venhart, Phys. Rev. C 81, 014306 (2010). https://doi.org/10.1103/PhysRevC.81.014306

[61] 2017Ba46 H. Badran, C. Scholey, J. Uusitalo, K. Auranen, T. Grahn, P. T. Greenlees, A. Herzan, U. Jakobsson, R. Julin, S.
Juutinen, J. Konki, M. Leino, M. J. Mallaburn, J. Pakarinen, P. Papadakis, J. Partanen, P. Peura, P. Rahkila, M. Sandzelius, J.
Saren, J. Sorri, S. Stolze, Phys. Rev. C 96, 064314 (2017). https://doi.org/10.1103/PhysRevC.96.064314

[62] 2021Wa06 Y B Wang, for the BRIF Collaboration, Phys Rev C 103, L011301 (2021).
https://doi.org/10.1103/PhysRevC.103.L011301

[63] 2021Ze01 J. Zeng, Y. Zhang, Y. Gong, F. Luo, Q. Xiang, Y. Xiang, F. Hao, Appl. Radiat. Isot. 168, 109511 (2021).
https://doi.org/10.1016/j.apradiso.2020.109511

6



last updated 3/23/23

(5/2-)
382ms

173Pt

Odd Z
Tz = +15/2

121Te

121I
5/2+ 

2.12 h

Qεp  = -5.117 MeV
Qε    =  1.727 MeV

1/2+
19 d

125Cs
1/2+
49 m

125Xe
(1/2+)
16.9 h

129La
(3/2+)
11.6 m

129Ba
1/2+
2.2 h

(11/2-)
1.7 s

(1/2+,3/2+)
6.8 s

165Re

(1/2+)
1.6 s

(11/2-)
1.7 s

151Er

157Yb
(7/2-)
39 s

133Pr

137Pm

133Ce
1/2+
97 m

137Nd
1/2+
39 m

 11/2-
2.4 m

(3/2+)
7 s

(1/2+)
 

(11/2-)
3.16 s

161Ta

169Ir

(1/2+)
353 ms

(11/2-)
280 ms

141Eu
5/2+
41 s

141Sm
1/2+
10 m

Qεp  = -4.014 MeV
Qε    =  2.028 MeV

Qεp  = -2.681 MeV
Qε    =  3.451 MeV

Qεp  =  -1.503 MeV
Qε    =   4.698 MeV

Qεp  = -0.021 MeV
Qε    =  5.920 MeV

Qεp  =  0.997 MeV
Qε    =  7.233 MeV

(7/2-)
23.5 s

11/2-
4.75 s

157Lu

Isomer = 43.2 keV
Qεp  =  2.343 MeV
Qε   = 11.296 MeV
  Q    = 5.248 MeV
  Sp  =  0.761 MeV
       (m)  92(3)%
      (g.s.) 91(3)%
 

isomer  = 32(2) keV
Qεp  =  3.138 MeV
Qε   = 11.602 MeV
  Q    = 5.108 MeV
  Sp  =  0.463 MeV
      (m)   6(2)%
      (g.s.) obs

isomer = 96(28) keV
Qεp  =  4.202 MeV
Qε   = 12.216 MeV
  Q    = 5.236 MeV
  Sp  =  0.129 MeV
       isomer 7(3)%

isomer = 48(26) keV
Qεp  =  5.334 MeV
Qε   = 3.232 MeV
  Q    = 5.694 MeV
  Sp  = -0.287 MeV
       (isomer) 53(9)%
            (g.s.) 13(1)%

159Hf
18 s

165W
(5/2-)
5.1 s

169Os
(5/2-)
3.4 s

173Au

(1/2+)
26.3 ms

(11/2-)
12.2ms

4.997 MeV

4.925 MeV

5.278 MeV

5.520 MeV

5.556 MeV

6.114 MeV

5.995 MeV

145Tb Qεp  = 1.93 MeV
Qε   =  7.11 MeV(11/2-)

32 s

145Gd
1/2+
23 m

(1/2+)
2.5 s

153Tm

(11/2-)
21.2 s

149Dy
(7/2-)
4.2 m

149Ho
(1/2+)
56 s

5.108 MeV

5.096 MeV

Ex   =  0.049 MeV
Qεp  = 1.602 MeV
Qε   = 8.856 MeV
Q    =  2.33 MeV
Sp  =  1.075 MeV

isomer = 807(18) keV
Qεp  =  7.892 MeV
Qε   = 16.172 MeV
  Q    = 7.067 MeV
  Sp  = -1.456 MeV
  p (isomer) 51(8)%
      p (g. s.) = 27(13)%
         (isomer) 549(8)%
         (g. s.) = 73(13)%

177Tl

(1/2+)
18 ms

(11/2-)
230 µs

176Hg
0+

20.3 ms

1.958 MeV
1.156 MeV

6.399 MeV

7.487 MeV

isomer = 153(24) keV
Qεp  =  6.413 MeV
Qε   = 14,343 MeV
  Q    = 6.141 MeV
  Sp  = -0.613 MeV
     (isomer) 68(4)%
        (g.s.) 53(9)%

6.399 MeV

6.907 MeV

isomer = 214(23) keV
Qεp  =  7.258 MeV
Qε   = 15.466 MeV
  Q    = 6.836 MeV
  Sp  = -0.986 MeV
    (isomer) 92    %
        (g. s.) =  94    %

+8
-13

+6
-19

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +15/2 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +15/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. J|pi values for 121I, 125Cs, 129La, 133Pr, 137Pm, 141Eu, 145Tb, 149Ho, are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe2p Qe a Experimental

121I 5/2+ 2.12(1) h 2.297(26) -5.117(9) —– -10.759(5) 1.727(5) [1965An05]
125Cs 1/2+ 49(5) m 3.110(8) -4.014(8) —– -9.497(8) 2.028(27) [1962Pr09]
129La (3/2+) 7(3) s 3.737(22) -2.681(22) —– -7.581(21) 3.451(21) [1970Ab07]
133Pr (3/2+) 6.5(3) m 4.481(21) -1.500(40) —– -5.837(13) 4.698(16) [1972ArZP]

137Pm 11/2� 2.4(1) m 5.511(18) -0.021(17) —– -4.034(17) 5.920(21) [1975No08]
141Eu 5/2+ 41.4(7) s 6.008(14) 0.997(27) -2.487(30) 7.233(17) [1993Al03]

145Tb* (11/2�) 31.6(6) s 6.53(11) 1.93(11) -1.460(111) 7.11(11) [1992Al03]
149Ho (11/2�) 21.1(2) s 6.048(13) 1.602(15) -0.867(12) 8.856(23) [1993Al03]
153Tm (11/2�) 1.7(2) s 6.494(13) 2.343(16) 0.202(12) 11.296(15) [1989Ko02]

153mTm 0.0432(2) (1/2+) 2.5(2) s 6.537(13) 2.386(16) 0.245(12) 11.337(15) [1988ScZV, 1989Ko02]
157Lu (1/2+, 3/2+) 6.8(5) s** 7.012(14) 3.138(17) 1.191(14) 11.602(15) [1991Le15, 1991To09]

157mLu 0.032(2) (11/2�) 4.75(10) s 7.044(14) 3.170(17) 1.223(14) 11.634(15) [1991Le15]
161Ta (1/2+) 7.540(30) 4.202(62) 2.477(30) 12.216(27)

161mTa 0.096(28)*** (11/2�) 3157+74
�79 ms 7.636(41) 4.298(68) 2.573(41) 12.312(39) [2005Sc22]

165Re (1/2+) 1.6(6) s 8.248(30) 5.334(37) 4.032(35) 13.232(33) [2012Th13]
165mRe 0.048(26) (11/2�) 1.74(6) s 8.200(40) 5.382(45) 4.080(44) 13.280(42) [2012Th13, 1999Po09]

169Ir (1/2+) 3.53(4) s 8.630(30) 6.413(39) 5.422(30) 14.343(35) [2005Sc22]
169mIr 0.153(24) (11/2�) 280(3) ms 8.783(38) 6.567(46) 5.575(38) 14.496(42) [2005Sc22, 1999Po09]
173Au (1/2+) 26.3(12) ms 9.100(70) 7.258(40) 6.887(29) 15.466(35) [2012Th13]

173mAu 0.214(23) (11/2�) 12.2(1) ms 9.314(74) 7.472(46) 7.101(37) 15.680(42) [2012Th13, 1999Po09]
177Tl (1/2+) 18(5) ms 9.440(90) 7.892(40) 7.791(29) 16.172(67) [1999Po09]

177mTl 0.807(18) (11/2�) 230(40) µs 10.247(92) 8.699(44) 8.598(34) 16.979(69) [1999Po09]

* Possibly not the ground state.
** Weighted average of 9.6(8) s [1991Le5] and 5.7(5) s [1991To09].
*** From Qa values for 161,161mTa [2012Th13] and 32(3) keV for the excitation energy of 157mLu.
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Table 2
Particle separation and emission from the odd-Z, Tz = +15/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or
deduced from values therein.

Nuclide Sp BRp S2p Qa BRa Experimental

121I 4.172(4) —– 11.348(8) -0.031(10) —–
125Cs 3.711(8) —– 10.725(9) -0.269(9) —–
129La 3.243(21) —– 9.661(22) 0.341(23)
133Pr 2.758(24) —– 8.746(31) 0.961(25)

137Pm 2.163(18) —– 7.715(18) 1.440(18)
141Eu 1.759(18) —– 7.003(19) 1.722(18)

145Tb* 1.929(114) —– 6.74(11) 1.10(11)
149Ho 1.075(12) —– 5.481(14) 2.33(11)
153Tm 0.761(12) —– 4.928(15) 5.248(1) 91(3)% [1989Ko02, 1982De11, 1982Bo04, 1996Pa01, 1989Wo02, 1988To13,

1988ScZW, 1988ScZO, 1988ScZV, 1979Be52, 1979Ho10, 1978AfZZ,
1973BoXL, 1973BoXW]

153mTm 0.718(12) —– 4.885(15) 5.291(1) 92(3)% [1988To13, 1988ScZV, 1989Ko02, 1996Pa01, 1989Wo02, 1988ScZW,
1988ScZO, 1982Bo04, 1982De11, 1979Be52, 1979Ho10, 1978AfZZ,
1973BoXL, 1973BoXW]

157Lu 0.463(12) —– 4.392(16) 5.108(3) obs [1991Le15, 1991To09, 1993ToZY]
157mLu 0.431(12) —– 4.360(16) 5.140(3) 6(2)% [1996Pa01, 1991Le15, 1992Ha10, 1983To01, 1979Ho10, 1991Le15,

1991To09, 1993ToZY, 1981HoZM, 1979Al16, 1979Be52, 1979BeYR,
1978AfZZ, 1977Ha49, 1972GaZR]

161Ta 0.129(23) —– 3.648(45) 5.406(28)**
161mTa 0.031(36) —– 3.552(53) 5.332(37) 7(3)% [2012Th13, 2005Sc22, 1996Pa01, 1992Ha10, 1979Ho10, 1986Ru05,

1988MeZY, 1987HaZO, 1984Gr14, 1981HoZM]
165Re -0.287(23) 2.703(45) 5.694(6) 14(8)% [2012Th13], 2005Sc22]

165mRe -0.335(35) 2.655(52) 5.742(27) 13(1)% [2012Th13, 2005Sc22, 1996Pa01, 1981Ho10]
169Ir -0.613(22) 1.838(46) 6.141(4) 53(9)%*** [2012Th13, 2005Sc22, 1999Po05, 1996Pa01, 1984ScZQ, 1981DeZA,

1978Ca11, 1978CaZF, 1978ReZZ]
169mIr -0.766(33) 1.685(52) 6.294(24) 68(4)%@ [2012Th13, 2005Sc22, 1999Po05, 1996Pa01]
173Au -0.986(21) 0.998(45) 6.891(4)@@ 94+6

�19 % [2012Th13, 1999Po09, 2001Ko14, 1996Pa01, 1984ScZQ, 1983Sc24]
173mAu -1.200(31) 0.784(51) 7.105(23) 92+8

�13 % [2012Th13, 1999Po09, 2001Ko14]
177Tl -1.156(19) 27(13)% 0.51(44) 7.067(7) 73(13)% [1999Po09]

177mTl -1.963(26) 51(8)% -0.30(44) 7.874(19) 49(8)% [1999Po09, 2004Ke04]

* Possibly not the ground state.
** Deduced from a energy, 5.236(24) in [2021Wa16].
*** Weighted average of 50(18)% [1999Po09], 57(9)% [2012Th13], and 42(15)% [2005Sc22].
@ Weighted average of 84(8)% [1999Po09], 78(6)% [2012Th13], 72(13)% [1996Pa01], and 59(4)% [2005Sc22].
@@ Deduced from a energy, 6.836(5) in [2021Wa16].

Table 3
direct a emission from 153Tm, T1/2= 1.7(2) s*, BRa = 91(3)%*.

Ea (c.m.) Ea (lab) Ia (abs)* Edaughter(149Ho) coincident g-rays R0 (fm) HF

5.247(2) 5.110(2)** 91(3)% 0.0 —– 1.5621(20) 1.40(18)

* [1989Ko02]
** Weighted average of 5.111(2) MeV [1982De11], 5.103(3) MeV [1982Bo04] (adjusted to 5.108(3) in [1991Ry02]), and 5.112(5) MeV [1996Pa01].
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Table 4
direct a emission from 153mTm*, Ex = 43.2(2) keV**, T1/2= 2.5(2) s***, BRa = 92(3)%**.

Ea (c.m.) Ea (lab) Ia (rel)*** Ia (abs)*** Edaughter(149Ho) coincident g-rays R0 (fm) HF

4.709(10) 4.586(10) @ @ 0.564 0.344, 0.171 1.5621(20) <6.4⇥103

5.034(15) 4.902(15) @@ @@ 0.220 0.171 1.5621(20) <1.6⇥104

5.233(4) 5.096(4) 100% ⇡ 100% 0.049 1.5621(20) 1.76(17)

* All values from [1988To13], unless otherwise stated.
** [1989Ko02].
*** [1988ScZV].
@ [1988To13] lists this transition as a possible doublet to the 5/2+ 564 keV state from both the 11/2� ground state and 1/2+ isomer, however the change in

spin greatly favors decay from the 1/2+ isomer. Ia 4.586/Ia (5.096 + 5.108) = 4.5(6)⇥0�5 [1988To13].
@@ [1988To13] lists this transition as a possible doublet to the 3/2+ 220 keV keV state from both the 11/2� ground state and 1/2+ isomer, however the change

in spin greatly favors decay from the 1/2+ isomer. Ia 4.902/ Ia (4.586 + 5.108) = 1.8(4)⇥10�5 [1988To13].

Table 5
direct a emission from 157Lu*, T1/2= 6.8(5) s**, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(153Tm) coincident g-rays

5.054(5) 4.925(5) obs 0.043

* All values from [1991Le15], except where noted.
** Weighted average of 9.6(8) s [1991Le5] and 5.7(5) s [1991To09].

Table 6
direct a emission from 157mLu, Ex = 32(2) keV*, T1/2= 4.75(10) s*, BRa = 6(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(153Tm) coincident g-rays R0 (fm) HF

5.129(2) 4.998(2)*** 6(2)% 0.0 —– 1.5787(76) 2.7+1.5
�0.8

* [1991Le15].
** [1979Ho10].
*** Weighted average of 4.997(4) MeV [1996Pa01], 4.998(5) MeV [1991Le15], 4.995(6) MeV [1992Ha10], 4.999(5) MeV [1983To01] (adjusted to 5.003(3)

in [1991Ry02]), and 4.994(5) MeV [1979Ho10] (adjusted to 4.999(3) in [1991Ry02]).

Table 7
direct a emission from 161mTa, Ex = 96(28) keV, T1/2= 3157+74

�79 ms*, BRa = 7(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(157Lu) coincident g-rays R0 (fm) HF

5.278(2) 5.147(2)*** 6(2)% 0.032 —– 1.560(11) 0.7+0.7
�0.3

* [2005Sc22].
** [2012Th13].
*** Weighted average of 5.140(7) MeV [1996Pa01], 5.149(5) MeV [1992Ha10], 5.142(6) MeV [2012Th13], 5.151(4) MeV [2005Sc22], and 5.148(5) MeV

[1996Ru05].

Table 8
direct a emission from 165Re*, T1/2= 1.6(6) s, BRa = 14(8)%.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(161Ta) coincident g-rays R0 (fm) HF

5.694(6) 5.556(6) 14(8)% 0.0 —– 1.566(11) 2 +4
�1

* All values from [2012Th13].
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Table 9
direct a emission from 165mRe*, Ex = 48(26) keV**, T1/2= 1.74(6) s, BRa = 13(1)%.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(161Ta) coincident g-rays R0 (fm) HF

5.657(6) 5.520(6) 13(1)% 0.096 1.566(11) 1.5 +0.4
�0.3

* All values from [2012Th13], except where noted.
** [1999Po09].

Table 10
direct a emission from 169Ir, T1/2= 353(4) ms*, BRa = 53(9)%**.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(165Re) coincident g-rays R0 (fm) HF

6.141(4) 5.995(4)*** 53(9)%** 0.0 —– 1.5639(39) 1.0 +0.6
�0.3

* [2012Th13].
** Weighted average of 50(18)% [1999Po09], 57(9)% [2012Th13], and 42(15)% [2005Sc22].
*** Weighted average of 6.005(8) MeV [1999Po09], and 5.993(4) MeV [2005Sc22].

Table 11
direct a emission from 169mIr*, Ex = 153(24) keV**, T1/2= 280(3) ms***, BRa = 68(4)%*@.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(165Re) coincident g-rays R0 (fm) HF

6.263(3) 6.114(3)@@ 68(4)%*** 0.048 1.5639(39) 1.85(18)

* All values from [2012Th13], except where noted.
** [1999Po09].
*** [2005Sc22].
@ Weighted average of 84(8)% [1999Po09], 78(6)% [2012Th13], 72(13)% [1996Pa01], and 59(4)% [2005Sc22].
@@ Weighted average of 6.106(5) MeV [1999Po09], 6.119(9) MeV [1996Pa01], and 6.117(3) MeV [2005Sc22].

Table 12
direct a emission from 173Au, T1/2= 26.3(12) ms*, BRa = 94+6

�19 %*.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(169Ir) coincident g-rays R0 (fm) HF

6.891(4) 6.732(4)** 94+6
�19 %* 0.0 —– 1.5529(80) 2.9+0.6

�0.5

* [2012Th13].
** [1999Po09].

Table 13
direct a emission from 173mAu, Ex = 214(23) keV*, T1/2= 12.2(1) ms**, BRa = 92+8

�13 %**.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(169Ir) coincident g-rays

6.891(4) 6.732(4)*@ 92+8
�13 %** 0.153 1.5529(80) 1.43+0.27

�0.24

* [1999Po09].
** [2012Th13].

Table 14
direct a emission from 177Tl*, T1/2= 18(5)ms, BRa = 73(13)%.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(173Au) coincident g-rays R0 (fm) HF

7.067(7) 6.907(7) 73(13)% 0.0 —– 1.545(21) 1.6+1.2
�0.8

* All values taken from [1999Po09].

5



Table 15
direct p emission from 177Tl*, T1/2= 18(5)ms, BRp = 27(13)%.

Ep(c.m.) Ep(lab) Ip(abs) Edaughter(176Hg) coincident g-rays

1.163(20) 1.156(20) 27(13)% 0.0 —–

* All values taken from [1999Po09].

Table 16
direct a emission from 177mTl*, Ex = 807(18) keV, T1/2= 230(40) µs, BRa = 49(8)%.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(173Au) coincident g-rays R0 (fm) HF

7.660(13) 7.487(13) 49(8)% 0.214 1.545(21) 2.2+1.4
�1.0

* All values taken from [1999Po09].

Table 17
direct p emission from 177mTl*, Ex = 807(18) keV, T1/2= 230(40) µs, BRp = 51(8)%.

Ep(c.m.) Ep(lab) Ip(abs) Edaughter(176Hg) coincident g-rays

1.969(10) 1.958(10) 51(8)% 0.0 —–

* All values taken from [1999Po09].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +8 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +8 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe2p Qe a Experimental

132Ce 0+ 3.51(11) h 1.250(40) -3.079(20) -10.147(22) 1.038(21) [1976Ge10]
136Nd 0+ 50.65(33) m 2.141(16) -1.872(16) -8.559(23) 2.099(38) [1975Br16]
140Sm 0+ 14.82(10) m 2.756(27) -0.728(30) -6.905(16) 3.460(17) [1972De23]
144Gd 0+ 4.47(6) m 3.860(30) 0.469(28) -5.196(37) 4.028(37) [1991Tu01]
148Dy 0+ 3.1(1) m 2.678(10) 0.209(9) -5.320(11) 5.335(14) [1975To03]
152Er 0+ 10.3(1) s 3.104(10) 0.963(9) -3.972(12) 7.612(15) [1982Bo04]

156Yb 0+ 25.3(5) s* 3.569(13) 1.655(11) -3.204(12) 7.914(16) [2011Es03, 1983Mi01, 1982To14,

1979Ho10, 1970To16]
160Hf 0+ 13.6(2) s 4.330(60) 2.606(20) -1.813(27) 8.471(17) [1995Hi12]
164W 0+ 6.0(3) s** 5.047(30) 3.745(27) 0.018(76) 9.609(58) [[1979Ho10, 1975To05, 1973Ea01]
168Os 0+ 2.2(1)*** s 5.800(30) 4.809(21) 1.525(30) 10.863(30) [1996Pa01, 1982En03]
172Pt 0+ 96(3) ms 6.270(30) 5.902(21) 3.219(15) 12.263(33) [1996Pa01]

176Hg 0+ 21.3(8) ms@ 6.740(30) 6.635(22) 4.423(16) 13.170(34) [2009An20, 2004GoZZ, 2002Ro17,

1999To11, 1999Po09]
180Pb 0+ 4.1(3) ms 7.450(70) 7.703(31) 5.784(16) 14.155(35) [2010Ra12]

* Weighted average of 24(1) s[1970To16], 26.1(7) s [2011Es03], 25.8(10) s [1977Ha48], 26.0(5) s [1978AfZZ], 23.6(13) s [1983Mi01], and 23(1) s [1982To14].
** Weighted average of 6.3(5) s [1973Ea01], 5.5(5) s [1975To05], 6.4(8) s [1979Ho10].
*** Weighted average of 2.2(1) s [1982En03], and 2.1(1) s [1996Pa01].
@ Weighted average of 20(3) ms [2009An20], 22(1) ms [2004GoZZ], 20(2) ms [2002Ro17], 20(3) ms [1999To11], and 21(4) ms [1999Po09].

Table 2

Particle separation and emission from the even-Z, Tz = +8 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or
deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

132Ce 5.988(35) 9.790(20) 0.476(20)
136Nd 5.552(17) 8.944(24) 0.844(24)
140Sm 5.244(18) 8.017(17) 1.318(17)
144Gd 4.807(30) 7.356(28) 1.272(31)
148Dy 4.406(12) 6.352(10) 1.475(29)
152Er 4.166(12) 5.769(10) 4.934(2) 92(4)%* [1982Bo04, 1982De11, 1987To02, 1979Ho10, 1982Ba75, 1982To14,

1981HoZM, 1977Ha48, 1970To16
156Yb 3.929(14) 5.239(11) 4.810(4) 9(2)% [1996Pa01, 1983Mi01, 1982To14, 1979Ho10, 1978AfZZ, 1977Ha48,

1979To16, 2011Es03, 1970ToZS, 1970ToZU]
160Hf 3.519(39) 4.507(12) 4.902(3) 0.7(2)% [1995Hi12, 1992Ha10, 1996Pa01, 1996HiZX, 1979Ho10, 1973To02,

1970ToZU, 1970ToZY]
164W 2.990(39) 3.645(13) 5.278(2) 4.4(9)%** [1996Pa01, 1979Ho10, 1975To05, 1973Ea01, 1994TeZZ, 1982De11,

1981DeZA, 1976ToZP, 1974Sc35, 1972EaZU]
168Os 2.450(41)# 2.685(14) 5.816(3) 43(3)%*** [2004GoZZ, 1996Pa01, 1995Hi02, 1984Sc06, 1982De11, 1982En03,

1978Ca11, 1978Sc26, 1977Ca23]
172Pt 1.984(40)# 1.759(14) 6.463(4) 94(6)% [2004GoZZ, 1996Pa01, 1981De22, 2002Ro17, 1993ToZY, 1984ScZQ,

1982En03]
176Hg 1.670(40)# 1.045(15) 6.897(6) 98(2)% [2004GoZZ, 1999Po09, 2010Ju02, 2009An02, 2002Ro17, 1999To11,

1998Mu25, 1996Pa01, 1993ToZY, 1990SeZW, 1984ScZQ, 1983Sc24]
180Pb 0.960(41) 0.204(16) 7.419(5) ⇡100%@ [2010Ra12, 2009An20, 2010Ju02, 1999To11, 1998ToZW, 1996To08]

* Weighted average of 93(4)% [1979Ho10] and 90(4)% , 94(4)% [1987To01].
** Weighted average of 5(1)% [1996Pa01] and 2.6(17)% [1979Ho10].
*** Weighted average of 36(4)% [2004GoZZ], 40(3)% [1996Pa01], and 49(3)% [1982En03].
@ Deduced from short half-life.
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Table 3

direct a emission from 152Er, Jp = 0+, T1/2 = 10.3(1) s*, BRa = 92(4)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(148Dy) coincident g-rays R0 (fm) HF

4.935(2) 4.805(2)*** 92(4)%** 0+ 0.0 —– 1.5668(28) 1.00(5)

* [1982Bo04].
** Weighted average of 93(4)% [1979Ho10] and 90(4)% , 94(4)% [1987To01].
*** Weighted average of 4.799(3) MeV [1982Bo04] (adjusted to 4.805(3) in [1991Ry02]), 4.804(2) MeV [1982De11], and 4.808(5) MeV [1979Ho10].

Table 4

direct a emission from 156Yb*, Jp = 0+, T1/2 = 25.3(5) s**, BRa = 9(2)%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(152Er) coincident g-rays R0 (fm) HF

4.810(4) 4.687(4) 9(2)% 0+ 0.0 —– 1.592(15) 1.09+0.34
�0.22

* All values from [1996Pa01], except where noted.
** Weighted average of 24(1) s[1970To16], 26.1(7) s [2011Es03], 25.8(10) s [1977Ha48], 26.0(5) s [1978AfZZ], 23.6(13) s [1983Mi01], and 23(1) s

[1982To14].
*** [1983Mi01].

Table 5

direct a emission from 160Hf*, Jp = 0+, T1/2 = 13.6(2) s, BRa = 0.7(2)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(156Yb) coincident g-rays R0 (fm) HF

4.902(6) 4.779(6)** 0.7(2)% 0+ 0.0 —– 1.549(19) 1.0+0.4
�0.2

* All values from [1995Hi12], except where noted.
** [1992Ha10]

Table 6

direct a emission from 164W, Jp = 0+, T1/2 = 6.0(3) s*, BRa = 4.4(9)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(160Hf) coincident g-rays R0 (fm) HF

5.278(3) 5.140(3)*** 4.4(9)% 0+ 0.0 —– 1.576(15) 0.8+0.3
�0.2

* Weighted average of 6.3(5) s [1973Ea01], 5.5(5) s [1975To05], 6.4(8) s [1979Ho10].
** Weighted average of 5(1)% [1996Pa01] and 2.6(17)% [1979Ho10].
*** Weighted average of 5.148(6) MeV [1996Pa01], 5.153(5) MeV [1973Ea01], 5.146(5) MeV [1975To05], and 5.148(5) MeV [1979Ho10].

Table 7

direct a emission from 168Os, Jp = 0+, T1/2 = 2.2(1) s*, BRa = 43(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(164W) coincident g-rays R0 (fm) HF

5.817(3) 5.678(3)*** 43(4)% 0+ 0.0 —– 1.5627(48) 1.03(11)

* Weighted average of 2.2(1) s [1982En03], and 2.1(1) s [1996Pa01].
** Weighted average of 36(4)% [2004GoZZ], 40(3)% [1996Pa01], and 49(3)% [1982En03].
*** Weighted average of 5.674(8) MeV [1995Hi02], 5.662(8) MeV [1984Sc06], and 5.680(3) MeV [1982De11].
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Table 8

direct a emission from 172Pt, Jp = 0+, T1/2 = 96(3) ms*, BRa = 94(6)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(168Os) coincident g-rays R0 (fm) HF

6.466(3) 6.315(3)*** 43(4)% 0+ 0.0 —– 1.5583(40) 0.99(7)

* [1996Pa01].
** [2004GoZZ].
*** Weighted average of 6.317(5) MeV [2004GoZZ], and 6.314(4) MeV [1982De11].

Table 9

direct a emission from 176Hg, Jp = 0+, T1/2 = 21.3(8) ms*, BRa = 98(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(172Pt) coincident g-rays R0 (fm) HF

6.906(5) 6.749(5)*** 98(2)% 0+ 0.0 —– 1.5446(30) 1.02(4)

* Weighted average of 20(3) ms [2009An20], 22(1) ms [2004GoZZ], 20(2) ms [2002Ro17], 20(3) ms [1999To11], and 21(4) ms [1999Po09].
** [2004GoZZ].
*** Weighted average of 6.755(5) MeV [2004GoZZ], and 6.740(6) MeV [1999Po09].

Table 10

direct a emission from 180Pb*, Jp = 0+, T1/2 = 4.1(3) ms, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(176Hg) coincident g-rays R0 (fm) HF

7.419(7) 7.254(7) ⇡100% 0+ 0.0 —– 1.5194(46) 0.98(7)

* All values from [2010Ra12].
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +8nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +8 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. J|pi values for 122I, 126Cs, 130La, 134Pr, 138Pm, 142Eu, 146Tb, 150Ho, are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p Qe2p Qe a BRe F Experimental

122I 1+ 3.63(6) m 4.234(5) -3.769(5) -9.559(5) 3.149(5) [1970LaZX]
126Cs 1+ 98.6(10) s 4.796(10) -2.804(10) -8.404(10) 3.538(10) [1969Ch18]
130La 3+ 8.7(1) m 5.629(26) -1.417(26)- -6.345(26) 5.094(26) [1963Ya05]
134Pr 2� 17(2) m 6.305(29) -0.323(35) -4.671(20) 6.304(20) [1967Cl02]

138Pm (1+) 10(2) s 7.103(16) 0.998(14) -2.984(12) 7.494(23) [1983Al06]
142Eu 1+ 2.34(12) s 7.673(30) 1.925(33) -1.630(30) 8.283(32) [1991Fi03]
146Tb 1+ 8(4) s 8.320(40) 2.939(45) -0.376(45) 8.793(45) [1982No08]
150Ho (2�) 72(4) s 7.364(14) 2.254(15) -0.254(14) 11.715(15) [1982No08]
154Tm (2�) 8.3(3) s 8.178(15) 3.296(15) 1.113(15) 12.458(15) [1982Bo04]

154mTm x (9+) 3.35(5) s 8.178(15)+x 3.296(15)+x 1.113(15)+x 12.458(15)+x [1982Bo04]
158Lu (2�) 10.6(3) s 8.797(17) 4.208(32) 2.422(29) 12.968(16) [1983Ge08]
162Ta 3.60(15) s 9.390(60) 5.492(69) 3.804(64) 13.803(64) [1992Ha10]
166Re (3�)* 2.4(2) s** 10.050(90) 6.722(89) 5.403(90) 14.906(89) [1992Me10, 1984Sc06, 1978Sc26]

170Ir (3�) 870+180
�120 ms 10.74(10)# 7.94(10)# 7.13(10)# 16.28(10) [2002Ro17]

170mIr x (8+) 811(18) ms 10.74(10)#+x 7.94(10)#+x 7.13(10)#+x 16.28(10)+x [2007Ha45]
174Au (2�) 120(20) ms 11.26(10)# 8.92(10)# 8.61(10)# 17.44(10) [1983Sc24]

174mAu x (9+) 162(3) ms 11.26(10)#+x 8.92(10)#+x 8.61(10)#+x 17.44(10)+x [2004GoZZ]
178Tl (4�, 5�) 252(20) ms 11.70(10)# 9.64(10)# 9.74(10)# 18.28(10) 0.15(6)% [2013Li49]

* [2004GoZZ]
** Weighted average of 2.3(2) [1992Me10], 2.8(3) s [1984Sc06] and 2.2(4) s [1978Sc26].

Table 2
Particle separation and emission from the odd-Z, Tz = +8 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or
deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

122I 4.825(26) 12.240(9) -0.508(6) —–
126Cs 4.440(10) 11.564(11) -0.696(12) —–
130La 3.855(28) 10.274(26) 0.298(28)
134Pr 3.399(26) 9.382(42) 0.674(33)

138Pm 2.619(16) 8.152(16) 1.189(23)
142Eu 2.664(31) 7.675(39) 1.181(32)
146Tb 2.126(49) 6.722(46) 1.120(54)
150Ho 1.541(17) 5.987(19) 3.393(47)
154Tm 1.249(17) 5.400(19) 5.094(3) 54(5)% [1997To12, 1982Bo04, 1979Ho10, 1995Wa32, 1995WaZN, 1995WaZR,

1993ToZX, 1992Po14, 1981De22, 1981HoZM, 1979Be52, 1973BoVZ,
1973BoXW, 1973BoXL, 1964Ma45, 1963Ma13]

154mTm* 1.249(17)-x 5.400(19)-x 5.094(3)+x 58(5)% [1997To12, 1982Bo04, 1982De11, 1979Ho10, 1995Wa32, 1995WaZN,
1995WaZR, 1993ToZX, 1992Po14, 1991VaZZ, 1989KaYU, 1984ToZT,
1981De22, 1981HoZM, 1979Be52, 1973BoVZ, 1973BoXW, 1973BoXL,
1964Ma45, 1963Ma13]

158Lu 1.081(19) 4.956(21) 4.790(5) 0.91(20)% [1992Ha10, 1983Ge08, 1983To01, 1992Po14, 1982RaZZ, 1981RaZH,
1980Al14, 1980AlZN, 1979Al16, 1979AlZM, 1979Be52]

162Ta 0.755(68) 4.089(85) 5.008(5)@ 0.074(13)%** [1992Ha10, 1986Ru05, 2011Gh08, 1988MeZY, 1987HaZO, 1987ScZH,
1987ScZL]

166Re 0.265(92)# 3.132(93) 5.663(4)@@ obs [1996Pa01, 1992Me10, 1984Sc06, 1982De11, 1978Sc26, 1992MeZW,
1984Gr14, 1981DeZA, 1981DeZL]

170Ir -0.25(11) 1.97(11)# 5.955(5)*** 5.2(17)% [2004GZZ, 2002Ro17, 1996Pa01]
170mIr* -0.25(11)-x 1.97(11)#-x 5.955(5)+x 39(6)% [2004GoZZ, 2002Ro17, 1996Pa01, 1984Gr14, 1982De11, 1978ReZZ,

1978Sc26, 1978Ca11, 1977Ca23, 1977ScYH
174Au -0.59(12) 1.26(11)# 6.699(7) 90(6)% [2002Ro17, 2004GoZZ]

174mAu -0.59(12)-x 1.26(11)#-x 6.699(7)+x obs [2004GoZZ, 2002Ro17, 1996Pa01, 1992Ha10, 2000KoZN, 1984ScZQ,
1983Sc24]

178Tl -0.87(13) 0.67(11)# 7.020(10) 62(2)% [2013Li49, 2002Ro17, 2001RoZW, 1997Ca13]

* Excitation is unknown.
** Weighted average of 0.081(13)% [1992Ha10] and 0.065(14)% [1986Ru05].
*** Deduced from a energy, 6.230(50)# in [2021Wa16].
@ Deduced from a energy, 5.010(60) in [2021Wa16].
@@ Deduced from a energy, 5.520(60) in [2021Wa16].
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Table 3
direct a emission from 154Tm*, T1/2= 8.3(3) s**, BRa = 54(5)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Edaughter(150Ho) coincident g-rays R0 (fm) HF

4.975(15) 4.846(15)@ 0.45(20)%** 0.24(11)%** 0.131 0.131 1.5815(15)@@ 180+16
�6

5.093(3) 4.961(3)*** 100%** 58(5)%** 0.0 —– 1.5815(15)@@ 3.4(4)

* All values from [1997To12], except where noted.
** [1982Bo04].
*** Weighted average of 4.959(5) MeV [1979Ho10] (adjusted to 4.964(5) MeV in [1999Ry01]) and 4.955(3) MeV [1982Bo04] (adjusted to 4.960(3) MeV in

[1999Ry01])
@ Reported as 4.825(15) MeV in [1997To12], which lists the 100% peak as 4.956(3) MeV based on data that was not adjusted in [1991Ry01]. The value

adopted here is 5 keV higher, therefore the energy of the fine structure peak was adjusted accordingly.
@@ Interpolated between 1.567(3) fm 152Er and 1.596(15) fm 156Yb.

Table 4
direct a emission from 154mTm*, Ex = unk, T1/2= 3.35(5) s**, BRa = 58(5)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Edaughter(150Ho) coincident g-rays R0 (fm) HF

4.975(15) 4.846(15)@ 0.24(5)%** 0.14(3)%** 0.197 + x 0.197 1.5815(15)@@ 150+50
�30

5.172(2) 5.037(2)*** 100%** 58(5)%** x —– 1.5815(15)@@ 2.98(28)

* All values from [1997To12], except where noted.
** [1982Bo04].
*** Weighted average of 5.035(5) MeV [1979Ho10] (adjusted to 5.040(5) MeV in [1999Ry01]), 5.037(2) MeV [1981De22] and 5.030(3) MeV [1982Bo04]

(adjusted to 5.036(3) MeV in [1999Ry01]).
@ Reported as 4.840(15) MeV in [1997To12], which lists the 100% peak as 5.031(3) MeV based on data that was not adjusted in [1991Ry01]. The value

adopted here is 6 keV higher, therefore the energy of the fine structure peak was adjusted accordingly.
@@ Interpolated between 1.567(3) fm 152Er and 1.596(15) fm 156Yb.

Table 5
direct a emission from 158Lu, T1/2= 10.6(3) s*, BRa = 0.91(20)%**.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(154Tm) coincident g-rays R0 (fm) HF

4.789(5) 4.668(5)*** 0.91(20)%** 0.0 —– 1.573(24)@ 0.7+0.5
�0.3

* [1983Ge03].
** [1992Ha10].
*** Reported as 4.666(5) MeV [1983To01] (adjusted to 4.668(5) MeV in [1999Ry01]).
@ Interpolated between 1.596(15) fm 156Yb, and 1.549(19) fm 160Hf.

Table 6
direct a emission from 162Ta*, T1/2= 3.60(15) s, BRa = 0.074(13)%**.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(158Lu) coincident g-rays R0 (fm) HF

5.008(5) 4.884(5) 0.074(13)%** 0.0 —– 1.563(24)*** 3.8+2.4
�1.6

* All values from [1992Ha10], unless otherwise noted.
** Weighted average of 0.081(13)% [1992Ha10] and 0.065(14)% [1986Ru05].
*** Interpolated between 1.549(19) fm 160Hf and 1.576(15) fm 164W,

Table 7
direct a emission from 166Re, T1/2= 2.4(2) s*, BRa =obs.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(162Ta) coincident g-rays R0 (fm) HF

5.663(4) 5.527(4)** obs 0.0 —– 1.569(16) 5+5
�3

* Weighted average of 2.3(2) [1992Me10], 2.8(3) s [1984Sc06] and 2.2(4) s [1978Sc26].
** [1982De11].
*** Interpolated between 1.576(15) fm 164W and 1.5627(48) fm 168Os.
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Table 8
direct a emission from 170Ir, T1/2= 870+180

�120 ms*, BRa = 5.2(17)%*.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(166Re) coincident g-rays R0 (fm) HF

5.955(5) 5.815(5)** 5.2(17)%* 0.0 —– 1.5605(62) 4.5+3.1
�1.7

* [2002Ro17].
** [2004GoZZ].
*** Interpolated between 1.5627(48) fm 168Os and1.5583(40) fm 172Pt.

Table 9
direct a emission from 170mIr*, Ex. = unk., T1/2= 811(18) ms, BRa = 39(6)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Edaughter(166Re) coincident g-rays R0 (fm) HF

6.094(10) 5.951(10) ⇡30*** ⇡5*** 0.175+x 0.175, 0.122, 0.110, 0.075, 0.069, 0.053
6.152(10) 6.007(10) ⇡80*** ⇡14*** 0.122+x 0.122, 0.069, 0.053
6.199(10) 6.053(10) 100*** ⇡17*** 0.075+x 0.075
6.268(10) 6.121(10) ⇡25*** ⇡4*** x

* All values from [2007Ha45], except where noted.
** [2004GoZZ].
*** Relative intensities not given in [2007Ha45], estimated by evaluator from Fig 5b.

Table 10
direct a emission from 174Au, T1/2= 120(20) ms*, BRa = 90(6)%**.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(170Ir) coincident g-rays R0 (fm) HF

6.701(5) 6.547(5)*** 90(6)%** 0.0 —– 1.5525(50)@ 3.3(7)

* [1983Sc24].
** [2002Ro17].
** [2004GoZZ].
@ Interpolated between 1.5583(40) fm 172Pt and 1.5466(30) fm 176Hg.

Table 11
direct a emission from 174mAu, T1/2= 162(3) ms, BRa = obs.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Edaughter(170Ir) coincident g-rays R0 (fm) HF

6.584(5) 6.433(5) 0.191+x 0.191
6.623(5) 6.471(5) 0.153+x 0.153

6.773(15) 6.618(15) x

* All values from [2004GoZZ].

Table 12
direct a emission from 178Tl*, T1/2= 252(20) ms, BRa = 62(2)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Edaughter(174Au) coincident g-rays R0 (fm) HF

6.747(10) 6.595(10) 34(7) 15(3) 0.273 0.273, 0.163 1.533(55)** 2.6+1.0
�0.7

8.847(10) 6.693(10) 100 43(3) 0.173 0.173, 0.163 1.533(55)** 2.09(12)
7.010(10) 6.852(10) 9(5) 4(2) 0.0 —– 1.533(55)** 100+120

�40

* All values from [2013Li49].
** Interpolated between 1.5466(30) fm 176Hg and 1.5194(46) fm 180Pb.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +17/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. J|pi values for 129Ba, 133Ce, 137Nd, 141Sm, 145Gd, 149Dy, are taken from ENSDF

Nuclide Jp T1/2 Qe Qe p BRb p Qe2p Qe a Experimental

129Ba 1/2+ 2.23(11) h 2.438(11) -2.489(11) —– -10.656(11) 1.350(11) [1972Ta02]
133Ce 1/2+ 97(4) m 3.080(30) -1.272(16) —– -8.941(16) 2.656(17) [1967Ge08]
137Nd 1/2+ 38.5(15) m 3.618(14) -0.364(12) —– -7.518(15) 3.486(30) [1973Bu18]
141Sm 1/2+ 10.2(2) m 4.589(16) 1.034(9) -5.683(9) 4.843(12) [1977Ke03]
145Gd 1/2+ 23.0(4) m 5.065(20) 1.750(20) -4.544(20) 5.171(24) [1982Fi01]
149Dy 7/2� 4.2(2) m 3.795(9) 1.286(9) -4.727(10) 7.873(10) [1993Al03]
153Er (7/2�) 37.1(2) s 4.545(10) 2.362(10) -3.421(10) 8.597(10) [1982Bo04]

157Yb 7/2� 37.9(9) s* 5.289(30) 3.503(27) -1.958(21) 9.167(12) [1978AfZZ, 1977Ha48, 1970To16]
161Hf (7/2�) 18.7(5) s 6.250(40) 4.558(24) -0.323(36) 9.969(36) [1995Hi12]
165W (5/2�) 5.1(5) s 6.987(29) 5.668(30) 1.352(38) 11.276(38) [1975To05]
169Os (5/2�) 3.3(3) s 7.686(28) 6.881(29) 3.050(38) 12.700(29) [1995Hi02]
173Pt (5/2�) 382(2) ms 8.330(60) 8.018(65) 4.736(69) 14.048(64) [2004GoZZ]

177Hg (7/2�) 127(2) ms 8.770(90) 8.869(86) 6.041(86) 15.068(85) [2002Ro17]
181Pb (9/2�) 39.0(9) ms** 9.690(90) 9.851(86) 7.300(86) 16.010(86) 2009An20, 2005CaZV]

* Weighted average of 37(2) s [1978AfZZ], 38.6(10) s [1977Ha48], 34(3) s [1970To16].
** Weighted average of 36(2) ms [2009An20] and 39.6(9) ms [2005CaZV].

Table 2
Particle separation and emission from the even-Z, Tz = +17/2 nuclei

Nuclide Sp S2p Qa BRa Experimental

129Ba 6.418(12) 11.318(11) -0.286(11) —–
133Ce 5.984(40) 10.317(16) 0.218(19)
137Nd 5.533(16) 9.546(16) 0.409(20)
141Sm 5.011(26) 8.495(29) 1.225(15)
145Gd 4.596(22) 7.987(20) 0.582(21)
149Dy 4.446(15) 6.915(9) 2.808(22)
153Er 4.151(15) 6.292(10) 4.802(1) 53(3)% 1996Pa01, 1982Bo04, 1981De22, 1978Ho10, 1977AfZZ, 1988KaZK,

1988ScZO, 1981HoZM, 1980Da09, 1977Ha48, 1975ToZT, 1974Sc35,
1974To07, 1974ToZN, 1973BoXL, 1970To16, 1970Ma18

157Yb 3.874(18) 5.789(12) 4.622(6) obs [1983Al09, 1979Ho10, 1978AfZZ, 1977Ha48, 1970To16, 1981HoZM,
1970ToZS, 1970ToZU, 1970ToZY]

161Hf 3.335(61) 5.060(29) 4.718(7)* 0.30(5)% [1995Hi12, 1992Ha10, 1973To12, 1996HiZX, 1973ToZU
165W 2.867(38) 4.170(36) 5.031(5) < 1.5% [1979Ho10, 1975To05, 1981HoZM, 1976ToZP]
169Os 2.217(40) 3.208(32) 5.713(3) 13(2)% [1995Hi02, 2004GoZZ, 1996Pa01, 1984Sc06, 1982En03, 1982De11,

1981DeZO, 1981DeZL, 1978Sc26, 1972To19]
173Pt 1.846(71) 2.217(66) 6.380(5)*** 86(6)% [2004GoZZ, 2014ThZZ, 2009An20, 2002Ro19, 1996Pa01, 1993ToZY,

1993ToZX, 1982En03, 1981De22, 1981DeZB, 1979Ha10, 1975Ca39,
1973Ga08, 1966Si08]

177Hg 1.544(91) 1.645(87) 6.731(5)@ 100% [2009An20, 2004GoZZ, 1996Pa01. 2003Me20, 2002Ro17, 1991Se01,
1990SeZW, 1976HaYQ, 1976HoZD, 1975Ca39]

181Pb 1.01(11) 0.756(90) 7.240(7) ⇡100% 2009An20, 2005CaZV, 2005CaZY, 2004CaZW, 1996To01, 1995ToZU,
1989To01, 1986Ke03]

* Deduced from a energy, 4.679(25) in [2021Wa16].
** Deduced from a energy, 5.030(32) in [2021Wa16].
*** Deduced from a energy, 6.361(58) in [2021Wa16].
@ Deduced from a energy, 6.736(56) in [2021Wa16].

Table 3
direct a emission from 153Er, Jp = (7/2�), T1/2 = 37.1(2) s*, BRa = 53(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(149Dy) coincident g-rays R0 (fm) HF

4.799(2) 4.674(2)*** 53(3)%** 7/2� 0.0 —– 1.5584(94) 1.21+0.23
�0.20

* [1982Bo04].
** [1979Ho10].
*** Weighted average of 4.674(4) [1996Pa01], 4.676(2) [1981De22], and 4.671(3) [1978AfZZ],
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Table 4
direct a emission from 157Yb, Jp = 7/2�, T1/2 = 37.9(9) s*, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 153Er) coincident g-rays R0 (fm) HF

4.622(10) 4.504(10)** (7/2�) 0.0 —– 1.563(27)

* Weighted average of 37(2) s [1978AfZZ], 38.6(10) s [1977Ha48], 34(3) s [1970To16].
* Weighted average of 4.504(10) MeV [1983Al09], 4.505(10) MeV [1979Ho10], 4.504(10) MeV [1978AfZZ], 4.507(10) MeV [1977Ha48], and 4.500(10)

MeV [1970To16].

Table 5
direct a emission from 161Hf, Jp = (7/2�), T1/2 = 18.7(5) s*, BRa = 0.30(5)%*.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 157Yb) coincident g-rays R0 (fm) HF

4.718(7) 4.600(7)** 0.30(5)%* 7/2� 0.0 —– 1.567(12) 0.49+0.17
�0.14***

* [1995Hi12].
** Weighted average of 4.604(10) MeV [1995Hi12], 4.599(7) MeV [1992Ha10], and 4.600(10) MeV [1973To12].
*** This low value for HF may indicate that the BR for a-decay is slightly higher than reported in [1995Hi12].

Table 6
direct a emission from 165W, Jp = (5/2�), T1/2 = 5.1(5) s*, BRa = <1.5%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 161Hf) coincident g-rays R0 (fm) HF

5.031(5) 4.909(5)* <1.5%** (7/2�) 0.0 —– 1.541(20) >0.08***

* [1975To05].
** [1979Ho10].
*** This unphysical HF value indicates that the a branching ratio is much lower. A value of BRa =0.12% gives a value of 1.0.

Table 7
direct a emission from 169Os*, Jp = (5/2�), T1/2 = 3.3(3) s*, BRa = 13(2)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(165W) coincident g-rays R0 (fm) HF

5.642(8) 5.508(8) 15% 2.0(3)% (7/2�) 0.072 0.028?, 0.043, 0.072 1.5627(60) 8
5.670(10) 5.536(10) 10% 1.3(2)% (3/2�) 0.043 0.043 1.5627(60) 15

5.713(8) 5.578(8) 100% 10(2)% (5/2�) 0.0 —– 1.5627(60) 2.4

* All values from [1995Hi02].

Table 8
direct a emission from 173Pt*, Jp = (5/2�), T1/2 = 382(2) ms, BRa = 86(6)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(169Os) coincident g-rays R0 (fm) HF

6.211(5) 6.067(5) ⇡1% ⇡1% 0.171(7) 0.171 1.5565(36) 50+5
�2

6.244(5) 6.100(5) ⇡1% ⇡1% 0.136(7) 0.136 1.5565(36) 60+7
�2

6.278(5) 6.133(5) ⇡2% ⇡2% 0.102(7) 1.5565(36) 40+5
�2

6.380(5) 6.232(5) 100% 82(6)% (5/2�) 0.0 —– 1.5565(36) 2.22(24)

* All values from [2004GoZZ].
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Table 9
direct a emission from 177Hg, Jp = (7/2�), T1/2 = 127(2) ms*, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(173Pt) coincident g-rays R0 (fm) HF

6.731(5) 6.579(5)*** 100% (5/2�) 0.0 —– 1.55433(52) 1.48+0.17
�0.16

* [2002Ro17].
** [2009An20]
*** Weighted average of 6.580(5) MeV [2004GoZZ] and 6.577(9) MeV [1996Pa01].

Table 10
direct a emission from 181Pb, Jp = (9/2�), T1/2 = 39.0(9) ms*, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(177Hg) coincident g-rays R0 (fm) HF

7.174(10) 7.015(10)** 100% 9/2� 0.077 0.077 1.5139(54) 1.47+0.17
�0.16

** Weighted average of 36(2) ms [2009An20] and 39.6(9) ms [2005CaZV].
** Weighted average of 7.016(15) MeV [2009An10] and 7.015(10) MeV [2005CaZV].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +17/2 nuclei

Nuclide Ex Jp T1/2 Qe Qe p Qe2p Qe a Experimental

127Cs 1/2+ 6.25(10) h 2.081(6) -5.619(6) -11.796(6) 0.506(6) [1954Ma54]
131La 3/2+ 61(2) m 2.910(28) -4.158(29) -9.651(28) 2.127(28) [1960Cr01]
135Pr 3/2+ 25.4(5) m 3.680(16) -3.006(23) -7.960(12) 3.318(12) [1970Ab07]

139Pm (5/2+) 4.15(5) m 4.516(26) -1.661(17) -6.160(14) 4.690(17) [1977De06]
143Eu 5/2+ 2.57(3) m 5.276(11) -0.389(26) -4.628(11) 5.351(30) [1993Al03]
147Tb (1/2+) 1.64(3) h 4.614(8) -0.914(10) -4.669(8) 6.350(9) [1997Wa04]
151Ho (11/2�) 35.1(2) s 5.130(9) 0.194(11) -3.074(9) 9.309(9) [1982Bo04]

151mHo 0.0411(2) (1/2+) 47.6(13) s* 5.171(9) 0.265(11) -3.071(9) 9.350(9) [1991To08, 1982Bo04, 1982Ba75]
155Tm (11/2�) 21.6(2) s 5.583(12) 0.724(13) -2.061(11) 9.702(10) [1991To08]

155mTm 0.041(6) (1/2+) 44(4) s 5.624(13) 0.765(14) -2.020(12) 9.743(11) [1991To08, 1990Po13]
159Lu 12.1(10) s** 6.120(40) 1.706(45) -0.873(46) 10.076(38) [1992Ha10, 1980Al04]
163Ta 10.9(12) s*** 6.730(50) 3.008(84) 0.722(41) 10.874(42) [1992Ha10, 1985Li14]
167Re 3.4(4) s 7.260(40)# 3.975(49)# 2.223(49)# 12.010(48)# [1992Me10]

167mRe x@ 6.1(2) s 7.260(40)#+x 3.975(49)#+x 2.223(49)#+x 12.010(48)#+x [1992Me10, 1984Sc06]
171Ir (1/2+) 3.2+1.7

�0.7 s 7.890(40) 5.203(40) 3.928(41) 13.256(43) [2013An01]
171mIr x (11/2�) 1.24(4) s@@ 7.890(40)+x 5.203(40)+x 3.928(41)+x 13.256(43)+x [2023Zh03, 2014Pe02, 2013An01]
175Au (1/2+) 200(3) ms 8.300(40) 6.093(40) 5.457(41) 14.469(43) [2017Ba46]

175mAu x (11/2�) 137(1) ms@@@ 8.300(40)+x 6.093(40)+x 5.457(41)+x 14.469(43)+x [2017Ba46, 2011Wa37]
179Tl (1/2+) 426(10) ms 8.660(50) 6.744(40) 6.523(41) 15.014(43) [2017Ba46]

179mTla (11/2�) 1.42(3) msa 8.660(50) 6.744(40) 6.523(41) 15.014(43) [2017Ba46, 2010An01]

* Weighted average of 47.9(13) s [1982Bo14], 47(2) s [1982Ba75].
** Weighted average of 12.3(10)s [1980Al14] and 9.2(35) s [1992Ha10].
*** Weighted average of 10.5(18)s [1985Li14] and 11.2(16) s [1992Ha10].
@ May be the ground state.
@@ Weighted average of 1.14(5) s [2014Pe02], 1.4(1) s [2013An01],and 1.28(4) [2023Zh03].
@@@ Weighted average of 136(1) ms [2017Ba46] and 139(2) ms [2011Wa37].
a Weighted average of 1.40(3) ms [2017Ba46], and 1.46(4) ms [2010An01].
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Table 2
Particle separation and emission from the odd-Z, Tz = +17/2 nuclei. Unless otherwise stated, all Q-values and separation energies are taken from [2021Wa16] or
deduced from values therein.

Nuclide Sp BRp S2p Qa BRa Experimental

127Cs 4.383(6) 11.982(6) -0.722(7)
131La 3.801(28) 10.848(28) 0.046(28)
135Pr 3.392(24) 10.019(30) 0.408(30)

139Pm 2.773(18) 8.877(16) 1.010(18)
143Eu 2.548(11) 8.296(18) 0.835(17)
147Tb 1.946(9) 7.329(9) 1.074(14)
151Ho 1.602(9) 6.712(9) 4.695(2) 21(2)% [1987Li09, 1990Po13, 1991To08, 1982Ba75, 1982Bo04, 1982De11,

1979Ho10, 1974Sc19, 1963Ma17, 1996Pa01, 1995Wa31, 1995WaZO,
1995WaZS, 1991VaZY, 1990KaZM, 1990VaZO, 1989KaYU, 1989KaZK,
1989KaZI, 1989PoZR, 1973BoXL, 1973BoXW, 1970Ma23, 1961Ma40,
1960Ma47]

151mHo* 1.561(9) 6.671(9) 4.736(2) 80+15
�20% [1987Li09, 1991To08, 1982Ba75, 1982Bo04, 1981De22, 1979Ho10,

1963Ma17 1995Wa31, 1995WaZO, 1995WaZS, 1991VaZY, 1990Po13,
1990KaZM, 1990VaZO, 1989KaYU, 1989KaZK, 1989KaZI, 1989PoZR,
1974Sc19, 1974ToZN, 1974ToZQ, 1973BoXL, 1973BoXV, 1970Ma23,
1970To16, 1961Ma40, 1960Ma47]

155Tm 1.310(11) 6.192(11) 4.572(5) 0.84(20)% [1991To08, 1992Ha10, 1990Po13, 1971To10, 1991VaZT, 1990KaZM,
1990PoZU, 1989KaYU, 1988KaZK, 1987KaZI, 1988KaZK, 1978AfZZ,
1977Ag01]

155mTm 1.269(12) 6.151(12) 4.613(8) obs [1991To08, 1992Ha10, 1990Po13, 1971To10, 1991VaZY, 1990KaZM,
1990PoZU, 1989KaYU, 1988KaZK, 1989KaZI, 1988KaZK, 1978AfZZ,
1977Ag01]

159Lu 0.988(38) 5.577(47) 4.492(39) <0.15(3)% [1992Ha10, 1980Al04, 1980AlZN]
163Ta 0.655(39) 4.550(47) 4.749(5) <0.28(4)% [1992Ha10, 1986Ru05, 1988MeZY, 1987HaZO, 1983Sc18]
167Re 0.235(41)# 3.564(42)# 5.276(13)# obs [1992Me10, 1992MeZW]

167mRe*** 0.235(41)#-x 3.564(42)#-x 5.276(13)#+x ⇡1% [1992Me10, 1992MeZW, 1984Sc06]
171Ir -0.225(40) 2.581(40) 5.997(12) 15(2)% [2013An01]

171mIr@ -0.225(40)-x 2.581(40)-x 5.997(12)+x 62(6)% [2023Zh03, 2014Pe02, 2013An01, 2010An01, 2002Ro17, 1996Pa01,
1992Sc16, 1982De11, 1981DeZL, 1978Ca11, 1978Sc26]

175Au -0.625(40) 1.713(40) 6.583(3) 90(7)% [2017Ba46, 2013An10, 2010An01, 2002Ro17, 1996Pa01, 1983Sc24]
175mAu@ -0.625(40)-x 1.713(40)-x 6.583(3)+x 90(3)% [2017Ba46, 2011Wa37, 2010An01, 2013An10, 2004GoZZ, 2002Ro17,

1996Pa01, 1983Sc24]
179Tl -0.757(40) 1.302(40) 6.709(3) 60(20)% [2017Ba46, 2013An10, 2002Ro17, 1998To14, 1996Pa01, 1983Sc24]

179mTl@ -0.757(40) 1.302(40) 6.709(3) 100% [2017Ba46, 2010An01, 2002Ro17, 1998To14, 1996Pa01, 1983Sc24]

* Excitation energy = 41.1(2) keV [1991To08].
** Excitation energy = 41(6) keV [1990Po13].
*** Excitation is unknown, may be the ground state.
@ Excitation is unknown.

Table 3
direct a emission from 151Ho, Jp = (11/2�), T1/2 = 35.1(2) s*, BRa = 21(2)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@@@ Edaughter(147Tb) coincident g-rays R0 (fm) HF

4.335(6) 4.220(6)@ 0.36(4)%@ 0.076(8)% (5/2+) 0.354@ 0.101, 0.253 1.5642(20) 9.3+1.7
�1.3

4.435 4.318@@ < 0.01%@ < 0.002% (3/2+) 0.254
4.645(2) 4.522(2)*** 100%@ 21(2)% 0.0506(9)@ (11/2�) 1.5642(20) 1.60(17)

4.689 4.565@@ < 0.7%@ < 0.15% (1/2+) 0.0

* [1982Bo04].
** Weighted average of 28(7)% [1991To08], 22(3)% [1990Po13], 22(3)% [1982Bo75], 18(5)% [1979Ho10], 18(5)% [1974Sc19], and 20(5)% [1963Ma17].
*** Weighted average of 4.523(3) MeV [1982Bo04] (adjusted to 4.529(3) MeV in [1999Ry01]), 4.524(5) MeV [1979Ho10] (adjusted to 4.524(5) MeV in

[1999Ry01]), and 4.521(3) MeV [1981De22].
@ [1987Li09]
@@ Transition not observed.
@@@ [2022Ni03].
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Table 4
direct a emission from 151mHo, Ex = 41.1(2) keV**, Jp = (1/2+), T1/2 = 47.6(13) s*, BRa = 80+15

�20%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@@@ Edaughter(147Tb) coincident g-rays R0 (fm) HF

4.376(6) 4.260(6)@ 0.26(4)%@ 0.076(8)% (5/2+) 0.354@ 0.101, 0.253 1.5642(20) 7.9+2.8
�1.8

4.478 4.359@@ < 0.05%@ < 0.01% (3/2+) 0.254
4.682 4.558@@ < 1.1%@ < 0.2% (11/2�) 0.0506(9)

4.736(2) 4.611(2)*** 100%@ 80+15
�20% (1/2+) 0.0 1.5642(20) 1.7+5

�3

** Weighted average of 47.9(13) s [1982Bo14], 47(2) s [1982Ba75].
** [1991To08].
*** Weighted average of 4.523(3) MeV [1982Bo04] (adjusted to 4.529(3) MeV in [1999Ry01]), 4.524(5) MeV [1979Ho10] (adjusted to 4.524(5) MeV in

[1999Ry01]), and 4.521(3) MeV [1981De22].
@ [1987Li09]
@@ Transition not observed.
@@@ [2022Ni03].

Table 5
direct a emission from 155Tm, Jp = (11/2�), T1/2 = 21.6(2) s*, BRa = 0.84(20)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(151Ho) coincident g-rays R0 (fm) HF

4.570(8) 4.452(8)*** 0.84(20)%** (11/2�) 0.0 1.573(14) 1.2+0.5
�0.4

* [1991To08].
** Weighted average of 1.2(6)% [1990Po13] and 2.1(3)% (adjusted to 0.80(21)% by evaluator in 2009Si01).
*** From [1992Ha10]. [1991To08] report that the ground state and isomer have nearly identical a energies. Their measured T1/2 value of 26(3) s indicates

that this value is mostly from the 11/2� ground state decay.

Table 6
direct a emission from 155mTm, Ex = 41(6) keV**, Jp = (1/2+), T1/2 = 44(4) s**, BRa = obs*.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(151Ho) coincident g-rays R0 (fm) HF

4.568(10) 4.450(10)*** 0.0411(2) 1.573(14)

** [1991To08].
** [1990Po13].
*** Unresolved doublet from [1991To08] who report that the ground state and isomer have nearly identical a energies.

Table 7
direct a emission from 159Lu, Jp = , T1/2 = 12.1(10) s*, BRa = <0.15(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(155Tm) coincident g-rays R0 (fm) HF

4.533(10) 4.419(10)*** <0.15(3)%** ? 1.539(29)

* Weighted average of 12.3(10)s [1980Al14] and 9.2(35) s [1992Ha10].
** [1992Ha10], based on comparison of the a intensity to the reported [1980Al14] intensities of the 151 keV g-ray.
*** Weighted average of 4.420(10) MeV [1980Al14] and 4.417(10) MeV [1992Ha10].

Table 8
direct a emission from 163Ta, Jp = , T1/2 = 10.9(12) s*, BRa = <0.28(4)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(159Lu) coincident g-rays R0 (fm) HF

4.750(10) 4.633(10)*** <0.28(4)%** 0.0 —– 1.575(13) 0.17+0.07
�0.05

@

* Weighted average of 10.5(18)s [1985Li14] and 11.2(16) s [1992Ha10].
** [1992Ha10], based on comparison of the a intensity to the reported [1985Li14] intensities of the 449 and 451 keV g doublet.
*** Weighted average of 4.630(10) MeV [1986Ru05] and 4.635(7) MeV [1992Ha10].
@ This unphysical result likely indicaties that the absolute g-ray intensities are much weaker than the reported relative ones.
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Table 9
direct a emission from 167Re*, Jp = , T1/2 = 3.4(4) s, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(163Ta) coincident g-rays R0 (fm) HF

5.138(10) 5.015(10) ? 1.540(14)

* All values from [1992Me10].

Table 10
direct a emission from 167mRe*, Ex = unk., Jp = , T1/2 = 6.1(2) s**, BRa = ⇡1%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(163Ta) coincident g-rays R0 (fm) HF

5.392(10) 5.263(12) 0.0? 1.540(14) 2.9+3.2
�1.3

* All values from [1992Me10], except where noted.
** [1984Sc06].

Table 11
direct a emission from 171Ir*, Jp = (1/2+), T1/2 = 3.2+1.7

�0.7 s, BRa =15(2)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(167Re) coincident g-rays R0 (fm) HF

5.871(7) 5.734(7) 15(2)% x 1.5595(50)

* All values from [2013An01].

Table 12
direct a emission from 171mIr, Ex = unk., Jp = (11/2�), T1/2 =1.24(4) s**, BRa = 62(6)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(167Re) coincident g-rays R0 (fm) HF

6.061(4) 5.919(4) 100% 53(5)%*** 0.0921(2) 0.0921(2) 1.5595(50)
6.155(5) 6.011(5) 15(2)% 9(1)% (11/2�) 0.0 —– 1.5595(50)

* All values from [2023Zh03]. except where noted.
** Weighted average of 1.14(5) s [2014Pe02], 1.4(1) s [2013An01],and 1.28(4) [2023Zh03].
*** [2014Pe02].

Table 13
direct a emission from 175Au*, Jp = (1/2+), T1/2 = 200(3) ms, BRa =90(7)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(171Ir) coincident g-rays R0 (fm) HF

6.583(4) 6.433(4) 90(7)%** (11/2�) x 1.5504(54)

* All values from [2017Ba46], except where noted.
** [2013An10].

Table 14
direct a emission from 175mAu, Ex = unk., Jp = (11/2�), T1/2 =1.19(5) s*, BRa = 90(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(171Ir) coincident g-rays R0 (fm) HF

6.583(4) 6.432(4)*** 90(3)%** (1/2+) 0.0 —– 1.5504(54)

* Weighted average of 136(1) ms [2017Ba46] and 139(2) ms [2011Wa37].
** [2010An01].
*** Weighted average of 6.433(4) MeV [2017Ba46], 6.430(6) MeV [2011Wa37], and 6.432(5) MeV [2010An01].
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Table 15
direct a emission from 179Tl, Jp = (1/2+), T1/2 = 426(10) ms*, BRa =60(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(175Au) coincident g-rays R0 (fm) HF

6.709(4) 6.559(4) 60(2)%** (1/2+) 0.0 —– 1.5297(36) 2.16(19)

* [2017Ba46].
** [2013An10].

Table 16
direct a emission from 179mTl, Ex = unk., Jp = (11/2�), T1/2 =1.42(3) ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(175Au) coincident g-rays R0 (fm) HF

7.258(10) 7.096(10) @ 25(11)% 20(9)%@ x + 0.113 1.5297(36)
7.371(4) 7.206(4)*** 100(25)% 80(20)%@ (11/2�) x 1.5297(36)

* Weighted average of 1.40(3) ms [2017Ba46], and 1.46(4) ms [2010An01].
** [2010An01].
*** Weighted average of7.206(4) MeV [2017Ba46], and 7.207(5) MeV [2010An01].
@ [1998To14].
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +9 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 138Nd, 142Sm, and146Gd are taken from ENSDF.

Nuclide Jp T1/2 Qe Qe p Qe a BRbF Experimental

138Nd 0+ 5.04(9) h 1.112(15) -3.387(12) 0.777(23) [1970Ho25]
142Sm 0+ 72.49(5) m 2.160(24) -2.079(3) 1.722(10) [1966Ma15]
146Gd 0+ 48.27(10) d 1.032(7) -2.723(4) 2.631(24) [1970Ch09]
150Dy 0+ 2.17(2) m 1.796(8) -1.471(5) 5.383(7) [1973Bi06]
154Er 0+ 3.75(12) m 2.034(9) -0.751(6) 6.076(9) [1974PeZS]

158Yb 0+ 1.65(20) m 2.694(26) 0.115(28) 6.205(11) [1977Ha48]
162Hf 0+ 39.8(4) s 3.660(80) 1.377(17) 7.110(27) [1995Hi12]
166W 0+ 18.8(4) s 4.210(30) 2.459(30) 8.519(76) [1989Hi04]
170Os 0+ 7.3(2) s* 4.978(15) 3.703(18) 9.747(30) [2004GoZZ, 1995Hi02, 1982En03]
174Pt 0+ 866(5) ms** 5.468(15) 4.832(18) 11.161(15) [2014Pe02, 2004GoZZ, 1996Pa01, 1982En03]

178Hg 0+ 266(3) ms*** 5.988(15) 5.766(18) 12.046(16) [2002Ro17, 2000Ko01]
182Pb 0+ 55(5) ms 6.503(17) 6.548(20) 13.054(16) [1999To11]
186Po 0+ 28+16

�6 µs 7.247(25) 8.354(24) 15.004(22) [2013An13]

* Weighted average of 7.2(2) s [2004GoZZ], 7.9(3) s [1995Hi02], and 7.1(2) s [1982En03],
** Weighted average of 930(30) ms [2014Pe02], 857(5) ms [2004GoZZ], 890(20 ms [1996Pa01], and 900(10) ms [1982En03],
*** Weighted average of 269(3) ms [2002Ro17] and 262(4) ms [2000Ko01].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +9 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

138Nd 6.104(14) 10.087(12) 0.391(23)
142Sm 5.748(14) 9.303(4) 0.610(12)
146Gd 5.383(5) 8.698(4) 0.471(4)
150Dy 5.110(5) 7.618(4) 4.351(2) 34(3)%* [1974To07, 1973Bi06, 1973BoXL, 1968Go32]

1981HoZM, 1977Ha48, 1974ToZN, 1974ToZQ,
1974PeZS, 1970Ma23, 1968Go13, 1964Ma19,
1960To05]

154Er 4.882(7) 7.065(6) 4.280(3) 0.52(13)%** [1974To07, 1974PeZS, 1973BoXL, 1968Go13,
1988KaZK, 1982Bo04, 1978AfZZ, 1978VrZY,
1975ToZT, 1974ToZN, 1975ToZT, 1970Ma23,
1963Ma18]

158Yb 4.589(29) 6.376(26) 4.170(7) 0.0021(12)% [1992Ha10, 1977Ha48, 1979Ho10, 1976Gi15]
162Hf 3.895(29) 5.583(11) 4.416(5) 0.008(1)% [1995Hi12, 1992Ha10, 1983To01, 1982Sc15]

1992HeZV]
166W 3.329(17) 4.647(18) 4.856(4) 0.6(2)% [1979Ho10, 1975To05, 1987ScZL, 1984ScZQ,

1981HoZM, 1976ToZP]
170Os 2.805(15) 3.611(16) 5.537(3) 9.4(6)%*** [2004GoZZ, 1996Pa01, 1995Hi02, 1982De11

1982En03, 2002Ro17, 1984Sc06, 1981DeZA,
1981DeZL, 1978Sc26, 1972To06, 1972ToZC,
1972ToZL, 1972ToZW]

174Pt 2.338(15) 2.652(16) 6.183(3) 74(3)% [2004GoZZ, 2004Go38, 1996Pa01, 1979Ha10,
2002Ro17, 1982En03, 1981DeZB, 1973Ga08
1966Si08]

178Hg 2.059(15) 1.959(17) 6.577(3) 89(4)% [2012Ve04, 2004GoZZ, 2000Ko01, 1979Ha10

2019Ma08, 2009An20, 2003An13, 2002Ro17,
1999To11, 1996Pa01, 1991Se01, 1976HaYQ,
1976HoZD, 1971Ha03]

182Pb 1.315(15) 1.152(17) 7.066(6) ⇡100%@ [2000Je09, 1999To11, 1987To09, 1986Ke05,
2013An13, 1988ToZV, 1988ToZW, 1984SeZQ,
1982HeZM]

186Po 0.952(83) -0.575(22) 8.501(14) 100%@ [2013An13, 2005AnZY]

* Weighted average of 31(3)% and 36(3)% [1974To07].
** Weighted average of 0.59(16)% and 0.47(13)% [1974To07].
*** Weighted average of 10(3)% [2004GoZZ], 8.6(5)% [1996Pa01], 992)% [1995Hi02], and 12(1)% [1982En03].
@ Inferred from Half-life.
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Table 3

direct a emission from 150Dy, Jp = 0+, T1/2 = 7.17(2) m*, BRa = 34(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(146Gd) coincident g-rays R0 (fm) HF

4.348(3) 4.232(3) 34(3)%** 0+ 0.0 —– 1.5648(57) 1.0

* [1973Bi06].
** Weighted average of 31(3)% and 36(3)% [1974To07].

Table 4

direct a emission from 154Er, Jp = 0+, T1/2 = 3.75(12) m*, BRa = 0.52(13)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(150Dy) coincident g-rays R0 (fm) HF

4.279(5) 4.168(5)*** 5.2(13)%** 0+ 0.0 —– 1.556(18) 1.0

* [1974PeZS].
** Weighted average of 5.9(16)% and 4.7(13)% [1974To07].
*** Reported as 4.166(5) MeV [1968Go13] (adjusted to 4.168(5) MeV in [1999Ry01]).

Table 5

direct a emission from 158Yb, Jp = 0+, T1/2 = 1.65(20) m*, BRa = 0.0021(12)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(154Er) coincident g-rays R0 (fm) HF

4.171(10) 4.065(10)*** 0.0021(12)%** 0+ 0.0 —– 1.523(51) 1.0

* [1977Ha48].
** [1992Ha10].
*** weighted average of 4.059(12) MeV [1992Ha10] and 4.069 MeV [1977Ha48].

Table 6

direct a emission from 162Hf*, Jp = 0+, T1/2 = 39.8(4) s, BRa = 0.008(1)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(158Yb) coincident g-rays R0 (fm) HF

4.417(9) 4.308(9)** 0.008(1)% 0+ 0.0 —– 1.583(10) 1.0

* All values from [1995Hi12], except where noted.
** Weighted average of 4.307(10) MeV [1995Hi12], 4.305(9) MeV [1992Ha10], 4.311(10) MeV [1983To01], and 4.308(10) MeV [1982Sc15].

Table 7

direct a emission from 166W, Jp = 0+, T1/2 = 18.8(4) s*, BRa = 0.6(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(162Hf) coincident g-rays R0 (fm) HF

4.865(5) 4.739(5)** 0.6(2)%** 0+ 0.0 —– 1.660(23) 1.0

* [ 1989Hi04].
** [1979Ho10].
*** [1975To05].

Table 8

direct a emission from 170Os, Jp = 0+, T1/2 = 7.3(2) s*, BRa = 9.4(6)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(166W) coincident g-rays R0 (fm) HF

5.539(4) 5.409(4)*** 9.4(6)%** 0+ 0.0 —– 1.5615(43) 1.0

* Weighted average of 7.2(2) s [2004GoZZ], 7.9(3) s [1995Hi02], and 7.1(2) s [1982En03],
** Weighted average of 10(3)% [2004GoZZ], 8.6(5)% [1996Pa01], 992)% [1995Hi02], and 12(1)% [1982En03].
*** Weighted average of 5.410(5) MeV [2004GoZZ], 5.411(4) MeV [1982De11], and 5.405(5) MeV [1982En03].
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Table 9

direct a emission from 174Pt*, Jp = 0+, T1/2 = 866(5) ms**, BRa =74(3)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 170Os) coincident g-rays R0 (fm) HF

5.898(5) 5.762(5) <1% <0.7% 2+ 0.287 0.2867 1.5553(31) >6.6
6.182(5) 6.040(5)*** 100% 73(1)% 0+ 0.0 —– 1.5553(31) 1.0

* All values from [2004GoZZ], except where noted.
** Weighted average of 930(30) ms [2014Pe02], 857(5) ms [2004GoZZ], 890(20 ms [1996Pa01], and 900(10) ms [1982En03],
*** [2004GoZZ] and [2004Go38].

Table 10

direct a emission from 178Hg, Jp = 0+, T1/2 = 266(3) ms*, BRa = 89(4)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 174Pt) coincident g-rays R0 (fm) HF

6.577(3) 6.429(3)*** 89(4)%** 0+ 0.0 —– 1.5422(27) 1.0

* Weighted average of 269(3) ms [2002Ro17] and 262(4) ms [2000Ko01].
** [2012Ve04].
*** Weighted average of 6.429(5) MeV [2004GoZZ], 6.429(4) MeV [2000Ko01] and 6.430(6) MeV [1979Ha10].

Table 11

direct a emission from 182Pb, Jp = 0+, T1/2 = 55(5) ms*, BRa = ⇡100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(178Hg) coincident g-rays R0 (fm) HF

7.066(10) 6.910(10)*** ⇡100%** 0+ 0.0 —– 1.5163(61) 1.0

* [1999To11].
** Inferred from half-life.
*** Weighted average of 6.911(10) MeV [2000Je09], 6.895(10) MeV [1999To11], 6.919(15) MeV [1987To09] and 6.921(10) MeV [1986Ke05].

Table 12

direct a emission from 186Po*, Jp = 0+, T1/2 = 28+16
�6 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(182Pb) coincident g-rays R0 (fm) HF

8.503(15) 8.320(15) 100% 0+ 0.0 —– 1.487(43) 1.0
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +9 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 124I, 128Cs, 132La, 136Pr, 140Pm, 144Eu, 148Tb, 164Ta, are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p Qe a BReF Experimental

124I 2� 4.1760(3) d 0.303(1.9) -5.431(2) 1.308(2) [1992Wo03]
128Cs 1+ 3.66(2) m 3.929(5) -4.238(6) 2.167(6) [1976He04]
132La 2� 4.8(2) h 4.710(40) -2.957(36) 3.712(36) [1960Wa03]
136Pr 2+ 13.1(1) m 5.168(11) -1.986(15) 4.670(12) [1971Ke07]

140Pm 9.2(2) s 6.045(24) -0.672(24) 5.872(24) [1968Bl14]
144Eu 1+ 10.1(1) s 6.346(11) 0.053(11) 6.213(11) [1976Ke01]
148Tb 2� 60(1) m 5.732(13) -0.281(13) 9.004(13) [1975SpZU]
152Ho 2� 161.8(3) s 6.513(13) 0.730(13) 10.240(13) [1982Bo14]

152mHo 0.160(1) 9+ 49.7(3) s* 6.673(13) 0.890(13) 10.400(13) [1987LiZY, 1987StZU,
1982Ba75, 1982Bo04,
1978AfZZ]

156Tm 2� 82(3) s** 7.377(27) 1.916(23) 10.859(15) [1982To14, 1981Ga36]
160Lu 34.5(15) s 7.890(60) 3.011(63) 11.517(62) [1979Al16]
164Ta (3+) 13.6(2) s 8.540(30) 4.220(40) 12.456(28) [1983Sc18]
168Re (7+) 4.4(1) s 9.100(30) 5.267(42) 13.599(35) [1992Me10]

172Ir (3�, 4�) 4.1(2) s 9.860(30) 6.582(43) 15.089(35) [2023Zh03]
172mIr x (7+) 1.89(5) s 9.860(30)+x 6.582(43)+x 15.089(35)+x [2023Zh03]

176Au*** y (2�,3�) 1.046(11) s 10.410(40)+y 7.585(35)+y 16.298(36)+y [2021Ha37, 2004GoZZ]
176mAu*** x (7+, 8+, 9+) 1.36(2) s 10.410(40)+x 7.585(35)+x 16.298(36)+x [2021Ha37, 2004GoZZ]

180Tl (5�) 10.860(70) 8.309(71) 17.119(71) 3.2(3)X10�3% [2011El07]
184Bi*** y 13(2) ms 12.31(12)#+y 10.55(12)#+y 19.08(12)#+y [2003An27, 2003AnZZ]

184mBi*** x 6.6(15) ms 12.31(12)#+x 10.55(12)#+x 19.08(12)#+x [2003An27, 2003AnZZ]
188At 190+350

�80 µs 12.161(54) 10.711(51) 25.094(52) [2025KhXX]

* Weighted average of 49.5(3) s [1982Ba75], 49.7(4) s [1982Bo04] and 50.0(5) s [1978AfZZ].
** Weighted average of 80(3) s [1982To14] and 86(4) s 1981Ga36].
*** The relative ordering of the 176Au and 184Bi isomers are unknown.
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +9 nuclei. Unless otherwise stated, all S and Q-values and
separation energies are taken from [2021Wa16].

Nuclide Sp S2p Qa BRa Experimental

124I 5.483(2) 13.608(3) -1.372(8) —–
128Cs 4.900(7) 12.599(7) -0.992(6) —–
132La 4.334(36) 11.402(37) -0.217(37) —–
136Pr 4.013(15) 10.700(23) -0.042(38) —–

140Pm 3.484(37) 9.661(26) 0.703(27)
144Eu 3.391(11) 9.056(26) 0.168(27)
148Tb 2.469(13) 7.997(14) 2.657(16)
152Ho 2.141(13) 7.077(15) 4.507(1) 11(3)% [1987LiZY, 1987StZU, 1982Bo14, 1982To14,

1977Ha48, 1974Sc19, 1983Ml01, 1982Ba75,
1981De11, 1981Ga36, 1981GaZO, 1983GaZR,
1980BaYV, 1978AfZZ, 1975ScZG, 1974PeZS,
1974ToZN, 1974ToZQ, 1973BoXL, 1970Ma23,
1967Ha34, 1963Ma17, 1961Ma40, 1960Ma47]

152mHo* 1.981(13) 6.901(15) 4.667(1) 10.8(17)%* [1987LiZY, 1987StZU, 1982Ba75, 1982Bo04,
1981Ga36, 1979To09, 1978AfZZ, 1983Ml01,
1981Ga36, 1981GaZO, 1980BaYV, 1975ScZG,
1974Sc19, 1974ToZN, 1974ToZQ, 1973BoXL]

156Tm 1.914(15) 6.773(16) 4.345(7) 0.064(10)% [1982To14, 1981Ga36, 1992Po14, 1991VaZZ
1989KaYU, 1983Mi01, 1981GaZR, 1980AfZZ,
1971To10, 1971ToZP, 1971ToZR, 1971ToZX,
1970ToZS, 1970ToZY]

160Lu 1.725(59) 6.145(62) 4.140(59) 10�4% [1981Ga36, 1981GaZR]
164Ta 1.302(38) 5.029(80) 4.562(63)
168Re 0.991(36) 4.275(42) 5.063(13) ⇡0.005% [1992Me10, 1992MeZW]

172Ir 0.371(37) 3.053(34) 5.991(10) 2.0(2)% [2023Zh03, 2021Ha32, 2014An10, 1992Sc16,
2017An16, 2004GoZZ]

172mIr*** 0.371(37)-x 3.053(34)-x 5.991(10)+x 9.5(11)% [2023Zh03, 2021Ha32, 2014An10, 1992Sc16,
2017An16, 2014Pe02, 2004GoZZ, 1996Pa01,
1992MeZW, 1984Gr14, 1982De11, 1982DeZA,
1978Sc26, 1967Si02]

176Au@ 0.101(38)-y 2.313(35)-y 6.433(7)+x 58(5)% [2021Ha32, 2014An10, 2017An16, 2004GoZZ]
176mAu@ 0.101(38)-x 2.313(35)-x 6.433(7)+x 29(3)% 2021Ha32, 2014An10, 2017An16, 2013KoZR,

2004GoZZ, 2002Ro17, 1990KaZI, 1990SEZW,
1984ScZQ, 1984Gr14, 1975Ca06, 1974CaYE]

180Tl -0.254(75) 1.665(71) 6.706(62) 6(4)% [2017An16, 2013Le08, 2013KoZR, 2010An13
2003An27, 2003AnZZ, 1998To14, 1993LaZT]

184Bi -1.55(13)#-y -0.00(12)#-y 8.22(10)#+y ⇡ 100%** [2003An27, 2003AnZZ]
184mBi -1.55(13)#-x -0.00(12)#-x 8.22(10)#+x ⇡ 100%** [2003An27, 2003AnZZ]

188At -1.508(40) -0.184(53) 7.94(13)# [2025KhXX]

* Weighted average of 11(2)% [1981Ga36] and 10.5(30)% [1979To09].
** Inferred from half-life.

Table 3
direct a emission from 152Ho*, Jp = 2�, T1/2 = 161.8(3) s**, BRa = 11(3)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(148Tb)@ coincident g-rays R0 (fm)@@ HF

4.224 4.113 <2% <0.2% 3+ 0.281 0.110, 0.102, 0.086 1.566(19) >3.3
4.308 4.195 <2% <0.2% 3� 0.195 0.110, 0.086 1.566(19) >11
4.326 4.212 <2% <0.2% 2+ 0.178 0.178 1.566(19) >50
4.395 4.279 <2% <0.2% 4� 0.110 0.110 1.566(19) >120

4.505(3) 4.386(3) 100% 11(3)%*** 2� 0.0 —– 1.566(19) 2.9+1.6
�1.0

* All Values from [1987StZU], except where noted.
** [1982Bo14].
*** From [1977Ha48]. A value of 3(1)% was reported in [1982To14], which would result in a HF = 11+7

�4 for the 4.386 MeV a transition.
@ [2014Ni05].
@@ Interpolated between 1.565(6) fm 150Dy and 1.556(18) fm 154Er.
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Table 4
direct a emission from 152mHo*, Ex = 160(1) keV, Jp = 9+, T1/2 = 49.7(3) s**, BRa = 10.8(17)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(148Tb)@ coincident g-rays R0 (fm)@@ HF

4.258 4.146 <2% <0.2% 8+ 0.406 0.318, 0.238. 0.078 1.566(19) >1.7
4.336 4.222 <2% <0.2% 7+ 0.328 0.238 1.566(19) >16

4.574(3) 4.454(3) 100% 10.8(17)%*** (9+) 0.0901(7) 1.566(19) 2.1+1.0
�0.7

* All Values from [1987StZU], except where noted.
** Weighted average of 49.5(3) s [1982Ba75], 49.7(4) s [1982Bo04] and 50.0(5) s [1978AfZZ].
*** Weighted average of 11(2)% [1981Ga36] and 10.5(30)% [1979To09].
@ [2014Ni05].
@@ Interpolated between 1.565(6) fm 150Dy and 1.556(18) fm 154Er.

Table 5
direct a emission from 156Tm, Jp = 2�, T1/2 = 82(3) s*, BRa = 0.064(10)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(152Ho) coincident g-rays R0 (fm)@ HF

4.341(10) 4.230(10) 0.064(10)%** 2� 0.0 —– 1.540(54)@ 1.5+2.7
�1.0

* Weighted average of 80(3) s [1982To14] and 86(4) s and [1981Ga36].
** [1981Ga36].
*** [1982To14].
@ Interpolated between 1.556(18) fm 154Er and 1.523(51) 158Yb.

Table 6
direct a emission from 168Re*, Jp = (7+), T1/2 = 4.4(1) s, BRa = ⇡0.005%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(164Ta) coincident g-rays R0 (fm)@ HF

4.951(13) 4.833(13) ⇡0.005% 0.1118 0.1118 1.611(23)@ ⇡ 11

* All values from [1992Me10].
** Interpolated between 1.660(23) fm 166W and 1.562(4) 170Os.

Table 7
direct a emission from 172Ir*, Jp = (3�, 4�), T1/2 = 4.1(2) s, BRa = 2.0(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(168Re) coincident g-rays R0 (fm)@ HF

5.636(5) 5505(5) 31(8)% 0.36(6)% 0.1360(2) +x 0.1360(2) 1.559(5)@ 13+5
�4

5.648(5) 5.517(5) 13(3)% 0.15(3)% 0.1230(2) +x 0.1230(2) 1.559(5)@ 37+18
�10

5.669(5) 5.537(5) 100(17)% 1.15(2)% 0.1028(3) +x 0.1028(3) 1.559(5)@ 5.9+2.0
�1.4

5.679(5) 5.547(5) 30(7)% 0.34(6)% 0.0894(3) +x 0.0894(3) 1.559(5)@ 23+10
�6

* All values from [2023Zh03], unless otherwise noted.
** [1992Sc16].
*** Interpolated between 1.562(4) 170Os and 1.5553(31) 174Pt.

Table 8
direct a emission from 172mIr*, Ex = unk., Jp = (7+), T1/2 = 2.0(1) s**, BRa = 9.5(11)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(168Re) coincident g-rays R0 (fm)@ HF

5.892(7) 5.755(7) <0.05% <0.004% 0.224(1) 0.224(1) 1.559(5)@@ >7⇥103

5.957(10) 5.818(4) 100% 8.8(10)% 0.1621(2) 0.1621(2) 1.559(5)@@ 7.1+1.5
�1.3

6.125(15) 5.983(15)@ 8(2)% 0.8(2)% (7+) 0.0 —– 1.559(5)@@ 420+23
�13

* All values from [2023Zh03], unless otherwise noted.
** [1992Sc16].
*** [2014An10].
@ Only observed in [2021Ha32].
@@ Interpolated between 1.562(4) 170Os and 1.5553(31) 174Pt.
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Table 9
direct a emission from 176Au*, Jp = (2�,3�), T1/2 = 1.046(11) s**, BRa = 58(5)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 172Ir) coincident g-rays R0 (fm)@ HF

5.933 5.798 <0.44% <0.25% 0.500 0.500 1.5488(41)*** >12
6.192(15) 6.052(15) 3.1(2)% 1.6(2)% 0.2366 0.2366 1.5488(41)*** 21(3)
6.281(10) 6.138(10) 6.7(6)% 3.5(4)% 0.1515 0.1515 1.5488(41)*** 21+4

�3
6.300 6.157 <0.9% 0.46(4)% 0.1266 0.1266 1.5488(41)*** >200

6.406(5) 6.260(5) 100% 52(5)% (2�, 3�) 0.025 1.5488(41)*** 4.4(5)

* All values from [2021Ha32], unless otherwise noted. The relative ordering of the 176Au isomers in unknown.
** [2004GoZZ].
*** Interpolated between 1.5553(31) 174Pt and1.5422(27) 178Hg.

Table 10
direct a emission from 176mAu*, Ex = unk., Jp = (7+, 8+, 9+), T1/2 = 1.36(2) s**, BRa = 29(5)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 172mIr) coincident g-rays R0 (fm)@ HF

6.221(5) 6.080(5) 55(4)% 9.6(17)% (7+, 8+, 9+) 0.2116+x 0.2116 1.5488(41)*** 5.6+1.4
�1.0

6.256(5) 6.114(5) 100% 17(3)% 0.1752+x 0.1752 1.5488(41)*** 4.3+1.1
�0.8

6.426(10) 6.280(10) 12(2)% 2.0(5)% x 1.5488(41)*** 170+60
�40

* All values from [2021Ha32], unless otherwise noted. The relative ordering of the 176Au isomers in unknown.
** [2004GoZZ].
*** Interpolated between 1.5553(31) 174Pt and1.5422(27) 178Hg.

Table 11
direct a emission from 180Tl*, Jp = (5�), T1/2 = 1.09(1) s**, BRa = 6(4)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 176Au) coincident g-rays (keV) R0 (fm)*** HF

6.006(8) 5.873(8) 0.25(6)% 0.006(4)% 0.695 695.1(5), 491.2(4), 486.1(3), 361.7(2), 1.5293(67) 100+230
�40

333(1), 209.9(2), 204.8(2)
6.021(8) 5.887(8) 0.30(6)% 0.0072(50)% 0.678 677.5(7), 570.3(3), 472.5(4), 467.9(4), 1.5293(67) 100+220

�40
209.9(2), 204.8(2)

6.113(8) 5.977(8) 0.40(6)% 0.0096(66)% 0.596 595.9(5), 391.2(3), 386.5(3), 317.1(2), 1.5293(67) 160+180
�40

279.6(3), 209.9(2), 204.8(2)
6.131(8) 5.995(8) 0.18(3)% 0.0042(29)% 0.570 570.3(3), 317.1(2), 253(1), 209.9(2), 1.5293(67) 500+1350

�70
204.8(2)

6.152(8) 6.015(8) 0.13(3)% 0.003(2)% 0.553 553.2(3) 1.5293(67) 800+180
�40

6.186(9) 6.049(9) 0.08(3)% 0.0018(14)% 0.526 526.1(4) 1.5293(67) 1.7+5.0
�0.8⇥103

6.226(9) 6.088(9) 0.08(3)% 0.0018(14)% 0.473 473.4(4) 1.5293(67) 3.0+8.0
�1.0⇥103

6.307(8) 6.167(8) 0.23(5)% 0.00054(38)% 0.398 397.9(3) 1.5293(67) 1.9+4.5
�0.8 ⇥103

6.333(7) 6.192(7) 2.26(32)% 0.054(37)% 0.372 204.8(2), 167.6(2) 1.5293(67) 200+50
�10

6.340(7) 6.199(7) 43.5(50)% 1.0(7)% 0.362 361.7(2), 317.1(2), 209.9(2), 204.8(2), 1.5293(67) 13+28
�6

151.7(2), 112.2(2), 107.1(2)
6.387(7) 6.245(7) 63(7)% 1.5(10)% 0.317 317.1(2), 209.9(2), 204.8(2), 112.2(2), 1.5293(67) 14+29

�6
107.1(2)

6.492(7) 6.348(7) 9.1(11)% 0.22(15)% 0.210 209.9(2) 1.5293(67) 30+50
�10

6.498(7) 6.354(7) 100(9)% 2.4(16)% 0.205 204.8(2) 1.5293(67) 20+50
�10

6.702(7) 6.553(7) 32(3)% 0.77(0.52)% (2�,3�) 0.0 —– 1.5293(67) 400+900
�200

* All Values from [2017An16], except where noted.
** [2011El07].
*** Interpolated between 1.5422(27) 178Hg and 1.5163(61) 182Pb.
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Table 12
direct a emission from 184Bi*, Jp = , T1/2 = 13(2) ms, BRa =⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 180Tl) coincident g-rays (keV)

7.28-7.51 7.12-7.35***
7.354(20) 7.194(20) 0.124

* All Values from [2003An27], except where noted. The relative ordering of the 184Bi isomers in unknown.
** Inferred from half-life.
*** Complex structure with contributions from many a-decays.

Table 13
direct a emission from 184mBi*, Jp = , T1/2 = 6.6(15) ms, BRa =⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 180Tl) coincident g-rays (keV)

7.90-8.02 7.73-7.85***
7.380(15) 7.220(15) 0.449
7.610(35) 7.445(35)

* All Values from [2003An27], except where noted. The relative ordering of the 184Bi isomers in unknown.
** Inferred from half-life.
*** Complex structure with contributions from many a-decays.

Table 14
direct a emission from 188At*, T1/2 = 190+350

�80 µs, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter( 187Po) coincident g-rays (keV)

1.508(40) 1.500(40) 100%

* All Values from [2025KhXX].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +19/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 135Ce, 139Nd, 143Sm, 147Gd, 159Yb, 163Hf are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe a Experimental

135Ce 1/2+ 17.8(3) h 2.027(5) -2.955(10) 1.014(10) [1976Ge10]
139Nd 3/2+ 29.7(5) m 2.812(28) -1.740(28) 2.202(29) [1967La19]
143Sm 3/2+ 8.83(1) m 3.444(4) -0.856(2) 2.887(5) [1968Bl13]
147Gd 7/2� 38,06(12) h 2.188(3) -1.650(3) 5.179(3) [1969Ch32]
151Dy 7/2� 17.8(2) m* 2.871(5) -0.277(7) 6.367(4) [1978MoZH, 1973Bi06, 1965Ma51, 1964Ma19]
155Er (7/2�) 5.3(3) m 3.831(18) 0.896(9) 6.989(7) [1969To06]

159Yb 5/2� 1.72(10) m 4.740(30) 2.181(31) 7.781(25) [1993Al03]
163Hf (5/2�) 40.0(6) s 5.520(40) 3.263(30) 8.876(38) [1982Sc15]
167W (5/2�) 19.9(5) s 6.260(30) 4.477(34) 10.273(34) [1989Me02]
171Os 5/2� 8.3(2) s 6.950(30) 5.705(23) 11.629(33) [1995Hi02]
175Pt (7/2�) 2.43(4) s 7.686(22) 6.998(21) 13.117(34) [2014Pe02]

179Hg (7/2�) 1.05(3) s 8.060(30) 7.776(30) 0.37(6)%** 14.037(31) [2025Sp01, 1971Ho07, 2002Ko09, 2002Ro17,
1971Ha03]

183Pb (3/2�) 535(30) ms 9.010(30) 8.708(31) 14.984(31) [2002Je09]
183mPb 0.079(6) (13/2+) 415(20) ms 9.089(30) 8.787(31) 15.063(31) [2002Je09]

187Po (1/2�, 5/2�) 1.40(25) ms 9.210(30) 10.216(34) 16.986(34) [2006An11]

* Weighted average of 17.5(5) m [1978MoZH], 16.9(5) m [1973Bi06], 17.7(5) m [1965Ma51] and 18.0(2) m [1964Ma19].
** [1971Ho17] reports Ib pp/Ia = 0.28(4)%. Combining this value with BRa = 75(5)% [2012Ve04] results in BRb p = 0.37(6)%

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +19/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

135Ce 6.687(22) 11.641(10) -0.362(10)
139Nd 6.177(29) 10.676(28) 0.174(29)
143Sm 5.665(24) 9.904(4) 0.075(28)
147Gd 5.528(6) 9.283(1) 1.735(2)
151Dy 4.936(8) 8.203(4) 4.180(3) 5.6(4)% [1974To07, 1982Bo04, 1978MoZH, 1973Bi06, 965Ma51, 1964Ma19,

11990KaZM, 1989KaYU, 1988KaZK, 1987KaZI, 1985Ne09, 1982De11,
1981HoZM, 1979Ho10, 1978AfZZ, 1975ToZT, 1974ToZN, 1974ToZQ,
1973BoXL, 1972OkZZ, 1968Go13, 1967Go32, 1960Ma47]

155Er 4.859(10) 7.644(7) 4.118(5) <0.022(7)% [1974To07, 1990Po13, 1990KaZM, 1978AfZZ, 1975ToZT, 1974PeZS,
1970Ma23, 1969To06]

159Yb 4.419(31) 6.998(32) 3.951(18) <0.0001%*** [1995Hi12]
163Hf 3.727(79) 6.013(30) 4.139(31)
167W 3.284(34) 5.036(34) 4.751(30) <0.04(1)% [1991Me05, 1989Me02]
171Os 2.682(22) 3.957(24) 5.371(4) 1.8(3)%* [1995Hi02, 1979Ha10, 2004GoZZ, 1996Pa01, 1978Sc26, 1976HoZD,

1972To06, 1972ToZC, 1972ToZL, 1972ToZO, 1972ToZW]
175Pt 2.212(22) 2.848(24) 6.164(4) 64.5(13)% [2014Pe02, 1979Ha10, 2004GoZZ, 2002Ko09, 1996Pa01, 1986Ke03,

1982De11, 1981DeZA, 1981DeZL, 1976HoZD, 1973Ga08, 1971Ha03,
1970Ha18, 1966Si08]

179Hg 1.919(30) 2.140(33) 6.430(4)** 75(6)% [2025Sp01, 2012Ve04, 2002Ko09, 1979Ho10, 2002Ro17, 1996Pa01,
1982HeZM, 1971Ha03, 1971Ho17, 1970Ha18, 1969NaZT, 1968De01]

183Pb 1.542(31)# 1.497(33)# 6.928(7) obs@ [2002Je09, 1989To01, 2012Ve04, 1987To09, 1986Ke03, 1980Sc09]
183mPb 1.463(31)# 1.418(33)# 7.007(9) obs@ [2002Je09, 1989To01, 1987To09, 1986Ke03, 1984ScZQ, 1980Sc09]

187Po 1.320(37) 0.213(36) 7.979(15) 100% [2006An11, 2007An19, 2005An17, 2005AnZY]

* Weighted average of 1.9(3)% [1995Hi02] and 1.7(3)% [1979Ha10].
** Deduced from a energy, 6.351(31) in [2021Wa16].
*** Not observed.
@ Not measured, expected to be 80-90% based on half-life.
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Table 3
direct a emission from 151Dy, Jp = 7/2�, T1/2= 17.8(2) m*, BRa = 5.6(4)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(147Gd) coincident g-rays R0 (fm) HF

4.184(3) 4.070(3)*** 5.6(4)%** 7/2� 0.0 —– 1.5706(33) 1.92(20)

* Weighted average of 17.5(5) m [1978MoZH], 16.9(5) m [1973Bi06], 17.7(5) m [1965Ma51] and 18.0(2) m [1964Ma19].
** [1974To07].
*** From 4.67(3) MeV [1982Bo04], adjusted to 4070(3) in [1991Ry01].

Table 4
direct a emission from 155Er*, Jp = 7/2�, T1/2= 5.3(3) m**, BRa = <0.022(7)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(151Dy) coincident g-rays R0 (fm) HF

4.118(5) 4.012(5) <0.022(7)% 7/2� 0.0 —– 1.546(21) >2.9

* All values from [1974To07], except where noted.
** [1969To06].

Table 5
direct a emission from 167W*, Jp = (5/2�), T1/2= 19.9(5) s, BRa = < 0.04(1)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(163Hf) coincident g-rays R0 (fm) HF

4.671(13) 4.559(13)** 0.04(1)% *** 1.548(28) 0.9+1.3
�0.6

@

* All values from [1989Me02], except where noted.
** [1991Me05].
*** Assumed to feed the ground state of 163Hf in [1989Me02]. However, using the Qa from this value gives a HF value of 0.16, indicating that it likely feeds

an excited state or the value for BRa is much smaller.
@ Calculated using 4.751(30) MeV [2021Wa16] for Qa .

Table 6
direct a emission from 171Os*, Jp =5/2�, T1/2= 8.3(2) s, BRa = 1.8(3)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(167W) coincident g-rays R0 (fm) HF

5.290(10) 5.166(10) 7.0%*** 0.12(3)% (7/2�) 0.079 0.079*** 1.5721(95) 7.7+3.0
�2.1

5.367(7) 5.241(7) 100%*** 1.68(3)% (5/2�) 0.0 —– 1.5721(95) 1.3+4
�3

* All values from [1995Hi02], except where noted.
** Weighted average of 1.9(3)% [1995Hi02] and 1.7(3)% [1979Ha10].
*** Uncertainties not given in [1995Hi02].

Table 7
direct a emission from 175Pt*, Jp = (7/2�), T1/2= 2.43(4) s, BRa = 64.5(13)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(171Os) coincident g-rays R0 (fm) HF

5.950(4) 5.814(4) 7.3(16)% 4.0(9)% 0.2112(5) 0.2112(5), 0.1341(4), 0.0767(3) 1.5574(37) 6.6+2.1
�1.4

5.955(4) 5.819(4) 1.3(4)% 0.7(2)% (9/2�) 0.2079(5) 0.2079(5), 0.1308(4), 0.0767(3) 1.5574(37) 38+16
�9

6.087(4) 5.948(4) 100(1)% 55.0(5)% (7/2�) 0.0767(3) 0.0767(3) 1.5574(37) 1.71(15)
6.162(4) 6.021(4) 8.7(15)% 4.8(8)% (5/2�) 0.0 —– 1.5574(37) 40+9

�7

* All values from [2014Pe02], except where noted.
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Table 8
direct a emission from 179Hg*, Jp = (7/2�), T1/2= 1.05(3) s, BRa = 75(5)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(175Pt) coincident g-rays R0 (fm) HF

6.297(10) 6.156(10) 0.27(10)% 0.20(8)% (9/2�) 0.1315 0.1315 1.5367(27) 117(75)
6.430(9) 6.286(9) 100% 74.8(50)% (7/2�) 0.0 —– 1.5367(27) 1.1(2)

Table 9
direct a emission from 183Pb*, Jp = (3/2�), T1/2= 535(30) ms, BRa = obs**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(179Hg) coincident g-rays R0 (fm) HF

6.717(10) 6.570(10) 39(6)% (3/2�) 0.217 0.217 1.5067(87) 1.7+0.5
�0.4***

6.926(7) 6.775(7) 100(7)% (7/2�) 0.0 —– 1.5067(87) 3.9+0.9
�0.8***

* All values from [2002Je01], except where noted.
** Not measured, expected to be 80-90% based on half-life.
*** Value based on a 100% al pha branching ratio for 183Pb.

Table 10
direct a emission from 183mPb*, Ex = 79(6) keV, Jp = (13/2+), T1/2= 415(20) ms, BRa = obs**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(179Hg) coincident g-rays R0 (fm) HF

6.848(5) 6.698(5) 100(6)% (13/2+) 0.172 0.0061, 0.111 1.5067(87) 1.12+0.24
�0.20***

7.013(11) 6.860(11) 3(1)% (7/2�) 0.0 —– 1.5067(87) 140+90
�50***

* All values from [2002Je01], except where noted.
** Not measured, expected to be 80-90% based on half-life.
*** Value based on a 100% al pha branching ratio for 183Pb.

Table 11
direct a emission from 187Po*, Jp = (1/2�, 5/2�), T1/2= 1.40(25) ms, BRa = 100%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Edaughter(183Pb) coincident g-rays R0 (fm) HF

7.693(15) 7.528(15) 100% 100% 0.286(1) 0.286(1) 1.487(13) 0.29+0.11
�0.09

@

7.979 7.808 <2%** <2%** (3/2�) 0.0 —– 1.487(13) >100

* All values from [2006An11].
** A single event at this energy was observed.
*** Inferred from half-life.
@ The very low value for HF may indicate that the decay of 187Po has other unobserved transitions.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +19/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 133La, 137Pr, 141Pm, 145Eu, 153Ho are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p Qe a BRbF Experimental

133La 5/2+ 4.0 h 2.059(28) -5.631(28) 0.777(28) [1973Re05]
137Pr 5/2+ 1.28(3) h 2.717(8) -4.453(54) 1.927(8) [1973Bu18]

141Pm 5/2+ 20.90(5) m 3.669(14) -3.126(15) 2.971(14) [1967Bl27]
145Eu 5/2+ 5.93(4) d 2.660(2.7) -3.864(4) 3.775(4) [1980Ho33]
149Tb 1/2+ 4.13(5) h* 3.639(4) -2.480(11) 6.738(4) [1960To10, 1968St09]

149mTb 0.03578(8) 11/2� 4.16(4) m 3.675(4) -2.516(11) 6.774(4) [2022Si28, 1973Bi06]
153Ho 11/2� 2.02(3) m 4.131(6) -1.584(40) 7.690(6) [1993Al03]

153mHo 0.0687(3) 1/2+ 9.3(5) m 4.200(6) -1.515(40) 7.759(6) [2020Ni06, 1967Ha34]
157Tm 1/2+ 3.6(3) m 4.700(40) -0.460(48) 8.009(28) [1976La03]
161Lu 1/2+ 78(2) s 5.270(30) 0.450(43) 8.426(39) [1983Ge08]
165Ta (9/2�) 31.0(15) s 5.790(30) 1.506(31) 9.561(20) [1982Li17]
169Re (9/2�) 8.1(3) s 6.509(19) 2.696(30) 10.801(30) [1992Me10, 1992MeZW]

169mRe 0.187(17) (1/2+, 3/2+) 16.3(8) s 6.696(25) 2.883(34) 10.988(34) [2021Ha32, 1992Me10,
1992MeZW]

173Ir (1/2+) 8.3(3) s** 7.170(18) 4.009(37) 12.224(19) [2004GoZZ, 1992Bo21,
1992Sc16

173mIr 0.213(6) (11/2�) 2.150(47) s*** 7.386(19) 4.222(37) 12.437(20) [2021Ha32, 2004GoZZ,
1992Sc16]

177Au (1/2+) 1.501(20) s 7.825(18) 5.047(13) 13.468(18) [2025Sp01, 2021Ha32,
2009An14, 2004GoZZ,
2001Ko14]

177mAu 0.1819(4) (11/2�) 1.186(12) s@ 8.843(18) 6.056(13) 13.650(18) [2025Sp01, 2021Ha32, 2001Ko14]
181Tl (1/2+) 2.9(1) s 7.862(18) 5.538(10) 14.147(18) [2018Cu04]

181mTle 0.8359(4) (9/2�) 1.40(3) ms 7.862(18) 5.538(10) 14.983(18) [2009An14]
185Bi (1/2+) 2.8+23

�10 µs 9.310(80)# 7.359(82)# 16.001(82)# [2021Do08]

* Weighted average of 4.10(5) h [1960To10] and 4.15(5) h [1968St09].
** Weighted average of 9.8(14) s [1992Sc16], 8.1(3) s [1992Bo21] and 10(1) [2004GoZZ].
*** Weighted average of 2.20(5) s [1992Sc16] and 2.105(47) s [2004GoZZ].
@ Weighted average of 1.193(13) s [2021Ha32], and 1.180(12) s [2001Ko14].

2



Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +19/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp BRp S2p Qa BRa Experimental

133La 4.348(28) —– 12.017(28) -0.420(28) —–
137Pr 3.982(8) —– 11.136(12) -0.132(29) —–

141Pm 3.555(14) —– 10.272(14) 0.254(16)
145Eu 3.315(3) —– 9.609(4) 0.106(14)
149Tb 2.508(3) —– 8.522(4) 4.078(2) 17.6(14)%* [1978Ja14, 1974To07, 1968Ch30, 1968St09,

1967Go32, 1960To10, 1996Pa01, 1981KoZL,
1979Ho10, 1978AfZZ, 1974PeZS, 1974ToZN,
1974ToZO, 1974ToZQ, 1873Bi06, 1973BoXW,
1972OkZZ, 1968Wi21, 1967Ch28, 1968Ch32,
1965Gr28, 1964Da20, 1961Ma39, 1961St15,
1960To10]]

149mTb 2.472(3) —– 8.486(4) 4.114(2) 0.022(3)%** [1974To07, 1973Bi06, 1964Ma14, 1973BoXW,
1974ToZN, 1974ToZO, 1974ToZQ, 1968Go13,
1967Go32, 1963Ma17, 1960Ma47]

153Ho 2.183(7) —– 7.966(6) 4.052(4) 0.039(14)%*** [1974ToZN, 1978AfZZ, 1974ToZQ, 1974Sc19,
1971To01,1964Ma10, 1961Ma40, 1960Ma47]

153mHo 2.114(7) —– 7.897(6) 4.121(4) 0.14(4)%@ [1974ToZN, 1974Sc19, 1974PeZS, 1974ToZQ,
1971ToZX, 1970ToZS, 1970ToZY, 1968Go13,
1967Ha34 1963Ma17, 1961Ma40]

157Tm 1.787(37) —– 7.247(33) 3.878(28)
161Lu 1.688(28) —– 6.570(40) 3.722(40)
165Ta 1.318(20) —– 5.634(31) 4.290(31)
169Re 0.805(16) —– 4.636(30) 5.014(13) obs [1992Me10, 1992MeZW]

169mRe 0.618(23) —– 4.449(34) 5.101(21) obs [1992Me10, 1992MeZW, 1984Sc06, 1982De11,
1981DeZA, 1981DeZL, 1978Ca11]

173Ir 0.314(15) —– 3.596(30) 5.716(9) 4(2)% [2021Ha32, 2004GoZZ, 1992Bo21, 1992Sc16
2009An14, 1992MeZW]

173mIr 0.101(16) —– 3.383(30) 5.929(11) 11(1)%@@ [2021Ha32, 2004GoZZ, 1996Pa01, 1992Sc16
1982De11, 2009An14, 1992MeZW, 1986Ke03,
1967Si02]

177Au -0.099(14) 2.729(16) 6.298(4) 54(5)%@@@ [2025Sp01, 2021Ha32, 2009An14, 2004GoZZ,
2001Ko14, 2000KoZN, 1996Pa01, 1991Se01,
1990KaZI, 1984Gr14, 1975Ca06, 1973Ga08,
1968Si01]

177mAu -0.099(14) 2.729(16) 6.298(4) 56(8)% [2025Sp01, 2021Ha32, 2001Ko14, 2009An14,
2004GoZZ, 2000KoZN, 1996Pa01, 1991Se01,
1990KaZI, 1984Gr14, 1975Ca06, 1973Ga08,
1968Si01]

181Tl -0.999(14) 1.552(15) 6.322(4) 8.6(6)% [2018Cu04, 2009An14, 1998To14, 1993BoZK
1992BoZO, 1992BlZW,1984ScZQ]

181mTl -0.163(14) 2.388(15) 7.158(4) 0.40(6)% [2009An14, 1998To14, 1984ScZQ]
185Bi -1.592(5)b 91(2)%a 0.226(82)# 8.207(15)b 9(2)%c [2021Do08, 2004An07, 2001Po05, 2000PoZY,

1996Da06, 1995DaZX]

* Weighted average of 15.8(14)% [1978Ja14] and 22.6(23)% [1968Ch30].
** Weighted average of 0.020(4)% [1973Bi06] and 0.0225(25)% [1964Ma14].
*** Weighted average of 0.034(17)% and 0.051(25)% [1974ToZN].
@ Weighted average of 0.12(5)% and 0.18(8)% [1974ToZN].
@@ Weighted average of 7(2)% [1996Pa01], 12(1)% [1992Sc16] and 14(3)% [2004GoZZ].
@@@ Weighted average of 40(6)% [2009An14] and 64(5)%5 [2021Ha32].
a Weighted average of 92(2)% [2021Do08], and 90(2)% [2004An07].
b Deduced from a and p energies; Sp = -1.527(81)#, and Qa = 8.138(81)# in [2021Wa16]. Combining the p energy and the mass excess of 184Pb gives

-2.171(14) MeV for the mass excess of 185Bi. The a energy and mass excess of 181Tl gives -2.167(17) MeV, resulting in a weighted average of -2.169(11) MeV;
-2.240(80)# in [2021Wa16].

c Weighted average of 8(2)% [2021Do08], and 10(2)% [2004An07].
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Table 3
direct a emission from 149Tb, Jp = 1/2+, T1/2 = 4.13(5) h*, BRa = 17.6(14)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(145Eu) coincident g-rays R0 (fm) HF

3.745(5) 3.644(5)*** 0.03(1)% 0.0068(23)%@ 7/2+ 0.330 0.330 1.5656(18) 130+70
�30

4.076(5) 3.967(5)*** 100%@ 17.6(14)%** 5/2+ 0.0 —– 1.5656(18) 5.9(7)

* Weighted average of 4.10(5) h [1960To10] and 4.15(5) h [1968St09].
** Weighted average of 15.8(14)% [1978Ja14] and 22.6(23)% [1968Ch30].
*** [1967Go32].
@ [1968Ch30].

Table 4
direct a emission from 149mTb, Ex = 35.75(8) keV , Jp = 11/2�, T1/2 = 4.16(4) m**, BRa = 0.022(3)%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(145Eu) coincident g-rays R0 (fm) HF

4.109(7) 3.999(7)@ 0.22(3)%*** 5/2+ 0.0 —– 1.5656(18) 127+26
�21

* [2022Si28].
** [1973Bi06].
*** Weighted average of 0.020(4)% [1973Bi06] and 0.0225(25)% [1964Ma14].
@ [1974To07].

Table 5
direct a emission from 153Ho, Jp = 11/2�, T1/2 = 2.02(3) m*, BRa = 0.039(14)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(149mTb) coincident g-rays R0 (fm) HF

4.070(5) 3.910(5)*** 0.039(14)%** 11/2� 0.036 1.565(11) 1.5+0.9
�0.5

* [1993Al03].
** Weighted average of 0.034(17)% and 0.051(25)% [1974ToZN].
*** [1974ToZN].

Table 6
direct a emission from 153mHo, Ex = 68.7(3) keV*, Jp = 1/2+, T1/2 = 9.3(5) m**, BRa = 0.14(4)%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(149Tb) coincident g-rays R0 (fm) HF

4.119(5) 4.011(5)@ 0.14(4)%*** 1/2+ 0.0 —– 1.565(11) 4.1+2.2
�1.3

* [2020Ni06].
** [1967Ha34].
*** Weighted average of 0.12(5)% and 0.18(8)% [1974ToZN].
@ [1974ToZN].

Table 7
direct a emission from 169Re*, Jp = (9/2�), T1/2 = 8.1(3) s, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(165Ta) coincident g-rays R0 (fm) HF

4.814(12) 4.700(12) 0.175 1.571(21)
4.989(12) 4.871(12) 0.0? 1.571(21)

* All values taken from [1992Me10].
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Table 8
direct a emission from 169mRe*, Ex = 187(7) keV, Jp = (1/2+, 3/2+), T1/2 = 16.3(8) s, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(149Tb) coincident g-rays R0 (fm) HF

5.184(10) 5.061(10) x 1.571(21)

* All values taken from [1992Me10].

Table 9
direct a emission from 173Ir, Jp = (3/2+, 5/2+), T1/2 = 8.3(3) s*, BRa = 4(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(169Re) coincident g-rays R0 (fm) HF

5.546(4) 5.418(4)*** 4(2)%** (1/2+, 3/2+) 0.187(7) 1.5691(81) 1.3+1.4
�0.5

* Weighted average of 9.8(14) s [1992Sc16], 8.1(3) s [1992Bo21] and 10(1) [2004GoZZ].
** [2004GoZZ].
*** [2021Ha32].

Table 10
direct a emission from 173mIr*, Ex = 213(16) keV, Jp = (11/2�), T1/2 = 2.150(47) s**, BRa = 11(1)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(169Re) coincident g-rays R0 (fm) HF

5.809(5) 5.675(5) 100% 10(1)% (11/2�) 0.1362(2) 1.5691(81) 2.0(5)
5.953(15) 5.815(15) 6(1)%** 0.7(1) % (9/2�) 0.0 —– 1.5691(81) 120+40

�30

* All values taken from [2021Ha32], except where noted.
** Weighted average of 2.20(5) s [1992Sc16] and 2.105(47) s [2004GoZZ].
*** Weighted average of 7(2)% [1996Pa01], 12(1)% [1992Sc16] and 14(3)% [2004GoZZ].

Table 11
direct a emission from 177Au*, Jp = (1/2+), T1/2 = 1.501(20) s, BRa = 64(5)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(173Ir) coincident g-rays (keV) R0 (fm) HF

6.137(9) 5.998(9) <0.38% <0.24% (3/2+) 0.1561 21.6, 134.5, 156.1 1.5503(36) >88
6.301(9) 6.156(9) 100% 64(5)%** (1/2+) 0.0 —– 1.5503(36) 1.8(5)

* All values from [2025Sp01], except where noted.
** [2021Ha32].

Table 12
direct a emission from 177mAu*, Ex. = 181.9(4) keV, Jp = (11/2�), T1/2 = 1.186(12) s**, BRa = 56(8)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(173Ir) coincident g-rays(keV) R0 (fm) HF

6.069(12) 5.932(12) 1.2(5)% 0.67(28)% (9/2�) 0.424(13) 215.7*** 1.5503(36) 18+15
�6

6.267(5) 6.125(5) 100% 55(8)% (11/2�) 0.213(16) 1.5503(36) 1.5+0.4
�0.3

* All values from [2021Ha32], except where noted.
** Weighted average of 1.193(13) s [2021Ha32], and 1.180(12) s [2001Ko14].
*** [2025Sp01].

Table 13
direct a emission from 181Tl*, Jp = (1/2+), T1/2 = 2.9(1) s, BRa = 8.6(6)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(177Au) coincident g-rays R0 (fm) HF

6.323(5) 6.183(5)** 8.6(6)% (1/2+) 0.0 —– 1.5209(44) 3.3(4)

* All values from [2018Cu04], except where noted.
** Weighted average of 6.183(7) MeV [2018Cu04], 6.181(7) MeV [2009An14], and 6.186(10) MeV [1998To14].
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Table 14
direct a emission from 181mTl*, Ex. = 836.9(4) keV, Jp = (9/2�), T1/2 = 1.40(3) ms, BRa = 0.40(6)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(177Au) coincident g-rays R0 (fm) HF

6.727(7) 6.578(7) 96.0(7)% 0.38(6)% (5/2+) 0.431(16) 0.2415 1.5209(44) 1.3+0.4
�0.3

6.972(15) 6.818(15) 1.4(7)% 0.006(3)% (11/2�) 0.189(16) 1.5209(44) 600+70
�30

7.131(15) 6.9748(15) 2.6(7)% 0.010(3)% (9/2�) 0.031(16) 1.5209(44) 1.1+0.6
�0.4⇥103

* All values from [2009An14], except where noted.

Table 15
direct p emission from 185Bi, Jp = (1/2+), T1/2 = 2.8+23

�10 µs*, BRp = 91(2)%**.

Ep(c.m.) Ep(lab) Ip(abs) Jp
f Edaughter(184Pb) coincident g-rays

1.592(5) 1.583(5)*** 91(2)%** 0+ 0.0 —–

* [2021Do08].
** Weighted average of 92(2)% [2021Do08], and 90(2)% [2004An07].
*** [2004An07].

Table 16
direct a emission from 185Bi, Jp = (1/2+), T1/2 = 2.8+23

�10 µs*, BRa = 9(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(181Tl) coincident g-rays R0 (fm) HF

8.207(15) 8.030(15)*** 9(2)%** (1/2+) 0.0 —– 1.496(13) 0.5+0.7
�0.4

* [2021Do08].
** Weighted average of 8(2)% [2021Do08], and 10(2)% [2004An07].
*** [2004An07].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +10 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p BRb p Qe a Experimental

148Gd 0+ 72.1(10) y* 0.028(10) -4.292(1) —– 2.722(3) [2023Ch23, 2003Fu10, 1981Pr06, 2023ChXZ]
152Dy 0+ 2.37(2) h 0.600(40) -3.218(5) —– 3.755(11) [1965Ma14]
156Er 0+ 19.5(10) m 1.330(50) -2.345(26) —– 4.081(47) [1975Al26]

160Yb 0+ 4.8(2) m 2.140(30) -0.891(7) —– 4.950(39) [1969NeZW]
164Hf 0+ 111(8) s 2.820(30) 0.187(22) 6.058(36) [1989Hi04]
168W 0+ 51(2) s** 3.500(30) 1.286(31) 7.325(31) [1992HeZV, 1991Me05, 1990Me12]
172Os 0+ 19.2(9) s 4.320(40) 2.553(31) 8.725(31) [1995Hi02]
176Pt 0+ 6.33(15) s 4.948(15) 3.882(17) 10.208(38) [1973Ga08]

180Hg 0+ 2.56(2) s 5.375(14) 4.729(15) 11.206(15) [1993Wa03]
184Pb 0+ 480(25) ms 5.832(16) 5.464(15) 12.149(14) [1999To11]
188Po 0+ 270(30) µs 6.650(23) 7.154(21) 13.914(22) [2003Va16]

* Weighted average of 86.9(39) y [2023Ch23], 70.9(10) y [2003Fu10], and 74.6(30) y [1981Pr06].
** Weighted average of 47(3) s [1992HeZV], 49(5) s [1991Me05] and 53(2) s [1990Me12].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +10 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

148Gd 6.014(2) 9.851(3) 3.271(1) 100% [1973Go29, 2023Ch23, 2023ChXZ 2003Fu10,
2002FuZW, 2001FuZY, 1981Pr06, 1973MiZU,
1966Fr11, 1962Si14, 1957SuXX, 1953Ra02]

152Dy 5.783(6) 8.932(7) 3.727(4) 0.100(7)%* [1974To07, 1967Go32, 1965Ma14, 1962Si14
1975ToZT, 1974PeZS, 1974ToZN, 1974ToZQ,
1964Ma19, 1964Ma42, 1960To05]

156Er 5.461(30) 8.396(26) 3.541(10)** 7(2)⇥10�6%*** [2002KaZR, 1996ByZY, 1995KaZS, 2002KaZO
1992KaZP, 1989KaYU, 1978BiZF]

160Yb 4.882(28) 7.437(26) 3.624(25)
164Hf 4.316(32) 6.575(22) 3.920(17)
168W 3.831(31) 5.612(31) 4.501(11) <4.1(6)⇥10�3% [1991Me05, 1992HeZV]
172Os 3.282(31) 4.531(18) 5.224(7) 1.2(2)%@ [2004GoZZ, 1996Pa01, 1995Hi02, 1971Bo06]
176Pt 2.828(18) 3.516(16) 5.885(2) 38(3)%@@ [1996Pa01, 1982De11, 1979Ha10, 1974Ho26,

1973Ga08, 1982Bo04, 1966Si08]
180Hg 2.551(17) 2.831(16) 6.258(2) 48(2)% [1999To11, 1993Wa03, 2010An13, 1996Pa01,

1993WaZO, 1987La23, 1986Si19, 1982HeZM.
1979Ha10, 1977Hu05, 1974Ho26, 1970Ha18.
1969NaZT, 1969NaZU, 1968De01]

184Pb 1.753(16) 2.053(16) 6.774(3) 80(15)% [2004An07, 1999To11. 2001Po05, 1998Co27,
1998ToZW, 1987To09, 1982HeZM, 1980Du02,
1980Sc09]

188Po 1.450(22) 0.441(23) 8.082(15) 100%@@@ [2003Va16, 1999An52, 2002VaZZ, 2000AnZZ]

* Weighted average of 0.94(9)% and 1.08(11)% [1974To07].
** From a energy, 3.481(25) MeV in [2021Wa16].
*** Weighted average of 1.2(3)⇥10�5% [1996ByZY], and 5(2)⇥10�6% [1995KaZS].
@ Weighted average of 1.1(2)% [1995Hi02] and 1.4(3)% [2004GoZZ].
@@ Weighted average of 42(4)% [1996Pa01] and 438(3)% [1979Ha10].
@@@ Deduced from short half-life.

Table 3
direct a emission from 148Gd, Jp = 0+, T1/2 = 72.1(10) y*, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(144Sm) coincident g-rays R0 (fm) HF

3.271198(24) 3.182787(24)*** 100%** 0+ 0.0 —– 1.5695(23) 0.961(13)

* Weighted average of 86.9(39) y [2023Ch23], 70.9(10) y [2003Fu10], and 74.6(30) y [1981Pr06].
** Only decay channel open.
*** 3.182787(24) MeV in [1973Go29], adjusted to 3.182680(24) MeV in [1991Fy01].
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Table 4
direct a emission from 152Dy, Jp = 0+, T1/2 = 2.37(2) h*, BRa = 0.100(7)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(148Gd) coincident g-rays R0 (fm) HF

3.726(4) 3.628(4)*** 1.0(7)%** 0+ 0.0 —– 1.5796(54) 0.98(7)

* [1965Ma14].
** Weighted average of 0.94(9)% and 1.08(11)% [1974To07].
*** Weighted average of 3.627(8) MeV [1965Ma14] (adjusted to 3.630(8) MeV in [1991Ry01]), and 3.630(5) MeV [1965Ma14] (adjusted to 3.628(5) MeV in

[1991Ry01]).

Table 5
direct a emission from 156Er, Jp = 0+, T1/2 = 19.5(10) m*, BRa = 7(2)⇥10�6%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(152Dy) coincident g-rays R0 (fm) HF

3.541(10) 3.450(10)*** 7(2)⇥10�6%** 0+ 0.0 —– 1.531(25) 1.2+0.7
�0.4

* [1975Al26].
** Weighted average of 1.2(3)e�5% [1996ByZY], and 5(2)e�6% [1995KaZS].
*** [2002KaZR].

Table 6
direct a emission from 168W*, Jp = 0+, T1/2 = 51(2) s*, BRa = <4.1(6)⇥10�3%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(164Hf) coincident g-rays R0 (fm) HF

4.506(12) 4.399(12) <4.1(6)⇥10�3% 0+ 0.0 —– 1.580(35) >0.86

* All values from [1991Me05], except where noted.
** Weighted average of 47(3) s [1992HeZV], 49(5) s [1991Me05] and 53(2) s [1990Me12].

Table 7
direct a emission from 172Os, Jp = 0+, T1/2 = 19.2(9) s*, BRa = 1.2(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(168W) coincident g-rays R0 (fm) HF

5.227(5) 5.106(5)*** 1.2(2)% 0+ 0.0 —– 1.583(13) 1.14+0.29
�0.21

* [1995Hi02].
** Weighted average of 1.1(2)% [1995Hi02] and 1.4(3)% [2004GoZZ].
*** Weighted average of 5.109(5) MeV [2004GoZZ], 5.106(10) MeV [1996Pa01], 5.100(7) MeV [1995Hi02] and 5.105(10) MeV [1971Bo06].

Table 8
direct a emission from 176Pt, Jp = 0+, T1/2 = 6.33(15) s*, BRa = 39(3)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(172Os) coincident g-rays R0 (fm) HF

5.662(10) 5.534(10)*** 0.26(13)%@ 0.10(5)% 2+ 0.2277(10) 0.2277(10) 1.5597(42) 40+40
�20

5.888(3) 5.754(3)@@ 100% 39(3)%** 0+ 0.0 —– 1.5571(45) 1.05(9)

* [1973Ga08].
** Weighted average of 42(4)% [1996Pa01] and 438(3)% [1979Ha10].
*** Weighted average of 5.537(10) MeV [1979Ha10] (adjusted to 5.536(10) MeV in [1991Ry01]) and 5.528(15) MeV [1974Ho26].
@ [1979Ha10].
@@ Weighted average of 5.753(3) MeV [1982De11] and 5.757(5) MeV [1974Ho26] (adjusted to 5.756(5) MeV in [1991Ry01]).
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Table 9
direct a emission from 180Hg*, Jp = 0+, T1/2 = 2.56(2) s, BRa = 48(2)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(176Pt)*** coincident g-rays*** R0 (fm) HF

5.818(5) 5.689(5) ⇡0.01% ⇡0.005% 0+ 0.443(1) 0.443(1), 0.2640(3), 0.179(1) 1.5324(24) ⇡130
6.259(5) 6.120(5) ⇡0.05% ⇡0.024% 2+ 0.2640(3) 0.2640(3) 1.5324(24) ⇡160
6.259(5) 6.120(5) 100% 48(2)%** 0+ 0.0 —– 1.5324(24) 0.99(4)

* All values from [1993Wa03], except where noted.
** [1999To11].
*** [2006Ba16].

Table 10
direct a emission from 184Pb*, Jp = 0+, T1/2 = 480(25) ms**, BRa = 80(15)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(180Hg) coincident g-rays R0 (fm) HF

6.773(6) 6.626(6) 80(15)% 0+ 0.0 —– 1.504(11) 0.89+0.26
�0.18

* All values from [2004An07], except where noted.
** [1999To11].

Table 11
direct a emission from 188Po*, Jp = 0+, T1/2 = 270(30) µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(180Pb) coincident g-rays R0 (fm) HF

7.513(26) 7.353(26)** 25(5) % 20(4)% (0+) 0.570(30) 1.4874(76) 0.08+0.04
�0.03***

8.083(13) 7.911(13)@ 100% 80(4)% 0+ 0.0 —– 1.4874(76) 0.99(12)

* All values from [2003Va16], except where noted.
** Weighted average of 7.355(35) MeV [2003Va16] and 7.350(40) MeV [1999An52].
*** The unphysically low value is as yet unexplained.
@ Weighted average of 7.910(15) MeV [2003Va16] and 7.915(25) MeV [1999An52].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +10 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 134La, 138Pr, 142Pm, 146Eu, 150Tb, 154Ho, 158Tm, 162Lu, 166Ta, 170Re are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p Qe a BReF Experimental

134La 1+ 6.67(2) m 3.731(20) -4.437(20) 2.237(20) [1968Bi02]
138Pr 1+ 1.44(8) m 4.437(10) -3.277(10) 3.396(10) [1971Ju01]

142Pm 1+ 40.5(5) m 4.809(24) -2.416(24) 3.999(24) [1970Ar17]
146Eu 4� 4.52(4) d* 3.879(6) -3.139(6) 6.408(6) [2025Gu07, 1970Ch09, 1964Ta11]
150Tb (2�) 3.48(16) h 4.658(8) -1.953(8) 7.466(8) [1973Vy01]
154Ho 2� 11.75(20 m 5.755(10) -0.615(9) 8.700(10) [1993Al03]

154mHo 0.239(28)** 8+ 2.80(13) m 5.994(30) -0.376(29) 8.939(30) [1993Al03]
158Tm 2� 3.94(6) m 6.600(30) 0.841(34) 9.266(26) [1993Al03]
162Lu 1� 1.37(2) m 6.990(80) 1.778(80) 10.047(79) [1983Ge08]
166Ta (2)+ 34.4(5) s 7.760(40) 3.055(39) 11.298(32) [1982Li17]
170Re (5+) 9.2(2) s 8.387(17) 4.097(30) 12.530(30) [1992Me10]

174Ir (3+) 7.8(6) s 9.209(15) 5.479(30) 14.080(17) [1992Bo21]
174mIr 0.129(17) (7+) 5.0(2) s*** 9.338(23) 5.608(34) 14.209(24) [2020Cu04, 1992Bo21, 1992Si16]
178Au (2+, 3�) 3.4(5) s 9.694(14) 6.455(22) 15.267(14) [2020Cu04]

178mAu 0.189(14) (7+, 8�) 2.7(5) s 9.883(20) 6.644(26) 15.456(20) [2020Cu04]
182Tl@ low spin 1.9(1) s 10.250(15) 7.255(23) 16.245(16) [2016Va01]

186Bi@@ (3+) 14.8(8) ms 11.535(20) 9.323(27) 18.006(20) 0.022(13)%@@@ [2013La02, 2003An27]
186mBi@@ x (10+) 9.8(4) ms 11.535(20)+x 9.323(27)+x 18.006(20)+x 0.022(13)%@@@ [2013La02, 2003An27]

190At@ low spin 0.56+2.69
�0.16ms 11.756(24)a 9.969(29)a 17.237(29)a [2023AnXX, 2023Ko10]

190mAt x high spin 1.2+1.3
�0.4msb 11.756(24)+xa 9.969(29)+xa 17.237(29)+xa [2023AnXX, 2023Ko10]

* Weighted average of 4.21(5) d [2025Gu07], 4.65(4) d [1970Ch09] and 4.59(4) d [1964Ta11].
** Based on a energies and the energy of the isomeric state in 150Tb.
*** Weighted average of 5.0(4) s [1992Bo21], 4.9(3) s, 5.5(6) s [1992Si16].
@ May not be the ground state.
@@ The ordering of these states is unknown.
@@@ Value is for a combination of the two isomers.
a Deduced from mass excess of 7.193(20) for 190At (deduced from the a energy and the mass of the daughter 186Bi), and the mass excess for the daughter

taken from [2021Wa16].
b Weighted average of 2.67+3.65

�0.98ms [2023AnXX] and 1.0+1.4
�0.4ms [2023Ko10].

2



Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +10 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

134La 4.954(20) 12.644(20) -0.744(22) —–
138Pr 4.499(10) 11.669(54) -0.335(22) —–

142Pm 4.239(24) 11.033(24) -0.438(26) —–
146Eu 3.755(6) 10.279(6) 1.599(24)
150Tb 3.268(8) 9.386(12) 3.587(5)
154Ho 2.785(9) 8.500(41) 4.041(4) 0.028(9)% [1974Sc19, 1982To14, 1981ZuZU, 1981ZuZY,

1978AfZZ, 1974PeZS, 1974ToZQ, 1971To01,
1971ToZR, 1970ToZS, 1970ToZY, 1968Go13,
1967Ha34]

154mHo 2.546(29) 8.261(50) 4.280(28) <0.01% [1974Sc19, 1971To01, 1968Go13]
158Tm 2.579(37) 7.743(46) 3.511(27)
162Lu 2.286(77) 7.109(82) 3.447(79)
166Ta 1.751(40) 6.033(40) 4.309(80)
170Re 1.275(19) 5.088(30) 4.769(30)

174Ir 0.637(19) 3.797(37) 5.693(16) ⇡0.4% [1992Sc16]
174mIr 0.508(25) 3.668(41) 5.822(23) 2.5(3)% [1992Si16, 1992MeZW, 1986Ke03, 1967Si02]
178Au 0.222(18) 2.999(13) 6.058(5) 16(1)% [2020Cu04, 2021Gi08, 1996Pa01, 1986Ke03,

1984Gr14, 1968Si01, 1965Si07]
178mAu 0.033(23) 2.810(19) 6.247(15) 18(1)% [2020Cu04, 2021Gi08]
182Tl* -0.045(19) 2.280(13) 6.551(6) >0.49% [2016Va01, 1993BoZK, 1992BlZW, 1991BoZZ,

1986Ke03]
186Bi** -1.107(23) 0.840(20) 7.757(12) ⇡100% [2003An27, 2003AnZZ, 1997Ba21]
186Bi** -1.107(23)-x 0.840(20)-x 7.757(12)+x ⇡100% [2003An27, 2003AnZZ, 1997Ba21, 1984ScZQ]

190At* -1.326(30) 0.190(23)@ 7.913(10)*** 100% [2023AnXX, 2023Ko10]
190mAt* -1.326(30)-x@ 0.190(23)-x@ 7.913(10)+x*** 100% [2023AnXX, 2023Ko10]

* May not be the ground state.
** The ordering of these states is unknown.
*** From a energy to 186Bi.
a Deduced from mass excess of 7.193(20) for 190At (deduced from the a energy and the mass of the daughter 186Bi), and the mass excess for the daughter

taken from [2021Wa16].

Table 3

direct a emission from 154Ho*, Jp = 2�, T1/2 = 11.75(20 m**, BRa = 0.028(9)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(150Tb) coincident g-rays R0 (fm) HF

4.046(5) 3.941(5)*** 0.028(9)% (2�) 0.0 —– 1.560(26)@ 9+7
�4

* All values from [1974Sc19], except where noted.
** [1993Al03].
*** 3.937 MeV in [1974Sc19], adjusted to 3.941 meV in [1991Ry01].
@ Interpolated between 1.5796(54) fm 152Dy and 1.541(26) fm 156Er.

Table 4

direct a emission from 154mHo*, Ex = 239(28) keV, Jp = 8+, T1/2 = 2.80(13) m**, BRa = <0.01%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(150Tb) coincident g-rays R0 (fm) HF

3.824(5) 3.725(5)*** <0.01% 0.461(27)@ 1.560(26)@@ >0.18

* All values from [1974Sc19], except where noted.
** [1993Al03].
*** 3.721 MeV in [1974Sc19], adjusted to 3725 meV in [1991Ry01].
@ [2013Ba31].
@@ Interpolated between 1.5796(54) fm 152Dy and 1.541(26) fm 156Er.
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Table 5

direct a emission from 174Ir*, Jp = (3+), T1/2 = 7.8(6) s**, BRa = ⇡0.4%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(170Re) coincident g-rays R0 (fm)@ HF

5.399(10) 5.275(10) ⇡0.4% (3+) 0.289*** 0.224, 0.193, 0.031 1.571(14)*** ⇡ 2.7@@

* All values from [1992Sc16], except where noted.
** [1992Bo21].
*** Reported as decaying to a 224.7(3) keV state, which then cascades to the ground state in [1992Sc16]. However this would imply an isomer energy of

193(12) keV in contrast to the measured value of 129(17) keV [2020Cu04]. It is suggested that the a-decay is to a state 224.7-keV above an isomer in 170Re with
an energy of 64(20) keV [2020Cu04].

@ Interpolated between 1.583(13) fm 172Os and 1.5597(42) fm 176Pt.
@@ Calculated assuming the isomer decays to the 370-keV state in 150Tb, (which then g-cascades to the ground state), giving a Qa = 5.688(23) MeV.

Table 6

direct a emission from 174mIr*, Ex = 193(12) keV, Jp = (7+), T1/2 = 5.0(2) s **, BRa = 2.5(3)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(170Re)*** coincident g-rays R0 (fm)@ HF

5.441(10) 5.316(10) 100% 2.2(3)% 0.3701(6)? 0.210, 0.190, 0.159, 0.020 1.571(14)@ 0.52+0.21
�0.16

5.607(6) 5.478(6)@@ ⇡13% ⇡0.3% (7/2+) 0.2103(2)? 0.210, 0.190, 0.020 1.571(14)@ 21+9
�7

* All values from [1992Sc16], except where noted.
** Weighted average of 5.0(4) s [1992Bo21], 4.9(3) s, 5.5(6) s [1992Si16].
*** [2018Ba41].
@ Interpolated between 1.583(13) fm 172Os and 1.5597(42) fm 176Pt.
@@ [1967Si02].

Table 7

direct a emission from 178Au*, Jp = (2+, 3�), T1/2 = 3.4(5) s, BRa = 16(1)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(174Ir) coincident g-rays R0 (fm)** HF

5.882(10) 5.750(10) 1.05(2)% 0.15(1)% 0.1748(5) 0.1748(5) 1.5460(48)** 41(8)
5.945(10) 5.811(10) 2.01(3)% 0.28(2)% 0.157(3) 0.157(3) 1.5460(48)** 39(8)
5.974(10) 5.840(10) 12.6(1)% 1.7(1)% 0.0900(3) 0.0900(3), 0.0828(3) 1.5460(48)** 8.0(15)

6.058(5) 5.922(5) 100% 13.8(9)% (3+) 0.0 —– 1.5460(48)** 2.4(5)

* All values from [2020Cu04].
** Interpolated between 1.5597(42) fm 176Pt and 1.5324(24) fm 180Hg.

Table 8

direct a emission from 178mAu*, Ex = 189(14) keV, Jp = (7+, 8�), T1/2 = 2.7(5) s, BRa = 18(1)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(174Ir) coincident g-rays R0 (fm)** HF

5.648(7) 5.521(7) 1.16(3)% 0.18(1)% 0.601(17) 0.472(1) 1.5460(48)** 0.54+0.17
�0.15

5.699(7) 5.571(7) 0.97(2)% 0.15(1)% 0.550(17) 0.421.4(10) 1.5460(48)** 1.13+0.35
�0.32

5.973(10) 5.839(10) 6.87(7)% 1.07(6)% 0.277(17) 0.1392(3), 0.0912(3), 0.0568(3) 1.5460(48)** 2.8(8)
6.061(7) 5.925(7) 100% 15.5(9)% 0.186(17) 0.0568(3) 1.5460(48)** 0.48+0.14

�0.13
6.114(10) 5.977(10) 6.83(14)% 1.06(6)% (7+) 0.129(17) 1.5460(48)** 12+4

�3

* All values from [2020Cu04].
** Interpolated between 1.5597(42) fm 176Pt and 1.5324(24) fm 180Hg.
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Table 9

direct a emission from 182Tl*, Jp = low soin, T1/2 = 1.9(1) s, BRa = >0.49%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(178Au) coincident g-rays R0 (fm)** HF

6.096(5) 5.962(5) 21(3)% >0.042% 0.446 0.4461(14), 0.2658(2), 0.2322(3), 1.518(12) <27
0.2067(1), 0.1692(3), 0.1129(1)

6.182(6) 6.046(6) 16(3)% >0.032% 0.362 0.3615(1), 0.3126(1), 0.2967(3), 1.518(12) <80
0.2478(7), 0.2318(2), 0.1975(8),
0.1827(3), 0.1693(2), 0.1534(2),
0.1317(4), 0.1129(1), 0.1020(5)

6.304(6) 6.165(6) 62(10)% >0.12% 0.247 0.2472(5), 0.2322(1), 0.1975(2), 1.518(12) <62
0.1823(2), 0.1692(1), 0.1329(4),
0.1187(3), 0.1129(2)

6.503(6) 6.360(6) 100% >0.20% 0.046 1.518(12) <230
6.550(10) 6.406(10 45(7)% >0.09% (2+, 3�) 0.0 —– 1.518(12) <1600

* All values from [2016Va01].
** Interpolated between 1.5324(24) fm 180Hg and 1.504(11) 184Pb.

Table 10

direct a emission from 186Bi*, Jp = (3+), T1/2 = 14.8(8) s, BRa =⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(182Tl) coincident g-rays

7.225-7.389 7.070-7.230** 0.087, 0.098, 0.133, 0.215, 0.238, 0.276,
0.281, 0.371, 0.380, 0.444, 0.520

7.236(15) 7.080(15) 28(14)% 0.520 0.520
7.276(15) 71.20(15)*** 0.133

7.309 (15) 7.152(15) 100% 0.444 0.444
7.385(15) 7.226 (15)*** 0.238

* All values from [2003An27].
** Unresolved multiplet.
*** May belong to the other isomer.

Table 11

direct a emission from 186mBi*, Jp = (10�), T1/2 = 9.8(4) s, BRa =⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(182Tl) coincident g-rays

7.423(5) 7.263(5) 100% ⇡98% 0.1085 0.1085(5)
7.531(10) 7.369(10)** <2% <2% 0.0 —–

* All values from [2003An27].
** Tentative assignment.

Table 12

direct a emission from 190At*, Jp = low spin,T1/2 = 0.56+2.69
�0.16 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(186Bi) coincident g-rays

7.913(10) 7.746(10) 100% (3+) 0.0 —– 1.551(15) 1.0+5.0
�0.4

* All values taken from [2023AnXX]. In that paper, the authors present two scenarios. In the first, two a transitions 7.746(10) MeV (25%) and 7.739(10)
MeV de-excite the same state, indicating that the (10�) 186mBi isomer has an energy of 7 keV. This however, results in large HF for the two transitions of 15 and 5
respectively. The 2nd scenario is reflected here, combined with data from [2023Ko10], resulting in mostly unhindered transitions from two isomers in 190At.
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Table 13

direct a emission from 190mAt, Jp = high spin, T1/2 = 1.2+1.3
�0.4 ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(186Bi) coincident g-rays

7.907(9) 7.741(9)** 100% (10�) x 1.551(15) 2.1+2.4
�0.9

* Weighted average of 2.67+3.65
�0.98ms [2023AnXX] and 1.0+1.4

�0.4ms [2023Ko10].
** Weighted average of 7.739(10) MeV [2023AnXX] and 7.750(20) MeV [2023Ko10].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +21/2 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +21/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe a BRba Experimental

141Nd 3/2+ 2.54(5) h 1.823(3) -3.406(3) 0.524(4) [1961Ra06]
145Sm 7/2� 340(3) d 0.616(3) -4.192(1) 2.938(2) [1959Br65]
149Gd 7/2� 9.25(10) d 1.314(4) -3.080(3) 3.715(4) [1968Ch30]
153Dy 7/2� 6.29(10) h 2.170(2) -1.725(4) 4.873(6) [1970Ch09]
157Er 3/2� 18.65(10) m 3.420(30) -0.173(27) 5.475(27) [1984GrZL]

161Yb 3/2� 4.2(2) m 4.060(30) 0.941(29) 6.574(28) [1974Ad10]
165Hf (5/2�) 75(3) s 4.810(40) 2.088(32) 7.838(40) [1981LiZM]
169W (5/2�) 78(6) s* 5.370(30) 3.154(32) 9.099(31) [1990Me12, 1992HeZV]
173Os (5/2�) 22.4(9) s 6.120(30) 4.370(32) 10.427(32) [1995Hi02]
177Pt 5/2� 9.8(4) s 6.677(25) 5.472(19) 11.759(32) [1993Me13]

181Hg 1/2� 3.6(1) s 7.210(25) 6.480(18) 0.014(4)% 12.961(25) 9(3)⇥10�6% [1979Ho10, 1975Ho02, 1971Ho07, 1970HoZZ]
185Pb (3/2�) 4.3(2) s 8.217(26) 7.515(19) 13.905(26) [2002An15]

185mPb x (13/2+) 6.3(4) s 8.217(26)+x 7.515(19)+x 13.905(26)+x [2002An15]
189Po (5/2�) 3.5(5) ms 8.640(30) 9.100(24) 15.911(30) [2005Va04]
193Rn 1.15(27) ms 9.110(30) 9.820(27) 16.683(33) [2006An36, 2006AnZT]

* Weighted average of 76(6) s [1990Me12] and 80(6) s [1992HeZV].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +21/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

141Nd 6.794(7) 11.812(4) -0.698(3) —–
145Sm 6.524(3) 11.227(1) 1.115(3)
149Gd 6.119(10) 10.439(3) 3.099(3) 4.3(12)⇥10�4% [1967Go32, 1966Wi12, 1965Si06, 1965Ma48]
153Dy 5.715(40) 9.532(5) 3.557(5)* 0.0113(17)% [1974To07, 1967Go32, 1978AfZZ, 1974PeZS, 1974ToZN, 1974ToZQ,

1965Ma51, 1964Ma19, 1960Ma47, 1960To05, 1958To27]
157Er 5.164(47) 8.836(28) 3.305(27)

161Yb 4.822(36) 7.851(16) 3.154(31)
165Hf 4.282(40) 6.920(32) 3.774(32)
169W 3.813(32) 6.028(32) 4.293(32)
173Os 3.160(39) 4.930(32) 5.055(6) 0.020+0.010

�0.004% [1995Hi02, 1971Bo06, 1973Be67, 1971BoZK]
177Pt 2.777(17) 3.843(19) 5.643(3) 5.7(5)% [1979Ha10, 2004GoZZ, 1992MeZW, 1992Bo04, 1982HeZM, 1973BoXL,

1970Ha18, 1966Si08]
181Hg 2.324(16) 2.971(17) 6.284(4) 26.3(41)%** [1979Ha10, 1996Pa01, 1992BoZO, 1990SaZU, 1986Ke03, 1984ScZQ,

1982HeZM, 1970Ha18, 1969NaZT, 1969NaZU]
185Pb 1.947(19) 2.314(18) 6.695(5) 42(25)%*** [2005Va04, 2002An15, 1984ScZQ, 1982HeZM, 1980Sc09, 1975Ca06,

1974CaYE]
185mPb 1.947(19)-x 2.314(18)-x 6.695(5)+x 50(25)% [2002Va15, 2005Va04, 1975Ca06, 1974CaYE

189Po 1.516(25) 1.013(23) 7.694(15) ⇡ 100%@ [2005Va04, 2000AnZZ, 1999An52]
193Rn 1.172(38) 0.466(26) 8.040(12) 100%@ [2006An36, 2006AnZT]

* From a energy, 3.559(4) in [2021Wa16].
** Sum of a intensities from [1979Ha10].
*** Weighted average of 50(25)% [2002AN15] and 34(25)% [2005Va04].
@ Based on short Half-life.

Table 3
direct a emission from 149Gd, Jp = 7/2�, T1/2 = 9.25(10) d*, BRa = 4.3(12)⇥10�4%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(145Sm) coincident g-rays R0 (fm) HF

3.099(5) 3.016(5)*** 4.3(12)⇥10�4%** 7/2� 0.0 —– 1.5722(55) 2.5+1.1
�0.7

* [1968Ch30].
** Weighted average of 4.0(12)⇥10�4% [1966Wi12] and 4.6(15)⇥10�4% [19665Si06].
*** 3.018(5) MeV in [1967Go32] (adjusted to 3.016(5) MeV in 1999Ry01).
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Table 4
direct a emission from 153Dy, Jp = 7/2�, T1/2 = 6.29(10) h*, BRa = 0.0113(17)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(149Gd) coincident g-rays R0 (fm) HF

3.394(5) 3.305(5)*** 0.09(7)%** 2.12e�6% 5/2� 0.165 0.165 1.560(21) 50+190
�30

3.557(5) 3.464(5)*** 100%** 0.01133(17)%** 0.0 7/2� —– 1.560(21) 0.9+0.5
�0.3

* [1970Ch09].
** [1974To07].
*** [1967Go32].

Table 5
direct a emission from 173Os, Jp = (5/2�), T1/2 = 22.4(9) s*, BRa = 0.020+10

�4 %**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(169W) coincident g-rays R0 (fm) HF

5.055(7) 4.938(7)* 0.01133(17)%** (5/2�) 0.0 —– 1.562(24) 7+9
�4

* [1995Hi02].
** [1971Bo06].

Table 6
direct a emission from 177Pt*, Jp = (5/2�), T1/2 = 9.8(4) s**, BRa = 5.7(5)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(173Os) coincident g-rays R0 (fm) HF

5.561(10) 5.435(10) 13(2)% 0.65(5)% (7/2�) 0.0916(1)*** 0.0916*** 1.563(37) 3.9+1.2
�0.9

5.655(6) 5.527(6) 100(8)% 5.0(4)% (5/2�) 0.0 —– 1.563(37) 1.41+0.29
�0.24

* All values from [1979Ho10], except where noted.
** [1993Me13].
*** [1991Ka05].

Table 7
direct a emission from 181Hg*, Jp = 1/2�, T1/2 = 3.6(1) s, BRa =26.3(41)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(173Os) coincident g-rays R0 (fm) HF

6.050(10) 5.916(10) 5.2(24)% 1.2(5)% (5/2�) 0.2398(4) 0.0809, 0.0924, 0.1474, 0.1587, 0.2398 1.5250(33) 64+28
�17

6.072(10) 5.938(10) 7.0(21)% 1.6(4)% (3/2�) 0.2142(5) 0.2142 1.5250(33) 27+10
�7

6.142(5) 6.006(5) 100(17)% 23(4)% (1/2�) 0.1474(4) 0.1474 1.5250(33) 0.87+0.32
�0.21

6.208(10) 6.071(10) 1.7(4)% 0.39(7)% 0.0810(4) 0.0810 1.5250(33) 23+11
�6

6.287(10) 6.148(10) 0.57(16)% 0.13(3)% (5/2�) 0.0 —– 1.5250(33) 70+60
�20

* All values from [1979Ho10], except where noted.
** Sum of a intensities from [1979Ha10].

Table 8
direct a emission from 185Pb*, Jp = (3/2�), T1/2 = 6.3(4) s, BRa =42(25)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(173Os) coincident g-rays R0 (fm) HF

6.427(5) 6.288 (5) 100(4)% 24(14)% (3/2�) 0.269 0.269, 0.205 1.495(11) 1.7+2.8
�0.8

6.629(5) 6.486 (5) 79(5)% 18(11)% (3/2�) 0.064 1.495(11) 13+22
�6

6.693 6.548 <0.6% <1.4% 1/2� 0.0 —– 1.495(11) >700

* All values from [2002An15], except where noted.
** Weighted average of 50(250% [2002AN15] and 34(25)% [2005Va04].
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Table 9
direct a emission from 185mPb*, Ex = unk, Jp = (13/2+), T1/2 = 4.3(2) s, BRa =50(25)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(173Os) coincident g-rays R0 (fm) HF

6.550(5) 6.408 (5) 50(25)% (13/2+) x 1.495(11) 1.7+1.9
�0.7

* All values from [2002An15].

Table 10
direct a emission from 189Po*, Jp = (7/2�), T1/2 = 3.5(5) ms, BRa =100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(173Os) coincident g-rays R0 (fm) HF

7.416(15) 7.259(15) 100(21)% 80(12)% (5/2�) 0.280 0.280 1.4991(51) 0.18+0.07
�0.05**

7.467(20) 7.309(20) 15(7)% 12(5)% 0.226 0.226 1.4991(51) 1.8+1.8
�0.7

7.695(20) 7.53(20) 10(8)% 8(6)% (3/2�) 0.0 —– 1.4991(51) 14+49
�7

* All values from [2005Va04].
** The reason for this unphysically low value is unknown.

Table 11
direct a emission from 193Rn*, Jp = , T1/2 = 1.15(27) ms, BRa =100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(173Os) coincident g-rays R0 (fm) HF

7.848(15) 7.685(15) 100(27)% 74(20)% 0.194 0.194 1.561(16) 1.0+0.8
�0.5

8.042(20) 7.875(20) 35(19)% 26(12)% (5/2�) 0.0 —– 1.561(16) 10+14
�6

* All values from [20006An14].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +21/2 values for are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

139Pr 5/2+ 4.41(4) h 2.129(3) -5.604(4) 0.597(4) [1968Li08]
143Pm 5/2+ 265(10) d 1.042(3) -6.463(3) 1.572(4) [1963Pa21]
147Eu 5/2+ 24.1(6) d 1.721(2) -5.379(5) 4.033(3) [1971Av09]
151Tb 1/2+ 17.609(14) h 2.565(4) -4.120(7) 5.218(4) [1984Gr15]
155Ho 5/2+ 48(2) m 3.116(17) -3.172(49) 5.724(18) [1972To07]
159Tm 5/2+ 9.15(17) m 3.991(28) -1.672(39) 6.161(30) [1982By03]
163Lu 1/2+ 3.97(13) m 4.500(30) -0.603(38) 7.345(28) [1983Ge08]
167Ta (3/2+) 80(4) s 5.120(40) 0.381(41) 8.518(32) [1992HeZV]
171Re (9/2�) 15.2(4) s 5.840(40) 1.598(40) 9.793(40) [1987Ru05]

175Ir (1/2+) 8(1) s 6.711(17) 2.990(31) 11.267(31) [2004GoZZ]
175mIr 0.169(7)* (9/2�) 4.9(4) s 6.880(18) 3.159(32) 11.436(32) [2004GoZZ]
179Au 1/2+ 7.3(3) s 7.280(14) 3.977(22) 12.692(17) [2021Ha32]
183Tl (5/2�) 6.9(7) s 7.217(12) 4.428(21) 13.256(12) [1992BoZO]

183mTl 0.6287(3) (9/2�) 53.3(3) ms 7.846(12) 5.077(21) 13.885(12) [2022Ve01, 2011Ve01]
187Bi (1/2+) 38(2) ms** 8.604(11) 6.211(23) 14.996(12) [2006An11, 1999Ba45]

187mBi 0.112(11) (9/2�) 370(20) µs 8.716(16) 6.211(25) 14.996(16) [2006An11]
191At (1/2+) 1.7+1.1

�0.5 ms 8.933(18) 7.171(26) 16.426(17) [2003Ke08]
191mAt 0.050(30) (7/2�) 2.1+0.4

�0.3 ms 8.983(35) 7.221(40) 16.476(34) [2003Ke08]

* Excitation calculated as 169(7) keV, based on an unhindered a-decay of the 175Ir isomer to the ground state of 171Re, and the a-energy of the 175Ir ground
state to an unhindered to the 189.8 keV in 171Re.

** Weighted average of 40(2) ms [2006An11] and 32(3) ms [1999Ba45].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +21/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

139Pr 4.552(4) 12.266(4) -0.610(10) —–
143Pm 4.300(3) 11.524(3) -0.557(5) —–
147Eu 3.837(4) 10.855(3) 2.991(3) 0.0022(6)% [1967Go32, 1962Si14, 1964To04, 1960To05,

1953Ra02]
151Tb 3.148(7) 9.760(5) 3.496(4) 0.0095(15)% [1974To07, 1967Go32, 1975ToZT, 1970ToZV,

1969To04, 1967Ko09, 1967Ch32, 1967Ch28,
1966Ch22, 1964Ma19, 1960Ma47, 1960To05,
1953Ra02]

155Ho 2.935(19) 9.304(18) 3.159(18)
159Tm 2.556(38) 8.315(36) 3.044(33)
163Lu 2.259(32) 7.471(40) 3.354(40)
167Ta 1.781(40) 6.487(39) 4.015(40)
171Re 1.248(31) 5.538(40) 4.676(40)

175Ir 0.688(16) 4.419(31) 5.710(5) 0.85(22)% [2004GoZZ, 1986Ke03, 1967Si02, 1992Sc16]
175mIr 0.518(17) 4.250(32) 5.879(9)* ⇡ 70%** [2004GoZZ]
179Au 0.280(15) 3.519(23) 5.981(5) 22.0(9)% [2021Ha32, 1986Ke03, 2004Ra28, 1996Pa01,

1980Da09, 1968De01, 1968Si01, 1965Si07]
183Tl 0.299(14) 3.294(22) 5.976(9)

183mTl -0.330(14) 2.665(22) 6.605(9) 1.45(42)% [2022Ve01, 2011Ve01, 2006An11, 2004Ra28,
1987To09, 1984ScZQ, 1980Sc09]

187Bi -1.009(15) 1.203(23) 7.779(4) ⇡100%*** [2006An11, 1999Ba45, 2003Ke08, 1998DaZR,
1984ScZQ]

187mBi -1.121(19) 1.091(25) 7.891(12) ⇡100%*** [2006An11, 1999Ba45, 2003Ke08, 1998DaZR,
1984ScZQ]

191At -1.138(21) 0.649(26) 7.822(14) 100%@ [2003Ke08, 2005Ke10, 2005Su03]
191mAt -1.188(40) 0.599(40) 7.872(33) 100%@ [2003Ke08, 2005Ke10, 2005Su03]

* Deduced from a energies, 5.431(31) MeV in [2021Wa16].
** Assuming an unhindered (HF =1.0) to the ground state of 171Re.
*** Based on half-life.
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Table 3
direct a emission from 147Eu, Jp = 5/2+, T1/2 = 24.1(6) d*, BRa = 0.0022(6)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(143Pm) coincident g-rays R0 (fm) HF

2.987(5) 2.906(5)*** 0.0022(6)%** 5/2+ 0.0 5/2+ —– 1.5813(49) 0.63+0.27
�0.17

* [1971Au09].
** [1962Si14].
*** 2.908(5) MeV [1967Go32], adjusted to 2.906(5) MeV in [1991Ry01].

Table 4
direct a emission from 151Tb, Jp = 1/2+, T1/2 = 17.609(14) h*, BRa = 0.0095(15)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(147Eu) coincident g-rays R0 (fm) HF

3.268(5) 3.181(5)*** 0.1%*** 9.5(15)⇥10�6%** 7/2+ 0.2292 0.2292 1.5772(70) 81
3.500(5) 3.407(5)@ 100%*** 90.0095(15)%** 5/2+ 0.0 —– 1.5772(70) 6.3+1.8

�1.4

* [1984Gr15].
** [1974To07].
*** 3.183(5) MeV [1967Go32], adjusted to 3.181(5) MeV in [1991Ry01].
@ 3.409(5) MeV [1967Go32], adjusted to 3.407(5) MeV in [1991Ry01].

Table 5
direct a emission from 175Ir, Jp = (1/2+), T1/2 = 8(1) s*, BRa = 0.85(22)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(171Re) coincident g-rays R0 (fm) HF

5.520(5) 5.394(5)*** 0.85(22)%** 0.1899(3) 0.1899(3) 1.550(19) 3.3+2.7
�1.6

* [2004GoZZ].
** [1986Ke03].
*** Weighted average of 5.395(5) [2004GoZZ] and 5.393(5) MeV [1967Si02].
@ [2018Ba33].

Table 6
direct a emission from 175mIr, Ex = 169(7) keV*, Jp = (9/2�), T1/2 = 4.9(4) s**, BRa = ⇡ 70%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(171ERe) coincident g-rays R0 (fm) HF

5.879(5) 5.745(5)** 0.85(22)%** (9/2�) 0.0 —– 1.550(19) ⇡ 1.0

* Excitation calculated as 169(7) keV, based on an unhindered a-decay of the 175Ir isomer to the ground state of 171Re, and the a-energy of the 175Ir ground
state to an unhindered to the 189.8 keV in 171Re.

** [2004GoZZ].
*** Assuming an unhindered (HF =1.0) to the ground state of 171Re.
@ [2018Ba33].

Table 7
direct a emission from 179Au*, Jp = 1/2+, T1/2 = 7.3(3) s, BRa = 22.0(9)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(175Ir) coincident g-rays R0 (fm) HF

5.72810 5.600(10) 0.36(1)% 0.078(4)% 0.2603(7) 0.0261, 0.2342 1.5516(28) 38(4)
5.835(15) 5.705(15) <0.16(7)% <0.036(16)% 0.1460(7) 0.0261, 0.1199 1.5516(28) >270+23

�9
5.849(10) 5.718(10) <0.98(31)% < 0.22(7)% 0.1319(4) 0.0261, 0.1053, 0.1319 1.5516(28) >51+28

�15
5.982(4) 5.848(4) 100 22.0(9)% (1/2+) 0.0 —– 1.5516(28) 1.85(17)

* All values from [2021Ha32], except where noted.
** [1986Ke03].
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Table 8
direct a emission from 183mTl*, Ex = 628.7(3) keV, Jp = (9/2�), T1/2 = 53.3(3) ms, BRa = 1.45(42)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(179Au) coincident g-rays R0 (fm) HF

6.193(15) 6.058(15) 1.6(3)% 0.024(8)% (9/2�) 0.407(17) 0.0271, 0.0624, 0.0895, 0.2798 1.5108(76) 6+4
�2

6.475(9) 6.333(9) 100(2)% 1.45(42)% (9/2�) 0.127(17) 0.0271, 0.0624, 0.0895 1.5108(76) 1.3+0.7
�0.4

6.602(15) 6.458(15) 1.13 (31)% 0.016(7)% (1/2+) 0.0 —– 1.5108(76) 350+250
�120

* All values from [2022Ve01], except where noted.

Table 9
direct a emission from 187Bi*, Jp = (1/2+), T1/2 = 38(2) ms**, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(183Tl) coincident g-rays R0 (fm) HF

7.156(5) 7.000(5) 100(5)% 88(4)% (9/2�) 0.625(7) 1.4864(88) 0.43+0.10
�0.08

7.506(15) 7.342(15) 3.4(8)% 3.0(7)% (3/2+) 0.273(1) 0.273 1.4864(88) 170+70
�50

7.782(5) 7.612 (5) 10.2(7)% 9.0(5)% (1/2+) 0.0 —– 1.4864(88) 390+80
�70

* All values from [2006An11], except where noted.
** Weighted average of 40(2) ms [2006An11] and 32(3) ms [1999Ba45].

Table 10
direct a emission from 187mBi*, Ex = 112(11) keV, Jp = (9/2�), T1/2 = 370(20) µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(183Tl) coincident g-rays R0 (fm) HF

7.894(10) 7.721(10) 100% (1/2+) 0.0 —– 1.4864(88) 0.72+0.16
�0.13

* All values from [2006An11], except where noted.

Table 11
direct a emission from 191At*, Jp = (1/2+), T1/2 = 1.7+11

�5 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(187Bi) coincident g-rays R0 (fm) HF

7.714(11) 7.552(11) 100% (1/2+) 0.112(20) 1.522(12) 0.41(29)

* All values from [2003Ke08].

Table 12
direct a emission from 191mAt*, Ex = 50(30) keV, Jp = (7/2�), T1/2 = 2.1+4

�3 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(187Bi) coincident g-rays R0 (fm) HF

7.817(15) 7.653(15) 100(2)% 98(2)% (7/2�) 0.063(10) 0.063(10) 1.522(12) 1.1+0.4
�0.3

7.880(15) 7.715(15) 2(2)% 2(2)% (9/2�) 0.0 —– 1.522(12) 1200(1100)

* All values from [2003Ke08].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +11 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

146Sm 0+ 6.8(7)⇥107 y stable —– —– [2012Ki16]
150Gd 0+ 1.78(8)⇥106 y stable —– —– [1966Fr11]
154Dy 0+ 3.0(15)⇥106 y stable —– —– [1985HoZM]
158Er 0+ 2.24(10) h 0.880(40) -3.168(26) 2.428(52) [1982Vy06]

162Yb 0+ 18.87(19) m 1.660(30) -1.909(17) 3.941(31) [1972Ch23]
166Hf 0+ 6.77(30) m 2.160(40) -0.853(39) 5.194(38) [1974De09]
170W 0+ 2.42(4) m 2.850(30) 0.137(31) 6.305(33) [1990Me12]
174Os 0+ 44(4) s* 3.678(30) 1.443(30) 7.717(30) [1972Be89, 1971Bo06]
178Pt 0+ 20.8(5) s** 4.257(21) 2.670(18) 9.251(30) [2000Ko16, 1982Bo14, 1980Sc09,

[1968De01, 1966Si08]
182Hg 0+ 10.83(6) s 4.727(21) 3.516(17) 10.253(21) [1993Wa03, 1993WaZO]
186Pb 0+ 4.79(5) s 5.202(23) 4.214(18) 11.198(22) [1980Sc09]
190Po 0+ 2.45(5) ms 6.033(25) 5.992(19) 12.895(25) [2001An07, 2000An14]
194Rn 0+ 780(160)µs 6.441(29) 6.761(22) 13.896(27) [2006An36]

* Weighted average of 44(4) s [1972Be89] and 42(6) s [1971Bo06].
** Weighted average of 20(2) s [2000Ko16, 21(1) s [1982Bo14], 19(2) s [1980Sc09], 21.2(8) s [1968De01] and 21.3(15) s [1966Si08].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +11 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

146Sm 7.018(4) 11.826(3) 2.529(3) 100%* [1987Me08, 2012Ki16, 1990Pe06, 1967Gu14, 1966Fr11, 1964Nu02,
1961Ma05, 1960Ka23, 1960Ma47, 1953Du21, 1952Lo20]

150Gd 6.612(7) 11.006(6) 2.807(6) 100%* [1962Si14, 1967Go32, 1966Fr11, 1965Og01, 1962Do13, 1960To05,
1953Ra02]

154Dy 6.369(8) 10.265(7) 2.945(5) 100%* [1967Go32, 1985HoZN, 1971Go08, 1965Ma51, 1962Ry03, 1961Ma18,
1960Ma47, 1958To27]

158Er 5.760(34) 9.352(25) 2.665(26)
162Yb 5.211(32) 8.335(29) 3.058(29)
166Hf 4.706(39) 7.425(32) 3.537(32)
170W 4.289(31) 6.508(31) 4.143(31)
174Os 3.730(30) 5.476(30) 4.871(10) 0.020+0.010

�0.004% [1971Bo06, 1971BoZK]
178Pt 3.239(22) 4.444(15) 5.573(2) 7.5(3)% [2000Ko16, 1980Sc09, 1992MeZW, 1982HeZM, 1979Ha10, 1973BoXL,

1970Ha18, 1968De01, 1966Si08]
182Hg 2.995(22) 3.725(14) 5.996(5) 15.2(8)% [1979Ha10, 1980Sc09, 1993Wa03, 1993WaZO, 1982HeZM, 1970Ha18,

1969Ha03, 1968De11]
186Pb 2.212(23) 2.914(15) 6.471(5) 38(9)% [1994Wa23, 1999An22, 2000Va34, 1998DaZQ, 1997An09, 1997Ba25,

1984To09, 1980Sc09, 1974JoZU, 1974Le02, 1972Ga27]
190Po 1.787(25) 1.330(17) 7.693(7) 100%*** [2001An07, 2000An14, 2000AnZZ, 1999An22, 1997An09, 1998DaZQ,

1997Ba25, 1996Ba35, 1988QuZZ]
194Rn 1.497(27) 0.787(20) 7.862(10) 100%*** [2006An36, 2007An19, 2006AnZT]

* Only decay mode energetically possible.
** [1958To27] also report a 3.350(50) MeV a attributed to an isomeric state of 154Dy. A later study [1971Go08] with far more statistics did not observe this.
*** based on short half-life.

Table 3
direct a emission from 146Sm, Jp = 0+,T1/2=6.8(7)⇥107 y*, BRa =100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(142Nd) coincident g-rays R0 (fm) HF

2.524(4) 2.455(4)*** 100% 0+ 0.0 —– 1.5930(74) 1.0

* [2012Ki16].
** Only decay mode energetically possible.
*** [1987Me08].
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Table 4
direct a emission from 150Gd, Jp =0+ ,T1/2=1.78(8)⇥106 y*, BRa =100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(142Nd) coincident g-rays R0 (fm) HF

2.805(10) 2.730(10)*** 100% 0+ 0.0 —– 1.5748(86) 1.0

* [1966Fr11].
** Only decay mode energetically possible.
*** [1962Si14].

Table 5
direct a emission from 154Dy, Jp = 0+,T1/2=3.0(15)⇥106 y*, BRa =100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(142Nd) coincident g-rays R0 (fm) HF

2.947(5) 2.870(5)*** 100% 0+ 0.0 —– 1.541(36) 1.0

* [1985HoZM].
** Only decay mode energetically possible.
*** 2.872(5) MeV in [1967Go32], adjusted to 2.870(5) MeV in [1999Ry01].

Table 6
direct a emission from 174Os*, Jp = 0+,T1/2=44(4) s**, BRa =0.020+10

�4 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(170W) coincident g-rays R0 (fm) HF

4.872(10) 4.760(10) 100% 0+ 0.0 —– 1.540(34) 1.0

* All values from [1971Bo06], except where noted.
*** Weighted average of 44(4) s [1972Be89] and 42(6) s [1971Bo06].

Table 7
direct a emission from 178Pt*, Jp = 0+,T1/2=20.8(5) s**, BRa =7.5(3)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(174Os) coincident g-rays R0 (fm) HF

5.411(8) 5.289(8) 3.6(4) 0.26(3)% 2+ 0.1586(1)*** 0.1586(1)*** 1.5708(31) 5.0+0.9
�0.7

5.572(4) 5.447(4) 100(3) 7.2(9)% 0+ 0.0 —– 1.5708(31) 1.0

* All values from [2000Ko16], except where noted.
** Weighted average of 20(2) s [2000Ko16, 21(1) s [1982Bo14], 19(2) s [1980Sc09], 21.2(8) s [1968De01] and 21.3(15) s [1966Si08].
*** [1999Br24].

Table 8
direct a emission from 182Hg, Jp = 0+,T1/2=10.83(6) s*, BRa =15.2(8)%**.

Ea (c.m.) Ea (lab) Ia (rel)*** Ia (abs) Jp
f Edaughter(178Pt) coincident g-rays R0 (fm) HF

5.578(10) 5.455(10)@ 0.09(3)% 0.014(3)% 0+ 0.4210(6) 0.1703(1), 0.2506, 0.421 1.5176(41) 13+7
�4

5.828(5) 5.700(5)@ 0.58(16)% 0.09(2)% 2+ 0.1703(1) 0.1703(1) 1.5176(41) 28+15
�7

5.999(5) 5.867(5)@ 100(22)% 15(3)% 0+ 0.0 —– 1.5176(41) 1.0

* [1993Wa03].
** [1980Sc09].
*** From a intensity ratios in [1979Ha10].
@ [1979Ha10].
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Table 9
direct a emission from 186Pb*, Jp = 0+,T1/2=4.79(5) s**, BRa =38(9)%***.

Ea (c.m.) Ea (lab) Ia (rel)*** Ia (abs) Jp
f Edaughter(182Hg) coincident g-rays R0 (fm) HF

6.146(13) 6.014(13) <0.20% <0.076(18)% (0+) 0.328 1.486(10) >25
6.470(6) 6.331(6) <100% <38(9)% 0+ 0.0 —– 1.486(10) 1.0

* All values from [1994Wa23], except where noted.
** [1980Sc09].
*** [1999An22].

Table 10
direct a emission from 190Po*, Jp = 0+,T1/2=2.45(5) ms, BRa =100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(186Pb) coincident g-rays R0 (fm) HF

7.044(20) 6.896(20) 0.3(1%) 0.3(1)% 0+ 0.650 1.5114(26) 2.5+1.3
�0.7

7.163(20) 7.012(20) 3.4(4)% 3.3(4)% 0+ 0.532 1.5114(26) 0.58+0.09
�0.07

7.695(10) 7.533(10) 100.0(4)% 96.4(4)% 0+ 0.0 —– 1.5114(26) 1.0

* All values from [2001An07, 2000An14].

Table 11
direct a emission from 194Rn*, Jp = 0+,T1/2=780(160)µs, BRa =100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(186Pb) coincident g-rays R0 (fm) HF

7.862(10) 7.700(10) 100% 0+ 0.0 —– 1.590(11) 1.0

* All values from [2006An36].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +11 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 144Pm, 148Eu, 152Tb, 156Ho, 160Tm, 164Lu, 168Ta, 172Re are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p Qe a BRb F Experimental

144Pm 5� 363(14) d* 0.550(3) -5.637(2) 4.233(3) [1963Pa21, 1964Bu13

148Eu 5� 55.6(2) d 3.039(10) -4.544(10) 5.026(10) [1980Ho33]
152Tb 2� 17.5(1) h 3.990(40) -3.353(40) 6.194(40) [1967Gr12]
156Ho 4� 55(1) m 4.990(40) -1.577(40) 6.744(38) [1966La11]
160Tm 1� 9.4(4) m* 5.760(40) -0.260(33) 7.803(33) [1970De13, 1975St12]
164Lu 1� 3.15(3) m** 6.370(30) 0.797(28) 8.997(37) [1984Ad09, 1983Ge08, 1977Hu02]
168Ta (2�, 3+) 2.0(1) m 6.970(40) 1.843(47) 10.193(32) [1989Hi04]
172Re (5+) 15(3) s 7.530(50) 2.864(45) 11.369(45) [1977Be66]

176Ir 5+ 8(1) s 8.249(14) 4.117(29) 12.790(29) [1967Si02]
180Au (1+) 8.1(3) s 8.804(11) 5.167(11) 14.081(12) [1977Hu05]

184Tl*** y (2�) 9.5(2) s 9.461(14)+y 6.019(14)+y 15.122(14)+y [2016Va01]
184m1Tl*** x (7+) 11(1) s 9.461(14)+x 6.019(14)+x 15.122(14)+x [2016Va01, 1976CoZH]

184m2Tl x +0.506 (10�) 47.1(7) ms 9.967(14)+x 6.525(14)+x 15.628(14)+x [2015Va10]
188Bi (3+) 60(3) ms 10.616(15) 7.961(14) 16.725(15) 0.46(9)% [2020An12, 2003An26, 2013La02, 1993LaZT]

188mBi x (10�) 265(10) ms 10.616(15)+x 7.961(14)+x 16.725(15)+x ⇡0.11% [2020An12, 2003An26, 2013La02, 1993LaZT]
192At y 11.5(6) ms 10.992(30) 8.876(29) 18.312(30) 0.42(9)%@ [2006An04, 2013An03]

192mAt x (9�, 10�) 88(6) ms 10.992(30)+x 8.876(29)+x 18.312(30)+x 0.42(9)%@ [2006An04, 2013An03]

* Weighted average of 377(16) d [1963Pa21] and 349(16) d [1964Bu13].
* Weighted average of 9.2(4) m [1970De13] and 9.5(4) m [1975St12].
** Weighted average of 3.12(3) m [1984Ad09], 3.15(8) m [1983Ge08] and 3.17(3) m [1977Hu02].
*** The ordering of the isomers is uncertain.
@ [2013An03] state that the measured BRb F is likely from the 88-ms isomer.

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +11 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

144Pm 4.703(3) 12.208(3) 0.845(7)
148Eu 4.320(10) 11.421(11) 2.694(10) 9.4(28)⇥10�7% [1964To04]
152Tb 3.817(40) 10.503(41) 3.155(41)
156Ho 3.671(40) 9.960(60) 2.754(55)
160Tm 3.029(33) 8.692(42) 2.812(50)
164Lu 2.637(32) 7.743(38) 3.234(43)
168Ta 2.215(40) 6.951(41) 3.824(40)
172Re 1.770(45) 6.007(45) 4.402(45)

176Ir 1.066(14) 4.787(29) 5.260(36) 2.4(4)%* [1967Si02, 1990Bo19, 1986Ke03]
180Au 0.646(9) 3.949(19) 5.831(7) 0.58(10)% [2020Ha24] 2020Cu02,1993Wa03,

1986Ke03]
184Tl 0.368(12)-y 3.157(21)-y 6.317(9)+y 1.22(30)% [2016Va01, 1978CoYS, 1977ToZS,

1976Co24, 1976To06, 1976WoZJ]
184m1Tl 0.368(12)-x 3.157(21)-x 6.317(9)+x 0.047(6)% [2016Va01, 1976CoZH, 1978CoYS]
184m2Tl -0.138(12)+x 2.651(21)-x 6.823(9)+x 0.089(19)% [2016Va01, 2015Va10]

188Bi -0.503(12) 1.890(24) 7.264(5) ⇡100%** [2003An26, 2006An04, 2003AnZZ,
1997Wa05, 1993An19, 1984ScZQ]

188mBi -0.503(12)-x 1.890(24)-x 7.264(5)+x ⇡100%** [2003An26, 2006An04, 2003AnZZ,
1997Wa05, 1993An19, 1984ScZQ]

192At -0.706(29) 1.056(35) 7.696(26) ⇡100%** [2006An04, 2005AnZY]
192mAt -0.706(29)-x 1.056(35)-x 7.696(26)+x ⇡100%** [2006An04, 2005AnZY]

* Weighted average of 3.1(6)% [1990Bo19], and 2.1(4)% [1986Ke03].
** Based on short half-life.
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Table 3

direct a emission from 148Eu*, Jp = 5�, T1/2 = 55.6(2) d**, BRa =9.4(28)⇥10�7%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(144Pm) coincident g-rays R0 (fm)*** HF

2.703(30) 2.630(30) 9.4(28)⇥10�7% 5� 0.0 —– 1.584(11) 4+5
�3

* All values from [1964To04], except where noted.
** [1980Ho33].
*** Interpolated between 1.5930(74) fm 146Sm and 1.5748(86) 150Gd.

Table 4

direct a emission from 176Ir*, Jp = 5+, T1/2 = 8(1) s, BRa =2.4(4)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(172Re) coincident g-rays R0 (fm)*** HF

5.237(10) 5.118(10) 2.4(4)%*** (5+) 0.0 —– 1.556(34) 0.06+0.06
�0.03

@

* All values from [1967Si02], except where noted.
** Weighted average of 3.1(6)% [1990Bo19], and 2.1(4)% [1986Ke03].
*** Interpolated between 1.540(34) fm 174Os and 1.5708(31) 178Pt.
@ The reason for this un-physically low HF value is unknown. A likely possibility is the observed peak at 5.118 MeV is an unresolved multiplet consisting of

multiple a transitions and conversion electron summing.

Table 5

direct a emission from 180Au*, Jp = (1+), T1/2 = 8.1(3) s**, BRa =0.58(10)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(176Ir) coincident g-rays R0 (fm) HF

5.476(20) 5.354(20) 0.51(26)% 0.0012(6)% 0.338(20) 1.5442(51) 180+230
�80

5.548(20) 5.425(20) 2.3(8)% 0.005(2)% 0.2648(9) 0.0365, 0.0415, 0.1778, 0.2188 1.5442(51) 90+60
�30

5.610(10) 5.485(10) 100(10)% 0.23(5)% (1+) 0.2052(9) 0.0365, 0.0415, 0.1089, 0.1180, 1.5442(51) 4.0+14
�10

0.1599, 0.1957, 0.2052
5.637(15) 5.512(15) 8.5(18)% 0.019(4)% 0.1766(9) 0.0365, 0.0415, 0.0891, 0.1033 1.5442(51) 64+27

�18
5.725(8) 5.598(8) 60.5(87)% 0.14(3)% 0.0875(8) 0.0365, 0.0415, 1.5442(51) 23+8

�6
5.767(7) 5.639(7) 85(12)% 0.19(4)% 0.0460(7) 0.0365 1.5442(51) 25+8

�6
⇡5.804 ⇡5.675 <1.3% <0.0029% 0.0095(7) 1.5442(51) >2400
⇡5.815 ⇡5.686 <1.3% <0.0029% 5+ 0.0 —– 1.5442(51) >2700

* All values from [2020Ha24], except where noted.
** [1977Hu05].
*** Interpolated between 1.5708(31) 178Pt and 1.5176(41) fm 182Hg.

Table 6

direct a emission from 184Tl*, Jp = (2�), T1/2 = 9.5(2) s, BRa =1.22(30)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(180Au) coincident g-rays

5.876(12) 5.748(12) <0.4% <0.0024% x + 0.426 0.4260(5)
5.935(12) 5.810(12) 6.0(4)% 0.037(9)% x + 0.365 0.3651(2), 0.3151(2), 0.2728(3), 0.1984(9)
6.097(13) 5.964(13) x + 0.224 0.2243(3)
6.121(12) 5.988(12) 100% 0.61(15)% x + 0.201 0.2013(3), 0.1842(1), 0.1785(1), 0.1263(1)
6.298(10) 6.161(10) 93(1)% 0.57(14)% x + 0.017

* All values from [2016Va01].

Table 7

direct a emission from 184m1Tl*, Jp = (7+), T1/2 = 11(1) s**, BRa =0.047(6)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(180Au) coincident g-rays

5.785(5) 5.659(5) 0.047(6)% z + 0.183 0.3633(6), 0.2618(3), 0.2577(3), 0.1757(3)

* All values from [2016Va01], except where noted.
** [1976CoZH].
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Table 8

direct a emission from 184m2Tl*, Jp = (10�), T1/2 = 47.1(7) ms**, BRa =0.089(19)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(180Au) coincident g-rays

6.268(19) 6.132(19) 0.089(19)% z + 0.206 0.2059(2), 0.1626(1), 0.1079(2), 0.1013(6)

* All values from [2016Va01], except where noted.
** [2015Va10].

Table 9

direct a emission from 188Bi*, Jp = (3+), T1/2 = 60(3) ms, BRa =⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(184Tl) coincident g-rays R0 (fm)** HF

7.039(10) 6.889(10) 0.34(1)% ⇡0.33 y + 0.216 0.099, 0.1175 1.4985(10) ⇡100
7.144(5) 6.992(5) 100% ⇡98% (3+) y + 0.1775 0.1175 1.4985(10) 0.46(3)
7.260(5) 7.106(5) 2.1(2)% ⇡2.0% (2+) y 1.4985(10) ⇡89

* All values from [2003An26].
** Interpolated between 1.486(10) 186Pb and 1.5114(26) fm 190Po. Note this value is likely too low as Pb is a closed proton shell.

Table 10

direct a emission from 188mBi*, Jp = (10�), T1/2 = 265(10) ms, BRa =⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(184Tl) coincident g-rays R0 (fm)** HF

6.961(5) 6.813(5) 100% ⇡91% (10�) 0.500 1.4985(10) ⇡0.8
7.147(15) 6.995(15) 1.5(5)% ⇡1.4% x + 0.320 0.0705, 0.249, 0.320 1.4985(10) ⇡230
7.389(10) 7.232(10) 4.5(1)% ⇡4.1% (6+) x + 0.0705 0.0705 1.4985(10) ⇡510
7.461(5) 7.302(5) 3.6(1)% ⇡3.3% (7+) x 1.4985(10) ⇡1050

* All values from [2003An26], except where noted.
** Interpolated between 1.486(10) 186Pb and 1.5114(26) fm 190Po. Note this value is likely too low as Pb is a closed proton shell.

Table 11

direct a emission from 192At*, Jp = , T1/2 = 11.5(6) ms, BRa =⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(188Bi) coincident g-rays R0 (fm)** HF

7.520(15) 7.363(15) 21(4)% 12(2)% 0.172(29) 1.551(12) 11+6
�4

7.593(15) 7.435(15) 100(7)% 56(4)% 0.101(25) 0.036 1.551(12) 4.0+1.7
�1.3

7.629(15) 7.470(15) 55(7)% 31(3)% 0.065(25) 1.551(12) 19+4
�3

7.670-7.721 7.510-7.560 1.8(9)% 1.0(5)% (3+) 0.0 —–

* All values from [2006An04].
** Interpolated between 1.5114(26) fm 190Po and 1.590(11) 194Pb and Note this value is likely too low as Pb is a closed proton shell.

Table 12

direct a emission from 192mAt*, Jp = (9�, 10�), T1/2 = 88(6) ms, BRa =⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(188Bi) coincident g-rays R0 (fm)** HF

7.348(15) 7.195(15) 4.9(4)% 4.0(7)% x +0.188 0.188 1.551(12) 70+40
�30

7.378(15) 7.224(15) 100(4)% 82(3)% (9�, 10�) x + 0.165 0.165 1.551(12) 4.2+1.9
�1.5

7.542(15) 7.385(15) 17.1(7)% 14(2)% (10�) x 1.551(12) 80+40
�30

7.670-7.721 7.510-7.560 1.8(9)% 1.0(5)% (3+) 0.0 —–

* All values from [2006An04].
** Interpolated between 1.5114(26) fm 190Po and 1.590(11) 194Pb and Note this value is likely too low as Pb is a closed proton shell.
*** unresolved multiplet.
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143Nd
7/2-

stable   Q    = -0.531 MeV 

147Sm
7/2-

1.1 x 1011 y

171Ta

171W
(5/2-)
2.4 m

175Os
(5/2-)
1.4 m

Qεp  =  1.879 MeV
Qε    =  8.015 MeV
Q    =    3.957 MeV

Qεp  =  2.833 MeV
Qε    = 9.190 MeV
Q      = 4.556 MeV
      

179Pt
1/2-
8.9s

Qεp  =   3.987 MeV
Qε    = 10.595 MeV
Q      =  5.307 MeV
     0.24(4) %

183Hg
1/2-
8.9 s

Qεp  =   5.075 MeV
Qε    = 11.852 MeV
Q     =    6.039 MeV
       23.7(7) %
ßp  2.7(6)x10-4%

151Eu

(7/2)
2.2 s

5/2+
1.7 x 1018 y

Qεp  = -4.427 MeV
Qε    =  2.428 MeV
  Q   =   2.652 MeV
           8(4) x 10-7 %

151Gd
7/2-

123.9 d

175Re
(5/2-)
6 m

E  = 5.188 MeV

E  = 6.037 MeV

(5/2+
23 m

187Pb

(3/2-)
15.2 s

155Tb
3/2+
5.3 d

Qεp  = -2.739 MeV
Qε    =  3.072 MeV
  Q   =   2.608 MeV

155Dy
3/2-
9.6 h

179Ir
(5/2-)
79 s

183Au

182Pt
0+

2.7 m

187Tl
(1/2+)
51 s

(13/2+)
17.9 s

E  = 6.080 MeV

E  = 6.194 MeV

Ex = 20(17) keV
      12(2) %

159Ho
7/2-
33 m

 Qεp  =  -1.433 MeV
Qε     =   4.268 MeV
 Q     =    2.170 MeV

159Er
3/2-
36 m

163Tm
1/2+
1.8 h

Qεp  = -0.249 MeV
Qε    =  5.611 MeV
  Q    =  2.842 MeV

163Yb
3/2-
11 m

  Q    =   2.311 MeV 

E  = 2.600 MeV

167Hf
(5/2-)
2.4 m

Qεp  = 0.837 MeV
Qε    = 6.836 MeV
Q      = 3.401 MeV

167Lu
7/2+
52 m

Even Z
Tz = +23/2

E  = 2.235 MeV

191Po

(3/2-)
22 ms

(13/2+)
93 ms

E  = 7.334 MeV

E  = 7.376 MeV

Qεp  =   8.766 MeV
Qε    = 15.865 MeV
Q     =    7.694 MeV
       100 %

195Rn

(3/2-)
6 ms

(13/2+)
5 ms

Ex = 82(26) keV
      100 %

E  = 7.356 MeV

E  = 7.555 MeV

Qεp  =   6.263 MeV
Qε    = 12.780 MeV
Q     =    6.393 MeV
      7(2) %

Qεp  =   8.059 MeV
Qε    = 14.951 MeV
Q     =    7.493 MeV
       ~100 %

Ex = 63(24) keV
      ~100 %

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +23/2 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +23/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 143Nd, 147Sm, 151Gd, 155Dy, 159Er, 163Yb, 167Hf, 171W, 175Os are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p BRb p Qe a Experimental

143Nd 7/2� stable stable —– —– —–
147Sm 7/2� 1.068(9) ⇥ 1011 y* stable —– —– —– [2010Su30, 2009Ko15]
151Gd 7/2� 123.9(10) d 0.464(3) -4.427(3) 2.428(3) [1984Gr15]
155Dy 3/2� 9.59(10) h 2.095(2) -2.739(10) 3.072(10) [1970Ch09]
159Er 3/2� 36(1) m 2.769(2) -1.443(4) 4.264(10) [1966La11]

163Yb 3/2� 10.96(35) m 3.435(16) -0.249(15) 5.611(15) [1972Ch23]
167Hf (5/2�) 2.05(5) m 4.060(50) 0.837(29) 6.836(28) [1973Me09]
171W (5/2�) 2.38(4) m 4.630(40) 1.879(40) 8.015(47) [1990Me12]
175Os (5/2�) 1.4(1) m 5.180(30) 2.833(30) 9.190(30) [1972Be89]
179Pt 1/2� 21.2(4) s 5.814(13) 3.987(16) 10.595(29) [1993Me13, 1993MeZW]

183Hg 1/2� 8.9(2) s 6.387(12) 5.075(15) 2.7(6)⇥10�4% 11.852(12) [2022Hu09, 1971Ho07,
1970HaZL, 1970HoZZ]

187Pb (3/2�) 15.2(3) s 7.458(10) 6.263(13) 12.780(11) [1981Mi12]
187mPb 0.020(17)** (13/2+) 17.9(2) s 7.478(20) 6.283(21) 12.800(20) [2022Hu09, 1981Mi12]

191Po (3/2�) 22(2) ms 8.171(10) 8.059(14) 14.951(11) [2002An16]
191mPo 0.063(24)*** (13/2+) 93(3) ms 8.234(26) 8.122(28) 15.014(26) [2002An16]

195Rn (3/2�) 6+3
�2 ms 8.520(50) 8.766(53) 15.865(52) [2001Ke06, 2001Uu01]

195mRn 0.082(26)@ (13/2+) 5+3
�2 ms 8.602(56) 8.848(59) 15.947(59) [2001Ke06, 2001Uu01]

* Weighted average of 1.065(10) ⇥ 1011 y [2010Su30] and 1.070(9) ⇥ 1011 y [2009Ko15].
** Deduced from a and g energies [2022Hu09, 1981Mi12] of the two isomers
*** Deduced from a energies [2002An16] and excitation energy of 187mPb. See table 8 for more detail.
@ Deduced from a energies [2001Ke06] and excitation energy of 191mPo.

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +23/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

143Nd 7.505(1) 13.149(1) 0.531(2)
147Sm 7.101(4) 12.412(1) 2.3113(5) 100%* [1970Gu14, 1966Ma05, 1962Si14, 1961Ma05, 1960Ka27,

2017Wi01, 2010Su30, 2009Ko15, 2003Ki26, 2001Be81,
1992Ma26, 1987Al28, 1965Va16, 1964Do01, 1961Gr37,
1961Wr02, 1960Ka23, 1959Vo28, 1954Be69, 1954Le55,
1949Pi01, 1946Cu01, 1934Li03, 1934MaAA, 1933HeAA]

151Gd 6.686(7) 11.631(3) 2.652(3) 8+8
�4⇥10�7% [1965Si06]

155Dy 6.288(46) 10.851(10) 2.608(10)
159Er 5.663(27) 9.714(6) 2.170(10)

163Yb 5.105(30) 8.671(17) 2.842(16)
167Hf 4.736(41) 7.750(39) 3.401(32)
171W 4.237(40) 6.947(40) 3.957(40)
175Os 3.721(30) 5.956(30) 4.556(30)
179Pt 3.303(20) 4.890(17) 5.307(7)** 0.24(4)%*** [2021Ha32, 1980Sc09, 1970Ha18, 1982Bo14, 1979Ha10,

1973BoXL, 1970Ho18, 1970HaZT, 1966Si08]
183Hg 2.790(20) 4.001(15) 6.039(4) 23.7(7)% [2022Hu09, 1979Ha10, 1992BoZO, 1984Ma41, 1980Sc09

1969NaZT, 1969NaZU, 1968De01]
187Pb 2.393(21) 3.381(15) 6.393(6) 7(2)% [1999An36, 1981Mi12, 1981MiZY, 1999An10, 1999An36

1974JoZU, 1974Le02, 1972Ga27]
187mPb 2.373(27) 3.361(23) 6.413(18) 12(2)% [2022Hu09, 1999An36, 1981Mi12, 1981MiZY, 1999An10,

1999An36
191Po 1.762(22) 1.803(16) 7.493(5) ⇡100%@ [2002An19, 2001Ke06, 2001Uu01, 1999An10, 1999An36,

1998DaZQ, 1997Ba25, 1993Qu03, 1988QuZZ]
191mPo 1.699(33) 1.740(29) 7.556(25) ⇡100%@ [2002An19, 2001Ke06, 2001Uu01, 1999An10, 1999An36]

195Rn 1.522(57) 1.202(54) 7.694(11)@@ 100%@ [2001Ke06, 2001Uu01]
195mRn 1.440(63) 1.120(60) 7.776(28) 100%@ [2001Ke06, 2001Uu01]

* Only decay channel energetically possible.
** Deduced from a energies, 5.412(9) MeV in [2021Wa16].
*** Weighted average of 0.21(4)% [1980Sc09] and 0.27(4)% [1970Ha18].
@ Based on the short half-life.
@@ Deduced from a energies, 7.694(51) MeV in [2021Wa16].
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Table 3
direct a emission from 147Sm, Jp = 7/2�, T1/2 =1.068(9) ⇥ 1011 y*, BRa =100%.

Ea (c.m.) Ea (lab) , Ia (abs) Jp
f Edaughter(143Nd) coincident g-rays R0 (fm) HF

2.298(3) 2.235(3)** 100% 7/2� 0.0 —– 1.5895(97) 1.42+0.32
�0.26

* Weighted average of 1.065(10) ⇥ 1011 y [2010Su30] and 1.070(9) ⇥ 1011 y [2009Ko15].
** Taken from [1999Ry01], based on weighted average 2.233(5) MeV [1970Gu14] (adjusted to 2.238(5) MeV), 2.31(5) [1966Ma05] (adjusted to 2.234(5)

MeV), and 2.231(10) MeV [1962Si14] (adjusted to 2.230(10) MeV).

Table 4
direct a emission from 151Gd*, Jp = 7/2�, T1/2 = 123.9(10) d, BRa =8+8

�4⇥10�7%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(147Sm) coincident g-rays R0 (fm) HF

2.670(30) 2.600(30) 0.8+0.8
�0.4% 7/2� 0.0 —– 1.5745(66) 0.7+0.9

�04

* All values from [1965Si06].

Table 5
direct a emission from 179Pt*, Jp = 1/2�, T1/2 =21.2(4) s**, BRa =0.24(4)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(175Os)@ coincident g-rays@ R0 (fm) HF

5.233(15) 5.116(15) 27.6(16)% 0.052(9)% 0.1756(2) 0.073, 0.102, 0.176 1.5588(47) 0.80+0.22
�0.16

5.307(7) 5.188(7) 100.0(15)% 0.188(31)% (5/2�) 0.0 —– 1.5588(47) 1.8+0.5
�0.4

* All values from [2021Ha32], except where noted.
** [19993Me13, 1993MeZW].
*** Weighted average of 0.21(4)% [1980Sc09] and 0.27(4)% [1970Ha18].
@ [2004Ba89].

Table 6
direct a emission from 183Hg*, Jp = 1./2�,T1/2 =8.9(2) s, BRa =23.7(7)%.

Ea (c.m.) Ea (lab) Ia (rel)*** Ia (abs) Jp
f Edaughter(179Pt)@ coincident g-rays@ R0 (fm) HF

5.797(10) 5.670(10)** ⇡0.28% ⇡0.06% 7/2� 0.241(1) 0.1528 1.5148(61) ⇡24
5.950(10) 5.820(10)** 4.1(11)% 0.87(23)% 5/2� 0.0874(10) 0.087 1.5148(61) 8.1+3.5

�2.1
5.965(10) 5.835(10)** 5.8(22)% 1.24(47)% 3/2� 0.0714(10) 0.071 1.5148(61) 7+5

�2
6.037(5) 5.905(5)** 100(26)% 21.5(58)% 1/2� 0.0 —– 1.5148(61) 0.78+0.32

�0.20

* All values from [2022Hu09], except where noted.
** [1979Ha10].
*** Relative ratios taken from [1979Ha10].
@ [2009Ba02].

Table 7
direct a emission from 187Pb*, Jp = (3/2�),T1/2 =15.2(3) s, BRa =7(2)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(183Hg) coincident g-rays R0 (fm) HF

6.124(10) 5.993(10) 67(7)% 4.7(14)% (3/2�) 0.275 0.067, 0.208, 0.275 1.4873(66) 1.8+0.9
�0.5

6.329(10) 6.194(10) 100(7)% 7.0(21)% 3/2� 0.067 0.067 1.4873(66) 9+4
�2

* All values from [1981Mi12], except where noted.
** [1999An36].
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Table 8
direct a emission from 187mPb*, Ex = 20(17) keV**, Jp = (13/2+), T1/2 =17.9(2) s, BRa =12(2)%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(183Hg)@ coincident g-rays@ R0 (fm) HF

6.213(4) 6.080(4) 12(2)% (13/2�) 0.204(14) 1.4873(66) 1.2+0.3
�0.2

* All values from [2022Hu09], except where noted.
** Deduced from a and g energies [2022Hu09, 1981Mi12] of the two isomers
*** [1999An36].

Table 9
direct a emission from 191Po*, Jp = ,T1/2 =22(2) ms, BRa =⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Jp
f , Ia (abs) Edaughter(187Pb) coincident g-rays R0 (fm) HF

7.115(10) 6.966(10) 8.7(25)% 8.0(23)% (3/2�) 0.375(1) 0.375(1) 1.5126(20) 1.6+0.9
�0.5

7.491(5) 7.334(5)** 100(3)% 92(3)%** (13/2+) 0.0 —– 1.5126(20) 2.4(3)

* All values from [2002An16], except where noted.
** [2002An16] list two a transitions with nearly identical energies (7.334(5) and 7.336(15) MeV), with the former feeding the ground state and the latter as

a crossover between the (3/2�) 191Po ground state feeding a state at 2(15) keV in the (13/2+) 187Pb ground state. A more recent work [2022Hu09] establishes the
(13/2+) 187Pb state as an isomer. The 7.336(15) is taken from a background subtracted a1 - a2 coincidence spectrum (Fig. 5 in [2002An16]) with a 6.070 MeV a
from the decay of 187mPb. Note that there may be a small peak at ⇡ 6.97 MeV in this spectrum. The observed peak at 7.336 MeV may be due to random correlations
of the large 7.334 MeV peak (see Fig 1 [2002An16]). This evaluation treats them as one peak at 7.334(5) MeV and an intensity equal to the sum.

Table 10
direct a emission from 191mPo*, Ex = 63(24)** keV, Jp = ,T1/2 =93(3) ms, BRa =⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(187Pb) coincident g-rays R0 (fm) HF

6.935(15) 6.790(15)*** 1.1(6)% 0.5(3)%7 0.657(24) 0.594(1) 1.5126(20) 30+40
�10

6.961(15) 6.815(15) 21(4)% 10(2)% (9/2+) 0.636(28) 1.5126(20) 1.6+0.8
�0.5

7.035(5) 6.888(5) 80(17)% 38(8)% (13/2+) 0.557(24) 0.494(2) 1.5126(20) 0.8+0.4
�0.3

7.057(15) 6.909(15) 8.2(23)% 3.9(11)% (9/2+) 0.535(24) 0.472(1) 1.5126(20) 9+5
�3

7.534(15) 7.376(15) 100.0(5)% 47.6(15)% (13/2+) 0.063(24) 1.5126(20) 27+8
�7

* All values from [2002An16], except where noted.
** Deduced from a energies [2002An16] and excitation energy of 187mPb. See table 8 for more detail.
*** Labeled as tentative [2002An16].

Table 11
direct a emission from 195Rn*, Jp = *3/2�), T1/2 =6+3

�2 ms, BRa =100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(191Po) coincident g-rays R0 (fm) HF

7.694(11) 7.536(11) 100% (3/2�) 0.0 —– 1.588(13) 3.2+1.5
�1.4

* All values from [2001Ke06, 2001Uu01].

Table 12
direct a emission from 195mRn*, Ex. = 82(26) keV**, Jp = (13/2+),T1/2 =5+3

�2 ms, BRa =100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(191Po) coincident g-rays R0 (fm) HF

7.713(11) 7.555(11) 100% (13/2+) 0.063(24) 1.588(13) 3.6+1.8
�1.6

* All values from [2001Ke06, 2001Uu01], except where noted.
** Deduced from a energies [2001Ke06] and excitation energy of 191mPo.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +23/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 145Pm are taken from ENSDF

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

145Pm 5/2+ 17.7(4) y 0.165(3) -7.806(3) 1.739(3) [1959Br65]
149Eu 5/2+ 93.1(4) d 0.695(4) -6.864(7) 2.566(4) [1970Ch09]
153Tb 5/2+ 56.2(2) h 1.569(4) -5.714(4) 3.397(4) [1970Ch09]
157Ho 7/2+ 12.6(2) m 2.592(24) -4.031(24) 3.625(23) [1972To05]
161Tm 7/2+ 30.2(8) m 3.303(29) -2.805(32) 5.101(28) [1993Al02]
165Lu 1/2+ 10.74(10) m 3.850(40) -1.822(36) 6.334(28) [1982Ra19]
169Ta (5/2+) 5.0(5) m 4.430(40) -0.507(47) 7.580(39) [1969Ar22]
173Re (5/2�) 1.98(26) m 5.170(40) 0.487(40) 8.738(40) [1986Sz05]

177Ir 5/2� 26(2) s* 5.909(25) 1.726(34) 10.255(34) [1990Bo19, 1967Si02]
181Au (3/2�) 14.5(4) s 6.510(24) 2.817(29) 11.660(25) [1995Bi01]
185Tl (1/2+) 19.5(5) s 6.426(25) 3.272(30) 12.199(25) [1991BoZV]

185mTl 0.4548(15) (9/2�) 1.7(2) s 6.881(25) 3.727(30) 12.654(25) [1980ToZZ, 1976To06, 1977Si03]
189Bi (9/2�) 688(3) ms 7.779(25) 4.983(36) 13.694(25) [2007DoZW]

189mBi 0.182(8) (1/2+) 5.0(1) ms 7.961(26) 5.165(37) 13.876(26) [2007DoZW]
193At (1/2+) 28+5

�4 ms 8.258(26) 6.178(37) 15.352(26) [2003Ke08]
193m1At 0.010(5)** (7/2�) 21(5) ms 8.268(26) 6.188(37) 15.362(26) [2003Ke08]
193m2At 0.044(7)** (13/2+) 27+4

�3 ms 8.302(27) 6.222(38) 15.396(27) [2003Ke08]
197Fr (7/2�) 0.6+3.0

�0.3 ms 8.740(60) 6.878(64) 16.154(58) [2013Ka16]

* Weighted average of 30(2) s [1990Bo19] and 26(2) s [1967Si02].
** Deduced from a energies.

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +23/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

145Pm 4.808(3) 12.777(3) 2.322(3) 2.8(6)⇥10�7% [1962Nu01]
149Eu 4.394(4) 11.977(4) 2.401(5)
153Tb 3.895(4) 11.238(4) 2.703(5)
157Ho 3.592(23) 10.160(25) 2.056(24)
161Tm 3.124(37) 9.147(28) 2.509(36)
165Lu 2.719(31) 8.292(27) 3.032(39)
169Ta 2.219(40) 7.342(47) 3.727(39)
173Re 1.746(40) 6.412(40) 4.312(40)

177Ir 1.205(23) 5.337(34) 5.082(34) 0.06(1)% [1990Bo19, 1967Si02, 1986Ke03]
181Au 0.730(22) 4.367(22) 5.751(3) 2.7(5)% [1995Bi01, 1993BiZY, 1992BiZZ, 1990SaZU,

1984BrZR, 1984ScZQ, 1979Ha10, 1970Ha18,
1968De01, 1968Si01, 1965Si07]

185Tl 0.702(23) 4.144(23) 5.688(5)
185mTl 0.247(23) 43.689(23) 6.143(5) obs [1980ToZZ, 1976To06, 1992BlZW, 1991BoZV,

1980Sc09, 1977ToZS, 1976BoYC]
189Bi -0.457(23) 2.198(22) 7.268(3) obs [1997Wa05, 2007DoZW, 2001An11, 2000Sc46,

1998Kr23, 1997An09, 1995Ba75, 1995BaZP,
1993An19, 1985Co06, 1984ScZQ, 1978Va21,
1974Le02, 1973Ga08, 1973LiYK]

189mBi -0.639(24) 2.016(23) 7.450(9) 83(5)% [1997Wa05, 2007DoZW, 1983Ke08, 2001An11,
2000Sc46, 1998Kr23, 1997An09, 1995Ba75,
1995BaZP, 1993An19, 1985Co06, 1984ScZQ]

193At -0.710(24) 1.406(23) 7.572(7) ⇡100%* [2003Ke08]
193m1At -0.720(24) 1.396(23) 7.582(9) ⇡100%* [2003Ke08, 1995Le15]
193m2At -0.754(25) 1.362(24) 7.616(10) 24(10)% [2003Ke08]

197Fr -0.990(58) 0.854(57) 7.888(15)** 100%* [2013Ka16]

* Based on short half-life.
** Deduced from a energy, 7.896(53) in [2021Wa16].
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Table 3

direct a emission from 145Pm*, Jp = 5/2+,T1/2 =17.7(4) y**, BRa =2.8(6)⇥10�7%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(141Pr) coincident g-rays R0 (fm) HF

2.304(40) 2.240(40) 100% 5/2+ 0.0 —– 1.5958(78) 1.3+0.5
�0.3

* All values from [1962Nu01], except where noted.
** [1959Br65].

Table 4

direct a emission from 177Ir, Jp = 5/2�, T1/2 =26(2) s*, BRa =0.06(1)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(181Au) coincident g-rays R0 (fm) HF

5.126(10) 5.011(10) 100% (5/2�) 0.0 —–

* Weighted average of 30(2) s [1990Bo19] and 26(2) s [1967Si02].
** [1990Bo19].
*** [1067Si02].

Table 5

direct a emission from 181Au*, Jp = (3/2�),T1/2 =14.5(4) s, BRa =2.7(5)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(177Ir) coincident g-rays R0 (fm) HF

5.313(10) 5.196(10) 0.2 (1)% 2.4(13)⇥10�3% 0.435 1.5322(52) 21+21
�8

5.360(10) 5.242(10) ⇡0.1% ⇡1.2⇥10�3% 0.390 1.5322(52) ⇡ 80
5.421(5) 5.301(5) 0.6(1)% 7.1(18)⇥10�3% 0.332 1.5322(52) 24+9

�6
5.485(5) 5.364(5) 9(1)% 0.11(2)% 0.2659 0.0856, 0.1802, 0.2659 1.5322(52) 3.3+1.1

�0.7

5.529(5) 5.407(5) 6(1)% 0.071(18)% 7/2� 0.2231 0.052, 0.054, 0.0624, 0.0751, 1.5322(52) 8.0+3.0
�1.9

0.0856, 0.0968, 0.1178, 0.1480,
0.1778, 0.2231

5.603(5) 5.479(5) 100(1)% 1.2(2)% 3/2� 0.1480 0.052, 0.0624, 0.0.0856, 0.0968, 1.5322(52) 1.1+0.3
�0.2

0.148
5.670(5) 5.545(5) 7(1)% 0.083(19)% 1/2� 0.0856 0.0856 1.5322(52) 30+10

�7
5.707(5) 5.581(5) 7(1)% 0.083(19)% 0.0453 1.5322(52) 45+16

�11
5.753(5) 5.626(5) 98(1)% 1.2(2)% 5/2+ 0.0 —– 1.5322(52) 5.2+1.5

�1.1

* All values from [1995Br01].

Table 6

direct a emission from 185mTl*, Ex = 454.8(15) keV**, Jp = (9/2�), T1/2 =14.5(4) s, BRa =obs.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(177Ir) coincident g-rays R0 (fm) HF

6.108(5) 5.976(5) 100(6)%
6.143(5) 6.010(5) 19(6)%

* All values from [1976To09, 1980ToZZ], except where noted.
** [1977Si03].
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Table 7

direct a emission from 189Bi*, Jp = (9/2�), T1/2 = 688(5)s**, BRa =obs***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(185Tl)@ coincident g-rays@ R0 (fm) HF

6.692(15) 6.55(15) 1.3(9)% 1.2(9)% (11/2�) 0.576(8) 1.5000(29) 1.5000(29) 19+57
�8

6.816(5) 6.672(5) 100(2)% 95(2)% (9/2�) 0.4548(15) 0.169, 0.286 1.5000(29) 0.67(6)
6.981(7) 6.833(7) 1.4(6)% 1.3(6)% (3/2+) 0.286(1) 0.286 1.5000(29) 200+170

�60
7.268(6) 7.114(6) 3.3(6)% 3.1(7)% (1/2+) 0.0 —– 1.5000(29) 760+240

�160

* All values from [1997Wa05], except where noted.
** [2007DoZW].
*** Assumed to be 100% in [1997Wa05]. This value is used in this table for Ia (abs) and HF.
@ [2005Wu07].

Table 8

direct a emission from 189mBi*, Ex = 182(8) keV, Jp = (1/2+), T1/2 = 5.0(1)ms**, BRa =obs***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(185Tl) coincident g-rays R0 (fm) HF

7.268(7) 7.114(7) 14(6)% 10(3)% 0.182(7) 1.5000(29) 1.7+0.7
�0.4

7.450(6) 7.292(6) 100(3)% 73(5)% (1/2+) 0.0 —– 1.5000(29) 0.90(9)

* All values from [1997Wa05], except where noted.
** [2007DoZW].

Table 9

direct a emission from 193At*, Jp = (1/2+),T1/2 =28+5
�4 ms, BRa =100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(189Bi) coincident g-rays R0 (fm) HF

7.388(5) 7.235(5) 100% (1/2+) 0.182(8) 1.5519(62) 1.29(31)

* All values from [2003Ke08].

Table 10

direct a emission from 193m1At*, Ex = 10(5) keV, Jp = (7/2�), T1/2 =21(5) ms, BRa =100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(189Bi) coincident g-rays R0 (fm) HF

7.480(5) 7.325(5) 2(2)% 2(2)% (7/2�) 0.0946(5) 1.5519(62) ⇡100
7.580(5) 7.423(5) 100% 98(2)% (9/2�) 0.0 —– 1.5519(62) 4.1(11)

* All values from [2003Ke08].

Table 11

direct a emission from 193m2At*, Ex = 44(7) keV, Jp = (13/2+), T1/2 =27+4
�3 ms, BRa =24(10)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(189Bi) coincident g-rays R0 (fm) HF

7.256(5) 7.106(5) 24(10)% (13/2+) 0.357.6(5) 1.5519(62) 2.0+1.9
�0.8

* All values from [2003Ke08].

Table 12

direct a emission from 197Fr*, Jp = (7/2�), T1/2 =0.6+30
�3 ms, BRa =100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(193At) coincident g-rays R0 (fm) HF

7.888(15) 7.728(15) 100% (7/2�) 0.010(5) 1.603(20) 0.53(27)

* All values from [2013Ka16].
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +12 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

144Nd 0+ 2.4(2)⇥1015 y* -2.332(3) —– —– [1961Ma05, 1987Al28, 1965Is01]
148Sm 0+ 6.4+1.2

�1.3⇥1015 y stable —– —– [2016Ca43]
152Gd 0+ 1.08(8)⇥1014 y stable —– —– [1961Ma05]
156Dy 0+ �3.8⇥1016 y stable —– —– [2011Be18]
160Er 0+ 28.58(9) h 0.318(29) -4.186(24) 1.602(25) [1970Ka23]

164Yb 0+ 75.8(17) m 0.897(29) -3.134(16) 2.945(21) [1972Ch23]
168Hf 0+ 25.92(20) m 1.710(50) -2.060(28) 4.123(37) [1970Ch17]
172W 0+ 6.6(9) m 2.230(40) -0.955(40) 5.551(47) [1990Me12]
176Os 0+ 3.6(5) m 2.930(30) 0.213(30) 6.774(30) [1970Ar15]
180Pt 0+ 58(3) s** 3.548(24) 1.301(18) 8.208(30) [1993Me13, 2020Cu02]

184Hg 0+ 30.6(3) s 3.974(24) 2.139(17) 9.208(24) [1972Fi12]
188Pb 0+ 25.5(1) s 4.530(30) 3.019(16) 10.083(24) [1993Wa03]
192Po 0+ 32.5(10) ms*** 5.470(30) 4.936(13) 11.845(32) [1996Bi17, 2003Va16]

196Rn 0+ 4.4+1.3
�0.9 ms 5.890(30) 5.803(15) 13.085(33) [2001Ke06]

* Weighted average of 2.4(3)⇥1015 y [1961Ma05], 2.65(37)⇥1015 y [1987Al28] and 2.1(4)⇥1015 y [1965Is01].
** Weighted average of 60(3) s [1993Me13] and 56(3) s [2020Cu02].
*** Weighted average of 33.2(14) ms [1996Bi17] and 31.8(15) ms [2003Va16].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +12 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

144Nd 7.969(1) 13.793(2) 1.901(1) 100% [1965Is01, 1961Br43, 1987Al28, 1961Ma05,
1956Po16, 1954Wa05]

148Sm 7.583(0) 12.988(1) 1.987(1) 100%* [2016Ca43, 1970Gu14, 1968Ko06, 1961Ma05,
1960Ka23]

152Gd 7.343(1) 12.234(1) 2.204(1) 100%* [1961Ma05, 1966Ka23, 1959Ri34, 1956Po16]
156Dy 6.568(10) 11.401(18) 1.7530(3)
160Er 6.024(24) 10.235(24) 2.040(24)

164Yb 5.573(16) 9.256(15) 2.627(29)
168Hf 5.123(47) 8.345(29) 3.227(32)
172W 4.666(40) 7.421(40) 3.838(40)
176Os 4.132(30) 6.482(30) 4.541(30)
180Pt 3.637(14) 5.464(17) 5.276(5) 0.52(5)% [2020Cu02, 1993Me12, 1968De01, 1966Si08]

184Hg 3.442(13) 4.754(16) 5.660(4) 1.26(20)% [1994Wa23, 1970Ha18, 1990Sc09, 1976To06,
1976WoZJ, 1972Fi12, 1970FiZZ, 1970HoZT,
1969NaZT, 1969NaZU]

188Pb 2.655(13) 3.850(15) 6.109(3) 8.5(5)%** [1993Wa03, 1999An22, 2003Va16, 1994Wa13,
1993WaZI, 1992Wa14, 1984To09, 1981To02,
1980ElZY, 1980Sc09, 1977De32, 1974JoZU,
1974Le02, 1973Ho01, 1973LiYK, 1972Ga27]

192Po 2.116(13) 2.228(16) 7.320(3) ⇡100% [2003Va16, 1998Al27, 2005Uu03, 2004An23,
2003Wa05, 2002VaZZ, 2001Hu21, 2001Ju09,
2001Ke06, 2001Uu01, 1999An22, 1999Pa20,
1997Pu01, 1993Wa04, 1982LeZN, 1981Le23,
1981LeZU, 1977De32, 1977DeXF]

196Rn 1.844(17) 1.598(19) 7.617(9) 100%*** [2001Ke06, 2001Uu01, 1997Pu01, 1996PuZZ,
1995Mo14, 1995NoZW]

* Only decay mode energetically possible.
** Weighted average of 9.3(8)% [1999An22] and 8.0(6)% [2003Va16].
*** Based on short half-life.

2



Table 3

direct a emission from 144Nd, Jp = 0+, T1/2 = 2.4(2)⇥1015 y*, BRa =100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(140Ce) coincident g-rays R0 (fm) HF

1.882(20) 1.830(20)** 100%** 0+ 0.0 —– 1.5986(81) 0.41(3)***

* Weighted average of 2.4(3)⇥1015 y [1961Ma05], 2.65(37)⇥1015 y [1987Al28] and 2.1(4)⇥1015 y [1965Is01].
** [1965Is01].
*** The reason for this low value is unclear.

Table 4

direct a emission from 148Sm*, Jp = 0+, T1/2= 6.4+1.2
�1.3⇥1015 y, BRa =100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(144Nd) coincident g-rays R0 (fm) HF

1.9873(5) 1.9376(5) 100%** 0+ 0.0 —– 1.586(12) 1.02(1)

* All values from [2016Ca43].
** Only decay mode energetically possible.

Table 5

direct a emission from 152Gd*, Jp = 0+, T1/2= 1.08(8)⇥1014 y, BRa =100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(148Sm) coincident g-rays R0 (fm) HF

2.198(30) 2.140(30) 100%** 0+ 0.0 —– 1.5741(45) 0.81(7)

* All values from [1961Ma05].
** Only decay mode energetically possible.

Table 6

direct a emission from 180Pt*, Jp = 0+, T1/2= 58(3) s**, BRa = 0.52(5)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(176Os) coincident g-rays R0 (fm) HF

5.277(5) 5.160(5) 0.52(5)% 0+ 0.0 —– 1.5468(62) 1.01(11)

* All values from [2020Cu05], except where noted.
** Weighted average of 60(3) s [1993Me13] and 56(3) s [2020Cu02].

Table 7

direct a emission from 184Hg, Jp = 0+, T1/2= 30.6(3) s*, BRa = 1.26(20)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(180Pt) coincident g-rays R0 (fm) HF

5.167(15) 5.055(15)*** 0.17(1)%@ 0.0021(6)% 0+ 0.478 0.153 1.5120(81) 2.4(2)***
5.500(15) 5.380(15)** 0.40(8)% 0.005(1)%** 2+ 0.153 0.153 1.5120(81) 44+16

�9
5.658(15) 5.535(15)** 100% 1.25(20)%** 0+ 0.0 —– 1.5120(81) 0.88+0.16

�0.13

* [1972Fi12].
** [1970Ha18].
*** [1994Wa23].
@ [1994Wa23] reports a HF of 2.4(2) for this transition which corresponds to a branching ratio of 0.17(1)% relative to the 5.525-MeV transition.
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Table 8

direct a emission from 188Pb*, Jp = 0+, T1/2= 25.5(1) s, BRa = 8.5(5)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(184Hg) coincident g-rays R0 (fm) HF

5.736(10) 5.614(10) 0.10(1)%*** 8.5(13)⇥10�3% 0+ 0.375 0.375 1.4885(12) 21(3)***
5.755(10) 5.633(10) 0.07(1)%*** 4.8(11)⇥10�3% 2+ 0.367 0.367 1.4885(12) 34(7)***
6.110(10) 5.980(10) 100% 9.3(8)% 0+ 0.0 —– 1.4885(12) 1.00(8)

* All values taken from [1993Wa03], except where noted.
** Weighted average of 9.3(8)% [1999An22] and 8.0(6)% [2003Va16].
*** The relative branching ratios are derived from the HF given by [1993Wa03].

Table 9

direct a emission from 192Po, Jp = 0+, T1/2= 32.5(10) ms*, BRa = ⇡100%.

Ea (c.m.) Ea (lab)@ Ia (rel)** Ia (abs) Jp
f Edaughter(188Pb) coincident g-rays R0 (fm) HF

⇡6.594 ⇡6.457** 0.005% 0.005% 0+ 0.725 1.51737(13) � 51
6.741(7) 6.601(7)*** 1.4(1)% 1.4(1)% 0+ 0.578 1.51737(13) 0.66(7)
7.319(4) 7.167(4)** 100.0(2)% 98.6(2)% 0+ 0.0 —– 1.51737(13) 0.997(13)

* Weighted average of 33.2(14) ms [1996Bi17] and 31.8(15) ms [2003Va16].
** [2003Va16].
*** Weighted average of 6.611(7) MeV [1998Al27] and 6.591(7) [2003Va16].
@ In addition, [1998Al27] report a transition with Ea = 6.416(13) MeV. However, this was not observed in [2003Va16] and may have been the 6.420(20) MeV

transition from the fine structure in the a-decay of 193Po [2002Va13].

Table 10

direct a emission from 196Rn*, Jp = 0+, T1/2= 4.4+1.3
�0.9 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(192Po) coincident g-rays R0 (fm) HF

7.616(9) 7.461(9) 100% 0+ 0.0 —– 1.585(15) 1.00(30)

* All values from [2001Ke06].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +12 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 142Pr, 146Pm, 150Eu, 154Tb, 158Ho, 162Tm, 166Lu, 170Ta, 174Re, 178Ir and 182Au are taken from ENSDF.

Nuclide Ex Jp T1/2 Qe Qe p Qe a BRb F Experimental

142Pr 2� 19.12(4) h* 2.164(1) -8.145(4) 2.051(2) [1966Ot03, 1968La17]
146Pm 3� 5.53(5) y 1.542(3) -7.117(8) 2.654(5) [1967Bu12]
150Eu 5� 36.9(9) y 0.972(4) -6.017(6) 3.709(6) [1993Th04]
154Tb 0 21.4(5) h 0.240(50) -4.078(45) 4.470(45) [1973La20]
158Ho 5+ 11.5(5) m 4.220(27) -2.713(27) 5.094(27) [1962Sc10]
162Tm 1� 21.77(26) m 4.857(26) -1.570(26) 6.505(26) [1971Ch30]
166Lu 6� 2.65(10) m 5.570(30) -0.380(30) 7.888(30) [1974De09]
170Ta (3+) 6.76(6( m 6.120(40) 0.656(28) 9.031(29) [1976Le04]
174Re 2.40(15) m 6.550(40) 1.434(40) 10.156(40) [1977Ha24]

178Ir 12(2) s 7.290(23) 2.726(34) 11.548(34) [1973HaVR]
182Au (2+) 15.6(4) s 7.864(23) 3.870(19) 12.815(23) [1992Ro21]
186Tl (2�) 3.4+0.5

�0.4 s 8.656(24) 4.686(21) 13.861(25) [2020St11]
186mTl 0.077(56) (7+) 27.5(10) s 8.733(61) 4.763(60) 13.938(61) [1977Co21]

190Bi (3+) 6.3(1) s 9.821(24) 6.731(23) 15.518(24) 2.5(5) ⇥ 10�5 [2009An11, 1988Hu03]
190mBi 0.191(65) (10�) 6.2(1) s 10.012(69) 6.922(69) 15.709(69) 4.1+0.8

�1.5⇥ 10�5 [2009An11, 1988Hu03]
194At (2�) 253(10) ms 10.288(27) 7.879(25) 17.275(27) 0.059(4)%*** [2014Gh09, 2009An11, 2013An03]

194mAt 0.056(21)** (9�, 10�) 310(8) ms 10.344(34) 7.935(33) 17.331(34) 0.059(4)%*** [2014Gh09, 2009An11, 2013An03]
198Fr (2�) 15(3) ms 10.810(30) 8.644(32) 18.157(34) [2013Ka16, 2013Uu01]

198m1Fr x (6+, 7+) 16 +13
�5 ms 10.810(30)+x 8.644(32)+x 18.157(34)+x [2013Uu01]

198m2Fr y h.s. 1.1(7) ms 10.810(30)+y 8.644(32)+y 18.157(34)+y [2013Ka16]

* Weighted average of 19.14(5) h [1966Ot03] and 19.09(7) h [1968La17].
** Deduced from a-decay energies [2009An11].
*** value is acombination of the two isomers [2014Gh09].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +12 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

142Pr 5.644(1) 14.052(2) 0.302(2)
146Pm 5.311(4) 13.282(5) 1.907(4)
150Eu 4.945(6) 12.504(8) 2.237(7)
154Tb 4.563(45) 11.846(45) 2.211(46)
158Ho 4.052(27) 10.674(27) 1.544(53)
162Tm 3.565(27) 9.673(30) 2.285(38)
166Lu 3.015(40) 8.690(39) 3.032(40)
170Ta 2.710(40) 7.643(47) 3.458(41)
174Re 2.235(40) 6.921(40) 4.040(40)

178Ir 1.587(24) 5.769(34) 4.994(34)
182Au 1.211(23) 4.904(29) 5.525(4) 0.13(5)% [1995Bi01, 1993BiZY, 1992BiZZ, 1979Ha10,

1970Ha18]
186Tl 0.988(25) 4.142(30) 5.996(26) obs [2020St11]
186Tl 0.911(62) 4.065(64) 6.073(63) 0.006(2)% [1977Co21, 1976Ij01, 1977IjZZ, 1976ToZR,

1976To06]
190Bi 0.041(25) 2.837(37) 6.862(3) 90+10

�30% [2003An26, 1991Va04, 2013Ny01, 2009An11,
2003AnZZ, 1997An09, 1993An19, 1988Hu03,
1985HuZY]

190mBi -0.150(70) 2.646(375) 7.053(65) 70(9)% [2003An26, 1991Va04, 2013Ny01, 2009An11,
2003AnZZ, 1997An09, 1993An19, 1988Hu03,
1985HuZY, 1974Le02, 1972Ga27]

194At -0.320(28) 1.760(38) 7.454(11) ⇡ 100%* [2009An11, 2013Ka16, 2013Ny01, 2013Uu01,
1995Le15, 1984YaZY]

194mAt -0.376(35) 1.648(43) 7.510(24) ⇡ 100%* [2009An11, 2013Ka16, 2013Ny01, 2013Uu01]
198Fr -0.778(35) 1.087(43) 7.770(15)** 100%* [2013Ka16, 2013Uu01]
198Fr -0.778(35)-x 1.087(43)-x 7.770(15)+x 100%* [2013Uu01]
198Fr -0.778(35)-y 1.087(43)-y 7.770(15)+y 100%* [2013Ka16]

* based on short half-life.
** Deduced from a energy, 7.869(20) in [2021Wa16].
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Table 3
direct a emission from 182Au*, Jp = (2+), T1/2= 15.6(4) s**, BRa = 0.13(5)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(178Ir) coincident g-rays R0 (fm)*** HF

5.402(5) 5.283(5) 10(1)% 0.009(4)% 0.123 1.529(10) 15+11
�5

5.472(5) 5.352(5) 100(1)% 0.094(36)% (2+) 0.0544 0.0544 1.529(10) 3.3+2.3
�1.2

5.524(5) 5.403(5) 29(1)% 0.027(10)% 0.0 —– 1.529(10) 21+15
�7

* All values from [1995Bi01], except where noted.
** [1992Ro21].
*** Interpolated between 1.5468(62) fm 180Pt and 1.5120(81) 184Hg.

Table 4
direct a emission from 186Tl*, Jp = (2�), T1/2= 3.4+0.5

�0.4 s, BRa = obs.

Ea (c.m.) Ea (lab)** Ia (rel) Jp
f Edaughter(182Au) coincident g-rays R0 (fm)*** HF

(5.647) (5.526) 4.4% 0.2731 0.0253, 0.1041, 0.1294,0.1437, 0.2731 1.5002(82)
(5.651) (5.529) 5.3% 0.2702 0.0253, 0.1041, 0.1294,0.1408 1.5002(82)
5.647(51) 5.670(51) 100% 0.129 0.0253, 0.1041, 0.1294 1.5002(82)

* All values from [2020St11].
** [2020St11] report one a transition feeding a level at 129 keV in 182Au. However, they report g’s in coincidence with an a multiplet from 4.550 to 6.500

MeV that arise from 273.1 and 270.2-keV levels in 182Au. The intensities recorded here are based on the intensities of the coincident g-rays.

Table 5
direct a emission from 186mTl, Ex = 77(56) keV, Jp = (7+), T1/2= 27.5(10) s*, BRa = 0.006(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(182Au) coincident g-rays R0 (fm)*** HF

5.765(10) 5.641(10)** 0.006(2)%** 2+ 0.0 —– 1.5002(82) 160+90
�50

* [1977Co21].
** [1976Ij01
*** Interpolated between 1.5120(81) fm 184Hg and 1.4885(12) fm 188Pb.

Table 6
direct a emission from 190Bi*, Jp = (3+), T1/2= 6.3(1) s, BRa = 90+10

�30%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(186Tl) coincident g-rays R0 (fm)@ HF

6.359(10) 6.225(10) 0.06(1)% 0.054+0.011
�0.020% 0.507 0.213, 0.294 1.5029(12) 120+70

�9
6.550(10) 6.412(10) 0.10(2)% 0.09+0.02

�0.03% 0.314 0.314 1.5029(12) 720+380
�70

6.569(5) 6.431(5) 100% 90+10
�30% (3+) 0.294 0.079, 0.105, 0.111 1.5029(12) 0.90+0.40

�0.09
6.647(5) 6.507(5)** 0.24(8)%** 0.22+0.08

�0.10% (2�) 0.226 0.105, 0.111 1.5029(12) 700+300
�110

6.753(10) 6.611(10) 2.2(3)% 1.98+0.35
�0.71% (4+) 0.105 0.105 1.5029(12) 200+100

�19
6.860(10) 6.716(10) 1.5(2)% 1.35+0.23

�0.48% (2�) 0.0 —– 1.5029(12) 710+390
�60

* All values from[2003An26], except where noted.
** [1991Va04].
*** [2022Ba26].
@ Interpolated between 1.4885(12) fm 188Pb and 1.51737(13) fm 192Po.
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Table 7
direct a emission from 190mBi*, Jp = (10�), T1/2= 6.2(1) s, BRa = 70(9)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(186Tl) coincident g-rays R0 (fm)@ HF

6.529(10) 6.392(10) 0.24(4)% 0.16(3)% 0.441 0.441 1.5029(12) 330+100
�60

6.595(5) 6.456(5) 100% 67(9)% 0.374 0.374 1.5029(12) 1.43+0.25
�0.19

6.611(10) 6.472(10) 0.41(7)% 0.28(6)% 0.356 0.895, 0.267, 0.385 1.5029(12) 410+130
�80

6.687(10) 6.546(10) 0.046(8)% 0.031(7)% 0.281 0.281 1.5029(12) 7.0+2.2
�1.4⇥103

6.711(10) 6.570(10) 0.039(8)% 0.026(6)% 0.255 0.255 1.5029(12) 1.0+0.4
�0.2⇥104

6.879(10) 6.734(10) 1.5(2)% 1.01(19)% 0.0895 0.0895 1.5029(12) 1.07+0.27
�0.18⇥103

6.966(10) 6.819(10) 2.0(3)% 1.34(27)% 0.0 —– 1.5029(12) 1.7+0.5
�0.3⇥103

* All values from[2003An26], except where noted.
** [1991Va04].
*** [2022Ba26].
@ Interpolated between 1.4885(12) fm 188Pb and 1.51737(13) fm 192Po.

Table 8
direct a emission from 194At*, Jp = (2�), T1/2= 253(10) ms, BRa = ⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(190Bi) coincident g-rays R0 (fm)*** HF

7.295(15) 7.145(15) 11(4)% 9(3)% 0.168(15) 0.0465, 0.076 1.551(15) 7+5
�3⇥103

7.341(15) 7.190(15) 100(5)% 83(3)% 0.121(15) 0.076 1.551(15) 10+4
�3

7.419(15) 7.266(15) 8(4)% 7(3)% 0.045(15) 1.551(15) 220+200
�100

7.464(15) 7.31(15) >1.26% >1.0(5)% (3+) 0.0 —– 1.551(15) >2.1⇥103

* All values from [2009An11].
** Based on short half-life.
*** Interpolated between 1.51737(13) fm 192Po and 1.585(15) fm 196Rn.

Table 9
direct a emission from 194mAt*, Ex. = 56(21) keV, Jp = (9�, 10�),T1/2= 310(8) ms, BRa = ⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(190Bi) coincident g-rays R0 (fm)*** HF

7.053(15) 6.908(15) 1.3(4)% 1.0(3)% 0.465 0.274 1.551(15) 110+70
�40

7.234(15) 7.085(15) 17(3)% 13(2)% 0.288 0.097 1.551(15) 34+14
�11

7.285(15) 7.135(15) 10(3)% 8(2)% 0.231 0.40 1.551(15) 90+50
�30

7.329(15) 7.178(15) 100(9)% 78(5)% (10�) 0.191 1.551(15) 12+5
�4

* All values from [2009An11].
** Based on short half-life.
*** Interpolated between 1.51737(13) fm 192Po and 1.585(15) fm 196Rn.

Table 10
direct a emission from 198Fr*, Jp = (2�), T1/2= 15(3) ms, BRa = ⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(194At) coincident g-rays R0 (fm) HF

7.770(15) 7.613(15)*** 100% (2�) 0.0 —–

* [2013Ka16].
** Based on short half-life.
*** From [2013Uu01]. [2013ka16] report an a transition of ⇡ 7.710 MeV and an unresolved multiplet from 7.470 and 7.920 MeV.

Table 11
direct a emission from 198m1Fr*, Ex. = x, Jp = (6+, 7+), T1/2= 16 +13

�5 ms, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(194At) coincident g-rays R0 (fm) HF

7.842(15) 7.684(15) 100% (6+, 7+) x’

* All values from [2013Uu01].
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** Based on short half-life.

Table 12
direct a emission from 198m2Fr*, Ex. = y, Jp = high spin, T1/2= 1.1(7) ms, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(194At) coincident g-rays R0 (fm) HF

7.736-8.094 7.580-7.930*** 100% y’

* All values from [2013Ka16].
** Based on short half-life.
*** Unresolved multiplet.
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C 102, 024322 (2020). https://doi.org/10.1103/PhysRevC.102.024322

[41] 2021Wa16 M. Wang, W. J. Huang, F. G. Kondev, G. Audi, S. Naimi, Chin. Phys. C 45, 030003 (2021).
https://doi.org/10.1088/1674-1137/abddaf

7



Qεp  =   8.648 MeV
Qε    = 15.867 MeV
Q     =    8.002 MeV
       100 %

201Ra

(3/2-)
8 ms

(13/2+)
1.6 ms

Ex = 260(30) keV
      100 %

E  = 7.842 MeV

E  = 7.905 MeV

145Nd
7/2-

> 1017 y

149Sm
7/2-

>2 x 1015 y

173Ta

173W
5/2-

7.6 m

177Os
1/2-
49 s

Qεp  =  0.386 MeV
Qε    =  6.930 MeV
Q    =    3.565 MeV

Qεp  = 1.396 MeV
Qε    = 8.015 MeV
Q      = 4.346 MeV
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +25/2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +25/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

145Nd 7/2� >1017 y stable —– —– [1966Ka23]
149Sm 7/2� >2⇥1015 y stable —– —– [1970Gu14]
153Gd 3/2� 239.472(69) d 0.485(1) -5.409(0) 0.757(2) [1992Un01]
157Dy 3/2� 8.2(1) h 1.339(5) -4.178(5) 1.518(5) [1953Ha81]
161Er 3/2� 3.24(4) h 1.995(9) -2.818(9) 3.138(9) [1972Wo08]

165Yb 5/2� 9.8(5) m* 2.635(27) -1.642(27) 4.476(27) [1968Ta05, 1967Pa04]
169Hf 5/2� 3.26(5) m 3.366(28) -0.426(28) 5.788(28) [1970Ch17]
173W 5/2� 7.6(1) m 3.670(40) 0.386(37) 6.930(28) [1991KuZN]
177Os 1/2� 3.1(2) m 4.310(30) 1.396(32) 8.015(32) [1972Be89]
181Pt 1/2� 51(5) s 5.082(15) 2.686(21) 9.463(31) [1966Si08]

185Hg 1/2� 49.1(10) s 5.674(14) 3.860(20) 10.854(15) [2013Sa43]
185mHg 0.1037(5)** 13/2+ 21.6(15) s 5.778(14) 3.964(20) 10.958(15) [2013Sa43, 1982Bo27]

189Pb (3/2�) 39(8) s 6.772(16) 5.065(16) 11.589(14) [2013Sa43, 2009Sa09]
189mPb 0.040(4)** (13/2+) 50(3) s 6.812(16) 5.105(16) 11.629(14) [2013Sa43, 2009Sa09]

193Po (3/2�) 420(40) ms 7.559(16) 6.938(16) 13.866(17) [2013Sa43]
193mPo 0.095(6) (13/2+) 240(10) ms 7.654(17) 7.033(17) 13.961(18) [2013Sa43]

197Rn (3/2�) 53+7
�5 ms 7.866(18) 7.690(17) 14.970(18) [2013Sa43, 2008An05]

197mRn 0.194(10) (13/2+) 25+3
�2 ms 8.060(21) 7.884(20) 15.164(21) [2013Sa43, 2008An05]

201Ra (3/2�) 8+40
�4 ms 8.348(22) 8.648(21) 15.867(22) [2014Ka23]

201mRa 0.260(30) (13/2+) 1.6+7.7
�0.7 ms 8.608(37) 8.908(37) 16.127(37) [2014Ka23, 2005Uu02]

* Weighted average of 9.0(5) m [1968Ta05] and 10.5(5) m [1967Pa04].
** [2013Sa43].
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Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +25/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

145Nd 7.970(2) 14.404(2) 1.574(1)
149Sm 7.559(6) 13.567(1) 1.871(1)
153Gd 7.283(1) 12.884(1) 1.828(1)
157Dy 6.623(6) 11.932(5) 1.033(5)
161Er 6.108(17) 10.612(9) 1.798(10)

165Yb 5.675(36) 9.706(27) 2.481(28)
169Hf 4.933(47) 8.705(28) 3.154(39)
173W 4.686(40) 7.874(40) 3.565(40)
177Os 4.183(32) 6.902(32) 4.346(32)
181Pt 3.693(26) 5.939(21) 5.150(5) 0.074(10)% [1995Bi01, 1993BiZY, 1993Me13, 1992MeZW,

1966Si08
185Hg 3.154(26) 4.988(20) 5.773(4) ⇡6.04% [2013Sa43, 1979Ha10, 1977Ij01, 1976GrZC,

1976GrZL, 1970Ha18, 1970Ma24, 1969Ha03,
1969NaZT, 1969NaZU, 1968De01, 1963Ka17,
1953Ra02]

185mHg 3.050(26) 4.884(20) 5.877(4) ⇡0.030% [2013Sa43, 1979Ha10, 1976GrZC, 1976GrZL,
1970Ha18]

189Pb 2.797(33) 4.303(19) 5.915(4) 0.4% [2013Sa43]
189mPb 2.757(33) 4.263(19) 5.955(4) ⇡0.4% [2013Sa43, 1974Ho26, 1993An19, 1974JoZU,

1974Le02, 1973LiYK, 1972Ga27]
193Po 2.080(33) 2.612(16) 7.094(4) ⇡ 100%* [2013Sa43, 2002Va13, 1997Fo06, 1995Mo14,

1993Wa04, 1982LeZW, 1981Le23, 1977De32,
1977DeXF]

193mPo 1.985(33) 2.517(17) 7.189(6) ⇡ 100%* [2013Sa43, 2002Va13, 1997Fo06, 1995Mo14,
1993Wa04, 1982LeZW, 1981Le23, 1977De32,
1977DeXF, 1967Si09, 1965Si22]

197Rn 1.865(34) 1.951(17) 7.411(7) ⇡ 100%* [2013Sa43, 2008An05, 1996En01, 1996MoZV,
1995LeZY, 1995Mo14, 1995NoZW]

197mRn 1.865(34) 1.951(17) 7.411(7) ⇡ 100%* [2013Sa43, 2008An05, 2005Uu02, 1997Pu01,
1996En01, 1995LeZY, 1995NoZW]

201Ra 1.486(37) 1.081(22) 8.002(12) 100% [2014Ka23]
201mRa 1.746(48) 1.341(37) 8.362(32) 100% [2014Ka23, 2005Uu02]

* Based on short half-life.

Table 3

direct a emission from 181Pt*, Jp
i = 1/2�, T1/2= 51(5) s**, BRa = 0.074(10)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(177Os) coincident g-rays R0 (fm) HF

5.062(20) 4.95(20) 4% 0.0028(4)% 0.88(21) 1.5504(65) 14
5.150(5) 5.036(5) 100% 0.071(10)% 1/2� 0.0 —– 1.5504(65) 1.6(5)

* All values from [1995Bi01], except where noted.
** [1966Si08].

Table 4

direct a emission from 185Hg*, Jp
i = 1/2�, T1/2= 49.1(10) s, BRa = ⇡6.04%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(181Pt) coincident g-rays R0 (fm) HF

5.692(5) 5.569(5) 4 % ⇡0.24% 5/2� 0.094 0.079, 0.094 1.506(13) 11
5.778(5) 5.653(5) 100% ⇡5.8% 1/2� 0.0 —– 1.1

* All values from [2013Sa43].
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Table 5

direct a emission from 185mHg*, Ex = 103.7(5) keV, Jp
i = 13/2+, T1/2= 21.6(15) s, BRa = ⇡0.030%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(181Pt) coincident g-rays R0 (fm) HF

5.491(8) 5.372(8) 100% ⇡0.024% (13/2+) 0.381 0.0228, 0.405, 0.094, 0.105, 0.119, 0.159 1.506(13) ⇡7
5.528(10) 5.408(10) 25% ⇡0.006% (11/2+) 0.343 0.056, 0.727, 0.079, 0.094, 0.1206, 0.1607 1.506(13) ⇡40
5.550 5.430 <25% <0.006% (11/2+) 0.320 0.0228, 0.405, 0.044, 0.094, 0.119, 0.159 1.506(13) >51

* All values from [2013Sa43], except where noted.

Table 6

direct a emission from 189Pb*, Jp
i = (3/2�), T1/2= 39(8) s**, BRa = 0.4%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(185Hg) coincident g-rays R0 (fm) HF

5.740(6) 5.619(6) 11% 0.04% 0.1739 0.026, 0.148, 0.174 1.4904(44) �1.6
5.889(5) 5.764(5) 100% 0.36% (3/2�) 0.026 0.026 1.4904(44) �4.3

* All values from [2013Sa43], except where noted.
** [2009Sa09].

Table 7

direct a emission from 189mPb*, Ex = 40(4) keV, Jp
i = , T1/2= 50(3) s**, BRa = ⇡0.4%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(185Hg) coincident g-rays R0 (fm) HF

5.851(5) 5.727(5) ⇡0.4% (13/2+) 0.1037 0.0124, 0.0260, 0.0653 1.4904(44) ⇡3.3

* All values from [2013Sa43], except where noted.
** [2009Sa09].

Table 8

direct a emission from 193Po*, Jp
i = (3/2�), T1/2= 420(40) ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(189Pb) coincident g-rays R0 (fm) HF

6.556(20) 6.420(20)** 0.7(3)% 0.7(3)%*** (3/2�) 0.539(20) 0.539 1.5125(26) 3.5+3.3
�1.4

7.095(4) 6.948(4) 100.0(25)% 99.3(25)%*** (3/2�) 0.0 —– 1.5125(26) 2.37(27)

* All values from [2013Sa43], except where noted.
** [2013Sa43, 2002Va13].
*** [2003Va13].

Table 9

direct a emission from 193mPo*, Ex = 95(6) keV, Jp
i = (13/2+), T1/2= 240(10) ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(189Pb) coincident g-rays R0 (fm) HF

6.510(15) 6.375(15)** 0.8(3)% 0.8(3)%*** (13/2+) 0.677(15) 0.637 1.5125(26) 2.0+1.4
�0.7

7.152(4) 7.004(4) 100.0(35)% 99.2(35)%*** (13/2+) 0.040(4) —– 1.5125(26) 3.20(28)

* All values from [2013Sa43], except where noted.
** [2013Sa43, 2002Va13].
*** [2003Va13].

Table 10

direct a emission from 197Rn*, Jp
i = (3/2�), T1/2= 53+7

�5 ms**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(193Po) coincident g-rays R0 (fm) HF

7.410(7) 7.260(7) 100% (3/2�) 0.0 —– 1.5653(89) 1.8+0.5
�0.4

* All values from [2013Sa43], except where noted.
** [2008An05].
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Table 11

direct a emission from 197mRn*, Ex = 194(10) keV, Jp
i = (13/2+), T1/2= 25+3

�2 ms**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(193Po) coincident g-rays R0 (fm) HF

7.509(8) 7.357(8) 100% (13/2+) 0.095(6) —– 1.5653(89) 3.8+1.0
�0.9

* All values from [2013Sa43], except where noted.
** [2008An05].

Table 12

direct a emission from 201Ra*, Jp
i = (3/2�), T1/2= 8+40

�4 ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(197Rn) coincident g-rays R0 (fm) HF

8.001(12) 7.842(12) 100% (3/2�) 0.0 —– 1.590(18) 7+33
�3

* All values from [2014Ka23].

Table 13

direct a emission from 201mRa*, Ex = 260(30) keV, Jp
i = (13/2+), T1/2= 1.6+7.7

�0.7 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(197Rn) coincident g-rays R0 (fm) HF

8.066(20) 7.905(20) 100% (13/2+) 0.194(10) —– 1.590(18) 2.1+10.0
�1.3

* All values from [2005Uu02].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +25/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

143Pr 7/2+ 13.56(2) d* -1.462(3) —– —– [1971Ba28, 1957Pe09, 1965Is01]
147Pm 7/2+ 2.62346(27) y 0.105(2) -9.657(34) 0.139( 3) [1999Po32]
151Eu 5/2+ 4.6(12) ⇥ 1018 y** stable —– —– [2014Ca03]
155Tb 3/2+ 5.32(6) d 0.820(10) -6.801(10) 0.901(10) [1970Ch09]
159Ho 7/2� 33.05(11) m 1.838(3) -5.148(3) 2.316(3) [1982Vy02]
163Tm 1/2+ 1.810(5) h 2.439(3) -3.977(6) 4.014(6) [1982Vy02]
167Lu 7/2+ 51.5(10) m 3.060(40) -2.929(39) 5.216(38) [1976Me06]
171Ta (5/2+) 23.3(3) m 3.710(40) -1.703(33) 6.445(28) [1972Ch45]
175Re (5/2�) 5.89(5) m 4.340(40) -0.837(40) 7.718(40) [1984Sz07]

179Ir (5/2�) 79(1) s 4.938(18) 0.283(30) 9.126(30) [1992Bo19]
183Au (5/2�) 44.6(19) s 5.582(17) 1.571(23) 10.404(18) [1995Bi01]
187Tl (1/2+) ⇡ 45 s 5.674(15) 1.981(22) 10.904(16) [1981Mi12]

187mTl 0.333(8)*** (9/2�) 15.60(12) s 6.007(17) 2.314(23) 11.237(18) [1981Mi12]
191Bi (9/2�) 12.1(4) s@ 7.052(10) 3.838(10) 12.454(15) [2013Ny01, 2003Ke04]

191mBi 0.234(8) (1/2+) 116(5) ms@@ 7.052(10) 3.838(10) 12.454(15) [2013Ny01, 2003Ke04, 1999An36]
195At (1/2+) 309(20) ms@@@ 7.646(11) 5.264(11) 14.396(12) [2013Ny01, 2003Ke04]

195mAt 0.033(8)*** (7/2�) 144(3) msa 7.679(14) 5.297(14) 14.429(14) [2013Ny01, 2003Ke04]
199Fr (1/2+) 5+7

�2 ms 8.331(16) 6.191(15) 15.463(15) [2013Uu01]
199m1Fr 0.057(26)*** (7/2�) 7+3

�2 ms 8.388(16) 6.191(15) 15.463(15) [2013Uu01]
199m2Fr 0.300*** (13/2+) 1.6+1.6

�0.6 ms �8.631(31) �6.548(30) �15.811(30) [2013Uu01]
203Ac 56+269

�25 µs 8.977(23)b 7.187(22)b 16.722(22)b [2024WaXX]

* weighted average of 13.57(2) d [1971Ba28], 13.59(4) d [1957Pe09] and 13.55(2) d [1965Is01].
** Reported as 4.62 (95 stat.) (68 syst.) ⇥ 1018 y [2014Ca03].
*** Deduced from a energies.
@ Weighted average of 11.7(4) s [2013Ny01] and 12.4(4) s [2003Ke04].
@@ Weighted average of 114(6) ms [2013Ny01], 121+8

�7 ms [2003Ke04] and 115(10) ms [1999An36].
@@@ Weighted average of 290(20) ms [2013Ny01] and 328(20) ms [2003Ke04].
a Weighted average of 143(3) ms [2013Ny01] and 147(5) ms [2003Ke04].
b Deduced from a energy and mass of daughter [2021Wa16].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +25/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

143Pr 5.824(2) 14.716(4) 1.729(2)
147Pm 5.405(1) 13.994(7) 1.601(1)
151Eu 4.891(1) 13.167(2) 1.964(1) 100%* [2014Ca03, 2012Pa16]
155Tb 4.833(10) 12.461(10) 0.978(10)
159Ho 4.211(4) 11.144(3) 1.496(10)
163Tm 3.683(5) 10.110(6) 2.176(6)
167Lu 3.222(38) 9.174(37) 2.777(38)
171Ta 2.755(40) 8.216(28) 3.381(47)
175Re 2.350(40) 7.470(40) 4.007(40)

179Ir 1.826(17) 6.390(30) 4.782(30)
183Au 1.312(16) 5.306(11) 5.465(3) 0.8(2)% [1995Bi01, 1992BiZZ, 1984BrZR, 1982Bo04,

1982BoZL, 1970Ha18, 1970Ma24, 1968De01,
1968Si01, 1965Si07]

187Tl 1.195(14) 5.164(8) 5.322(7)
187mTl 0.862(16) 4.831(11) 5.655(11) 0.15(5)% [1991Wa21, 1980Sc09, 1976To06, 1976BoYC]

191Bi 0.112(15) 3.201(11) 6.780(3) 51(10)% [2013Ny01, 2003Ke04, 1999An36, 2000Sc46
1999Ta20, 1999TaZS, 1998Kr23, 1993An19,
1991Wa21, 1985Co06, 1982LeZN, 1978Va21,
1974Le02, 1972Ga27]

191mBi -0.122(16) 2.967(13) 7.014(7) 68(5)% [2013Ny01, 2003Ke04, 1999An36, 2024WaXX,
1993An19, 1991Wa21, 1985Co06, 1982LeZN,
1978Va21, 1974Le02, 1972Ga27]

195At -0.245(16) 2.164(12) 7.344(6) ⇡100% [2013Ny01, 2003Ke04, 2024WaXX, 1999Ta20,
1999TaZS, 1996PuZZ, 1995Le15, 1995NoZW,
1984YaZY]

195mAt -0.278(18) 2.131(14) 7.377(10) 88(4)% [2013Ny01, 2003Ke04, 1999Ta20, 1999TaZS,

2



Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +25/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

1996PuZZ, 1995Le15, 1995NoZW,
1984YaZY]

199Fr -0.713(19) 1.451(16) 7.817(10) 100% [2013Uu01, 2024WaXX]
199m1Fr -0.770(32) 1.394(31) 7.874(28) 100% [2013Uu01, 2013Ka16, 1999Ta20, 1999TaZS, 2024WaXX]
199m2Fr -1.013(19) 1.151(16) �8.117(10) 100% [2013Uu01]

203Ac -1.214(26)*** 0.589(23)*** 8.382(16)** 100% [2024WaXX]

* Only decay available.
** Deduced from a energy.
*** Deduced from a energy and mass of daughter [2021Wa16].

Table 3

direct a emission from 151Eu*, Jp = 5/2+, T1/2= 4.6(12) ⇥ 1018 y, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(147Pm) coincident g-rays R0 (fm) HF

1.9489(86) 1.8973(86) 100% 7/2� 0.0 —– 1.583(16) 18+11
�9

* All values from [2014Ca13].

Table 4

direct a emission from 183Au*, Jp = (5/2�), T1/2= 44.6(19) s, BRa = 0.8(2)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(179Ir) coincident g-rays R0 (fm) HF

5.075(10) 4.964(10) 0.2(1)% 0.0016(9)% 0.394 1.5330(75) 6+8
�3

5.198(10) 5.084(10) 0.4(1)% 0.0032(11)% 0.271 1.5330(75) 13+9
�4

5.275(5) 5.160(5) 0.6(1)% 0.0048(14)% 0.1932 0.0925, 0.0997, 0.1932 1.5330(75) 23+12
�7

5.469(5) 5.349(5) 100(1)% 0.8(2)% (5/2�) 0.0 —– 1.5330(75) 1.3+0.6
�0.4

* All values from [1995Bi01].

Table 5

direct a emission from 187mTl, Ex = 333(8) keV*, Jp = (9/2�), T1/2 = 15.60(12) s**, BRa = 0.15(5)%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(183Au) coincident g-rays R0 (fm) HF

5.648(10) 5.528(10)@ 0.15(5)%*** (9/2�) 0.0124(4)@@ 1.494(10) 0.9+0.6
�0.4

* Deduced from a energies of 191Bi decay.
** [1981Mi12].
*** [1991Wa21].
@ [1980Sc09].
@@ [2016Ba19].

Table 6

direct a emission from 191Bi, Jp = (9/2�), T1/2 = 12.1(4) s*, BRa = 51(10)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(187Tl) coincident g-rays R0 (fm) HF

6.450(4) 6.315(4)*** 100%@ 49(10)% (9/2�) 0.333(8) 1.5030(34) 1.1+0.4
�0.3

6.723(15) 6.582(15)@ 0.78%@ 0.40% (3/2+) 0.300 0.300 1.5030(34) 200
6.783(7) 6.641(7)*** 3%@ 1.5(3)% (1/2+) 0.0 —– 1.5030(34) 670

* Weighted average of 11.7(4) s [2013Ny01] and 12.4(4) s [2003Ke04].
** [2003Ke04].
*** [2013Ny01].
@ [1999An36].
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Table 7

direct a emission from 191mBi, Ex = 234(8) keV*, Jp = (1/2+), T1/2 = 116(5) ms**, BRa = 68(5)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(187Tl) coincident g-rays R0 (fm) HF

6.723(15) 6.582(15) 0.24%@@ 0.163(12)% (3/2+) 0.300 0.300 1.5030(34) 36
7.022(4) 6.875(4)@ 100%@@ 68(5)% (1/2+) 0.0 —– 71.5030(34) 1.03(12)

* Deduced from a energies.
** Weighted average of 114(6) ms [2013Ny01], 121+8

�7 ms [2003Ke04] and 115(10) ms [1999An36].
*** [2003Ke04].
@ [2013Ny01].
@@ [1999An36].

Table 8

direct a emission from 195At, Jp = (1/2+), T1/2 = 309(20) ms*, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 191Bi) coincident g-rays R0 (fm) HF

7.100(3) 6.954(3)** ⇡100% (1/2+), 0.234(8) 1.5482(95) 1.6+0.4
�0.3

* Weighted average of 290(20) ms [2013Ny01] and 328(20) ms [2003Ke04].
** Weighted average of 6.956(4) MeV [2013Ny01] and 6.953(3) MeV [2003Ke04]

Table 9

direct a emission from 195mAt, Ex = 33(8) keV, Jp = (7/2�), T1/2 = 144(3) ms*, BRa = 88(4)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 191Bi) coincident g-rays R0 (fm) HF

7.223(3) 7.075(3)*** 100% 84(4)% 0.1486 0.1486 1.5482(95) 49+13
�11

7.373(4) 7.222(4)@ 4.7(5)% 4.0((5)% (9/2�) 0.0 —– 1.5482(95) 7.2+1.6
�1.4

* Weighted average of 143(3) ms [2013Ny01] and 147(5) ms [2003Ke04].
** [2013Ny01].
*** Weighted average of 7.076(5) MeV [2013Ny01] and 7.075(4) MeV [2003Ke04]
@ Weighted average of 7.222(4) MeV [2013Ny01] and 7.221(4) MeV [2003Ke04]

Table 10

direct a emission from 199Fr*, Jp = (1/2+), T1/2 = 5+7
�2 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 195At) coincident g-rays R0 (fm) HF

7.801(20) 7.644(20) 100% (1/2+) 0.0 —- 1.576(11) 1.7+2.4
�0.8

* All values from [2013Uu01].

Table 11

direct a emission from 199m1Fr, Ex. = 57(26) keV, Jp = (7/2�), T1/2 = 7+3
�2 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 195At) coincident g-rays R0 (fm) HF

7.825(15) 7.668(15) 100% 0.033(8) 1.576(11) 2.8+1.4
�1.1

* All values from [2013Uu01].

Table 12

direct a emission from 199m2Fr*, Ex. =300 keV, Jp = (13/2+), T1/2 = 1.6+1.6
�0.6 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 195At) coincident g-rays R0 (fm) HF

7.968(20) 7.808(20) 100% (13/2+) 1.576(11) �1.7

* All values from [2013Uu01].
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Table 13

direct a emission from 203Ac*, T1/2 = 56+269
�25 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 199Fr) coincident g-rays R0 (fm) HF

8.382(16) 8.217(16) 100%

* All values from [2024WaXX].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +13 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

142Ce 0+ stable -4.509(6) —– —–
146Nd 0+ stable -4.256(30) —– —–
150Sm 0+ stable -3.454(20) —– —–
154Gd 0+ stable -1.968(2) —– —–
158Dy 0+ stable -0.963(3) —– —–
162Er 0+ stable -0.294(3) —– —–

166Yb 0+ 56.7(1) h 0.293(14) -4.361(7) 2.022(8) [1970Ka13]
170Hf 0+ 15.82(15) h 1.050(30) -3.167(28) 3.208(30) [1970Ch17]
174W 0+ 33.9(5) m* 1.510(40) -2.104(40) 4.654(33) [1990Me12, 1985Sz03, 1964Sa22]
178Os 0+ 5.0(4) m 2.110(30) -1.131(31) 5.772(31) [1972Be89]
182Pt 0+ 2.2(1) m 2.883(25) 0.093(29) 7.060(31) [1972Fi12]

186Hg 0+ 1.41(8) m** 3.176(24) 0.860(28) 8.088(24) [1970Ha18, 1969Ha03]
190Pb 0+ 71(1) s 3.950(14) 1.921(34) 8.873(24) [1996Ri12]
194Po 0+ 392(4) ms 5.018(14) 3.936(17) 10.937(15) [1993Wa04]
198Rn 0+ 65(2) ms*** 5.478(14) 4.874(17) 12.368(14) [1999Ta03, 1995Bi17]
202Ra 0+ 3.8+1.3

�0.8 ms 5.973(16) 5.893(18) 13.359(16) [2014Ka23]

* Weighted average of 35.3(5) m [1990Me12], 33.2(9) m [1985Sz03] and 29(1) m [1964Sa22].
** Weighted average of 1.42(10) m [1970Ha18], and 1.38(13) m [1969Ha03].
*** Weighted average of 66+3

�2 ms [1999Ta03] and 63(2) ms [1995Bi17].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +13 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

142Ce 8.892(5 ) 15.843(8) 1.304(2)
146Nd 8.589(7) 15.072(3) 1.182(2)
150Sm 8.276(2) 14.221(2) 1.450(1)
154Gd 7.628(1) 13.521(1) 0.920(1)
158Dy 6.932(2) 12.450(2) 0.874(2)
162Er 6.427(2) 11.240(1) 1.648(2)

166Yb 5.953(7) 10.229(7) 2.316(7)
170Hf 5.460(28) 9.252(28) 2.915(29)
174W 5.120(40) 8.403(37) 3.602(40)
178Os 4.564(31) 7.481(31) 4.258(31)
182Pt 3.994(14) 6.390(20) 4.951(5) 0.038(2)% [1995Bi01, 1966Si08, 1963Gr08]

186Hg 3.970(12) 5.785(19) 5.204(10) 0.016(5)% [1970Ha18, 1996Ri12, 1993ToZY, 1969Ha03,
1969NaZT, 1969NaZU]

190Pb 3.089(15) 4.796(14) 5.698(5) 0.24(7)%* [1996Ri12, 1992Wa14, 1984To09, 1974Ho26,
1996Bi17, 1992WaZV, 1989De18, 1981El03,
1977De32, 1974Ho26, 1974JoZU, 1973LiYK
1972Ga27]

194Po 2.409(15) 3.031(14.) 6.987(3) 93(7)% [1994Wa13, 1993Wa04, 1985Va03, 2014Ka23,
2005Uu02, 1993WaZO, 1989De18, 1982LeZN,
1981Le23, 1977De32, 1967Si09, 1967Tr04,
1967Tr06]

198Rn 2.164(16) 2.340(14) 7.349(4) ⇡100%** [1995Bi17, 2014Ka23, 1999Ta03, 1996En02,
1995BiZY, 1993Wa02, 1984Ca32]

202Ra 1.803(18) 1.503(16) 7.880(7) 100%* [2014Ka23, 2005Uu02, 1996Le09]

* Weighted average of 0.37(12)% [1992Wa14], 0.22(7)% [1984To09] and 0.21(7)% [1974Ho26].
** Based on short half-life.
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Table 3
direct a emission from 182Pt*, Jp

i = 0+, T1/2 = 2.2(1) m**, BRa = 0.038(2)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(178Os) coincident g-rays R0 (fm) HF

4.952(5) 4.843(5) 0.038(2)% 0+ 0.0 —– 1.5539(68) 1.0

* All values from [1995Bi01], except where noted.
** [1972Fi12].

Table 4
direct a emission from 186Hg*, Jp

i = 0+, T1/2 = 1.41(8) m**, BRa = 0.016(5)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(182Pt) coincident g-rays R0 (fm) HF

5.208(15) 5.094(15) 0.038(2)% 0+ 0.0 —– 1.500(17) 1.0

* All values from [1970Ha18], except where noted.
** Weighted average of 35.3(5) m [1990Me12], 33.2(9) m [1985Sz03] and 29(1) m [1964Sa22].

Table 5
direct a emission from 190Pb*, Jp

i = 0+, T1/2 = 71(1) s, BRa =0.24(7)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(186Hg)*** coincident g-rays*** R0 (fm) HF

5.169(12) 5.060(12) 0.014(6)% 3.3(17)⇥10�5% 0+ 0.5225(7) 1.4923(55) 23+26
�9

5.297(5) 5.185(5) 0.084(15)% 2.0(7)⇥10�4% 2+ 0.4053 0.4053 1.4923(55) 18+10
�5

5.697(5) 5.577(5) 100% 0.24(7)% 0+ 0.0 —– 1.4923(55) 1.0

* All values from [1996Ri12], except where noted.
** Weighted average of 0.37(12)% [1992Wa14], 0.22(7)% [1984To09] and 0.21(7)% [1974Ho26].
*** [2022Ba26].

Table 6
direct a emission from 194Po, Jp

i = 0+, T1/2 = 392(4) ms*, BRa =93(7)%*.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(190Pb)*** coincident g-rays*** R0 (fm) HF

6.321(7) 6.191(7)** 0.24% 0.22%*** 0+ 0.677(7) 1.724(13) 1.06
6.988(3) 6.844 (3)@ 100.00% 93%*** 0+ 0.0 —– 1.724(13) 1.0

* [1993Wa04].
** [1985Va03].
*** [1994Wa13].
@ Values from [1991Ry01], based on weighted average of 6.847(10) MeV [1967Si09], 6.845(7) MeV (adjusted to 6.847(7) MeV) [1967Tr06], 6.840(5) MeV

[1977De32] and 6.846(5) MeV [1985Va03].

Table 7
direct a emission from 198Rn, Jp

i = 0+, T1/2 = 65(2) ms**, BRa = ⇡100%*.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(194Po)*** coincident g-rays*** R0 (fm) HF

7.035(8) 6.893(8) 0.07(2)% 0.07(2)% 2+ 0.3193(1)*** 0.319 1.7622(23) 110+50
�30

7.354(5) 7.205(5) 100% 99.93(2)% 0+ 0.0 —– 1.7622(23) 1.0

* All values from [1995Bi17], except where noted.
** Weighted average of 66+3

�2 ms [1999Ta03] and 63(2) ms [1995Bi17].
*** [2021Ch50].
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Table 8
direct a emission from 202Ra*, Jp

i = 0+, T1/2 = 3.8+1.3
�0.8 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(198Rn) coincident g-rays R0 (fm) HF

7.878(7) 7.722(7) 100% 0+ 0.0 —– 1.794(23) 1.0

* All values from [2014Ka23]
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +13 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a BRb F Experimental

144Pr* 0� 17.27(4) m -0.319(4) —– —– [1957Pe09]
148Pm* 1� 5.370(15) d 0.542(6) -8.711(17) 1.141(6) [1970Ca09]

152Eu** 3� 13.506(8) d 1.874(1) -6.791(5) 2.095(2) [2010Sc08]
156Tb 3� 5.35(10) d 2.444(4) -5.562(4) 2.247(4) [1959He44]
160Ho 5+ 25.6(3) m 3.290(15) -4.139(15) 3.728(15) [1965St08]
164Tm 1+ 1.9(1) m*** 4.034(25) -2.820(25) 5.339(25) [1965Ba40, 1963Ra15, 1960Wi17]
168Lu 6� 5.5(1) m 4.510(40) -1.819(38) 6.445(38) [1972Ch44]
172Ta (3+) 36.7(4) m 5.070(40) -0.790(28) 7.825(28) [1972Ch45]
176Re (3+) 5.2(4) m 5.580(40) 0.057(40) 8.914(37) [1977Ha24]

180Ir (3+) 1.5(1) m 6.379(27) 1.318(33) 10.239(35) [1972Ak03]
184Au 5+ 21(1) s 7.014(27) 2.594(33) 11.613(27) [1977Za03]

184mAu 0.06846(4) 2+ 46.4(10) s@ 7.082(27) 2.662(33) 11.681(27) [1977Za03, 1992Ro21, 1995Bi01]
188Tl (2�) 71(2) s 7.860(30) 3.403(37) 12.571(33) [1984Co17]
192Bi (3+) 34.6(7) s 9.020(30) 5.459(31) 14.239(31) [1991Va04]

192mBi 0.140(30) (10�) 39.7(4) s@@ 9.160(42) 5.599(43) 14.379(43) [1988Hu03, 1991Va04, 2017Au03]
196At (3+) 371(5) ms 9.560(30) 6.823(31) 16.214(31) 9(1)⇥10�3% [2016Tr07]
200Fr (3+) 48(4) ms@@@ 10.130(30) 7.668(31) 17.177(31) > 1.4% [2014Ka23, 2005De01]

204Ac (3+) 75+23
�15 ms 10.600(34)a 8.496(34)a 18.237(34)a [2022Hu12]

* 100% b� emitter.
** 72% b+, 23% b� emitter.
*** Weighted average of 2.0(1) m [1965Ba40], 1.8(1) m [1963Ra15] and 2.04(10) m [1960Wi17].
@ Weighted average of 48(1) s [1977Za03], 45(1) s [1992Ro21] and 45.8(18) s [1995Bi01].
@@ Weighted average of 39.6(4) s [1988Hu03], 40.6(9) s [1991Va04].
@@@ Weighted average of 46(4) ms [2014Ka23] and 49(4) ms [2005De01].
a Deduced from 204Ac a energy [2022Hu12] and values from [2021Wa16].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +13 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

144Pr 6.433(3) 15.305(7) 1.137(3)
148Pm 6.008(6) 14.770(35) 1.460(6)
152Eu 5.601(1) 13.869(20) 1.552(6)
156Tb 5.310(4) 12.931(4) 0.373(4)
160Ho 4.504(15) 11.489(15) 1.284(15)
164Tm 4.031(25) 10.446(25) 2.049(29)
168Lu 3.772(38) 9.764(40) 2.411(45)
172Ta 3.188(40) 8.602(33) 3.318(47)
176Re 2.719(40) 7.900(40) 3.842(40)

180Ir 2.246(27) 6.902(35) 4.660(35)
184Au 1.834(26) 5.845(31) 5.193(5)*

184mAu 1.766(26) 5.777(31) 5.305(5) 0.013(3)% [1995Bi01, 1995BiZZ, 1993BiZY, 1992BiZZ,
1970Ha18, 1970HaZT]

188Tl 1.507(33) 5.199(37) 5.557(37)
192Bi 0.532(31) 3.746(31) 6.377(4) 12(5)% [1991Va04, 2016Tr07, 2013Ny01, 1988Hu03,

1985HuZY, 1974Le02, 1972Ga27, 1970Ta14]
192mBi 0.393(43) 3.606(43) 6.517(30) 10(3)% [1991Va04, 1988Hu03, 2016Tr07]

196At 0.085(31) 2.468(31) 7.196(3) 97.5(3)% [2016Tr07, 2022Hu12, 2019Gh11, 2014Ka23,
2013Ny01, 2005De01, 2004DeZV, 1997Pu01,
1996En01, 1995Mo14, 1967Tr04, 1967Tr06]

200Fr -0.404(31) 1.736(31) 7.622(4) >97.5% [2014Ka23, 2022Hu12, 2013Uu01, 2005De01,
2004DeZV, 1996En01, 1996MoZV, 1995LeZY,
1995Mo14, 1995NoZW]

204Ac -0.771(35)*** 1.019(34)*** 8.107(15)*** ⇡100%** [2022Hu12]

* Deduced from a energy, 5.234(5) in [2021Wa16].
** Based on short half-life.
*** Deduced from 204Ac a energy [2022Hu12] and values from [2021Wa16].

2



Table 3

direct a emission from 184mAu*, Jp
i = 2+, Ex = 68.46(4) keV**, T1/2 = 46.4(10) s***, BRa = 0.013(3)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(180Ir) coincident g-rays R0 (fm)@ HF

5.051(5) 4.980(5) 23(1)% 1.4(3)⇥10�3% 0.212 0.0897, 0.1304, 0.1717, 0.1838, 0.1979, 0.2124 1.527(18) 4.7+2.7
�1.8

5.096(5) 5.024(5) 22(1)% 1.3(3)⇥10�3% 0.167 0.0502, 0.1426 1.527(18) 9+5
�3

5.137(15) 5.065(15) 14(1)% 9(2)⇥10�4% 0.114 0.1135 1.527(18) 26+16
�10

5.182(5) 5.109(5) 100(1)% 6.1(14)⇥10�3% 0.0804 0.0553, 0.0804 1.527(18) 5.5+3.1
�2.1

5.261(5) 5.187(5) 55(1)% 3.3(8)⇥10�3% (3+) 0.0 —– 1.527(18) 27+15
�19

* All values from [1995Bi01], except where noted.
** [2005Sa40].
*** Weighted average of 48(1) s [1977Za03], 45(1) s [1992Ro21] and 45.8(18) s [1995Bi01].
@ Interpolated between 1.5539(68) fm 182Pt and 1.500(17) 186Hg.

Table 4

direct a emission from 192Bi*, Jp
i = (3+), T1/2 = 34.6(7) s, BRa = 12(5)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(188Tl) coincident g-rays R0 (fm)** HF

6.189(5) 6.060(5) 100% 11.6(5)% (3+) 0.1846 0.1846 1.608(14) 11+9
�5

6.378(5) 6.245(5) 3.1(6)% 0.36(17)% (2�) 0.0 —– 1.608(14) 2.1+20
�9 ⇥103

* All values from [1991Va04], except where noted.
** Interpolated between 1.4923(55) fm 190Pb and 1.724(13) 194Po.

Table 5

direct a emission from 192mBi*, Jp
i = (10�), Ex = 140(30) keV**, T1/2 = 39.7(4) s***, BRa = 120(3)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(188Tl) coincident g-rays R0 (fm)@ HF

6.181(5) 6.052(5) 100% 9.(3)% 10� 0.337(30) 0.0336, 0.1031, 0.2688 1.608(14) 15+9
�5

6.210(10) 6.081(10) 7.2(7)% 0.65(21)% 9� 0.304(30) 0.1031, 0.2688 1.608(14) 280+160
�100

6.386(5) 6.253(5) 0.6(2)% 0.05(2)% 6+ 0.138(30) 0.1031 1.608(14) 1.8+1.9
�0.7 ⇥104

6.483(5) 6.348(5) 2.5(2)% 0.23(7)% 7+ 0.035(30) 1.608(14) 1.0+0.6
�0.4 ⇥104

* All values from [1991Va04], except where noted.
** [2017Au03].
*** Weighted average of 39.6(4) s [1988Hu03], 40.6(9) s [1991Va04].
@ Interpolated between 1.4923(55) fm 190Pb and 1.724(13) fm 194Po.

Table 6

direct a emission from 196At*, Jp
i = (3+), T1/2 = 371(5) ms, BRa = 97.5(3)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(192Bi) coincident g-rays R0 (fm)** HF

6.782(8) 6.644(8) 0.14(3)% 0.14(3)% 0.409(8) 0.200, 0.221 1.743(13) 5.5+2.3
�1.7⇥103

6.887(5) 6.746(5) 1.84(6)% 1.79(6)% 0.316 0.116, 0.200, 0.316 1.743(13) 940+270
�5210

6.997(6) 6.854(6) 0.27(3)% 0.26(3)% 0.200 0.200 1.743(13) 1.7+0.5
�0.4⇥104

7.200(5) 7.053(5) 100.0(1)% 97.5(3)% (3+) 0.0 —– 1.743(13) 220+60
�50

* All values from [2016Tr07].
** Interpolated between 1.724(13) fm 194Po and 1.7622(23) fm 198Rn.

Table 7

direct a emission from 200Fr*, Jp
i = (3+), T1/2 = 48(4) ms**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(196At) coincident g-rays R0 (fm)*** HF

7.622(5) 7.470(5) ⇡ 100% (3+) 0.0 —– 1.778(23) 250+140
�90

* All values from [2014Ka23], except where noted.
** Weighted average of 46(4) ms [2014Ka23] and 49(4) ms [2005De01].
*** Interpolated between 1.7622(23) fm 198Rn and 1.794(23) fm 202Ra.
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Table 8

direct a emission from 204Ac*, T1/2 = 75+23
�15 ms, BRa = >97.5%.

Ea (c.m.) Ea (lab) Ia (abs) Edaughter(200Fr) coincident g-rays R0 (fm) HF

8107(15) 7.948(15) ⇡ 100% 0.0 —–

* All values from [2014Ka23].
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +27/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 143Ce, 147Nd, 151Sm, 155Gd, 159Dy, 163Er, 167Yb, 171Hf, 175W, 179Os 183Pt and 187Hg are taken from ENSDF

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

143Ce* 3/2� 33.039(6) h -3.435(8) —– —– [1989Ab18]
147Nd* 5/2� 11.03(3) d -2.703(16) —– —– [2019Br01]
151Sm* 5/2� 90(6) y** -1.190(4) —– —– [1968Re04, 1965Fl02]

155Gd 3/2� stable stable —– —–
159Dy 3/2� 144.4(2) d 0.365(1) -5.766(1) 0.226(2) [1959Ke28]
163Er 5/2� 75.1(4) m 1.211(5) -4.275(5) 1.940(5) [1963Pe16]

167Yb 5/2� 17.5(2) m*** 1.953(4) -2.955(4) 3.363(4) [1964Wa04, 1960Wi15]
171Hf 7/2+ 12.1(4) h 2.397(29) -1.956(29) 4.687(29) [1970Ch17]
175W (1/2�) 35.2(6) m 2.780(40) -1.077(28) 5.771(28) [1984Sz07]
179Os 1/2� 6.3(3) m 3.564(29) 0.098(22) 6.964(32) [1976Be62]
183Pt 1/2� 6.5(10) m 4.429(28) 1.547(26) 8.386(28) [1963Gr08]

187Hg 3/2� 2.2(3) m 4.910(26) 2.457(25) 9.659(28) [1970Ha18]
191Pb (3/2�) 1.3(3) m 5.992(10) 3.790(17) 10.313(23) [1974Le02]
195Po (3/2�) 4.64(9) s 6.909(8) 5.802(18) 12.741(10) [1993Wa04]

195mPo 0.150(10) (13/2+) 1.92(2) s 7.059(13) 5.952(21) 12.891(14) [2017Al34, 1993Wa04

199Rn (3/2�) 620(25) ms@ 7.264(9) 6.624(19) 14.041(9) [1984Ca32, 1999Ti03]
199mRn 0.223(12) (13/2+) 316(16) ms@@ 7.487(15) 6.847(22) 14.264(15) [1984Ca32, 1999Ti03]

203Ra (3/2�) 31+17
�9 ms 7.725(12) 7.587(20) 15.000(11) [2005Uu02]

203mRa 0.249(13) (13/2+) 24+6
�4 ms 7.975(18) 7.837(24) 15.250(17) [2005Uu02]

207Th 9.7+46.6
�4.4 ms 8.164(65)@@@ 8.459(31)@@@ 16.013(26)@@@ [2022Ya15]

* 100% b� emitter.
** Weighted average of 93(8) y [1968Re04] and 87(9) y [1965Fl02].
*** Weighted average of 17.7(2) m [1960Wi15] and 17.3(2) m [1964Wa04].
@ Weighted average of 620(25) ms [1984Ca32] and 570(30) ms [1999Ti03].
@@ Weighted average of 325(25) ms [1984Ca32] and 310(20) ms [1999Ti03].
@@@ Deduced from our mass excess (19314(25) keV) for 207Th and daughter mass excesses from [2021Wa16].
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Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +27/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

143Ce 8.871(6) 16.452(6) 0.883(2)
147Nd 8.762(34) 15.658(34) 1.035(2)
151Sm 8.268(20) 14.779(2) 1.145(1)
155Gd 7.621(1) 14.088(1) 0.081(1)
159Dy 6.985(1) 12.921(1) 0.478(1)
163Er 6.416(6) 11.690(5) 1.575(5)

167Yb 5.992(12) 10.646(4) 2.153(6)
171Hf 5.414(33) 9.634(29) 2.734(29)
175W 5.181(40) 8.799(40) 3.374(40)
179Os 4.656(32) 7.896(32) 4.188(32)
183Pt 4.010(25) 6.801(29) 4.822(9) 9.6(5)⇥10�3% [1995Bi01, 1993BiZY, 1966Si08, 1963Gr08]

187Hg 3.693(25) 6.008(20) 5.145(20)* >3.7⇥10�3% [1970Ha18, 1969NaZT, 1969NaZU]
191Pb 3.214(10) 5.243(32) 5.402(14) 0.051(5)% [2010Co13, 1974Ho26, 1974Le02, 1974JoZU]
195Po 2.383(8) 3.465(12) 6.750(3) 94(4)% [2010Co13, 2017Al34, 2005Uu01, 2002Va13,

1993Wa04, 1982LeZN, 1967Si09, 1967Tr04,
1967Tr06]

195mPo 2.233(13) 3.315(16) 6.900(10) 93(7)% [2010Co13, 2017Al34, 1993Wa04, 2005Uu01,
2002Va13, 1982LeZN, 1967Si09, 1967Tr04,
1967Tr06]

199Rn 2.140(9) 2.745(12) 7.132(4) ⇡ 100%** [2005Uu02, 2014Ka23, 1999Ta03, 1993Wa04,
1984Ca32, 1982Hi14, 1982HiZR, 1981En02,
1980Di07]

199mRn 1.917(15) 2.522(17) 7.355(13) ⇡ 100%** [2005Uu02, 2014Ka23, 1999Ta03, 1993Wa04,
1984Ca32, 1982Hi14, 1982HiZR, 1980Di07]

203Ra 1.789(11) 1.869(14) 7.736(6) ⇡ 100%** [2014Ka23, 2005Uu02, 1996Le02]
203mRa 1.539(17) 1.8619(14) 7.986(19) ⇡ 100%** [2014Ka23, 2005Uu02, 1996Le02]

207Th 1.455(74)@ 1.068(34)@ 8.328(21)*** ⇡ 100%** [2022Ya15]

* Deduced from a energy, 5.230(14) in [2021Wa16].
** Not measured, based on short half-life.
*** Deduced from a energy, assuming it feeds the ground state of 203Ra, giving a mass excess for 207Th of 19314(25) keV.
@ Deduced from our mass excess (19314(25) keV) for 207Th and daughter mass excesses from [2021Wa16].

Table 3

direct a emission from 183Pt*, Jp
i = 1/2�, T1/2 = 6.5(10) m**, BRa = 9.6(5)⇥10�3%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(179Os) coincident g-rays R0 (fm) HF

4.819(10) 4.714(10) 9.6(5)⇥10�3% 1/2� 0.0 —– 1.548(17) 1.5+0.7
�0.5

* All values from [1995Bi01], except where noted.
** [1963Gr08].

Table 4

direct a emission from 187Hg*, Jp
i = 3/2�, T1/2 = 2.2(3) m, BRa = >3.7⇥10�3%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(183Pt) coincident g-rays R0 (fm) HF

4.976(20) 4.870(20) 32(5)% >1.2⇥10�3% 0.169(28) 1.490(16) <1.3
5.145(20) 5.035(20) 100% >2.5⇥10�3% 1/2� 0.0 —– 1.490(16) <3.5

* All values from [1970Ha18].
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Table 5

direct a emission from 191Pb*, Jp
i = (3/2�), T1/2 = 1.3(3) m, BRa = 0.051(5)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(187Hg) coincident g-rays R0 (fm) HF

5.403(20) 5.290(20) 0.051(5)%** 3/2� 0.0 —– 1.4964(71) 1.4+1.4
�0.7

* All values from [1974Le02], except where noted.
** [2010Co13].

Table 6

direct a emission from 195Po*, Jp
i = (3/2�), T1/2 = 4.64(9) s**, BRa = 94(4)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(191Pb) coincident g-rays R0 (fm) HF

6.110(10) 5.985(10) 0.036(3)% 0.034(3)% (3/2�) 0.642 0.2148, 0.427 1.5120(34) 11.5(14)
6.153(5) 6.027 5(5) 0.34(3)% 0.32(3)% (3/2�) 0.5972 0.2148, 0.383, 0.5972 1.5120(34) 1.91(24)
6.533(10) 6.399(10) 0.054(12)% 0.051(12)% (5/2�) 0.20148 0.2148 1.5120(34) 450+150

�100
6.744(5) 6.606(5) 100.00(2)% 94(4)% (3/2�) 0.0 —– 1.5120(34) 1.64(16)

* All values from [2010Co13], except where noted.
** [1993Wa04].

Table 7

direct a emission from 195mPo*, Ex. = 150(10) keV, Jp
i = (13/2+), T1/2 = 1.92(2) s***, BRa = 93(7)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(191Pb) coincident g-rays R0 (fm) HF

6.174(5) 6.047(5) 0.17(1)% 0.16(2)% (13/2+) 0.725(12) 0.6697 1.5120(34) 1.99(24)
6.839(5) 6.699(5) 100.00(1)% 93(7)% (13/2+) 0.55(12) 1.5120(34) 1.54(17)

* All values from [2010Co13], except where noted.
** [2017Al34].
*** [1993Wa04].

Table 8

direct a emission from 199Rn*, Jp
i = (3/2�), T1/2 = 620(25) ms**, BRa = ⇡ 100%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(195Po) coincident g-rays R0 (fm) HF

7.132(6) 6.989(6) ⇡ 100% (3/2�) 0.0 —– 1.5330(60) ⇡1.4

* All values from [2005Uu02], except where noted.
** Weighted average of 620(25) ms [1984Ca32] and 570(30) ms [1999Ti03].
*** Not measured, based on short half-life.

Table 9

direct a emission from 199mRn*, Ex. = 223(12) keV, Jp
i = (13/2+), T1/2 = 316(16) ms**, BRa = ⇡ 100%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(195Po) coincident g-rays R0 (fm) HF

7.205(6) 7.060(6) ⇡ 100% (13/2+) 0.150(10) 1.5330(60) ⇡1.3

* All values from [2005Uu02], except where noted.
** Weighted average of 325(25) ms [1984Ca32] and 310(20) ms [1999Ti03].
*** Not measured, based on short half-life.
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Table 10

direct a emission from 203Ra, Jp
i = (3/2�), T1/2 = 31+17

�9 ms*, BRa = ⇡ 100%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(199Rn) coincident g-rays R0 (fm) HF

7.736(8) 7.584(8)** ⇡ 100% (3/2�) 0.0 —– 1.549(15) 1.9(12)

* [2005Uu02].
** Weighted average of 7.575(10) MeV [2014Ka23] and 7.589(8) MeV [2005Uu02].
*** Not measured, based on short half-life.

Table 11

direct a emission from 203mRa, Ex. = 250(13) keV, Jp
i = (13/2+), T1/2 = 24+6

�4 ms*, BRa = ⇡ 100%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(199Rn) coincident g-rays R0 (fm) HF

7.763(6) 7.610(6)** ⇡ 100% (13/2+) 0.223(12) 1.5330(60) 1.8(8)

* [2005Uu02].
** Weighted average of 7.575(10) MeV [2014Ka23] and 7.589(8) MeV [2005Uu02].
*** Not measured, based on short half-life.

Table 12

direct a emission from 207Th*, T1/2 = 9.7+46.6
�4.4 ms, BRa = ⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(203Ra) coincident g-rays R0 (fm) HF

8.328(21) 8.167(21) ⇡ 100% 0.0*** —–

* All values from [2022Ya15].
** Not measured, based on short half-life.
*** Transition assumed to feed the ground state.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +27/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

141La* 7/2+ 3.92(3) h -3.197(7) —– —– [1981Ge04]
145Pr* 7/2+ 5.984(10) h -2.560(30) —– —– [1980Ge11]

149Pm* 7/2+ 53.09(9) h -1.689(3) —– —– [1960Bu06]
153Eu 5/2+ stable stable —– —–
157Tb 3/2+ 99(10) y 0.060 -7.970(3) -0.629(1) [1983Be42]
161Ho 7/2� 2.48(5) h 0.859(2) -6.649(2) 1.203(2) [1965Ab04]
165Tm 1/2+ 30.06(5) h 1.591(2) -5.238(2) 2.701(2) [1970Ka23]
169Lu 7/2+ 34.06(5) h 2.293(3) -4.059(3) 4.014(3) [1970Ka23]
173Ta 5/2� 3.65(5) h 3.020(40) -2.949(28) 5.554(28) [1963Sa14]
177Re 5/2� 14(1) m 3.430(40) -2.193(42) 6.718(40) [1970Go20]

181Ir 5/2� 4.90(15) m 4.087(26) -0.915(22) 7.814(28) [1978La04]
185Au 5/2� 4.2(1) m 4.830(26) 0.464(28) 9.267(25) [1995Bi01]
189Tl (1/2+) 2.3(2) m 5.010(30) 0.466(9) 9.647(27) [1976Ha25]
193Bi (9/2�) 67(3) s** 6.345(13) 2.699(33) 11.317(32) [1985Co06, 1972Ga27]

193mBi 0.307(7) (1/2+) 3.4(2) s*** 6.652(15) 3.006(34) 11.624(33) [1985Co06, 1972Ga27]
197At (9/2�) 388(6) ms 7.038(13) 4.365(26) 13.449(13) [1999Sm07]

197mAt 0.048(10) (1/2+) 2.0(2) s 7.086(16) 4.413(28) 13.497(16) [1999Sm07]
201Fr (9/2�) 63(3) ms@ 7.696(14) 5.287(26) 14.557(13) [2014Ka23, 2005De01, 2005Uu02]

201mFr 0.130(14) (1/2+) 10+12
�3 ms@@ 7.826(20) 5.417(30) 14.687(19) [2014Ka23, 2005Uu02]

205Ac (9/2�) 20+97
�9 ms 8.300(60) 6.210(64) 15.789(60) [2014Zh03]

* 100% b� emitter.
** Weighted average of 67(3) s [1985Co06] and 62.2(36) s [1972Ga27].
*** Weighted average of 3.2(2) s [1985Co06] and3.48(18) s [1972Ga27].
@ Weighted average of 64(3) ms [2014Ka23], 67(3) ms [2005De01] and 53(4) ms [2005Uu02].
@@ Weighted average of 8+12

�3 ms [2014Ka23],and 19+19
�6 ms [2005Uu02].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +27/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental
141La 6.951(9) 16.807(5) 1.191(4)
145Pr 6.483(7) 16.032(10) 0.879(8)

149Pm 5.945(2) 15.198(16) 1.137(7)
153Eu 5.893(1) 14.559(5) 0.272(2)
157Tb 5.517(0) 13.523(1) 0.179(1)
161Ho 4.813(2) 12.242(2) 1.143(2)
165Tm 4.276(1) 11.130(2) 1.841(3)
169Lu 3.792(3) 10.117(3) 2.423(3)
173Ta 3.283(37) 9.146(28) 3.261(28)
177Re 2.917(40) 8.438(40) 3.702(40)

181Ir 2.396(17) 7.457(25) 4.381(28)
185Au 1.815(15) 6.234(25) 5.180(5) 0.26(6)% [1995Bi01, 1993BiZY, 1991Bi04, 1970Ha18, 1968De01,

1968Si01, 1965Si07]
189Tl 1.707(11) 6.165(24) 4.817(9)
193Bi 0.622(9) 4.180(11) 6.307(5) 2.2(5)% [2005De01, 1985Co06, 1972Ga27, 2004DeZV, 1993An19,

1990AnZR, 1989AnZF, 1984Co13, 1982LeZN, 1978Va21,
1974Le02, 1970Ta14, 1967Tr06]

193mBi 0.315(11) 3.873(13) 6.614(9) 75(25)% [1993An19, 1985Co06, 1972Ga27, 2005De01, 2004DeZV
1984Co13, 1982LeZN, 1978Va21, 1974Le02, 1970Ta14,
1967Tr06]

197At 0.175(10) 2.908(10) 7.104(3) ⇡ 100%* [2014Ka23, 2005De01, 2005Uu02, 1999Sm07, 1996En01,
2015We13, 2004DeZV, 1986Co12, 1985HuZY, 1967Tr04,
1967Tr06]

197mAt 0.127(14) 2.860(14) 7.152(10) ⇡ 100%* [2014Ka23, 2005De01, 1999Sm07, 2004DeZV, 1986Co12,
1985HuZY]

201Fr -0.300(11) 2.166(11) 7.519(4) ⇡ 100%* [2014Ka23, 2005De01, 2005Uu02, 1996En01, 2004DeZV,]
1980Ew03, 1979Ca16]

201mFr -0.430(17) 2.036(18) 7.649(14) 100%* [2014Ka23, 2005Uu02]
205Ac -0.757(60) 1.348(60) 8.093(59) ⇡ 100%* [2014Zh03]

* Based on short half-life.
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Table 3

direct a emission from 185Au*, Jp
i = 5/2�, T1/2 = 4.2(1) m, BRa = 0.26(6)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(181Ir) coincident g-rays** R0 (fm) HF

4.680(10) 4.579(10) 0.03(1)% 7.8(32)⇥10�5% 0.501 1.521(22) 3.0+2.8
�1.4

4.933(10) 4.826(10) 0.15(1)% 3.9(9)⇥10�4% (3/2�, 5//2�) 0.243 0.112, 0.131, 0.243 1.521(22) 20+14
�9

5.181(5) 5.069 5(5) 100(1)% 0.26(6)% (5/2�) 0.0 —– 1.521(22) 0.7+4
�3

* All values from 1005Bi01], except where noted.
** [2005Wu07 ].

Table 4

direct a emission from 193Bi, Jp
i = (9/2�), T1/2 = 67(3) s*, BRa = 2.2(5)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(189Tl) coincident g-rays R0 (fm) HF

6.024(5) 5.899(5)*** 100% 0.021(5)% (9/2�) 0.281(7) 1.5059(63) 2.9+1.1
�0.8

6.305(5) 6.174(5)*** 4.4(5)% 9.3(2)⇥10�4% (1/2+) 0.0 —– 1.5059(63) 1000+500
�300

* Weighted average of 67(3) s [1985Co06] and 62.2(36) s [1972Ga27].
** [2005De01].
*** [1985Co06].

Table 5

direct a emission from 193mBi, Ex = 307(7) keV, Jp
i = (1/2+), T1/2 = 3.4(2) s*, BRa = 75(25)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(189Tl) coincident g-rays R0 (fm) HF

6.612(5) 6.475(5)*** 75(25)%** (1/2+) 0.0 —– 1.5059(63) 1.0+0.6
�0.3

* Weighted average of 3.2(2) s [1985Co06] and3.48(18) s [1972Ga27].
** [1993An19].
*** [1985Co06].

Table 6

direct a emission from 197At, Jp
i = (9/2�), T1/2 =388(6) ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(193Bi) coincident g-rays R0 (fm) HF

7.105(3) 6.961(3)** ⇡ 100% (9/2�) 0.0 —– 1.5291(28) 1.53(10)

* [1999Sm07].
** Weighted average of 6.963(5) MeV [2014Ka23], 6.963(4) MeV [2005De01], 6.959(6) MeV [2005Uu02], 6.960(5) [1999Sm07] and 6.956(5) MeV [1996En01].

Table 7

direct a emission from 197mAt*, Ex = 48(10) keV, Jp
i = (1/2+), T1/2 = 2.0(2) s, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(193Bi) coincident g-rays R0 (fm) HF

6.846(5) 6.707(5)** ⇡ 100% (1/2+) 0.307(7) 1.5291(28) 0.93(12)

* All values from [1999Sm07].

Table 8

direct a emission from 201Fr, Jp
i = (9/2�), T1/2 =63(3) ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(197At) coincident g-rays R0 (fm) HF

7.519(5) 7.369(5)** ⇡ 100% (9/2�) 0.0 —– 1.547(12) 1.7+0.5
�0.4

* Weighted average of 64(3) ms [2014Ka23], 67(3) ms [2005De01] and 53(4) ms [2005Uu02].
** Weighted average of 7.369(5) MeV [2014Ka23], 7.379(7) MeV [2005De01], 7.369(8) MeV [2005Uu02], and 7.361(7) MeV [1996En01].
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Table 9

direct a emission from 201mFr, Ex = 130(14) keV, Jp
i = (1/2+), T1/2 = 10+12

�3 ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(197At) coincident g-rays R0 (fm) HF

7.601(8) 7.450(8)** 100% (1/2+) 0.048(10) 1.547(12) 0.5+0.5
�0.2

* Weighted average of 8+12
�3 ms [2014Ka23],and 19+19

�6 ms [2005Uu02].
** Weighted average of 7.445(8) MeV [2014Ka23], and 7.454(8) MeV [2005Uu02].

Table 10

direct a emission from 205Ac*, Jp
i = (9/2�), T1/2 = 20+97

�9 ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(201Fr) coincident g-rays R0 (fm) HF

8.093(30) 7.935(30) ⇡ 100% (9/2�) 0.0 —– 1.541(17) 6+6
�3

* All values from [2014Zh03].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +14 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +14 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

160Dy 0+ stable —– —– —–
164Er 0+ stable —– —– —–

168Yb 0+ stable —– —– —–
172Hf 0+ 1.86(3) y 0.334(25) -4.384(24) 2.485(24) [1971Ch57]
176W 0+ 2.3(1) h 0.720(40) -3.449(28) 3.670(28) [1963Va20]
180Os 0+ 21.7(6) m 1.481(27) -2.350(21) 4.584(35) [1966Ho16]
184Pt 0+ 17.3(2) m 2.280(30) -0.958(52) 6.080(26) [1972Fi12]

188Hg 0+ 3.25(15) m 2.173(7) -0.802(25) 6.988(29) [1972Fi12]
192Pb 0+ 3.5(1) m 3.320(30) 0.751(23) 7.395(6) [1979To06]
196Po 0+ 5.8(2) s 4.540(25) 2.980(7) 9.979(32) [1985Va03]
200Rn 0+ 1.06(2) s 4.987(25) 3.949(8) 11.584(25) [1984Ca32]
204Ra 0+ 58+10

�7 ms* 5.454(26) 4.956(11) 12.624(26) [2005Uu02, 1996Le09]
208Th 0+ 1.7+1.7

�0.6 ms 5.930(70) 5.885(66) 13.656(40) [2010He25]

* Weighted average of 54+19
�11 ms [2005Uu02] and 59+12

�9 ms [1996Le09].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +14 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

160Dy 7.429(1) 13.560(1) 0.438(1)
164Er 6.854(0) 12.339 1.305(0)

168Yb 6.326(1) 11.234 1.938(1)
172Hf 5.863(24) 10.216(24) 2.753(24)
176W 5.522(40) 9.375(28) 3.336(37)
180Os 5.061(29) 8.527(22) 3.860(32)
184Pt 4.419(29) 7.301(26) 4.599(8) 1.7(7)⇥10�3% [1995Bi01, 1993BiZY, 1966Si08, 1963Gr08]

188Hg 4.459(24) 6.912(23) 4.709(15) ⇡3.7⇥10�5% [1979Ha10, 1993ToZY]
192Pb 3.558(9) 5.759(17) 5.222(5) 6.0(5)⇥10�3%* [1992Wa14, 1979To06, 1992WaZV, 1984To09, 1974Ho16,

1974Le02]
196Po 2.732(8) 3.839(18) 6.658(2) 94(5)% [1996Ta18, 1993Wa04, 1985Va03, 2016Tr07, 1993WaZO,

1992WaZV, 1967Si09, 1967Tr06, 1965Si22]
200Rn 2.466(8) 3.105(18) 7.043(2) 86+14

�4 % [1995Bi17, 1993Wa04, 1984Ca32, 2015We15, 2005Uu02
1995BiZY, 1992WaZV, 1971Ho01]

204Ra 2.104(11) 2.242(20) 7.637(7) ⇡ 100%** [2005Uu02, 1996Le09, 1995Le04, 1995Le15, 1995LeZY]
208Th 1.747(65) 1.456(37) 8.202(31) 100% [2010He25]

* Weighted average of 6.2(6)⇥10�3% [1992Wa14] and 5.7(10)⇥10�3% [1979To06].
** Based on short half-life.

Table 3
direct a emission from 184Pt*, Jp

i = 0+, T1/2 = 17.3(2) m**, BRa = 1.7(7)⇥10�3%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(180Os) coincident g-rays R0 (fm) HF

4.602(10) 4.502(10) 1.7(7)⇥10�3% 0+ 0.0 —– 1.542(27) 1.0+0.7
�0.3

* All values from [1995Bi01], except where noted.
** [1972Fi12].

Table 4
direct a emission from 188Hg*, Jp

i = 0+, T1/2 = 3.25(15) m**, BRa = ⇡3.7⇥10�5%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(184Pt) coincident g-rays R0 (fm) HF

4.710(20) 4.610(20) 1.7(7)⇥10�3% 0+ 0.0 —– 1.480(15) 1.01

* All values from [1979Ha10], except where noted.
** [1972Fi12].
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Table 5
direct a emission from 192Pb*, Jp

i = 0+, T1/2 = 3.5(1) m, BRa = 6.0(5)⇥10�3%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(188Hg) coincident g-rays R0 (fm) HF

5.221(5) 5.112(5) 6.0(5)⇥10�3%** 0+ 0.0 —– 1.5126(28) 0.98(9)

* All values from [1979To06], except where noted.
** Weighted average of 6.2(6)⇥10�3% [1992Wa14] and 5.7(10)⇥10�3% [1979To06].

Table 6
direct a emission from 196Po, Jp

i = 0+, T1/2 = 5.8(2) s*, BRa = 94(5)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 192Pb) coincident g-rays R0 (fm) HF

6.654(1) 6.518(1)*** 94(5)%** 0+ 0.0 —– 1.5005(86) 1.00(6)

Table 7
direct a emission from 200Rn, Jp

i = 0+, T1/2 = 1.06(2) s*, BRa = 86+14
�4 %**.

Ea (c.m.) Ea (lab) Ia (abs) Ia (abs) Jp
f Edaughter( 196Po) coincident g-rays R0 (fm) HF

6.485(6) 6.355(6) 6(2)⇥10�3% 5.2+10
�5 ⇥10�3% 0+ 0.558(7) 1.5205(93) 140+90

�40
6.586(4) 6.454(4) 8.1(7)⇥10�3% 7.0+14

�9 ⇥10�3% 2+ 0.4631(1)@ 0.4631(1)@ 1.5205(93) 242+60
�24

7.0433(25) 6.9024(25) 100% 86+14
�4 % 0+ 0.0 —– 1.5205(93) 1.3+4

�1

* [1984Ca32].
** [1993Wa04].
*** [1996Tr18].
@ [2007Hu13].

Table 8
direct a emission from 204Ra, Jp

i = 0+, T1/2 = 58+10
�7 ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 200Rn) coincident g-rays R0 (fm) HF

7.636(6) 7.486(6)** ⇡ 100% 0+ 0.0 —– 1.525(14) 1.07(19)

* Weighted average of 54+19
�11 ms [2005Uu02] and 59+12

�9 ms [1996Le09].
** Weighted average of 7.486(8) MeV [2005Uu02], 7.484(10) MeV [1996Le09], and 7.488(12) MeV [1995Le04].

Table 9
direct a emission from 208Th*, Jp

i = 0+, T1/2 = 1.7+1.7
�0.6 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 204Ra) coincident g-rays R0 (fm) HF

8.202(30) 8.044(30) 100% 0+ 0.0 —– 1.555(18) 0.66+0.66
�0.24

* All values from [2010He25].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +14 nuclei. Jp values for 162Ho, 1466Tm, 170Lu, 174Ta, 178Re, 182Ir, and 190Tl are taken
from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex Jp T1/2 Qe Qe p Qe a BReF Experimental

162Ho 1+ 15.0(10) h 0.294(3) -5.868(3) 2.224(3) [1965St08]
166Tm 2+ 7.70(4) h* 3.038(12) -4.277(12) 3.870(12) 1960Wi12, 1960Gr15]
170Lu 0+ 2.03(3) d** 3.458(17) -3.321(17) 5.193(17) [1970Ka23, 1960Wi14]
174Ta 3+ 1.06(4) h 4.104(28) -2.149(28) 6.598(28) [1985Sz03]
178Re 3+ 13.2(2) m 4.750(30) -1.228(28) 7.766(28) [1970Go20]

182Ir 3+ 15(1) m 5.560(30) 0.177(24) 8.930(26) [1972Ak03]
186Au 3� 10.7(5) m 6.150(30) 1.332(35) 10.469(30) [1970Jo02]
190Tl 2� 2.6(3) m 7.004(17) 1.927(21) 11.073(23) [1976Bi09]
194Bi (3+) 95(3) s 8.185(18) 4.165(9) 12.923(17) [1991Va04]

194mBi 0.161(8) (10�) 114(4) s 8.346(20) 4.326(12) 13.084(19) [2019Gi11, 1991Va04]
198At (3+) 4.47(5) s 8.765(18) 5.689(10) 15.074(18) [2019Gi11]

198mAt 0.265(3) (10�) 1.25(5) s*** 9.028(18) 5.954(10) 15.339(18) [2019Gi11, 2014Ka23]
202Fr (3+) 372(10) ms 9.376(19) 6.602(10) 16.150(18) obs [2014Ka23, 2014Gh09]

202mFr 0.253(8) (10�) 286(13) ms 9.629(21) 6.855(13) 16.403(20) obs [2014Ka23, 2014Gh09]
206Ac (3+) 22+9

�5 ms 9.920(70) 7.506(66) 17.334(67) [1998Es02]
206mAc 0.198(30) (10�) 33+22

�9 ms 10.118(76) 7.704(72) 17.532(73) [1998Es02]
210Pa 6.0+1.5

�1.1 ms 10.470(91) 8.221(62) 23.209(23) [2025ZhXX]

* Weighted average of 7.69(5) h [1960Wi12] and 7.74(8) h [1960Gr15].
** Weighted average of 2.02 d [1970Ka23] and 2.05(5) h [1960Wi14].
*** Weighted average of 1.28(10) s [2019Gh11] and 1.24(6) s [2014Ka23].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +14 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

162Ho 5.274(3) 12.782(3) 1.005(3)
166Tm 4.654(12) 11.484(12) 1.729(12)
170Lu 4.220(17) 10.572(17) 2.155(20)
174Ta 3.618(40) 9.583(28) 3.141(33)
178Re 3.241(40) 8.866(42) 3.662(40)

182Ir 2.791(33) 7.792(30) 4.177(35)
186Au 2.316(33) 6.682(35) 4.912(14) 8(2)⇥10�4% [1990Ak04, 1995Bi01, 1993BiZY, 1992BiZZ]
190Tl 2.029(32) 6.573(8) 4.924(22)
194Bi 1.083(12) 4.729(32) 5.918(5) 0.46(25)% [1991Va04, 1988Hu03, 1985HuZY]

194mBi 0.922(14) 4.568(33) 6.079(9) 0.20(7)% [1991Va04, 1988Hu03, 1985HuZY, 1974Le02, 1970Ta14]
198At 0.605(11) 3.278(25) 6.889(2) >94% [2019Gi11, 2014Ka23, 1995BiZZ, 2015We13, 2005Uu02,

2005Uu03, 1999Ta03, 1998Bo14, 1992Hu04, 1980Ew03,
1967Tr04, 1967Tr06

198mAt 0.340(11) 3.013(25) 7.154(4) >86% [2019Gi11, 2014Ka23, 1995BiZZ, 2005Uu02, 2005Uu03,
1999Ta03, 1998Bo14, 1996En01, 1992Hu04, 1980Ew03,
1967Tr04, 1967Tr06

202Fr 0.080(12) 2.489(25) 7.385(4) 97.6(2)%* [2019Gh11, 2014Ka23, 2014Ly01, 2005Uu02, 1996En01,
1995BiZZ, 1992Hu04, 1980Ew03, 1976HaYQ, 1976HoZD]

202mFr -0.173(14) 2.236(26) 7.638(9) 97.6(2)%* [2019Gh11, 2014Ka23, 2014Ly01, 1996En01, 1995BiZZ,
1992Hu04]

206Ac -0.392(69) 1.700(70) 7.958(65) ⇡ 100%** [2014Zh03, 1998Es02, 1998LuZV]
206mAc -0.590(75) 1.502(76) 8.156(71) ⇡ 100%** [1998Es02]

210Pa -0.66(10)# 0.988(62) 8.445(15) 100% [2025ZhXX]

* [2019Gh11] estimate a b -branching ratio for a combination of the ground state and isomer of 2.4(2)%.
** Based on short half-life.

2



Table 3

direct a emission from 186Au*, Jp
i = 3�, T1/2 = 10.7(5) m**, BRa = 8(2)⇥10�4%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 182Ir) coincident g-rays R0 (fm)*** HF

4.755(15) 4.653(15) 8(2)⇥10�4% 0+ 0.0 —– 1.519(23)*** 2.2+1.7
�1.1

* All values from [1990Ak04], except where noted.
** [1970Jo02].
*** Interpolated between 1.542(27) fm (184Pt) and 1.480(15) fm (188Hg).

Table 4

direct a emission from 194Bi*, Jp
i = (3+), T1/2 = 95(3) s, BRa = 0.46(25)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 190Tl) coincident g-rays R0 (fm)** HF

5.764(5) 5.645(5) 100% 4.6(25)⇥10�3% (3+) 0.1513 0.1513 1.5066(90) 1.4+1.8
�0.6

5.921(5) 5.799(5) 0.59(7)% 2.7(15)⇥10�3% (2�) 0.0 —– 1.5066(90) 1200+1600
�500

* All values from [1991Va04], except where noted.
** Interpolated between 1.5126(28) fm (192Pb) and 1.5005(86) fm (196Po).

Table 5

direct a emission from 194mBi*, Ex. = 161(8) keV, Jp
i = (10�), T1/2 = 114(4) s, BRa =0.20(7)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 190Tl) coincident g-rays R0 (fm) HF

5.447(5) 5.335(5) 0.16(3)% 2.9(12)⇥10�6% (11�) 0.572 0.069, 0.2724 1.5066(90) 60+50
�20

5.717(5) 5.599(5) 100% 1.8(6)⇥10�3% (10�) 0.300 0.069 1.5066(90) 2.3+1.5
�0.8

5.779(5) 5.660(5) 2.2(2)% 4.0(15)⇥10�5% (9�) 0.236 1.5066(90) 210+140
�70

5.903(5) 5.781(5) 3.0(2)% 5.5(20)⇥10�5% (6+, 7+) 0.1122 0.1122 1.5066(90) 600+400
�200

6.016(5) 5.892(5) 3.9(2)% 7.1(25)⇥10�5% 7+ 0.0 —– 1.5066(90) 1.4+0.9
�0.5⇥10+3

* All values from [1991Va04], except where noted.
** Interpolated between 1.5126(28) fm (192Pb) and 1.5005(86) fm (196Po).

Table 6

direct a emission from 198At*, Jp
i = (3+), T1/2 = 4.47(5) s, BRa = >94%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 194Bi) coincident g-rays R0 (fm)@ HF

6.404(8) 6.275(8) 0.08(1)% >0.075% 0.486 0.103, 0.218, 0.267, 0.382, 0.486 1.511(13) <36
6.489(8) 6.358(8) 0.11(1)% >0.10% 0.400 0.181, 0.218, 0.400 1.511(13) <59
6.492(9) 6.361(9) 0.008(2)% >0.0075% 0.382 0.382 1.511(13) <1000
6.670(8) 6.535(8) 0.020(3)% >0.019% 0.218 0.218 1.511(13) <1700
6.886(5) 6.747(5)*** 100 % >94% (3+) 0.0 —– 1.511(13) <2.2

* All values from [2019Gh11], except where noted.
** [1995BiZZ].
*** [2014Ka23].
@ Interpolated between 1.5005(86) fm (196Po) and 1.5205(93) fm (200Rn).
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Table 7

direct a emission from 198mAt*, Ex.=265(3) keVJp
i = (10�), T1/2 = 1.25(5) s**, BRa = >86%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 194Bi) coincident g-rays R0 (fm)@@ HF

6.452(12) 6.322(12) 0.005(3)% >0.0043% 0.699(8) 0.538 1.511(13) <340
6.469(8) 6.338(8) 0.09-0.13% >0.08-0.11% 0.686(8) 0.525 1.511(13) <15-20
6.892(8) 6.753(8) 0.05-0.34% >0.04-0.29% 0.266(8) 0.105 1.511(13) < 230-1700
6.990(5) 6.849(5)@ 100% >86% (10�) 0.161(8) 1.511(13) <1.5

* All values from [2019Gh11], except where noted.
** Weighted average of 1.28(10) s [2019Gh11] and 1.24(6) s [2014Ka23].
*** [1995BiZZ].
@ [2014Ka23].
@@ Interpolated between 1.5005(86) fm (196Po) and 1.5205(93) fm (200Rn).

Table 8

direct a emission from 202Fr*, Jp
i = (3+), T1/2 = 372(10) ms**, BRa = 97.6(2)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(198At) coincident g-rays R0 (fm)@ HF

7.229(8) 7.086(8) 0.03-0.11% 0.03-0.11% 0.154 0.154 1.523(17) 620-2300
7.249(8) 7.105(8) 0.09(2)% 0.09(2)% 0.130 0.130 1.523(17) 900+500

300
7.384(5) 7.238(5)** 100% 97.6(2)% (3+) 0.0 —– 1.523(17) 2.4+1.0

�0.7

* All values from [2019Gh11], except where noted.
** [2014Ka23].
*** [2019Gh11] estimate a b -branching ratio for a combination of the ground state and isomer of 2.4(2)%.
@ Interpolated between 1.5205(93) fm (200Rn) and 1.525(14) fm (204Ra).

Table 9

direct a emission from 202mFr*, Ex. = 253(8) keV, Jp
i = (10�), T1/2 = 286(13) ms**, BRa = 97.6(2)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(198At) coincident g-rays R0 (fm)@ HF

6.860(8) 6.724(8) 0.06(1)% 0.06(1)% (8�) 0.792(3) 0.130, 0.151, 0.511(3), 0.527 1.523(17) 34+18
�13

7.253(8) 7.109(8) 0.28-0.53% 0.27-0.52% (8�, 9�) 0.391(3) 0.126 1.523(17) 110-220
7.311(8) 7.166(8) 0.06(1)% 0.06(1)% 0.334(7) 0.053(7), 0.130, 0.151 1.523(17) 1.5+0.8

�0.6⇥103

7.363(8) 7.217(8) 0.23(5)% 0.22(5)% (6�) 0.281 0.130, 0.151 1.523(17) 600+400
�300

7.372(5) 7.226(5)** 100% 97.6(2)% (10�) 0.265(3) 1.523(17) 1.6+0.7
�0.5

7.530(26) 7.381(26) 0.014(6)% 0.014(6)% (5+) 0.130 0.130 1.523(17) 3.2+3.0
�1.4⇥103

7.635(32) 7.484(32) <0.008 <0.008 (3+) 0.0 —– 1.523(17) >1.5⇥105

* All values from [2019Gh11], except where noted.
** [2014Ka23].
*** [2019Gh11] estimate a b -branching ratio for a combination of the ground state and isomer of 2.4(2)%.
@ Interpolated between 1.5205(93) fm (200Rn) and 1.525(14) fm (204Ra).

Table 10

direct a emission from 206Ac*, Jp
i = (3+), T1/2 = 22+9

�5 ms , BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(202Fr) coincident g-rays R0 (fm)*** HF

7.958(21) 7.804(21)** 100% (3+) 0.0 —– 1.540(23) 2.6+2.0
�1.5

* All values from [1998Es02], except where noted.
** Weighted average of 7.817(30) MeV [2014Zh03] and 7.790(30) MeV [1998Es02].
*** Interpolated between 1.555(18) fm (208Th) and 1.525(14) fm (204Ra).
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Table 11

direct a emission from 206mAc*, Ex. = 198(30) keV, Jp
i = (10�), T1/2 = 33+22

�9 ms , BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(202Fr) coincident g-rays R0 (fm)** HF

7.903(20) 7.750(20) 100% (10�) 0.253(8) 1.540(23) 2.6+2.4
�2.0

* All values from [1998Es02].
** Interpolated between 1.555(18) fm (208Th) and 1.525(14) fm (204Ra).

Table 12

direct a emission from 210Pa*, T1/2 = 6.0+1.5
�1.1 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(202Fr) coincident g-rays R0 (fm)*** HF

8.445(15) 8.284(15) 100% 0.0? —–

* All values from [2025ZhXX].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +29/2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +29/2 nuclei. Jp values for 161Dy, 14Er, 169Yb, 173hf, 177W, 181Os, and 185Pt are taken
from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

161Dy 5/2+ stable —– —– —–
165Er 5/2� 10.36(4) h* 0.377(1) -5.843(1) 0.516(2) [1963Zy01, 1963Ry01, 1963Ra15]

169Yb 7/2+ 32.1047(93) d 0.899(0.8) -4.675(0) 2.098(1) [2002Un02]
173Hf 1/2� 23.6(1) h 1.469(28) -3.445(28) 3.438(28) [1951Wi08]
177W 1/2� 133(3) m** 2.013(28) -2.414(28) 4.754(28) [1963Sa14, 1950Wi67]
181Os 1/2� 105(3) m 2.967(28) -1.203(25) 5.740(26) [1966Ho16]
185Pt 9/2+ 70.9(24) m 3.650(40) 0.275(26) 7.404(29) [1970FiZZ]

189Hg 3/2� 7.9(2) m*** 3.960(40) 0.906(32) 8.284(42) [1975Be17, 1970ErZX, 1950Wi67]
193Pb (3/2�) 5.248(12) 2.493(19) 8.928(23)
197Po (3/2�) 53(1) s 6.294(13) 4.666(13) 11.659(12) [1993Wa04]

197mPo 0.199(11) (13/2+) 25.8(1) s 6.493(17) 4.865(17) 11.858(16) [2017Al34, 1993Wa04]
201Rn (3/2�) 7.0(4) s 6.682(13) 5.545(13) 13.155(13) [1971Ho01]

201mRn 0.248(12) 13/2(+) 3.8(4) s 6.930(18) 5.793(18) 13.403(18) [2017Al34, 1971Ho01]
205Ra (3/2�) 210+41

�26 ms@ 7.114(24) 6.485(24) 14.168(24) [1996Le09, 1995Le15]
205mRa 0.278(31) 13/2(+) 182+38

�24 ms@@ 7.392(39) 6.763(39) 14.446(39) [2017Al34, 1996Le09, 1995Le15]
209Th x (3/2�) 7.55(12)# 7.38(10)# 15.28(10)#

209mTh x (13/2+) 2.5+1.7
�0.7 ms 7.55(12)#+x 7.38(10)#+x 15.28(10)#+x [2010He25]

* Weighted average of 10.39(7) h [1963Zy01], 10.34(5) h [1963Ry01] and 10.4(1) h [1963Ra15].
** Weighted average of 135(3) m [1963Sa14] and 130(3) m [1950Wi67].
*** Weighted average of 7.5(2) m [1975Be17], 7.7(2) m [1970ErZX] and 130(3) m [1950Wi67].
@ Weighted average of 210+60

�40 ms [1996Le09] and 210+55
�35 ms [1995Le15].

@@ Weighted average of 170+60
�40 ms [1996Le09] and 190+50

�30 ms [1995Le15].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +29/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

161Dy 7.508(1) 14.072(1) 0.343(1)
165Er 6.830(1) 12.718(1) 1.109(1)

169Yb 6.352(2) 11.664(1) 1.721(1)
173Hf 5.965(28) 10.683(28) 2.539(28)
177W 5.625(42) 9.798(28) 3.285(40)
181Os 5.002(33) 8.833(29) 3.727(38)
185Pt 4.366(38) 7.602(56) 4.437(10)

189Hg 4.544(32) 7.519(40) 4.637(41) <3 ⇥ 10�7% [1963Ka17]
193Pb 3.646(33) 6.215(25) 4.972(33)
197Po 2.673(26) 4.233(11) 6.411(3) 71(3)%* [1996Ta18, 1993Wa04, 1981Sc01, 1987Wo04, 1971Ho01,

1970HoZT, 1967Le21, 1967Si09, 1965Br17, 1965Si22]
197mPo 2.474(28) 4.034(16) 6.610(11) 56(2)%** [2002Va13, 1996Ta18, 1993Wa04, 1981Sc01, 1987Wo04,

1973BoXL, 1971Ho01, 1970HoZT, 1967Le21, 1967Si09,
1965Br17, 1965Si22]

201Rn 2.408(26) 3.447(11) 6.861(2) ⇡ 80 % [1996Ta18, 1993Wa04, 1971Ho01, 1987He10, 1967Va17
1965Nu04]

201mRn 2.160(29) 3.199(16) 7.109(12) ⇡ 90 % [1996Ta18, 1993Wa04, 1971Ho01, 1987He10, 1967Va17
1965Nu04]

205Ra 2.092(34) 2.590(24) 7.486(20) ⇡ 100%*** [1996Le09, 1995Le04, 1995Le15, 1987He10]
205mRa 1.814(46) 2.312(39) 7.764(37) ⇡ 100%*** [1996Le09, 1995Le15]

209Th 1.66(12) 1.70(12) 8.17(11)
209mTh 1.66(12)-x 1.70(12)-x 8.17(11)+x 100% [2010He25, 1996Ik01, 1996IkZY]

* Weighted average of 76(3)% [1993Wa04] and 44(7)% [1981Sc01].
** Weighted average of 55(2)% [1993Wa04] and 84(9)% [1981Sc01].
*** Based on short half-life.
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Table 3

direct a emission from 197Po, Jp
i = (3�), T1/2 = 53(1) s*, BRa = 71(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(193Pb) coincident g-rays R0 (fm)@ HF

6.411(2) 6.281(2)*** 71(3)%** (3�) 0.0 —– 1.5044(24) 1.19(8)

* [1993Wa04].
** Weighted average of 76(3)% [1993Wa04] and 44(7)% [1981Sc01].
*** [1996Ta18].

Table 4

direct a emission from 197mPo, Ex. = 199(11) keV*, Jp
i = (13/2+), T1/2 = 25.8(1) s**, BRa = 56(2)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(193Pb) coincident g-rays R0 (fm)@ HF

5.739(25) 5.622(25)@@ �0.05(3)% �0.03(2)% (13/2+) 0.757(1) 0.757(1) 1.5044(24) 1.9+2.9
�0.7

6.512(1) 6.380(1)@ 100% 56(2)% (13/2+) 0.0 —– 1.5044(24) 1.86(12)

* [2017Al34].
** [1993Wa04].
*** Weighted average of 55(2)% [1993Wa04] and 84(9)% [1981Sc01].
@ [1996Ta18].
@@ [2002Va13].

Table 5

direct a emission from 201Rn, Jp
i = (3�), T1/2 = 7.0(4) s*, BRa = ⇡ 80 %*.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(197Po) coincident g-rays R0 (fm)@ HF

6.861(2) 6.724(2)** ⇡ 80 %* (3�) 0.0 —– 1.5156(71) ⇡ 1.6

* [1971Ho01].
** Weighted average of 6.725(2) MeV [1996Ta18] and 6.7237(25) MeV [1993Wa04].

Table 6

direct a emission from 201mRn, Ex. = 248(12) keV*, Jp
i = 13/2(+), T1/2 = 3.8(4) s**, BRa = ⇡ 90 %**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(197Po) coincident g-rays R0 (fm)@ HF

6.910(2) 6.733(2)*** ⇡ 90 %** 13/2(+) 0.199(11) —– 1.5156(71) ⇡ 1.16

* [2017Al34].
** [1971Ho01].
*** Weighted average of 6.773(2) MeV [1996Ta18] and 6.7721(25) MeV [1993Wa04].

Table 7

direct a emission from 205Ra, Jp
i = (3�), T1/2 = 210+41

�26 ms*, BRa = ⇡ 100 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(201Rn) coincident g-rays R0 (fm)@ HF

7.498(8) 7.352(8)** ⇡ 100 % (3�) 0.0 —– 1.5269(91) 1.5+0.5
�0.3

* Weighted average of 210+60
�40 ms [1996Le09] and 210+55

�35 ms [1995Le15].
** Weighted average of 7.340(20) MeV [1996Le09], 7.350(25) MeV [1995Le15], and 7.340(20) MeV [1995Le04]. In addition [1987He10] report one peak

from 205Ra at 7.360(20) MeV which may an unresolved combination of the two isomers.
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Table 8

direct a emission from 205mRa, Ex. = 278(31) keV, Jp
i = 13/2(+), T1/2 = 182+38

�24 ms*, BRa = ⇡ 100 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(201Rn) coincident g-rays R0 (fm)@ HF

7.519(16) 7.372(16)** ⇡ 100 % 13/2(+) 0.248(12) —– 1.5269(91) 1.5+0.5
�0.4

* Weighted average of 210+60
�40 ms [1996Le09] and 210+55

�35 ms [1995Le15].
** Weighted average of 7.370(20) MeV [1996Le09], and 7.375(25) MeV [1995Le15].

Table 9

direct a emission from 209mTh*, Ex. = unk, Jp
i = (13/2+), T1/2 = 2.5+1.7

�0.7 ms**, BRa = 100 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(205Ra) coincident g-rays R0 (fm)@ HF

8.272(25) 8.114(25)*** 100 % (13/2+) 0.278(31) —– 1.531(14) 1.0+0.8
�0.4

* All values from [2010He25], except where noted.
** From [2010He25], obtained from their 4 events and the 2 events from [1996Ik01].
** Weighted average of 8.123(25) MeV [2010He25], and 8.080(50) MeV [1996Ik01].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +29/2 nuclei. Jp values for 163Ho, 167Tm, 171Lu, 175Ta, 179Re, 183Ir, and 191Tl are taken
from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

163Ho 7/2� 4570(50) y 0.003 -7.787(2) -0.241(1) [1983Ba32]
167Tm 1/2+ 9.25(2) d 0.746(1) -6.762(1) 1.413(1) [1970Ka23]
171Lu 7/2+ 8.22(3) d 1.478(2) -5.322(2) 3.036(2) [1970Ka23]
175Ta 7/2+ 10.5(2) h 2.073(28) -4.127(28) 4.473(28) [1963Sa14]
179Re 5/2+ 19.5(1) m 2.711(27) -3.275(58)# 5.473(25) [1975Me20]

183Ir 5/2� 55(7) m 3.460(50) -2.05(11) 6.668(29) [1961Di04]
187Au 1/2+ 8.3(3) m* 3.657(27) -1.145(28) 8.210(55) [1983Ga01, 1979Be51]
191Tl (1/2+) 4.309(23) -0.738(8) 7.977(25)
195Bi (9/2�) 187(5) s 5.712(7) 1.623(15) 10.141(23) [1985Co06]

195mBi 0.401(7) (1/2+) 87(1) s 6.113(10) 2.024(17) 10.542(24) [1985Co06]
199At (9/2�) 6.92(13) s 6.415(8) 3.262(28) 12.490(7) [2013Ja06]

199mAt ⇡ 0.240 (1/2+) 0.31(8) s ⇡6.655(8) ⇡3.502(28) ⇡12.710(7) [2013Ja06]
203Fr (9/2�) 550(7) ms** 7.060(9) 4.183(28) 13.690(8) [2013Ja06, 2005De01, 2005Uu02, 1980Ew03]

203mFr ⇡ 0.360 (1/2+) 43(4) ms ⇡7.420(9) ⇡4.543(28) ⇡14.050(8) [2013Ja06]
207Ac (9/2�) 27+11

�6 ms 7.630(80) 5.104(63) 14.905(57) [1998Es02]
211Pa (9/2�) 3.8+4.6

�1.4 ms 8.18(11) 5.999(93) 16.113(91) [2020Au04]

* Weighted average of 8.4(3) m [1983Ga01] and 8.0(4) m [1979Be51].
** Weighted average of 550(10) ms [2013Ja06], 560(15) ms [2005De01], 530(20) ms [2005Uu02], and 550(20) ms [1980Ew03].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +29/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

163Ho 5.486 13.494(1) 0.730(1)
167Tm 4.908(1) 12.223(1) 1.410(1)
171Lu 4.354(2) 11.132(2) 2.290(2)
175Ta 3.853(28) 10.106(28) 2.995(28)
179Re 3.466(29) 9.448(25) 3.399(37)

183Ir 2.882(33) 8.263(28) 3.957(35)
187Au 2.453(31) 7.271(36) 4.748(30) ⇡ 2 ⇥ 10�3%* [1968Si01]
191Tl 2.201(18) 7.279(21) 4.321(24)
195Bi 1.107(18) 5.126(9) 5.832(5) 0.01 - 0.05% [1985Co06, 1993An19, 1990AnZR, 1989AnZF, 1978Va21,

1974Le02, 1973LiYK, 1972Ga27, 1970Ta14, 1967Es05]
195mBi 0.706(19) 4.725(11) 6.233(9) 16 - 49% [1985Co06, 1993An19, 1978Va21, 1974Le02, 1973LiYK,

1972Ga27, 1970Ta14, 1967Es05]
199At 0.639(18) 3.714(10) 6.830(1)*** 92+3

�8% [2013Ja06, 1996Ta18, 1980Ew03, 2015We13, 2015We16,
1986Wo03, 1975BaYJ, 1967Tr04, 1967Tr06]

199mAt ⇡0.399(18) ⇡3.474(10) ⇡7.017(1) ⇡ 1% [2013Ja06]
203Fr 0.138(19) 2.912(10) 7.275(4) ⇡ 100%** [2013Ja06, 2005De01, 2005Uu02, 1980Ew03, 1967Va20

2015We13, 2004DeZV, 1994Le05]
203mFr ⇡-0.222(19) ⇡2.552(10) ⇡7.635(4) 20(4) % [2013Ja06, 2005Uu02]
207Ac -0.292(59)# 2.122(57)# 7.855(18)@ ⇡ 100% [1998Es02, 1994Le05, 1998LuZV]
211Pa -0.704(72) 1.371(89) 8.481(41) 100 % [2020Au04, 2006Ku07]

* Value estimated by setting HF =1 (see table 3).
** Based on short half-life.
*** Deduced from a energy, 6.777(1) in [2021Wa16].
@ Deduced from a energy, 7.845(56)# in [2021Wa16].

Table 3
direct a emission from 187Au*, Jp

i = 1/2+, T1/2 = 8.3(3)s**, BRa = ⇡ 2 ⇥ 10�3%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(183Ir) coincident g-rays R0 (fm) HF

4.793(20) 4.690(20) ⇡ 2 ⇥ 10�3%*** (1/2+)

* All values from [1968Si08], except where noted.
** weighted average of 8.4(3) m [1983Ga01] and 8.0(4) m [1979Be51].
*** Value estimated by setting HF =1.
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Table 4
direct a emission from 195Bi*, Jp

i = (9/2�), T1/2 = 187(5) s, BRa = 0.01 - 0.05%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(191Tl) coincident g-rays R0 (fm) HF

5.534(5) 5.420(5) 100% 0.9 - 4.5 ⇥10�4% (9/2�) 0.299 1.475(14) 1.0 - 5.2
5.833(5) 5.713(5) 10(1)% 0.9 - 4.5 ⇥10�5% (1/2+) 0.0 —– 1.475(14) 290 - 1400

* All values from [1985Co06].

Table 5
direct a emission from 195mBi*, Ex. = 401(7) keV, Jp

i = (1/2+), T1/2 = 87(1) s, BRa = 16 - 49%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(191Tl) coincident g-rays R0 (fm) HF

5.893(5) 5.772(5) 0.16(2)% 0.036 - 0.078 % (9/2�) 0.341 0.341 1.475(14) 15 - 45
6.234(5) 6.106(5) 100% 16 -49 % (1/2+) 0.0 —– 1.475(14) 0.73 - 2.2

* All values from [1985Co06].

Table 6
direct a emission from 199At, Jp

i = (9/2�), T1/2 = 6.92(13) s*, BRa = 92+3
�8%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(195Bi) coincident g-rays R0 (fm) HF

6.830(1) 6.693(1)*** 92+3
�8%** (9/2�) 0.0 —– 1.5084(56) 2.2(3)

* [2013Ja06].
** [1980Ew03].
*** [1996Ta18].

Table 7
direct a emission from 199mAt*, Ex. = ⇡ 240 keV, Jp

i = (1/2+), T1/2 = 0.31(8) s, BRa = ⇡ 1%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(195Bi) coincident g-rays R0 (fm) HF

⇡ 6.613 ⇡ 6.480 ⇡ 1% (1/2+) 0.401(7) 1.5084(56) ⇡ 1.6

* All values from [2013Ja06].

Table 8
direct a emission from 203Fr, Jp

i = (9/2�), T1/2 = 550(7) ms*, BRa = ⇡ 100 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(199At) coincident g-rays R0 (fm) HF

7.274(3) 7.133(3)** ⇡ 100% (9/2�) 0.0 —– 1.5178(95) 1.3+0.3
�0.2

* Weighted average of 550(10) ms [2013Ja06], 560(15) ms [2005De01], 530(20) ms [2005Uu02], and 550(20) ms [1980Ew03].
** Weighted average of 7.130(6) MeV [2013Ja06], 7.132(5) MeV [2005De01], 7.130(6) MeV [2005Uu02], and 7.130(5) MeV [1967Va20].

Table 9
direct a emission from 203mFr*, Ex. = ⇡ 360 keV, Jp

i = (1/2+), T1/2 = 43(4) ms, BRa = 20(4) %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(199At) coincident g-rays R0 (fm) HF

7.395(5) 7.246(5) 20(4) % (1/2+) ⇡ 0.240 1.5178(95) 1.3+0.6
�0.4

* All values from [2013Ja06].
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Table 10
direct a emission from 207Ac, Jp

i = (9/2�), T1/2 = 27+11
�6 ms*, BRa = ⇡ 100 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(203Fr) coincident g-rays R0 (fm) HF

7.855(18) 7.703(18)** ⇡ 100% (9/2�) 0.0 —– 1.542(11) 1.7+0.8
�0.6

* [1998Es02].
** Weighted average of 7.693(25) MeV [1998Es02] and 7.712(25) meV [1994Le05].

Table 11
direct a emission from 211Pa*, Jp

i = (9/2�), T1/2 = 3.8+4.6
�1.4 ms, BRa = 100 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(207Ac) coincident g-rays R0 (fm) HF

8.481(40) 8.320(40) 100% (9/2�) 0.0 —– 1.508(27) 1.7+2.3
�1.2

* All values from [2020Au04].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +15 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +15 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

162Dy 0+ stable -2.302(2) —– —–
166Er 0+ stable -1.853(1) —– —–

170Yb 0+ stable -0.969(1) —– —–
174Hf 0+ 2.0(4) ⇥ 1015 y -0.274(2) —– —– [1961Ma05]
178W 0+ 21.7(4) d* 0.190(50)# -4.815(15) 2.738(15)# [1964Sa16, 1963Ra14]
182Os 0+ 21.9(1) h 0.840(100) -3.664(22) 3.565(57) [1958Fo47]
186Pt 0+ 2.10(5) h 1.308(27) -2.348(22) 5.157(104) [1991Be25]

190Hg 0+ 19.9(4) m** 1.463(16) -2.190(19) 5.377(23) [1964Ja05, 1961An02]
194Pb 0+ 12.0(5) m 2.730(22) -0.435(23) 6.201(18) [1987El09]
198Po 0+ 107(2) s*** 3.900(30) 1.983(18) 9.039(22) [1994Wa13, 1971Ho01, 1967Si09
202Rn 0+ 9.7(2) s@ 4.320(30) 2.958(18) 10.674(33) [1992Wa29, 1971Ho01]
206Ra 0+ 244(13) ms@@ 4.810(30) 3.986(19) 11.736(33) [2021Ni08, 1987He10]
210Th 0+ 15.1(27) ms@@@ 5.300(70) 4.912(20) 12.881(34) [2023Ch23, 2010He25]

214U 0+ 520+950
�210 µs 5.721(84)a 5.772(28)a 13.996(65)a [2021Zh22]

* Weighted average of 21.4(5) d [1964Sa16] and 22.0(5) d [1963Ra14].
** Weighted average of 20.0(5) m [1964Ja05] and 19.8(6) m [1961An02].
*** Weighted average of 105(3) s [1994Wa13], 107(3) s [1971Ho01] and 1.80(5) s [1967Si09].
@ Weighted average of 9.5(2) s [1992Wa29], and 9.7(2) s [1971Ho01].
@@ Weighted average of 248(18) ms [2021Ni08], and 240(20) ms [1987He10].
@@@ Weighted average of 14(4) ms [2023Ch24], and 16.0(36) ms [2010He25].
a From Qa of 214U and daughter values from [2021Wa16].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +15 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

162Dy 8.008(1) 14.817(1) 0.084(1)
166Er 7.315(1) 13.534(1) 0.832(1)

170Yb 6.778(1) 12.353 1.735(0)
174Hf 6.253(2) 11.167(2) 2.494(2) 100% [1961Ma05, 2020Ca15, 2025BeXX, 2021Br09, 1960Ma29, 1959Ri34]
178W 5.981(15) 10.409(15)# 3.013(15)
182Os 5.381(25) 9.551(22) 3.373(27)
186Pt 4.818(35) 8.190(22) 4.320(18) ⇡ 1.4 ⇥ 10�4% [1963Gr08]

190Hg 5.078(26) 8.128(17) 4.069(27) < 3.4 ⇥ 10�7%
194Pb 4.020(19) 6.774(23) 4.738(17) 7.3(29) ⇥ 10�6% [1987El09]
198Po 3.075(19) 4.703(19) 6.310(1) 58(2)%* [1998Bo14, 1996Ta18, 1994Wa03, 1993Wa04, 1971Ho01,

1967Si09, 2022We04, 2015We13, 2015We16, 2014Ma66,
1993WaZO, 1989De18, 1984Da14, 1982Bo04, 1967Le21,
1967Tr04, 1967Tr06, 1965Br17, 1965Si22, 1964Br23]

202Rn 2.774(19) 3.911(19) 6.774(2) 78(8)% [2000Va34, 1992Wa29, 1987He10, 2015We16, 1996Ta18,
1993Wa04, 1992WaZV, 1991Wa29, 1971Ho01, 1969Ha03,
1967Va07, 1967Va17, 1965Nu04]

206Ra 2.414(20) 3.042(19) 7.415(4) ⇡ 100%** [1996Le09, 1987He10, 1967Va22, 2021Ni08, 2021NiZW,
1995Le41, 1968Lo15]

210Th 2.074(59) 2.246(21) 8.069(6) ⇡ 100%** [2023Ch23, 2010He25, 1995Le15, 1995Le41, 1995Uu01]
214U 1.758(65)*** 1.508(28)*** 8.696(18)*** 100 % [2021Zh22]

* Weighted average of 59(3)% [1998Bo04] and 57(2)% [1994Wa13, 1993Wa04].
** Based on short half-life.
*** From Qa of 214U and daughter values from [2021Wa16].
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Table 3
direct a emission from 174Hf*, Jp

i = 0+, T1/2 = 2.0(4) ⇥ 1015 y, BRa = 100 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(170Yb) coincident g-rays R0 (fm) HF

2.559(30) 2.500(30) 100 % 0+ 0.0 —– 1.4833(91) 0.23(5)**

* All values from [1961Ma05].
** This unphysically low value may indicate that the actual half-life is longer than reported in [1961Ma05]. Using a value of 9 ⇥ 1015 y gives a HF = 1.0.

Table 4
direct a emission from 186Pt*, Jp

i = 0+, T1/2 = 2.10(5) h**, BRa = ⇡ 1.4 ⇥ 10�4%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(182Os) coincident g-rays R0 (fm) HF

4.323(20) 4.230(20) ⇡ 1.4 ⇥ 10�4% 0+ 0.0 —– 1.536(30) ⇡ 1.3

* All values from [1963Gr08], except where noted.
** [1991Be25].

Table 5
direct a emission from 194Pb*, Jp

i = 0+, T1/2 = 12.0(5) m, BRa = 7.3(29) ⇥ 10�6%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(190Hg) coincident g-rays R0 (fm) HF

4.738(20) 4.640(20) 7.3(29) ⇥ 10�6% 0+ 0.0 —– 1.437(24) 1.1+0.8
�0.4

* All values from [1987El09].

Table 6
direct a emission from 198Po, Jp

i = 0+, T1/2 = 107(2) s*, BRa = 58(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(194Pb) coincident g-rays R0 (fm) HF

6.309(1) 6.182(1) 58(2)%** 0+ 0.0 —– 1.4962(19) 0.99(4)

* Weighted average of 105(3) s [1994Wa13], 107(3) s [1971Ho01] and 1.80(5) s [1967Si09].
** Weighted average of 59(3)% [1998Bo04] and 57(2)% [1994Wa13, 1993Wa04].

Table 7
direct a emission from 202Rn, Jp

i = 0+, T1/2 = 9.7(2) s*, BRa = 78(8)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(198Po) coincident g-rays R0 (fm) HF

5.954(5) 5.836(5)*** 1.8(6) ⇥ 10�3%*** 1.4(5) ⇥ 10�3% 0+ 0.816 0.211, 0.605 1.5106(49) 21+12
�6

6.775(1) 6.641(1)@ 100% 78(8)%** 0+ 0.0 —– 1.5106(49) 1.0(1)

* Weighted average of 9.5(2) s [1992Wa29], and 9.7(2) s [1971Ho01].
** [1987He10].
*** [1992Wa29].
@ [2000Va34].

Table 8
direct a emission from 206Ra, Jp

i = 0+, T1/2 = 244(13) ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(202Rn) coincident g-rays R0 (fm) HF

7.414(4) 7.270(4)** ⇡ 100% 0+ 0.0 —– 1.5287(42) 1.00(5)

* Weighted average of 248(18) ms [2021Ni08], and 240(20) ms [1987He10].
** Weighted average of 7.268(10) MeV [1996Le09], 7.270(10) MeV [1987He10] and 7.270(5) MeV [1967Va22].
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Table 9
direct a emission from 210Th, Jp

i = 0+, T1/2 = 15.1(27) ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(206Ra) coincident g-rays R0 (fm) HF

8.071(6) 7.917(6) ⇡ 100% 0+ 0.0 —– 1.507(11) 0.97(17)

* Weighted average of 14(4) ms [2023Ch24], and 16.0(36) ms [2010He25].
* [2010He25].

Table 10
direct a emission from 214U*, Jp

i = 0+, T1/2 = 520+950
�210 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(210Th) coincident g-rays R0 (fm) HF

8.696(18) 8.533(18) ⇡ 100% 0+ 0.0 —–

* All values from [2021Zh22].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +15 nuclei. Jp values for 164Ho, 168Tm, 172Lu, 176Ta, 180Re, 184Ir, 188Au, and 192Tl are
taken from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

164Ho 1+ 29.0(5) m 0.987(1) -7.674(4) 0.537(2) [1972Ka19]
168Tm 3+ 93.1(1) d 1.6772(2) -6.322(6) 2.230(2) [1968Ne02]
172Lu 4� 6.70(4) d 2.519(2) -4.815(3) 3.828(2) [1960Wi11]
176Ta (1)� 8.08(7) h 3.210(30) -3.489(31) 5.465(31) [1969Bo23]
180Re (1)� 2.42(7) m 3.799(21) -2.769(21) 6.314(21) [1955Fi30]

184Ir 5� 3.14(2) h 4.642(28) -1.090(29) 7.600(28) [1982Al34]
188Au 1� 8.84(60 m 5.450(6) -0.111(28) 9.456(3) [1972Fi12]
192Tl (2�) 9.4(2) m 6.140(40) 0.637(32) 9.524(32) [1979To06]
196Bi (3+) 308(12) s 7.339(26) 2.857(27) 11.578(29) [1991Va04, 1992Hu04]

196mBi 0.256(6)* (10�) 240(3) s 7.595(27) 3.113(28) 11.834(30) [1991Va04, 1992Hu04]
200At (3+) 43(1) s 7.954(26) 4.521(27) 13.935(26) [1992Hu04]

200m1At 0.113(3) (7+) 47(1) s 8.008(26) 4.688(27) 14.048(26) [1992Hu04]
200m2At 0.256(6) (10�) 4.8(3) s** 9.067(26) 4.777(28) 14.191(27) [1996Ta18, 1967Tr06]

204Fr (3+) 1.99(12) s 8.577(26) 5.481(27) 15.124(26) [2022Ya27]
204m1Fr 0.049(7) (7+) 2.3(3) s*** 8.626(27) 5.530(28) 15.173(27) [2005Uu02, 1992Hu04]
204m2Fr 0.189(7) (10�) 2.19(41) s 8.766(27) 5.4670(28) 15.313(27) [2022Ya27]

208Ac (3+) 171(13) ms 9.030(70) 6.321(67) 16.306(65) [2022Ya27]
208mAc 0.375(17) (10�) 37.1(37) ms 9.405(72) 6.696(69) 16.681(67) [2022Ya27]

212Pa 4.5+2.7
�1.3 ms 9.490(90) 7.164(103) 17.444(88) [2020Au04]

* Deduced from the 200At a decay energies.
** Weighted average of 6.3(5) s [1996Ta18] and 4.3(3) s [1967Tr06].
*** Weighted average of 1.6+0.5

�0.3 s [2005Uu02], and 2.6(3) s [1992Hu04].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +15 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

164Ho 5.889(1) 13.679(2) 0.431(2)
168Tm 5.312(2) 12.820(2) 1.243(2)
172Lu 4.718(2) 11.519(2) 2.151(3)
176Ta 4.173(31) 10.373(31) 2.946(31)
180Re 3.831(26) 9.817(56) 3.103(37)

184Ir 3.236(57) 8.74(11) 3.802(35)
188Au 2.975(24) 7.777(17) 4.815(28)
192Tl 2.569(39) 7.617(32) 4.074(32)
196Bi 1.560(25) 5.649(28) 5.438(40) 1.15(34) ⇥ 10�3 % [1991Va04, 1992Hu04]

196mBi 1.304(26) 5.393(29) 5.694(41) 3.8(10) ⇥ 10�4 % [1991Va04, 1992Hu04]
200At 1.038(25) 4.192(37) 6.596(1) 46(2)%* [1998Bo14, 1996Ta18, 1992Hu04, 2005Uu02, 1995BiZZ,

1975BaYJ, 1967Tr04, 1967Tr06]
200m1At 0.925(25) 4.079(37) 6.709(2) 43(7)% [1992Hu04, 2015We13, 2005Uu02, 1995BiZZ, 1975BaYJ,

1967Tr04, 1967Tr06]
200m2At 0.782(26) 3.936(38) 6.852(6) 10.5(3)% [2005Uu02, 1996Ta18, 1992Hu04, 1967Tr06, 1995BiZZ,

1975BaYJ, 1967Tr04]
204Fr 0.498(25) 3.376(37) 7.170(2) 96(2)% [2014Ly01, 1995BiZZ, 1992Hu04, 2005Uu02, 1974Ho27,

1964Gr04]
204m1Fr 0.449(26) 3.327(38) 7.219(7) 90(2)% [2014Ly01, 1995BiZZ, 1992Hu04, 2005Uu02]
204m2Fr 0.4309(26) 3.187(38) 7.359(7) 74(8)% [2014Ly01, 1995BiZZ, 1992Hu04, 2005Uu02]

208Ac 0.042(87) 2.570(70) 7.714(10)*** ⇡100%** [2022Ya27, 1994Le15, 2014Ya19, 1998LuZV, 1996Ik01]
208mAc -0.333(89) 2.195(72) 8.089(20) ⇡100%** [2022Ya27, 1994Le15, 1998LuZV, 1996Ik01]

212Pa -0.431(123) 1.75(11) 8.411(59) 100%** [2020Au04, 2014Ya19, 1997Mi03, 1997MiZX]

* Weighted average of 49(4)% [1998Bo14], 44(2)% [1996Ta18] and 57(6)% [1992Hu04].
** Based on short half-life.
*** Deduced from a energy, 7.729(60) in [2021Wa16].
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Table 3

direct a emission from 196Bi*, Jp
i = (3+), T1/2 = 308(12) s, BRa = 1.15(34) ⇥ 10�3 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(192Tl) coincident g-rays R0 (fm)*** HF

5.260(10) 5.153(10) 1.15(34) ⇥ 10�3 % (3+) 0.178(40)** 1.467(24) 2.2+1.9
�1.1

* All values from [1991Va04, 1992Hu04], except where noted.
** [2012Ba36].
*** Interpolated between 1.437(24) fm (194Pb) and 1.4962(19) fm (198Po).

Table 4

direct a emission from 196mBi*, Ex. = 256(6) keV, Jp
i = (10�), T1/2 = 240(3) s, BRa = 3.8(10) ⇥ 10�4 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(192Tl) coincident g-rays R0 (fm)*** HF

5.219(10) 5.112(10) 3.8(10) ⇥ 10�4 % (10�) 0.3204 + x** 1.467(24) 3.1+2.5
�1.5

* All values from [1991Va04, 1992Hu04], except where noted.
** [2012Ba36].
*** Interpolated between 1.437(24) fm (194Pb) and 1.4962(19) fm (198Po).

Table 5

direct a emission from 200At, Jp
i = (3+), T1/2 = 43(1) s*, BRa = 46(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(196Bi) coincident g-rays R0 (fm)@ HF

6.596(1) 6.464(1)* 46(2)%** (3+) 0.0 —– 1.5034(53) 3.3(4)

* [1992Hu04].
** Weighted average of 49(4)% [1998Bo14], 44(2)% [1996Ta18] and 57(6)% [1992Hu04].
*** [1996Ta18].
@ Interpolated between 1.4962(19) fm (198Po) and 1.5106(49) (202Rn).

Table 6

direct a emission from 200m1At*, Ex. = 113(3) keV, Jp
i = (7+), T1/2 = 47(1) s, BRa = 43(7)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(196Bi) coincident g-rays R0 (fm)** HF

6.435(5) 6.306(5) 0.17(4)% 0.073(15)% (10�) 0.256(6) 1.5034(53) 1300+500
�300

6.542(2) 6.411(2) 100(16)% 43(7)% (7+) 0.054(2) 1.5034(53) 6.6+1.7
�1.3

6.709(3) 6.575(3) 0.84(20)% 0.36(6)% (3+) 0.0 —– 1.5034(53) 1300+600
�300

* All values from [1992Hu04], except where noted.
** Interpolated between 1.4962(19) fm (198Po) and 1.5106(49) (202Rn.

Table 7

direct a emission from 200m2At, Ex. = 256(6) keV, Jp
i = (10�), T1/2 = 4.8(3) s*, BRa = 10.5(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(196Bi) coincident g-rays R0 (fm)@ HF

6.670(2) 6.537(2)*** 10.5(3)%** (10�) 0.256(6) 1.5034(53) 3.1(4)

* Weighted average of 6.3(5) s [1996Ta18] and 4.3(3) s [1967Tr06].
** [1992Hu04].
*** Weighted average of 6.534(6) MeV [2005Uu02], 6.538(3) MeV [1992Hu04] and 6.536(5) MeV [1996Ta18]. [1996Ta12] report 6.528(1) MeV, which is

not consistent with the other measured values.
@ Interpolated between 1.4962(19) fm (198Po) and 1.5106(49) (202Rn.
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Table 8

direct a emission from 204Fr, Jp
i = (3+), T1/2 = 1.99(12) s, BRa = 96(2)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(200At) coincident g-rays R0 (fm)@ HF

7.054(8) 6.916(8)*** 0.6% 0.6% 0.113(3) 1.5197(65) �18
7.172(5) 7.031(5)*** 100% 95(2)% (3+) 0.0 —– 1.5197(65) 2.4(4)

* [2022Ya27].
** [1995BiZZ].
*** [1992Hu04].
@ Interpolated between 1.5106(49) fm (202Rn) and 1.5287(42) fm (206Ra).

Table 9

direct a emission from 204m1Fr*, Ex. = 49(7) keV, Jp
i = (7+), T1/2 = 2.3(3) s*, BRa = 90(2)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(200At) coincident g-rays R0 (fm)** HF

7.108(5) 6.969(5)*** 100% 89(2)% (7+) 0.113(3) 1.5197(65) �250
7.219(8) 7.077(8) 0.7% 0.6% (3+) 0.0 —– 1.5197(65) 4.4(9)

Weighted average of 1.6+0.5
�0.3 s [2005Uu02] and 2.63) s [1992Hu04].

** [1995BiZZ].
*** [1992Hu04].
@ Interpolated between 1.5106(49) fm (202Rn) and 1.5287(42) fm (206Ra).

Table 10

direct a emission from 204m2Fr, Ex. = 189(7) keV, Jp
i = (10�), T1/2 = 0.8(2) s*, BRa = 74(8)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(200At) coincident g-rays R0 (fm)@ HF

7.155(4) 7.015(4)*** 10.5(3)%** (10�) 0.256(6) 1.5197(65) 2.0(3)

* [2005Uu02].
** [1995BiZZ].
*** Weighted average of 7.017(6) MeV [2005Uu02] and 7.013(5) MeV [1992Hu04].
@ Interpolated between 1.4962(19) fm (198Po) and 1.5106(49) (202Rn.

Table 11

direct a emission from 208Ac, Jp
i = (3+), T1/2 = 171(13) ms*, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(204Fr) coincident g-rays R0 (fm)*** HF

7.630(15) 7.483(15)* >5% >5% (2+, 4+) 0.079(21) 1.518(12) <26
7.714(10) 7.566(10)** 100% <95% (3+) 0.0 —– 1.518(12) 2.5(8)

* [2022Ya27].
** Weighted average of 7.483(15) MeV [2022Ya27] and 7.572(15) MeV [1994Le02].
*** Interpolated between 1.5287(42) (206Ra) and 1.507(11) (210Th).

Table 12

direct a emission from 208mAc, Ex. = 375(17) keV, Jp
i = (10�), T1/2 = 37.1(37) ms*, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(204Fr) coincident g-rays R0 (fm)*** HF

7.901(12) 7.749(12)** 100% (10�) 0.189(7) 1.518(12) 2.0+0.7
�0.5

* [2022Ya27].
** Weighted average of 7.745(14) MeV [2022Ya27] and 7.758(20) MeV [1994Le02].
*** Interpolated between 1.5287(42) (206Ra) and 1.507(11) (210Th).
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Table 13

direct a emission from 212Pa, Jp
i = , T1/2 = 4.5+2.7

�1.3 ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(208Ac) coincident g-rays R0 (fm) HF

8.404(14) 8.245(14)** 100%

* [2020Au04].
** Weighted average of 8.240(20) MeV [2020Au04] and 8.250(20) MeV [2014Ya19].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +31/2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +31/2 nuclei. Jp values for 167Er, 171Yb, 175Hf, 179W, 183Os, 187Pt, 191Hg and 195Pb
are taken from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

167Er 7/2+ stable -1.010(5) —– —–
171Yb 1/2� stable -0.097(1) —– —–
175Hf 5/2� 70(2) d 0.684(2) -4.826(2) 2.304(2) [1963Ra14]
179W 7/2� 37.00(17) m 1.062(15) -4.149(15) 3.446(15) [1969Bi10]
183Os 9/2+ 13.0(5) h 2.150(50) -2.707(50) 4.269(50) [1960Ne03]
187Pt 3/2� 2.35(3) h 2.860(40) -0.974(24) 6.699(25) [1973Se13]

191Hg 3/2� 49(10) m 3.206(23) -0.574(22) 6.533(36) [1974Va19]
195Pb 3/2� ⇡ 15 m 4.417(12) 1.157(6) 7.635(7) [1982Hi04]
199Po (3/2�) 312(6) s 5.559(12) 3.540(10) 10.492(12) [1993Wa04]

199mPo 0.312(2) (13/2+) 252(6) s 5.871(12) 3.852(10) 10.804(12) [1993Wa04]
203Rn (3/2�) 44(2) s* 5.979(12) 4.469(10) 12.189(12) [1996Ta18, 1971Ho01]

203mRn 0.364(2) (13/2+) 26.7(5) s 6.343(12) 4.833(10) 12.553(12) [1996Ta18]
207Ra (3/2�) 1.2(2) s 6.360(60) 5.358(59) 13.252(59) [1996Ta18, 1971Ho01]

207mRa 0.509(10) (13/2+) 55(7) ms** 6.869(61) 5.867(60) 13.761(60) [2021Ni08, 1987He10]
211Th (3/2�) 36+13

�6 ms*** 6.73(10) 6.145(87) 14.301(88) [2023Ch24, 1995Uu01]
211mTh 0.769(21) (13/2+) 83(8) µs 7.50(23) 6.914(89) 15.070(90) [2021Au03]

215U 0.73+1.33
�0.29 ms 7.08(13) 6.91(11) 15.32(12) [2015Ya13]

* Weighted average of 42(3) s [1996Ta18] and 45(2) s [1971Ho01].
** Weighted average of 55(9) ms [2021Ni08] and 55(10) ms [1987He10].
*** Weighted average of 36+15

�8 ms [2023Ch24] and 37+28
�11 ms [1995Uu01].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +31/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

167Er 7.508(1) 14.255(1) 0.667(1)
171Yb 6.800(1) 12.964 1.558
175Hf 6.200(2) 11.508(2) 2.400(2)
179W 5.986(54) 10.992(15) 2.762(15)
183Os 5.51(11) 10.01(51) 3.207(52)
187Pt 4.802(29) 8.457(24) 4.553(55)

191Hg 5.047(23) 8.700(24) 3.669(33) < 5⇥10�6% [1963Ka17]
195Pb 4.090(15) 7.254(16) 4.429(23)
199Po 3.154(28) 5.071(7) 6.074(2) 7.5(3)% [1996Ta18, 1993Wa04, 1971Ho01, 1968Go12, 1991Gr12

1985St02, 1984Co13, 1967Le08, 1967Si04, 1967Ti04,
1967Tr04, 1967Tr06, 1965Br17, 1965Br27, 1965Si22,
1965Ti03, 1964Br23]

199mPo 2.842(28) 4.759(7) 6.386(3) 24.7(9)%* [1996Ta18, 1993Wa04, 1967Le08, 2015We13, 2016We13,
2014Ma66, 1991Gr12, 1985St02, 1984Co13, 1973BoXL,
1971Ho01, 1968Go12, 1967Si09, 1967Ti04, 1967Tr06,
1965Br17, 1965Br27, 1965Si22, 1965Ti03, 1964Br23,
1962Be26, 1961Be25]

203Rn 2.878(28) 4.241(8) 6.630(2) 66(9)% [1996Ta18, 1993Wa04, 1978HoZZ, 1971Ho01, 1967Va07,
1967Va17, 1965Nu04]

203mRn 2.514(28) 3.877(8) 6.994(3) 78(7)% [1998Bo14, 1996Ta18, 1995Le04, 1993Wa04, 1967Va17,
2015We13, 1995Le09, 1987He10, 1971Ho01, 1967Va07,
1965Nu04]

207Ra 2.528(65) 3.354(59) 7.272(5)*** obs@ [1967Va22, 2021Au03, 2021Ni08, 2021NiZW, 1995Uu01,
1987He10]

207mRa 2.019(66) 2.845(60) 7.781(11) 26(20)% [2021Ni08, 1996Le09, 1987He10, 2021Au03
2021NiZW]

211Th 2.18(11) 2.560(86) 7.941(10)@@ ⇡ 100%@ [2023Ch24, 1995Uu01, 2015Ya13, 2009LaZV, 1995Le15,
1995LeZY]

211mTh 1.41(11) 1.791(89) 8.706(66) 4(3)% [2021Au03]
215U 1.86(13) 1.81(10) 8.588(30)@@@ 100% [2015Ya13, 2016Zh33, 2015WaZT, 2014WaZU]

* Weighted average of 24(1)% [1993Wa04] and 27.5(20)% [1967Le08].
** Weighted average of 80(10)% [1998Bo14] and 75(10)% [1987He10].
*** Deduced from a energy, 7.273(58) in [2021Wa16].
@ Not measured, but estimated to be close to 100% based on half-life.
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@@ Deduced from a energy, 7.937(63) in [2021Wa16].
@@@ Deduced from a energy, 8.588(59) in [2021Wa16].

Table 3

direct a emission from 199Po, Jp
i = (3/2�), T1/2 = 312(6) s*, BRa = 7.5(3)%*.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(195Pb) coincident g-rays R0 (fm) HF

6.074(2) 5.952(2)** 7.5(3)%* (3/2�) 0.0 —– 1.4883(18) 1.96(12)

* [1993Wa04].
** Weighted average of 5.953(2) MeV [1996Ta18], 5.952(2) MeV [1993Wa04] and 5.952(2) MeV [1968Go12].

Table 4

direct a emission from 199mPo, Ex. = 312(2) MeV, Jp
i = (13/2+), T1/2 = 252(6) s*, BRa = 24.7(9)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(195Pb) coincident g-rays R0 (fm) HF

6.183(1) 6.059(1)*** 7.5(3)%* (13/2+) 0.2029(7)@ 1.4883(18) 1.43(8)

* [1993Wa04].
** Weighted average of 24(1)% [1993Wa04] and 27.5(20)% [1967Le08].
*** [1996Ta16].
@ [2014Hu18].

Table 5

direct a emission from 203Rn, Jp
i = (3/2�), T1/2 = 44(2) s*, BRa = 66(9)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(199Po) coincident g-rays R0 (fm) HF

6.630(2) 6.499(2)*** 66(9)%** (3/2�) 0.0 —– 1.45066(31) 1.4(3)

* Weighted average of 4293) [1996Ta18] and 45(2) s [1971Ho01].
** [19789HoZZ].
*** Weighted average of 6.499(2) MeV [1996Ta18] and 6.4993(25) MeV [1993Wa04].

Table 6

direct a emission from 203mRn, Ex. = 364(2) MeV, Jp
i = (13/2+), T1/2 = 26.7(5) s*, BRa = 78(7)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(199Po) coincident g-rays R0 (fm) HF

6.682(1) 6.551(1)* 78(7)%** (13/2+) 0.312(2) 1.4883(18) 1.18(14)

* [1996Ta18].
** Weighted average of 80(10)% [1998Bo14] and 75(10)% [1987He10].

Table 7

direct a emission from 207Ra*, Jp
i = (3/2�), T1/2 = 1.2(2) s, BRa = obs**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(203Rn) coincident g-rays R0 (fm) HF

7.272(5) 7.131(5) obs** (3/2�) 0.0 —– 1.5158(39) 1.28(25)***

* All values taken from [1967Va22].
** Not measured, but estimated to be close to 100% based on half-life.
*** Result obtained using a BR of 100%

Table 8

direct a emission from 207mRa, Ex. = 509(10) MeV, Jp
i = (13/2+), T1/2 = 55(7) ms*, BRa = 26(20)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(203Rn) coincident g-rays R0 (fm) HF

7.467(8) 7.323(8)** 26(20)%** (13/2+) 0.364(2) 1.5158(39) 1.1+4.1
�0.6

* Weighted average of 55(9) ms [2021Ni08] and 55(10) ms [1987He10].
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** [2021Ni08].
*** Weighted average of 7.331(15) MeV [1996Le09] and 7.320(10) MeV [1987He10].

Table 9

direct a emission from 211Th, Jp
i = (3/2�), T1/2 = 36+13

�6 ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(207Ra) coincident g-rays R0 (fm) HF

7.941(10) 7.790(10)** ⇡ 100% (3/2�) 0.0 —– 1.5064(68) 1.0+0.4
�0.2

* Weighted average of 36+15
�8 ms [2023Ch24] and 37+28

�11 ms [1995Uu01].
** Weighted average of 7.788(14) MeV [2023Ch24] and 7.792(14) MeV [1995Uu01].

Table 10

direct a emission from 211mTh*, Ex. = 769(21) MeV, Jp
i = (13/2+), T1/2 = 83(8) µs, BRa = 4(3)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(207Ra) coincident g-rays R0 (fm) HF

8.200(15) 8.045(15) 4(3)% (13/2+) 0.364(2) 1.5158(39) 0.3+1.1
�0.2**

* All values taken from [2021Au03].
** The low HF value suggests that the BR is towards the lower value of the uncertainty. A value of 1.4% for the BR gives a HF = 1.0.

Table 11

direct a emission from 215U*, Jp
i = , T1/2 = 0.73+1.33

�0.29 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(211Th) coincident g-rays R0 (fm) HF

8.588(30) 8.428(30) 100%

* All values taken from [2015Ya13].
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +31/2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +31/2 nuclei. Jp values for 165Ho, 169Tm, 173Lu, 177Ta, 181Re, 185Ir, 189Au, and 193Tl
are taken from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

165Ho 7/2� >6 ⇥ 1016 y -1.286(1) —– —– [1956Po16]
169Tm 1/2+ stable -0.354(1) —– —–
173Lu 7/2+ 499(5) d 0.670(2) -6.796(6) 1.615(2) [1962Bo12]
177Ta 7/2+ 56.56(6) h 1.166(3) -5.621(3) 3.412(3) [1961We11]
181Re 5/2+ 19.9(7) h 1.717(13) -4.873(13) 3.938(13) [1968Sc27]

185Ir 5/2� 14.4(1) h 2.470(28) -3.405(28) 5.473(28) [1982Al34]
189Au 1/2+ 28.5(3) m* 2.887(22) -2.526(22) 6.799(20) [1970Fi16, 1966Fo13]
193Tl 1/2+ 21.6(6) m** 3.585(17) -1.994(17) 6.567(12) [1961An03, 1974Va23]
197Bi (9/2�) 560(30) s 5.058(10) 0.520(15) 8.950(18) [1991Va09]

197mBi x (1/2+) 309(33) s 5.058(10)+x 0.520(15)+x 8.950(18)+x [1985Co06]
201At 9/2� 85(2) s*** 5.732(10) 2.292(24) 11.531(9) [1996Ta18, 1975BaYJ, 1974Ho27]
205Fr 9/2� 3.80(3) s 6.400(9) 3.276(24) 12.786(9) [2005De01]

209Ac (9/2�) 89+12
�9 ms@ 6.990(60) 4.221(57) 14.130(56) [1996Ta18, 1975BaYJ, 1974Ho27]

213Pa (9/2�) 5.1+3.3
�1.2 ms@@ 7.530(60) 5.066(61) 15.371(57) [2020Au04, 1995Ni05]

* Weighted average of 28.3(5) m [1970Fi16] and 28.7(4) m [1966Fo13].
** Weighted average of 22.6(10) m [1961An03] and 21.0(8) m [1974Va23].
*** Weighted average of 83(2) s [1996Ta18], 87(3) s [1975BaYJ] and 88(5) s [1974Ho27].
@ Weighted average of 98(20) ms [2014Ya19], 82+18

�13 ms [1996Ik01] and 91+21
�14 ms [1996Ik01].

@@ Weighted average of 4.9+5.9
�1.8 ms [2020Au04] and 5.3+4.0

�1.6 ms [1995Ni05].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +31/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

165Ho 6.219(1) 14.880(4) 0.139(1)
169Tm 5.574(1) 13.573(5) 1.198(1)
173Lu 4.915(2) 12.249(2) 1.969(2)
177Ta 4.427(3)# 11.127(3) 2.741(3)
181Re 4.170(13) 10.738(13) 2.772(13)

185Ir 3.372(28) 9.104(29) 3.757(31)
189Au 3.050(21) 8.611(34) 4.329(34) < 3 ⇥ 10�5%
193Tl 2.755(17) 8.257(8) 3.680(21)
197Bi 1.628(11) 6.110(14) 5.365(11)

197mBi 1.628(11)-x 6.110(14)-x 5.365(11)+x 15-95 % [1985Co06, 1984Co13, 1974Le02, 1972Ga27, 1970Ta14]
201At 1.137(11) 4.570(13) 6.473(2) 61(3)%* [1998Bo14, 1996Ta18, 1974Ho27, 2015We13, 2005De01

2004DeZV, 1986Wo03, 1975BaYJ, 1970DaZM, 1970HoZT,
1967Tr06]

205Fr 0.629(11) 3.725(13) 7.055(2) 98.5(2)% [2010De04, 2005De01, 1981Ri04, 1967Va20, 2015Ma63,
2012Ja01, 2004DeZV, 1974Ho27, 1964Gr02, 1961Gr42]

209Ac 0.172(57) 2.884(59) 7.730(55) ⇡ 100%** [2000He17, 1994Le05, 1968Va04, 2014Ya19, 1996Ik01]
213Pa -0.254(58) 2.067(78) 8.384(12) 100%** [2020Au04, 1995Ni05, 2000He17, 1996An21, 1995NiZR,

1995NiZS]

* Weighted average of 59(3)% [1998Bo14] and 71(7)% [1974Ho27].
** Based on short half-life.

Table 3

direct a emission from 197mBi*, Ex. = unk., Jp
i = (1/2+), T1/2 = 309(33) s, BRa = 15-95 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(193Tl) coincident g-rays R0 (fm) HF

5.900(5) 5.780(5) 15-95 % (1/2+) 0.0 —– 1.4900(31) 0.071-0.45

* All values taken from [2015Ya13].
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Table 4

direct a emission from 201At, Jp
i = 9/2�, T1/2 = 85(2) s*, BRa = 61(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(197Bi) coincident g-rays R0 (fm) HF

6.471(1) 6.342(1)*** 61(3)%** (9/2�) 0.0 —– 1.4955(33) 1.39(13)

* Weighted average of 83(2) s [1996Ta18], 87(3) s [1975BaYJ] and 88(5) s [1974Ho27].
** Weighted average of 59(3)% [1998Bo14] and 71(7)% [1974Ho27].
*** [1996Ta18].

Table 5

direct a emission from 205Fr, Jp
i = 9/2�, T1/2 = 3.80(3) s*, BRa = 98.5(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(201At) coincident g-rays R0 (fm) HF

7.054(3) 6.342(3)*** 98.5(2)%** (9/2�) 0.0 —– 1.5157(28) 1.64(11)

* [2005De01].
** [2010De04].
*** Weighted average of 6.916(5) MeV [2005De01], 6.917(5) MeV [1981Ri04] and 6.917(5) MeV [1967Va20].

Table 6

direct a emission from 209Ac, Jp
i = (9/2�), T1/2 = 89+12

�9 ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(205Fr) coincident g-rays R0 (fm) HF

7.728(7) 7.580(7)** ⇡ 100% (9/2�) 0.0 —– 1.5050(73) 1.1(3)

* Weighted average of 98(20) ms [2014Ya19], 82+18
�13 ms [1996Ik01] and 91+21

�14 ms [1996Ik01].
** Weighted average of 7.577(10) MeV [2000He17], 7.581(15) MeV [1994Le05] and 7.585(15) MeV [1968Va04],

Table 7

direct a emission from 213Pa, Jp
i = (9/2�), T1/2 = 5.1+3.3

�1.2 ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(209Ac) coincident g-rays R0 (fm) HF

8.384(15) 8.227(15)** 100% (9/2�) 0.0 —– 1.516(14) 1.6+1.2
�0.7

* Weighted average of 4.9+5.9
�1.8 ms [2020Au04] and 5.3+4.0

�1.6 ms [1995Ni05].
** Weighted average of 8.210(20) MeV [2020Au04] and 8.236(15) MeV [1995Ni05],
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +16 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +16 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

168Er 0+ stable -2.930(30) —– —–
172Yb 0+ stable -1.882(5) —– —–
176Hf 0+ stable -1.194(1) —– —–
180W 0+ 1.8(2) ⇥1018 y -0.703(2) —– —– [2004Co26]
184Os 0+ 1.12(23) ⇥ 1013 y -0.033(4) —– —– [2014Pe22]
188Pt 0+ 10.2(3) d 0.524(9) -3.891(5) 3.974(7) [1963Gr08]

192Hg 0+ 4.85(20) h 0.761(22) -3.602(16) 3.909(18) [1961Ja10]
196Pb 0+ 37(3) m 2.148(14) -1.624(24) 4.999(18) [1961Su01]
200Po 0+ 11.6(1) m 3.429(24) 1.001(10) 8.130(14) [1970Ra14]
204Rn 0+ 75(1) s* 3.905(24) 2.052(9) 9.976(24) [1971Ho01, 1967Va17]
208Ra 0+ 1.2(2) s 4.393(15) 3.074(10) 11.178(24) [1967Va22]
212Th 0+ 31.7(13) ms 4.811(24) 3.990(11) 12.351(15) [2010He25]

216U 0+ 2.25+0.63
0.40 ms 5.240(40) 4.856(29) 13.342(36) [2021Zh22]

216mU 2.206(23) 8+ 0.89+0.27
0.17 ms 7.446(46) 7.062(37) 15.548(43) [2021Zh22]

* Weighted average of 74(2) s [1971Ho01] and 75(2) s [1967Va17].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +16 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

168Er 7.999(5) 14.983(1) 0.554(1)
172Yb 7.334(1) 13.726(1) 1.309(0)
176Hf 6.700(1) 12.210(1) 2.254(1)
180W 6.568(1) 11.779(0) 2.515(1) 100% [2004Co26, 2005Zd04, 2004CoZY, 2003Ce01, 2003Da05,

2002Bi16, 2002BiZZ, 2002DaZT]
184Os 5.732(8) 10.584(1) 2.959(2) 100% [2014Pe22, 1976Sp04]
188Pt 5.561(28) 9.399(5) 4.007(5)

192Hg 5.503(16) 9.283(16) 3.385(16)
196Pb 4.482(14) 7.742(8) 4.238(17)  3 ⇥ 10�5% [1963Ka17]
200Po 3.433(13) 5.452(12) 5.982(2) 11.3(3)%* [1996Ta18, 1993Wa04, 1967Le08, 1992WaZV, 1970DaZM

1970Ra14, 1971Ho01, 1970Jo26, 1969Ha03, 1967Le08,
1967Le21, 1967Si09, 1967Tr04, 1967Tr06, 1965Br17,
1965Br27, 1965Si22, 1965Ti03, 1964Br23, 1962Be26,
1961Be25, 1961Fo05, 1954Ro39]

204Rn 3.096(13) 4.606(11) 6.547(2) 72(1)%** [1996Ta18, 1993Wa04, 1971Ho01, 1967Va17, 2022Zh45,
2014WaZU, 1992WaZV, 1967Va07, 1965Nu04]

208Ra 2.712(20) 3.717(12) 7.273(5) obs [1967Va22, 2022Zh45, 2015Ma37, 2015Ma63, 2014WaZU,
1968Lo15]

212Th 2.322(55) 2.910(14) 7.958(5) ⇡ 100% [2010He25, 2022Zh45, 2015De22, 2015Ma37, 1996Ik01,
1980Ve01]

216U 2.027(87) 2.206(30) 8.531(26) 100% [2021Zh22, 2022Zh45, 2015De22, 2015WaZT, 2014WaZU]
216mU 0.021(90) 0.000(38) 10.737(35) 100% [2022Zh45, 2021Zh22, 2016Zh33]

* Weighted average of 11.1(3)% [1993Wa04] and 12.2(6)% [1967Le08].
** Weighted average of 73(1)% [1993Wa04] and 70(2)% [1971Ho01].
*** Based on short half-life

Table 3

direct a emission from 180W*, Jp
i = 0+, T1/2 = 1.8(2) ⇥1018 y, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(176Hf) coincident g-rays R0 (fm) HF

2.5164(16) 2.4605(16) 100% 0+ 0.0 —– 1.4631(61) 1.59(18)

* All values taken from [2004Co26].
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Table 4

direct a emission from 200Po, Jp
i = 0+, T1/2 = 11.6(1) m*, BRa = 11.3(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(196Pb) coincident g-rays R0 (fm) HF

5.983(2) 5.863(2)*** 11.3(3)%** 0+ 0.0 —– 1.4803(16) 1.007(28)

* [1970Ra14].
** Weighted average of 11.1(3)% [1993Wa04] and 12.2(6)% [1967Le08].
*** [1996Ta18].

Table 5

direct a emission from 204Rn, Jp
i = 0+, T1/2 = 75(1) s*, BRa = 72(1)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(200Po) coincident g-rays R0 (fm) HF

6.5472(14) 6.4188(14)*** 72(1)%** 0+ 0.0 —– 1.5026(16) 1.014(20)

* Weighted average of 74(2) s [1971Ho01] and 75(2) s [1967Va17].
** Weighted average of 73(1)% [1993Wa04] and 70(2)% [1971Ho01].
*** Weighted average of 6.420(2) MeV [1996Ta18], 6.4189(25) MeV [1993Wa04] and 6.416(3) MeV [1967Va17].

Table 6

direct a emission from 208Ra*, Jp
i = 0+, T1/2 = 1.2(2) s, BRa = obs**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(204Rn) coincident g-rays R0 (fm) HF

7.273(5) 7.133(5)*** ⇡ 100%** 0+ 0.0 —– 1.5029(36) 1.03(17)

* All values from [1967Va22].
** Not observed, estimated to be ⇡ 100% based on half-life.

Table 7

direct a emission from 212Th*, Jp
i = 0+, T1/2 = 31.7(13) ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(208Ra) coincident g-rays R0 (fm) HF

7.959(5) 7.809(5) ⇡ 100% 0+ 0.0 —– 1.5058(26) 1.15(5)

* All values from [2010He25].

Table 8

direct a emission from 216U*, Jp
i = 0+, T1/2 = 2.25+0.63

0.40 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(212Th) coincident g-rays R0 (fm) HF

8.532(17) 8.374(17) 100% 0+ 0.0 —– 1.486(33) 0.48+0.14
�0.09

* All values from [2021Zh22].

Table 9

direct a emission from 216mU*, Ex. = 2.206(23) MeV, Jp
i = 8+, T1/2 = 0.89+0.27

0.17 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(212Th) coincident g-rays R0 (fm) HF

10.355(27) 10.163(27) ⇡5%** ⇡5% (2+) 0.383(31) 1.486(33) ⇡1 ⇥ 105

10.738(16) 10.539(16) 100%** ⇡95% 0+ 0.0 —– 1.486(33) ⇡3.1(9) ⇥ 104

* All values from [2022Zh45].
** One a was observed for this transition compared to 19 for the transition to the ground state.
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +16 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +16 nuclei. Jp values for 166Ho, 170Tm, 174Lu, 178Ta, 182Re, 186Ir, 190Au, 194Tl and
198Bi are taken from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

166Ho* 0� 26.827(5) h -1.854(1) —– —– [1989Ab05]
170Tm** 1� 128.6(3) d 0.312(2) -8.288(20) 2.787(1) [1968Re04]

174Lu (1�) 3.6(4) y 1.374(2) -6.603(5) 4.535(2) [1962Bo12]
178Ta 7� 2.45(5) h 1.840(50)# -5.503(52)# 3.921(52)# [1975Wa24]
182Re 7+ 64.3(5) h 2.800(100) -4.296(102) 4.564(102) [2011Bo01]

186Ir 5+ 16.64(3) h 3.828(17) -2.642(17) 6.649(17) [1982Al34]
190Au 1� 42.8(10) m 4.473(4) -1.673(13) 7.742(4) [1973Jo11]
194Tl 2� 33.0(5) m 5.246(14) -0.822(16) 7.944(14) [2003Su30]
198Bi (2+, 3+) 10.3(3) m 6.694(29) 1.691(31) 10.385(28) [1982Hu04]
202At (3+) 184(1) s 7.346(29) 3.545(30) 13.047(29) [1992Hu04]

202m1At x (7+) 182(2) s 7.346(29)+x 3.545(30)+x 13.047(29)+x [1992Hu04]
202m2At 0.3917(2) + x (10�) 3.46(5) s 7.738(29)+x 3.937(30)+x 13.439(29)+x [1992Hu04]

206Fr 3(+) 15.9(3) s*** 7.886(29) 4.449(30) 14.270(29) [1981Ri04]
206m1Fr x 7(+) 15.9(3) s*** 7.886(29)+x 4.449(30)+x 14.270(29)+x [1981Ri04]
206m2Fr x + 0.531(7) 10(�) 0.7(1) s 8.417(30)+x 4.980(31)+x 14.801(30)+x [2016Ly01, 1981Ri04]

210Ac 350(50) ms 8.320(60) 5.257(63) 15.472(63) [1968Va04]
214Pa 17(3) ms 8.760(80) 6.030(82) 16.592(82) [2000He17, 1995Ni05, 1996An21]

* 100% b� emitter.
** 99.869(10)% b�, 0.131(10)% e emitter [2018Ba41].
*** Combination of T1/2 from 206gsFr and 206m1Fr [1981Ri04].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +16 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

166Ho 6.747(1) 15.543(2) 0.384(2)
170Tm 6.163(1) 14.314(30) 0.850(1)
174Lu 5.308(2) 12.775(6) 1.800(2)
178Ta 5.007(52)# 11.794(52)# 2.547(52)#
182Re 4.50(10) 11.09(10) 2.73(12)#

186Ir 3.655(17) 9.530(17) 3.850(10)
190Au 3.653(11) 9.067(10) 3.914(17) < 1 ⇥ 10�6% [1963Ka17]
194Tl 3.164(21) 8.743(21) 3.471(14) < 1 ⇥ 10�7% [1963Ka17]
198Bi 1.917(28) 6.455(30) 5.139(31)
202At 1.363(28) 4.802(36) 6.354(1) 9(1)% [1992Hu04, 1975BaYJ, 1974Ho27, 2016Ly01, 1996Ta18,

1970DaZM, 1967Tr04, 1967Tr06, 1963Ho18, 1961Fo04,
1961La02]

202m1At 1.363(28) 4.802(36) 6.354(1) 8.6(11)%* [2016Ly01, 1996Ta18, 1992Hu04, 1975BaYJ, 1974Ho27,
1970DaZM, 1967Tr04, 1967Tr06, 1963Ho18, 1961Fo04,
1961La02]

202m2At 1.363(28) 4.802(36) 6.354(1) 4.6(11)% [2016Ly01, 1992Hu04]
206Fr 0.826(28) 3.950(36) 6.923(3) 88.4(33)% [2016Ly01, 1992Hu04, 1981Ri04, 2015Ma63, 2012Ly01

1974Ho27, 1967Va20, 1964Gr04, 1961Gr42]
206m1Fr 0.826(28)-x 3.950(36)-x 6.923(3)+x 84.7(15)% [2016Ly01, 1992Hu04, 1981Ri04, 2015Ma63, 2012Ly01

1974Ho27, 1967Va20, 1964Gr04, 1961Gr42]
206m2Fr 0.295(29)-x 3.419(37)-x 7.436(8)+x 13(2)% [2016Ly01, 1992Hu04, 1981Ri04, 2012Ly01]

210Ac 0.383(62) 3.149(63) 7.586(57) ⇡ 100%** [2000He17, 1968Va04, 2014Ya19, 1967Tr03]
214Pa -0.051(82) 2.418(84) 8.271(52) ⇡ 100%** [2000He17, 1995Ni05, 1996An21, 1995NiZR, 1995NiZS]

* Weighted average of 8.5(15)% [2016Ly01] and 8.7(15)% [1992Hu04].
** Based on short half-life.

Table 3

direct a emission from 202At, Jp
i = (3+), T1/2 = 184(1) s*, BRa = 9(1)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(198Bi) coincident g-rays R0 (fm)@ HF

6.049(10) 5.929(10)* ⇡0.04% ⇡0.004% 0.425(10) 1.4915(23) ⇡ 220
6.193(10) 6.070(10)* ⇡0.2% ⇡0.02% 0.161(10) 1.4915(23) ⇡ 670
6.354(2) 6.228(2)*** 100% 9(1)% (3+) 0.0 —– 1.4915(23) 6.5+0.9

�0.8
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* [1992Hu04].
** [1974Ho27].
***[1975BaYJ].
** Interpolated between 1.4803(16) fm (200Po) and 1.5026(16) fm (204Rn).

Table 4

direct a emission from 202m1At, Ex = unk., Jp
i = (7+), T1/2 = 182(2) s*, BRa = 8.6(11)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(198Bi) coincident g-rays R0 (fm)@ HF

6.258(2) 6.134(2)*** 8.6(11)%** (7+) x 1.4915(23) 2.7+0.5
�0.4

* [1992Hu04].
** Weighted average of 8.5(15)% [2016Ly01] and 8.7(15)% [1992Hu04].
*** Weighted average of 6.133(3) MeV [1996Ta18] and 6.135(2) MeV [1975BaYJ].
** Interpolated between 1.4803(16) fm (200Po) and 1.5026(16) fm (204Rn).

Table 5

direct a emission from 202m2At*, Ex = 391.7 keV + x, Jp
i = (10�), T1/2 = 3.46(5) s, BRa = 4.6(11)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(198Bi) coincident g-rays R0 (fm)** HF

6.404(5) 6.277(5) 4.6(11)% (10�) 0.249 + x 1.4915(23) 0.39+0.13
�0.08

* All values from [1992Hu04].
** Interpolated between 1.4803(16) fm (200Po) and 1.5026(16) fm (204Rn).

Table 6

direct a emission from 206Fr, Jp
i = 3(+), T1/2 = 15.9(3) s*, BRa = 88.4(33)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(202At) coincident g-rays R0 (fm)@ HF

6.926(5) 6.792(5)*** 88.4(33)%** (3+) 0.0 —– 1.5028(38) 2.05+0.22
�0.20

* Combination of T1/2 from 206gsFr and 206m1Fr [1981Ri04].
** [2016Ly01].
*** Unresolved doublet de-exciting the 3(+) and 7(+) isomers in 206Fr [1992Hu04].
@ Interpolated between 1.5026(16) fm (204Rn) and 1.5029(36) fm (208Ra).

Table 7

direct a emission from 206m1Fr, Ex = unk., Jp
i = 7(+), T1/2 = 15.9(3) s* , BRa = 84.7(15)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(202At) coincident g-rays R0 (fm)@ HF

6.926(5) 6.792(5)*** 84.7(15)%** (7+) x 1.5028(38) 2.16+0.22
�0.20

* Combination of T1/2 from 206gsFr and 206m1Fr [1981Ri04].
** [2016Ly01].
*** Unresolved doublet de-exciting the 3(+) and 7(+) isomers in 206Fr [1992Hu04].
@ Interpolated between 1.5026(16) fm (204Rn) and 1.5029(36) fm (208Ra).

Table 8

direct a emission from 206m2Fr, Ex = 531(7) keV + x, Jp
i = 10(�), T1/2 = 0.7(1) s*, BRa = 13(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(202At) coincident g-rays R0 (fm)@ HF

7.067(5) 6.930(5) 13(2)%** (10�) 0.531(7) + x 0.531 1.5028(38) 2.0+0.8
�0.6

* [1981Ri04].
** [2016Ly01].
*** [1992Hu04].
@ Interpolated between 1.5026(16) fm (204Rn) and 1.5029(36) fm (208Ra).
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Table 9

direct a emission from 210Ac*, T1/2 = 350(50) ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(206Fr) coincident g-rays R0 (fm)@ HF

7.607(8) 7.462(8) ⇡ 100% —– 1.5044(44) 1.81(33)

* All Values from [1968Va04].
** Interpolated between 1.5029(36) fm (208Ra) and 1.5058(26) fm (212Th).

Table 10

direct a emission from 214Pa*, T1/2 = 17(3) ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(210Ac) coincident g-rays R0 (fm)@ HF

8.271(15) 8.116(15) ⇡ 100% —– 1.496(33) 1.4+1.5
�0.8

* All values from [2000He17, 1996An21, 1995Ni02].
** Interpolated between 1.5058(26) fm (212Th) and 1.486(33) fm (216U).

References used in the Tables

[1] 1961Fo04 W. Forsling, T. Alvager, L. W. Holm, O. Melin, J. Uhler, B. Astrom, Ark. Fys. 19, 83 (1961).

[2] 1961Gr42 R. D. Griffioen, R. D. Macfarlane, UCRL-10023, p. 47 (1961).

[3] 1961La02 R. M. Latimer, G. E. Gordon, T. D. Thomas, J. Inorg. Nuclear Chem. 17, 1 (1961). https://doi.org/10.1016/0022-
1902(61)80177-2

[4] 1962Bo12 N. A. Bonner, W. Goishi, W. H. Hutchin, G. M. Iddings, H. A. Tewes, Phys. Rev. 127, 217 (1962).
https://doi.org/10.1103/PhysRev.127.217

[5] 1963Ho18 R. W. Hoff, F. Asaro, I. Perlman, J. Inorg. Nucl. Chem. 25, 1303 (1963). https://doi.org/10.1016/0022-
1902(63)80400-5

[6] 1963Ka17 M. Karras, G. Andersson, M. Nurmia, Arkiv Fysik 23, 57 (1963).

[7] 1964Gr04 R. D. Griffioen, R. D. Macfarlane, Phys. Rev. 133, B1373 (1964). https://doi.org/10.1103/PhysRev.133.B1373

[8] 1967Tr03 W. J. Treytl, E. K. Hyde, K. Valli, UCRL-17299, p. 23 (1967).

[9] 1967Tr04 W. J. Treytl, K. Valli, UCRL-17299, p. 32 (1967).

[10] 1967Tr06 W. Treytl, K. Valli, Nucl. Phys. A97, 405 (1967). https://doi.org/10.1016/0375-9474(67)90495-2

[11] 1967Va20 K. Valli, E. K. Hyde, W. Treytl, J. Inorg. Nucl. Chem. 29, 2503 (1967). https://doi.org/10.1016/0022-
1902(67)80176-3

[12] 1968Re04 S. A. Reynolds, J. F. Emery, E. I. Wyatt, Nucl. Sci. Eng. 32, 46 (1968). https://doi.org/10.13182/NSE68-A18822

[13] 1968Va04 K. Valli, W. J. Treytl, E. K. Hyde, Phys. Rev. 167, 1094 (1968). https://doi.org/10.1103/PhysRev.167.1094

[14] 1970DaZM J. M. Dairiki, Thesis, Univ. California (1970); UCRL-20412 (1970).

[15] 1973Jo11 A. Johansson, B. Nyman, Phys. Scr. 8, 99 (1973). https://doi.org/10.1088/0031-8949/8/3/005

[16] 1974Ho27 P. Hornshoj, P. G. Hansen, B. Jonson, Nucl. Phys. A230, 380 (1974). https://doi.org/10.1016/0375-9474(74)90144-
4

[17] 1975BaYJ G. Bastin, C. F. Liang, CSNSM-1973-1975 Prog. Rept. , p. 35 (1975).

[18] 1975Wa24 T. E. Ward, Y. Y. Chu, Phys. Rev. C12, 1632 (1975). https://doi.org/10.1103/PhysRevC.12.1632

[19] 1981Ri04 B. G. Ritchie, K. S. Toth, H. K. Carter, R. L. Mlekodaj, E. H. Spejewski, Phys. Rev. C23, 2342 (1981).
https://doi.org/10.1103/PhysRevC.23.2342

[20] 1982Al34 A. L. Allsop, V. R. Green, N. J. Stone, Hyperfine Interactions 12, 289 (1982). https://doi.org/10.1007/BF01026377

[21] 1989Ab05 A. Abzouzi, M. S. Antony, V. B. Ndocko Ndongue, J. Radioanal. Nucl. Chem. 135, 1 (1989).
https://doi.org/10.1007/BF02165454

[22] 1992Hu04 M. Huyse, P. Decrock, P. Dendooven, G. Reusen, P. Van Duppen, J. Wauters, Phys. Rev. C46, 1209 (1992).
https://doi.org/10.1103/PhysRevC.46.1209

4



[23] 1995NI05 V. Ninov, F. P. Hessberger, S. Hofmann, H. Folger, A. V. Yeremin, A. G. Popeko, A. N. Andreyev, S. Saro, Z. Phys.
A351, 125 (1995). https://doi.org/10.1007/BF01289518

[24] 1995NiZR V. Ninov, F. P. Hessberger, H. Folger, S. Hofmann, A. G. Popeko, A. V. Yeremin, A. N. Andreyev, S. Saro, Proc.
Intern. Conf on Exotic Nuclei and Atomic Masses, Arles, France, June 19-23, 1995, p. 571 (1995).

[25] 1995NiZS V. Ninov, S. Hofmann, F. P. Hessberger, H. Folger, A. N. Andreev, A. V. Eremin, A. G. Popeko, S. Saro, Program
and Thesis, Proc. 45th Ann. Conf. Nucl. Spectrosc. Struct. At. Nuclei, St. Petersburg, p. 108 (1995).

[26] 1996An21 A. N. Andreev, A. G. Popeko, A. V. Eremin, S. Hofmann, F. Hessberger, H. Folger, V. Ninov, S. Saro, Bull. Rus.
Acad. Sci. Phys. 60, 119 (1996).

[27] 1996Ta18 R. B. E. Taylor, S. J. Freeman, J. L. Durell, M. J. Leddy, A. G. Smith, D. J. Blumenthal, M. P. Carpenter, C. N.
Davids, C. J. Lister, R. V. F. Janssens, D. Seweryniak, Phys. Rev. C54, 2926 (1996). https://doi.org/10.1103/PhysRevC.54.2926

[28] 2000He17 F. P. Hessberger, S. Hofmann, D. Ackermann, V. Ninov, M. Leino, S. Saro, A. Andreyev, A.
Lavrentev, A. G. Popeko, A. V. Yeremin, Eur. Phys. J. A 8, 521 (2000); Erratum Eur. Phys. J. A 9, 433 (2000).
https://doi.org/10.1007/s100500070075

[29] 2003Su30 K. Sudarshan, S. Sodaye, R. Tripathi, A. Goswami, B. S. Tomar, A. V. R. Reddy, Radiochim. Acta 91, 1 (2003).
https://doi.org/10.1524/ract.91.1.1.19014

[30] 2011Bo01 M. Bonardi, F. Groppi, E. Persico, S. Manenti, K. Abbas, U. Holzwarth, F. Simonelli, Z. B. Alfassi, Radiochim.
Acta 99, 1 (2011). https://doi.org/10.1524/ract.2011.1789

[31] 2012Ly01 J. E. Lynn, K. E. Schmidt, Phys. Rev. C 86, 014324 (2012). https://doi.org/10.1103/PhysRevC.86.014324

[32] 2014Ya19 H. Yang, L. Ma, Z. Zhang, L. Yu, G. Jia, M. Huang, Z. Gan, T. Huang, G. Li, X. Wu, Y. Fang, Z. Wang, B. Gao,
W. Hua, J. Phys. (London) G41, 105104 (2014). https://doi.org/10.1088/0954-3899/41/10/105104

[33] 2015Ma63 D. A. Mayorov, T. A. Werke, M. C. Alfonso, E. E. Tereshatov, M. E. Bennett, M. M. Frey, C. M. Folden, Phys.
Rev. C 92, 054601 (2015). https://doi.org/10.1103/PhysRevC.92.054601

[34] 2016Ly01 K. M. Lynch, T. E. Cocolios, J. Billowes, M. L. Bissell, I. Budincevic, T. Day Goodacre, R. P. de Groote,
G. J. Farooq-Smith, V. N. Fedosseev, K. T. Flanagan, S. Franchoo, R. F. Garcia Ruiz, H. Heylen, R. Li, B. A. Marsh, G.
Neyens, R. E. Rossel, S. Rothe, H. H. Stroke, K. D. A. Wendt, S. G. Wilkins, X. Yang, Phys. Rev. C 93, 014319 (2016).
https://doi.org/10.1103/PhysRevC.93.014319

[35] 2021Wa16 M. Wang, W. J. Huang, F. G. Kondev, G. Audi, S. Naimi, Chin. Phys. C 45, 030003 (2021).
https://doi.org/10.1088/1674-1137/abddaf

5



Qεp  =   5.383# MeV
Qε    = 14.405#   MeV
Q     =    7.837 MeV
       100 %

217U
15.6 ms

 

E  = 8.005 MeV

Qεp  =   4.225 MeV
Qε    = 12.418 MeV
Q     =    7.143 MeV
       ~100 %

Qεp  =   5.030 MeV
Qε    = 13.477 MeV
Q     =    7.837 MeV
        100 %

213Th
5/2-

86 ms

209Ra
5/2-
4.9 s

E  = 7.003 MeV

197Pb
3/2-

7.2 m

197Tl
1/2+
2.8 h

201Po

3/2-
15.8 m

13/2+
9 m

E  = 5.684 MeV

E  = 5.787 MeV

Qεp  =   3.342 MeV
Qε    = 11.294 MeV
Q     =   6.386 MeV
       26(1) %

205Rn
5/2-

170 s

E  = 6.261 MeV

Qεp  =  -0.208 MeV
Qε    =   6.235 MeV
Q     =    3.892 MeV

Qεp  =  2.441 MeV
Qε    =  9.408 MeV
Q     =   5.799 MeV
       1.5(1) %

Ex = 434(2) keV
      2.9(2) %

201Bi
9/2-

103 m

Even Z
Tz = +33/2

205At
9/2-
27 m

Stable to ß+ decay
 Q     =  0.266 MeV

169Er
1/2-
9.3 d

173Yb
5/2-

stable

177Hf
7/2-

stable

181Ta

181W
9/2+
121 d

185Os
1/2-
93 d

Qεp  = -5.743 MeV
Qε    =  1.725 MeV
Q     =   2.222 MeV

Qεp  = - 4.389 MeV
Qε    =   3.208 MeV
Q      =   3.003 MeV
      

189Pt
3/2-

10.9 h

Qεp  =  -2.621 MeV
Qε    =   4.925 MeV
Q      =   3.912 MeV

185Re
5/2+
stable

7/2+
stable

189Ir
3/2+
133 d

E  = 7.684 MeV

169Tm
1/2+

stable

Stable to ß+ decay
 Q     =  0.945 MeV

Stable to ß+ decay
 Q     =  2.246 MeV

221Pu Qεp  =   5.83# MeV
Qε    = 16.45# MeV
Q      = 10.53# MeV

193Au
3/2+
18 h

193Hg
3/2-
3.8 h

Qεp  =  -2.063 MeV
Qε    =   4.963 MeV
Q     =    2.982 MeV

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +33/2 nuclei.

Last updated 10/20/2023

1



Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +33/2 nuclei. Jp values for 169Er, 173Yb, 177Hf, 181W, 185Os, 189Pt, 193Hg, 197Pb and
201Po are taken from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex Jp T1/2 Qe Qe p Qe a Experimental

169Er* 1/2� 9.36(4) d -2.125(20) —– —– [2004Sc04]
173Yb 5/2� stable -1.295(4) —– —–
177Hf 7/2� stable** -0.497(1) —– —–
181W 9/2+ 120.95(2) d 0.205(2) -5.743 1.725(2) [1973My02]
185Os 1/2� 92.95(9) d 1.013(1) -4.389(1) 3.208(2) [2012Kr05]
189Pt 3/2� 10.87(12) h 1.980(14) -2.621(10) 4.925(10) [1964Le07]

193Hg 3/2� 3.80(15) h 2.343(14) -2.063(16) 4.963(20) [1974ViZS]
197Pb 3/2� 7.2(10) m*** 3.609(14) -0.208(6) 6.235(10) [1980Hi04, 1979Ra04]
201Po 3/2� 15.8(3) m 4.908(13) 2.441(11) 9.408(14) [1965Br17, 1967Le21]

201mPo 0.4234(2)@ 13/2+ 9(2) m 5.331(13) 2.864(11) 9.831(14) [1965Br17, 1967Le21]
205Rn 5/2� 170(4) s 5.275(13) 3.342(11) 11.294(13) [1971Ho01]
209Ra 5/2� 4.9(2) s@@ 5.640(13) 4.225(12) 12.418(13) [2008Ha12, 1967Va22]
213Th 5/2� 86(10) ms@@@ 5.979(15) 5.030(14) 13.477(15) [1980Ve01, 1968Va18]

217U 15.6+21.3
�5.7 ms 5.920(80)# 5.383(81)# 14.405(81)# [2000Ma65]

221Pu 6.02(36)# 5.63(32)# 16.45(30)#

* 100% b� emitter.
** T1/2 reported as � 7.5 ⇥ 1016 y [2020Ca15], due to non observation of a decays from this nucleus.
*** Weighted average of 10(2) m [1979Ra04] and 6.2(12) m [1980Hi04].
@ [2023Ko01].
@@ Weighted average of 5.1(2) s [2008Ha12] and 4.7(2) s [1967Va22].
@@@ Weighted average of 80(10) ms [1980Ve01] and 125(25) ms [1968Va18].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +33/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

169Er 8.151(30) 15.588(4) 0.266(1)
173Yb 7.467(5) 14.411(1) 0.945
177Hf 6.787(1) 12.763(1) 2.246(1)
181W 6.589(2) 12.349 2.222
185Os 5.875(4) 11.018(1) 3.003(2)
189Pt 5.413(14) 9.828(10) 3.912(10)

193Hg 5.579(22) 9.942(16) 2.982(18)
197Pb 4.538(13) 8.310(24) 3.892(16)
201Po 3.440(23) 5.867(8) 5.799(2) 1.15(1)% [1965Br17, 1967Le21, 1968Go12, 1993Wa04, 1986Br28,

1970DaZM, 1970Jo26, 1970Ra14, 1967Le08, 1967Ti04,
1967Tr04, 1967Tr06, 1963Ho18, 1962Be26, 1961Be25,
1961Fo05, 1954Ro39]

201mPo 3.440(23) 5.867(8) 5.799(2) 2.9(2)% [1965Br17, 1967Le21, 1968Go12, 2015We13, 1993Wa04,
1986Br28, 1970Jo26, 1970Ra14, 1967Le08]

205Rn 3.123(23) 4.977(7) 6.386(2) 26(1)%* [1993Wa04, 1971Ho01, 1967Va17, 1971Jo19, 1967Va07,
1965Nu04]

209Ra 2.766(13) 4.085(7) 7.143(3) ⇡ 100%** [2003He06, 2008Ha12, 2001HeZY, 1997Mi03, 1968Lo15,
1967Va22]

213Th 2.468(24) 3.290(10) 7.837(7) 100%** [1980Ve01, 1968Va18, 2000Ma65]
217U 2.142(84) 2.529(81) 8.426(80) 100%** [2000Ma65, 2022Zh45, 2012WaZX, 2005Le42]

221Pu 1.83(30)# 1.94(30)# 10.53(31)#

* Weighted average of 25(1)% [1993Wa04] and 35(3)% [1971Ho01].
** Based on half-life.

Table 3

direct a emission from 201Po, Jp
i = (3�), T1/2 = 15.8(3) m*, BRa =1.15(1)%*.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(210Ac) coincident g-rays R0 (fm) HF

5.799(2) 5.684(2) 1.15(1)%* (3�) 0.0 —– 1.4762(18) 1.82(9)

* [1965Br17, 1967Le21]
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** [1968Go12].

Table 4

direct a emission from 201mPo, Ex. = 423.4(2) keV*, Jp
i = (13+), T1/2 = 9(2) m**, BRa = 2.9(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(197Pb) coincident g-rays R0 (fm) HF

5.905(2) 5.787(2) 1.15(1)%* (13+) 0.3193(1)@ 0.085, 0.234@ 1.4762(18) 1.29(31)

* [2023Ko01].
** [1965Br17, 1967Le21]
*** [1968Go12].
@ [2005Hu03].

Table 5

direct a emission from 205Rn, Jp
i = (5�), T1/2 = 170(4) s*, BRa = 26(1)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(201Po) coincident g-rays R0 (fm) HF

6.3855(25) 6.2609(25) 26(1)%* (5�) 0.00561(13)@ 0.0056 1.4972(20) 1.23(8)

* [1971Ho01].
** Weighted average of 25(1)% [1993Wa04] and 35(3)% [1971Ho01].
*** [1993Wa04].
@ a-transition assumed to decay to the favored 5/2� state in the 201Po daughter. Energy from [2023Ko01].

Table 6

direct a emission from 209Ra, Jp
i = (5�), T1/2 = 4.9(2) s*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(205Rn) coincident g-rays R0 (fm) HF

6.500(5) 6.376(5)** 0.2% ⇡ 0.2% 0.6337(11) 0.6337(11) 1.4945(33) ⇡ 2.2
6.754(5)) 6.625(5)** 0.5% ⇡0.5% 0.3870(5) 0.3870(5) 1.4945(33) ⇡ 8.8
7.140(10) 7.003(10)** 100% ⇡ 99.3% (5�) 0.0 —– 1.4945(33) ⇡ 1.25

* Weighted average of 5.1(2) s [2008Ha12] and 4.7(2) s [1967Va22].
** [2003He06].

Table 7

direct a emission from 213Th, Jp
i = (5�), T1/2 = 86(10) ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(209Ra) coincident g-rays R0 (fm) HF

7.824(10) 7.684(10) 100% (5�) 0.0 —– 1.5022(41) 0.99(16)

* Weighted average of 80(10) ms [1980Ve01] and 125(25) ms [1968Va18].
** Weighted average of 7.690(10) MeV [1968Va18] and 7.677(10) MeV [1980Ve01].

Table 8

direct a emission from 217U*, Jp
i = (5�), T1/2 = 15.6+21.3

�5.7 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(213Th) coincident g-rays R0 (fm) HF

8.155(20) 8.005(20) 100% (5�) 0.0 —– 1.499(24) 0.37+0.53
�0.21**

* All values from [2000Ma65].
** The unphysically low HF value may suggest that the half-life is longer than reported. A T1/2 of 42 ms at this energy gives a HF of 1.0.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +33/2 nuclei. Jp values for 171Tm, 175Lu, 179Ta, 183Re, 187Ir, 191Au, 195Tl and 199Bi are
taken from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

171Tm* 1/2+ 1.92(1) y -1.492(1) —– —– [1965Fl02]
175Lu 7/2+ stable -0.470(1) —– —–
179Ta 7/2+ 588(10) d 0.106(1) -7.309(2) 1.913(1) [1974Ch53]
183Re 5/2+ 69.0(19) d** 0.556(8) -6.668(8) 2.228(8) [1958Fo47, 1958Ga17]

187Ir 3/2+ 10.5(3) h 1.670(28) -4.911(28) 4.391(28) [1963Em02]
191Au 3/2+ 31.8(8) h 1.900(6) -4.333(5) 4.996(5) [1967Jo06]
195Tl 1/2+ 1.16(5) h 2.858(26) -3.232(11) 5.118(12) [1961Ju06]
199Bi 9/2� 27(1) m 4.434(13) -0.558(13) 7.791(25) [1964Si11]
203At 9/2� 7.4(3) m 5.148(12) 1.299(18) 10.644(13) [1961La02]
207Fr 9/2� 14.9(1) s 5.786(18) 2.301(22) 12.037(18) [1981Ri04]

211Ac (9/2�) 229(25) ms*** 6.310(50) 3.198(55) 13.353(54) [2000He17, 1968Va04]
215Pa (9/2�) 14(2) ms 6.880(80) 4.082(84) 14.548(83) [2000He17]

219Np (9/2�) 150+720
�70 µs 6.140(90) 3.498(94) 16.091(92) [2018Ya01]

223Am 5.2+12.0
�4.4 ms 6.58(42)# 4.14(30)# 16.98(30)# [2105De22]

* 100% b� emitter.
** Weighted average of 67.6(25) d [1958Fo47] and 71(3) d [1958Ga17].
*** Weighted average of 200(29) ms [2000He17], and 250(25) ms [1968Va04].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +33/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

171Tm 6.392(1) 14.992(20) 0.644(5)
175Lu 5.510(1) 13.488(5) 1.620(2)
179Ta 5.211(0) 12.551(1) 2.383(1)
183Re 4.852(8) 11.949(8) 2.123(8)

187Ir 3.838(28) 10.308(28) 3.835(29)
191Au 3.780(5) 9.926(14) 3.327(28)
195Tl 3.260(11) 9.328(14) 3.218(12)
199Bi 2.019(14) 7.021(17) 4.933(7)
203At 1.510(14) 5.312(16) 6.210(1) 27(3)%* [1998Bo14, 1996Ta18, 1975BaYJ, 1974Ho27, 1968Go12,

1967Tr06, 1963Ho18, 1986Wo03, 1983SeZQ, 1970DaZM,
1967Tr04, 1961Fo04, 1956Bu12, 1951Ba04]

207Fr 1.005(20) 4.442(21) 6.901(3)** 95(3)%*** [1981Ri04, 1974Ho27, 1967Va20, 1964Gr04, 1961Gr42]
211Ac 0.588(55) 3.652(55) 7.624(6)@ ⇡ 100%@@ [2000He17, 1968Va04, 2014Ya19]
215Pa 0.180(80) 2.910(80) 8.241(7)@@@ 100% [2000He17, 1996An21, 1979Sc09, 2018Ya01, 1997Mi03,]

1995NiZS]
219Np -0.253(93) 2.196(93) 9.207(41) 100% [2018Ya01, 2015De22]

223Am -0.35(42)# 1.79(36)# 10.84(31)# [2015De22]

* Weighted average of 22(3)% [1998Bo14] and 31(3)% [1974Ho27].
** Deduced from a energy, 6.889(20) MeV in [2021Wa16].
*** Weighted average of 97+2

�3% [1981Ri04] and 93(3)% [1974Ho27].
@ Deduced from a energy, 7.568(52) MeV in [2021Wa16].
@@ Based on half-life.
@@@ Deduced from a energy, 8.240(60) MeV in [2021Wa16].

Table 3

direct a emission from 203At, Jp
i = (9/2�), T1/2 = 7.4(3) m*, BRa = 27(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(199Bi) coincident g-rays R0 (fm)@ HF

6.210(1) 6.088(1)*** 27(3)%** (9/2�) 0.0 —– 1.4873(17) 1.24+0.22
�0.18

* [1961La02].
** Weighted average of 22(3)% [1998Bo14] and 31(3)% [1974Ho27].
*** Weighted average of 6.088(2) MeV [1996Ta18], 6.089(3) MeV [1975BaYJ], 6.087(2) MeV [1968Go128], 6.086(3) MeV [19Tr06], and 6.085(1) MeV

[1963Ho18] (adjusted to 6.088(1) in [1991Ry01].
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Table 4

direct a emission from 207Fr, Jp
i = 9/2�, T1/2 = 14.9(1) s*, BRa = 95(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(203At) coincident g-rays R0 (fm)@ HF

6.901(3) 6.768(3)*** 95(3)%** 9/2� 0.0 —– 1.4973(32) 1.36(11)

* [1981Ri04].
** Weighted average of 97+2

�3% [1981Ri04] and 93(3)% [1974Ho27].
*** Weighted average of 6.773(5) MeV [1967Va20] (adjusted to 6.774(5) in [1991Ry01], 6.761(5) MeV [1967Va20] (adjusted to 6.762(5) in [1991Ry01], and

6.766(5) MeV [1967Va20] (adjusted to 6.767(5) in [1991Ry01],

Table 5

direct a emission from 211Ac, Jp
i = (9/2�), T1/2 = 229(25) ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(207Fr) coincident g-rays R0 (fm)@ HF

7.624(6) 7.477(6)** ⇡ 100% (9/2�) 0.0 —– 1.4960(28) 1.18(16)

* Weighted average of 200(29) ms [2000He17], and 250(25) ms [1968Va04].
** Weighted average of 7.472(10) MeV [2000He17] and 7.480(8) MeV [1968Va04].

Table 6

direct a emission from 215Pa, Jp
i = (9/2�), T1/2 = 14(2) ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(211Ac) coincident g-rays R0 (fm)@ HF

8.241(7) 8.088(7)** 27(3)%** (9/2�) 0.0 —– 1.557(16) 1.1+0.6
�0.4

* [2000He17].
** Weighted average of 8.091(15) MeV [2000He17], 8.088(10) MeV [1996An21], and 8.085(15) MeV [1979Sc09].

Table 7

direct a emission from 219Np*, Jp
i = (9/2�), T1/2 = 150+720

�70 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(215Pa) coincident g-rays R0 (fm)@ HF

9.207(40) 9.039(40) 100% (9/2�) 0.0 —– 1.492(19) 4.9+23.1
�2.9

* All values from [2018Ya01].
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +17 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp Ex. T1/2 Qe Qe p Qe a Experimental

170Er 0+ �4.1 ⇥ 10+15 y -3.870(50) —– —– [2018Be25]
174Yb 0+ stable -3.080(40) —– —–
178Hf 0+ stable -2.098(2) —– —–
182W 0+ stable -1.816(2) —– —–
186Os 0+ 2.0(11) ⇥ 10+15 y -1.073(1) —– —– [1975Vi01]
190Pt 0+ 6.65(28) ⇥ 1011 y -0.553(1) —– —– [2011Be08]

194Hg 0+ 447(28) y 0.028(4) -4.993(3) 2.145(3) [2015Do01]
198Pb 0+ 2.4(1) h 1.461(12) -2.816(9) 3.720(9) [1959Ju39]
202Po 0+ 45.4(2) m 2.809(16) 0.040(16) 7.162(11) [1970Ra14]
206Rn 0+ 6.29(10) m* 3.306(16) 1.100(13) 9.193(16) [1969Ha03, 1967Va17]
210Ra 0+ 3.7(2) s** 3.786(16) 2.095(14) 10.457(16) [1968Lo15, 1967Va22]
214Th 0+ 113+11

�9 ms 4.262(17) 3.060(14) 11.614(17) [2022Zh45]
218U 0+ 650+80

�70 µs 3.245(23) 2.400(17) 13.036(19) [2022Zh45]
218mU 2.112(14) 8+ 390+60

�50 µs 5.357(27) 4.512(22) 15.148(24) [2022Zh45]
222Pu 0+ 3.79(30)# 3.25(31)# 13.99(30)#

* Weighted average of 5.67(17) m [1969Ha03] and 6.5(1) m [1967Va17].
* Weighted average of 3.8(2) s [1967Va22] and 3.6(2) s [1968Lo15].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +17 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

170Er 8.600(20) 16.13(14) 0.052(2)
174Yb 7.977(4) 15.040(4) 0.738(1)
178Hf 7.340(1) 13.522(1) 2.084(1)
182W 7.096(2) 13.045(2) 1.764(2)
186Os 6.470(1) 11.873(1) 2.821(1) 100% [1975Vi01, 2020Be23, 1973ViZL]
190Pt 6.146(13) 10.747(1) 3.269(1) 100% [2011Be08, 1987Al28, 2017Br04, 1997Ta33, 1986AlZT,

1966Ka23, 1961Ma05, 1963Gr08, 1961Gr37, 1961Ma05,
1961Pe23, 1956Po16, 1954Po24, 1953Po01]

194Hg 6.068(9) 10.473(4) 2.698(3)
198Pb 5.002(16) 8.819(9) 3.692(9)
202Po 3.802(15) 6.269(13) 5.701(2) 1.93(6)%* [1993Wa04, 1970Jo26, 1970Ra14, 1968Go12, 1967Le08,

1967Ti10, 1967Tr06, 1992WaZV, 1971Ho01, 1969Ha03,
1967Le21, 1967Tr04, 1965Br17, 1965Br27, 1964Br23,
1963Ho10, 1962Ax02, 1961Ax02, 1961Be25, 1961Fo05,
1954Ro39, 1951Ka14]

206Rn 3.437(15) 5.370(13) 6.384(2) 62(3)% [1993Wa04, 1971Go35, 1971Ho01, 1969Ha03, 1967Va17,
2014Ma66, 1992WaZV, 1967Va07, 1965Nu04, 1957St10,
1954Bu67]

210Ra 3.064(15) 4.480(14) 7.151(3) ⇡ 100%** [2003He06, 1967Va22, 2015Ma37, 2001HeZY, 1997Mi03,
1968Lo15]

214Th 2.735(16) 3.684(15) 7.827(5) 100% [2022Zh45, 1980Ve01, 1968Va18, 2005Li17, 1984Sc13,
1968Va10]

218U 2.449(19) 2.982(18) 8.775(9) 100% [2022Zh45, 2021Zh22, 2005Le42, 2015Ma37, 2007Le14,
2006LeZR, 1994AnZY, 1994Ye08]

218mU 0.337(23) 0.870(24) 10.887(17) 100% [2022Zh45, 2005Le42, 2021Zh22, 2015Ma37, 2007Le14,
2006LeZR]

222Pu 2.14(36)# 2.53(32)# 10.74(30)#

* Weighted average of 1.92(7)% [1993Wa04] and 2.00(15)% [1967Le08].
** Based half-life.
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Table 3

direct a emission from 186Os*, Jp
i = 0+, T1/2 = 2.0(11) ⇥ 10+15 y, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(182W) coincident g-rays R0 (fm)] HF

⇡2.82 ⇡2.76 100% 0+ 0.0 —– 1.486(29) 1.0(5)

* All values taken from [1975Vi01].

Table 4

direct a emission from 190Pt, Jp
i = 0+, T1/2 = 6.5(3) ⇥ 1011 y*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(186Os) coincident g-rays R0 (fm)] HF

3.122 3.053** 0.25(10)% 0.25(10)%** 2+ 0.137 0.137 1.486(29) 13+8
�4

3.258 3.190(10) 100% 99.75(10)%** 0+ 0.0 —– 1.486(29) 1.04(4)

* [2017Br04].
** a was not observed, the decay branch was determined through the observation of 137-keV g ray from 190Pt decay [2011Be08].

Table 5

direct a emission from 202Po, Jp
i = 0+, T1/2 = 45.4(2) m*, BRa = 1.93(6)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(198Pb) coincident g-rays R0 (fm)] HF

5.701(1) 5.588(1)*** 100% 0+ 0.0 —– 1.4720(20) 1.013(32)

* [1970Ra14].
** Weighted average of 1.92(7)% [1993Wa04] and 2.00(15)% [1967Le08].
*** Weighted average of 5.589(3) MeV [1970Ra14] (adjusted to 5.588(3) MeV in [1991Ry01]), 5.590(5) MeV [1970Jo26], 5.588(2) MeV [1968Go12],

5.587(5) MeV [1967Ti10] and 5.578(3) MeV [1970Ra14] (adjusted to 5.579(5) MeV in [1991Ry01]).

Table 6

direct a emission from 206Rn, Jp
i = 0+, T1/2 = 6.29(10) m*, BRa = 62(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(202Po) coincident g-rays R0 (fm)] HF

6.3836(16) 6.2597(16)*** 100% 0+ 0.0 —– 1.4917(27) 1.11(6)

* Weighted average of 5.67(17) m [1969Ha03] and 6.5(1) m [1967Va17].
** [1971Ho01].
*** Weighted average of 6.2606(25) MeV [1993Wa04], 6.260(3) MeV [1971Go35] and 6.258(3) MeV [1967Va17].

Table 7

direct a emission from 210Ra, Jp
i = 0+, T1/2 = 3.7(2) s*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(206Rn) coincident g-rays R0 (fm)] HF

7.151(5) 7.015(5)** 100% 0+ 0.0 —– 1.4861(29) 0.90(5)

* Weighted average of 3.8(2) s [1967Va22] and 3.6(2) s [1968Lo15].
** Weighted average of 7.003(10) MeV [2003He06] and 7.018(5) MeV [1967Va22].

Table 8

direct a emission from 214Th, Jp
i = 0+, T1/2 = 113+11

�9 ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(210Ra) coincident g-rays R0 (fm)] HF

7.824(6) 7.678(6)** 100% 0+ 0.0 —– 1.4986(56) 1.26(12)

* [2022Zh45].
** Weighted average of 7.674(14) MeV [2022Zh45], 7.677(10) MeV [1980Ve01] and 7.680(10) MeV [1968Va18].
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Table 9

direct a emission from 218U, Jp
i = 0+, T1/2 = 650+80

�70 µs*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(214Th) coincident g-rays R0 (fm)] HF

8.773(8) 8.612(8)** 100% 0+ 0.0 —– 1.512(14) 1.26(16)

* [2022Zh45].
** Weighted average of 8.612(14) MeV [2022Zh45] and 8.612(9) MeV [2005Le42].

Table 10

direct a emission from 218mU, ex. = 2.112(14) MeV, Jp
i = 8+, T1/2 = 390+60

�50 µs*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(214Th) coincident g-rays R0 (fm)] HF

10.261(16) 10.073(16)* 28(5)%* 22(5)%* 0.629 1.512(14) 1.2+0.6
�0.4 ⇥104

10.885(11) 10.685(11)** 100(5)%* 78(5)%* 0+ 0.0 —– 1.512(14) 5.8(10) ⇥104

* [2022Zh45].
** Weighted average of 20.690(14) MeV [2022Zh45] and 10.678(17) MeV [2005Le42].
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +17 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +17 nuclei. Jp values for 172Tm, 176Lu, 180Ta, 184Re, 188Ir, 192Au, 196Tl and 200Bi are
taken from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

172Tm* 2� 63.6(3) h -0.891(5) —– —– [1956Ne08]
176Lu* 7� 3.640(35) ⇥ 1010 y 0.109(1) -8.361(50) 0.676(4) [2013Ko20]

180Ta** 1+ 8.152(6) h 0.846(2) -7.164(5) 2.132(2) [1980Ry01]
184Re (3�) 35.43(16) d 1.486(4) -6.215(4) 3.135(4) [2022La12]

188Ir 1� 41.5(5) h 2.792(9) -4.417(9) 4.936(9) [1950Ch11]
192Au 1� 4.94(10) h*** 3.516(16) -3.352(16) 5.940(16) [1966Ny01, 1962Ma18]
196Tl 2� 1.84(3) h 4.329(12) -2.219(12) 6.367(12) [1960Ju01]
200Bi 7+ 36.4(5) m 5.880(25) 0.400(36) 9.030(23) [1970DaZM]
204At 7+ 9.1(1) m@ 6.466(25) 2.361(26) 11.951(25) [1963Ho18, 1970DaZM,

1964Th07]
208Fr 7+ 58.6(3) s@@ 6.990(15) 3.274(17) 13.251(15) [1974Ho27, 1981Ri04]

212Ac (7+) 896(35) ms@@@ 7.498(24) 4.151(25) 14.530(24) [1968Va04, 2014Ya19]
216Pa 105(12) ms 7.525(27) 4.504(28) 15.598(27) [1996An21]

220Np 25+14
�7 µs 7.46(11)# 4.603(76) 17.752(33)# [2019Zh23]

224Am 7.98(50)# 5.31(41)# 17.82(41)#

* 100% b� emitter.
** Decays by 22.1(14)% b+, 77.9(14)% b� emitter [2013Ko20].
*** Weighted average of 4.85(10) h [1966Ny01] and 5.03(10) h [1962Ma18].
@ Weighted average of 9.3(2) m [1963Ho18], 9.1(2) m [1970DaZM], and 8.9(2) m [1964Th07].
@@ Weighted average of 58.0(3) s [1974Ho27] and 59.1(3) s [1981Ri04].
@@@ Weighted average of 880(35) ms [2014Ya19] and 930(50) ms [1968Va04].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +17 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

172Tm 6.945(5) 15.714(50) 0.261(30)
176Lu 5.976(1) 14.096(45) 1.566(6)
180Ta 5.760(2) 13.174(3) 2.024(2)
184Re 5.143(4) 12.367(4) 2.289(5)

188Ir 4.415(9) 10.996(9) 3.450(10)
192Au 4.363(16) 10.597(16) 3.148(18)
196Tl 3.772(26) 9.863(12) 2.851(20)
200Bi 2.428(24) 7.420(24) 4.701(26)
204At 1.853(23) 5.702(27) 6.070(1) 4.52(4)% [1981Va27, 1968Go12, 1967Tr06, 1963Ho18, 1961La02,

2014Ma66, 1981Va29, 1981VaZT, 1975BaYJ, 1974Ho27,
1970DaZM, 1967Tr04, 1964Th07]

208Fr 1.319(13) 4.803(18) 6.785(25) 80(3)%* [1981Ri04, 1974Ho27, 1967Va20, 2019Zh23, 2003At01,
1971ReZE, 1964Gr04, 1961Gr42]

212Ac 0.821(22) 3.935(26) 7.540(24) ⇡ 100%** [2014Ya19, 2000He17,1968Va04, 2019Zh23, 2015Ma63]
216Pa 0.387(25) 3.187(28) 8.099(11) ⇡ 100%** [2000He17, 2019Zh23, 1998Ik01, 1998MiZW, 1996An21,

1979Sc09, 1971Su14]
220Np 0.110(33) 2.752(36) 10.226(18) 100% [2019Zh23]

224Am 0.15(50)# 2.59(40)# 10.36(40)#

* Weighted average of 90(4)% [1981Ri04] and 74(3)% [1974Ho27].
** Not measured, based on half-life.
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Table 3

direct a emission from 204At, Jp
i = 7+, T1/2 = 9.1(1) m*, BRa = 4.52(4)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(200Bi) coincident g-rays R0 (fm)] HF

6.070(1) 5.951(1)*** 4.52(4)%** 7+ 0.0 —– 1.4809(34)@ 2.02(16)

* Weighted average of 9.3(2) m [1963Ho18], 9.1(2) m [1970DaZM], and 8.9(2) m [1964Th07].
** [1961La02].
*** Weighted average of 5.952(2) MeV [1968Go12], 5.948(3) MeV (adjusted to 5.951(3) MeV in [1991Ry01]) [1963Ho18], 5.947(3) MeV [1967Tr06] and

5.953(3) MeV [1981Va27].
@ Interpolated between 1.4720(20) fm (202Po) and 1.4917(27) fm (206Rn).

Table 4

direct a emission from 208Fr, Jp
i = (7+), T1/2 = 58.6(3) s*, BRa = 80(3)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(204At) coincident g-rays R0 (fm)] HF

6.771(5) 6.641(5)*** 80(3)%** 7+ 0.0 —– 1.4889(40)@ 1.78+0.20
�0.18

* Weighted average of 9.3(2) m [1963Ho18], 9.1(2) m [1970DaZM], 9.3(2) m [19631La02] and 8.9(2) m [1964Th07].
** Weighted average of 90(4)% [1981Ri04] and 74(3)% [1974Ho27].
*** Weighted average of 6.647(5) MeV (adjusted to 6.647(5) MeV in [1991Ry01]) [1967Va20], 6.636(5) MeV (adjusted to 6.637(5) MeV in [1991Ry01])

[1974Ho27] and 6.636(5) MeV (adjusted to 6.637(5) MeV in [1991Ry01]) [1981Ri04].
@ Interpolated between 1.4917(27) fm (206Rn) and 1.4861(29) fm (210Ra).

Table 5

direct a emission from 212Ac, Jp
i = (7+), T1/2 = 896(35) ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(208Fr) coincident g-rays R0 (fm)] HF

7.517(6) 7.375(6)** 100% (7+) 0.0 —– 1.4924(63)*** 1.98+0.32
�0.28

* Weighted average of 880(35) ms [2014Ya19] and 930(50) ms [1968Va04].
** Weighted average of 7.373(10) MeV [2000He17] and 7.377(8) MeV [1968Va04].
*** Interpolated between 1.4861(29) fm (210Ra) and 1.4986(56) fm (214Th).

Table 6

direct a emission from 216Pa*, T1/2 = 105(12) ms**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(212Ac) coincident g-rays R0 (fm)] HF

7.940(15) 7.793(15) 8(2)% 4(1)% 0.158 0.158 1.505(15)*** 35+22
�14

7.962(15) 7.815(15) 88(12)% 45(5)% 0.1336(3) 0.1336(3) 1.505(15)*** 3.7+1.8
�1.4

8.098(15) 7.948(15) 100(8)% 51(4)% (7+) 0.0 —– 1.505(15)*** 9+4
�3

* All values from [2000He25], except where noted.
** [1996An21].
*** Interpolated between 1.4986(56) fm (214Th) and 1.512(14) fm(218U).

Table 7

direct a emission from 220Np*, T1/2 = 25+14
�7 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(216Pa) coincident g-rays R0 (fm)] HF

10.226(18) 10.040(18) 100% 0.0** —– 1.512(39)*** 80+100
�50

* All values from [219Zh23].
** a is assumed to feed the ground state of 216Pa.
*** Interpolated between 1.512(14) fm (218U) and 1.511(36) fm (222Pu).
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +35/2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +35/2 nuclei. Jp values for 171Tm, 175Lu, 179Ta, 183Re, 187Ir, 191Au, 195Tl 199Bi and
211Ra are taken from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

175Yb* (7/2�) 4.185(1) d -2.390(50) —– —– [1989Ab05]
179Hf 9/2+ �2.7 ⇥ 1018 y -1.404(5) —– —– [2021Br09]
183W 1/2� �6.7 ⇥ 1020 y -1.072(2) —– —– [2011Be39]
187Os 1/2� �3.2 ⇥ 1015 y -0.002 —– —– [2020Be23]
191Pt 3/2� 2.817(4) d** 1.010(4) -4.279(4) 3.093(4) [2000Mo05, 1994Pa16]

195Hg 1/2� 10.69(3) h*** 1.554(23) -3.542(23) 3.271(23) [2015Do01, 2001Li17]
199Pb 3/2� 103.0(14) m 2.828(29) -1.566(7) 4.910(7) [2014Pa07]
203Po 5/2� 34.8(5) m@ 4.214(14) 1.341(6) 8.324(28) [1970DaZM, 1970Jo26, 1967Le21]
207Rn 5/2� 555(10) s 4.593(13) 2.265(6) 10.465(14) [1971Ho01]
211Ra 5/2� 13(2) s@@ 4.972(13) 3.148(7) 11.634(13) [2019Zh54, 1968Lo15, 1967Va22]
215Th (1/2�) 12(2) s 4.891(14) 3.540(8) 12.637(14) [1968Va18]

219U (9/2+) 60(7) µs 4.710(70) 3.640(17) 14.840(18) [2019Zh54]
223Pu 5.46(31)# 4.56(30)# 15.11(31)#

* 100% b� emitter.
** Weighted average of 2.862(7) d [2000Mo05] and 2.802(4) d [1994Pa16].
*** Weighted average of 10.84(3) h [2015Do01] and 10.53(3) h [2001Li17].
@ Weighted average of 36.7(5) m [1970DaZM], 33(1) m [1970Jo26] and 29(1) m [1967Le21].
@@ Weighted average of 10(3) s [2019Zh54], 1592) s [1968Lo15] and 12(2) s [1967Va22].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +35/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

175Yb 8.120(45) 15.62(20) 0.597(1)
179Hf 7.414(2) 14.055(1) 1.808(1)
183W 7.224(2) 13.541(2) 1.672(2)
187Os 6.581(1) 12.409(1) 2.722(1)
191Pt 6.234(4) 11.289(4) 3.096(4)

195Hg 6.090(23) 11.112(23) 2.260(24)
199Pb 4.992(10) 9.269(8) 3.357(24)
203Po 3.849(15) 6.618(15) 5.496(5) 0.11(2)% [1970Ra14, 1968Go12, 1967Le21, 1970DaZM, 1967Ti04,

1963Be28, 1962Be26, 1961Be25, 1961Fo05, 1959AtXX,
1951Ka03]

207Rn 3.484(14) 5.691(11) 6.251(2) 23(2)% [1993Wa04, 1971Go35, 1971Ho01, 1971Jo19, 1967Va07,
1967Va17, 1967Va20, 1957St10, 1954Bu67]

211Ra 3.114(14) 4.805(11) 7.042(3) ⇡ 100%* [2003He06, 2019Zh54, 2007Le14, 1968Lo15, 1967Va22]
215Th 2.801(15) 4.002(12) 7.665(4) ⇡ 100%* [2005Ku31, 2007Le14, 2000He17, 1989He03, 1968Va18,

1968Va10]
219U 2.643(22) 3.488(17) 9.950(12) 100%* [2019Zh54, 2007Le14, 2006LeZR, 2005Le42, 1994AnZY,

1994Ye08, 1993An07]
223Pu 2.44(30)# 2.98(31)# 10.40(30)#

* Not measured. Based on half-life.

Table 3

direct a emission from 203Po, Jp
i = 5/2�, T1/2 = 34.8(5) m*, BRa = 0.11(2)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(199Pb) coincident g-rays R0 (fm)] HF

5.492(3) 5.384(3)*** 0.11(2)%** 0.0 —– 1.4673(21) 1.15+0.29
�0.20

* Weighted average of 36.7(5) m [1970DaZM], 33(1) m [1970Jo26] and 29(1) m [1967Le21].
** [1967Le21].
*** [1970Ra14, 1968Go12].
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Table 4

direct a emission from 207Rn, Jp
i = 5/2�, T1/2 = 555(10) s*, BRa = 23(2)%*.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(203Po) coincident g-rays R0 (fm)] HF

6.113(4) 5.995(4) 0.10(3)% 0.023(7)% (1/2�) 0.137 1.4836(40) 260+130
�70

6.188(3) 6.068(3) 0.66(2)% 0.15(1)% (3/2�) 0.063 0.063 1.4836(40) 84(11)
6.2502(25) 6.1294(25)** 100% 23(2)% 5/2� 0.0 —– 1.4836(40) 1.05(13)

* [1971Ho01].
** [1993Wa04]

Table 5

direct a emission from 211Ra*, Jp
i = 5/2�, T1/2 = 13(2) s**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel)*** Ia (abs)*** Jp
f Edaughter(207Rn) coincident g-rays R0 (fm)] HF

6.376(5) 6.255(5) 0.06% ⇡0.06% (9/2�) 0.6650(1) 0.6650(1) 1.4790(30) 4.3
6.437(10) 6.315(10) 0.04% ⇡0.04% 0.6016(3) 0.6016(3) 1.4790(30) 12
6.442(10) 6.32(10) 7 ⇥ 10�5% ⇡7 ⇥ 10�5% 0.5691(3) 0.5691(3) 1.4790(30) 90
6.755(5) 6.627(5) 0.08% ⇡0.08%(1/2�, 3/2�) 0.2830(1) 0.1200, 0.1629, 0.2830(1) 1.4790(30) 120
6.919(5) 6.788(5) 1% ⇡1% 3/2� 0.1200(1) 0.1200(1) 1.4790(30) 40
7.040(5) 6.907(5) 100% ⇡99% 5/2� 0.0 —– 1.4790(30) 1.14(20)

* All values from [2003He06], except where noted.
** Weighted average of 10(3) s [2019Zh54], 1592) s [1968Lo15] and 12(2) s [1967Va22].
*** No uncertainties are given in [2003He06].

Table 6

direct a emission from 215Th*, Jp
i = (1/2�), T1/2 = 1.2(2) s**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 211Ra) coincident g-rays R0 (fm)] HF

7.373(7) 7.236(7) 1.9(8)% 1.0(4)% (3/2�) 0.2951(3) 0.2951(3) 1.4841(35) 31+30
�13

7.474(5) 7.335(5) 15.4% 8%*** (3/2�) 0.1945(1) 0.0609(3), 0.1945(1) 1.4841(35) 9
7.532(4) 7.392(4) 100% 52%*** (1/2�) 0.1339(1) 0.1339(1) 1.4841(35) 2.2
7.666(5) 7.523(5) 76.9% 40%*** 5/2(�) 0.0 —– 1.4841(35) 8

* All values from [2005Ku31], except where noted.
** [1968Va18].
*** No uncertainties are given in [2003He06].

Table 7

direct a emission from 219U*, Jp
i = (9/2+), T1/2 = 60(7) µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 215Th) coincident g-rays R0 (fm)] HF

9.142(17) 8.975(17) 7.3+4.2
�3.0% 6.5+3.7

�2.6% (3/2�) 0.807(23) 1.516(14) 19+31
�9

9.418(17) 9.246(17) 4.8+4.4
�2.4% 4.3+3.9

�2.1% (5/2�) 0.527(23) 1.516(14) 1.1+6.9
�0.7 ⇥ 103

9.945(15) 9.763(15) 100(11)% 89.2(9.8) (1/2�) 0.0 —– 1.516(14) 110+50
�40

* All values from [2019Zh45].
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +35/2 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +35/2 nuclei. Jp values for 173Tm, 177Lu, 181Ta, 185Re, 189Ir, 193Au, 197Tl and 201Bi are
taken from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a Experimental

173Tm* (1/2+) 8.24(8) h -2.60(20)# —– —– [1963Or01]
177Lu* 7/2+ 6.7479(7) d -1.398(1) —– —– [1990Ab02]

181Ta 7/2+ stable -1.036(2) —– —–
185Re 5/2+ stable -0.431(1) —– —–

189Ir 3/2+ 13.1(1) d** 0.537(13) -6.722(13) 2.513(13) [1975Ba35, 1964Le07, 1963Gr22]
193Au 3/2+ 17.65(15) h 1.075(9) -5.858(9) 3.157(9) [1968Sv01]
197Tl 1/2+ 2.84(4) h 2.186(14) -4.504(14) 3.701(14) [1961Ju05]
201Bi 9/2� 107.4(21) m*** 3.842(18) -1.671(13) 6.686(13) [1970DaZM, 1956St05]
205At 9/2� 26.0(5) m@ 4.537(16) 0.372(15) 9.862(18) [1970DaZM, 1968Go12, 1961La02]
209Fr 9/2� 51.3(8) s 5.159(15) 1.399(15) 11.314(15) [1996Xu02]

213Ac 9/2� 731(17) ms 5.795(15) 2.368(15) 12.657(15) [2000He17]
217Pa 9/2� 3.6(2) ms@@ 4.849(16) 1.616(16) 14.284(16) [2002He29, 1996An21]

217mPa 1.8839(3) 29/2+ 1.08(3) ms 6.733(16) 3.500(16) 16.168(16) [2002He29]
221Np 5.39(21)# 2.34(20)# 15.28(20)#

225Am 6.09(50)# 3.07(40)# 15.45(41)#

* 100% b� emitter.
** Weighted average of 13.1(1) d [1975Ba35], 13.3(1) d [1964Le07] and 13.2(2) d [1963Gr22].
*** Weighted average of 106.2(24) m [1970DaZM] and 111(4) m [1956St05].
@ Weighted average of 27.2(6) m [1970DaZM], 25.0(5) m [1968Go12] and 26.2(5) m [1961La02].
@@ Weighted average of 3.8(2) ms [2002He29] and 3.4(2) ms [1996An21].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +35/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

173Tm 7.062(6) 16.32(60)# 0.115(21)
177Lu 6.182(1) 14.651(50) 1.447(5)
181Ta 5.949(2) 13.958(5) 1.520(2)
185Re 5.403(1) 13.103(2) 2.195(2)

189Ir 4.601(13) 11.811(138) 2.944(13)
193Au 4.405(9) 11.274(9) 2.620(15)
197Tl 3.817(14) 10.365(14) 2.626(16)
201Bi 2.467(16) 7.948(30) 4.500(6)
205At 1.932(16) 6.038(18) 6.020(2) 15.1(16)%* [1974Ho27, 1968Go12, 1961La02, 1970DaZM, 1963Ho18,

1963Uh01, 1961Fo04, 1954Bu67, 1951Ba14]
209Fr 1.416(15) 5.133(17) 6.777(4) 89(3)% [1974Ho27, 1967Va20, 1964Gr04, 1964Gr04]

213Ac 0.949(16) 4.297(17) 7.498(4) ⇡ 100% [200He17, 1968Va04, 1961Gr42]
217Pa 0.533(17) 3.554(18) 8.489(4) 100% [2002He29, 2008DoZZ, 2002HeZV, 1998Ik01, 1998MiZW,

1996An21, 1996AnZY, 1995NiZS, 1978ReZZ, 1977ScZC,
1968Va18]

217mPa -1.351(17) 1.670(18) 10.373(4) 100% [2002He29, 2008DoZZ, 2002HeZV, 1998Ik01, 1998MiZW,
1996An21, 1996AnZY, 1995NiZS, 1978ReZZ]

221Np 0.39(22)# 3.25(21)# 10.43(20)#
225Am 0.18(50)# 2.85(41)# 10.06(45)#

* Weighted average of 10(2)% [1974Ho27] and 18.4(16)% [1961La02].
** Not measured, inferred from half-life.

Table 3
direct a emission from 205At, Jp

i = 9/2�, T1/2 = 26.0(5) m*, BRa = 15.1(16)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(201Bi) coincident g-rays R0 (fm)] HF

6.019(2) 5.902(2)*** 15.1(16)%@ 9/2� 0.0 —– 1.4771(25) 0.98+0.15
�0.13

* Weighted average of 27.2(6) m [1970DaZM], 25.0(5) m [1968Go12] and 26.2(5) m [1961La02].
** Weighted average of 10(2)% [1974Ho27] and 18.4(16)% [1961La02].
*** Weighted average of 5.901(5) MeV [1974Ho27], 5.903(2) MeV [1968Go12] and 5.896(4) MeV (adjusted to 5.899(4) MeV in [1991Ry01])[1974Ho27].
@ Weighted average of 10(2)% [1974Ho27] and 18.4(16)% [1961La02].
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Table 4
direct a emission from 209Fr*, Jp

i = 9/2�, T1/2 = 51.3(8) s**, BRa = 89(3)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(205At) coincident g-rays R0 (fm)] HF

6.777(5) 6.647(5)*** 89(3)%@ 9/2� 0.0 —– 1.4808(14) 1.30(14)

* All values from [1974Ho27], except where noted.
** [1996Xu02].
*** 6.646(5) MeV in [1974Ho27], modified to 6.647(5) MeV in [1991Ry01].

Table 5
direct a emission from 213Ac*, Jp

i = 9/2�, T1/2 = 731(17) ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(209Fr) coincident g-rays R0 (fm)] HF

7.502(8) 7.361(8)** ⇡ 100% 9/2� 0.0 —– 1.4852(44) 1.29(15)

* All values from [2000He17], except where noted.

Table 6
direct a emission from 217Pa*, Jp

i = (9/2�), T1/2 = 3.6(2) ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(213Ac) coincident g-rays R0 (fm)] HF

7.855(5) 7.710(5) 0.3(2)% 0.3(2)% (13/2�) 0.6343 0.6343(1) 1.4908(17) 7+15
�3

7.873(5) 7.728(5) 0.3(2)% 0.3(2)% (13/2�) 0.6130 0.6125(8) 1.4908(17) 8+18
�4

8.021(5) 7.873(5) 0.4(2)% 0.4(2)% 0.4665 0.4661(20) 1.4908(17) 17+20
�7

8.494(5) 8.337(5) 100 (1)% 99(1)% (9/2�) 0.0 —– 1.4908(17) 1.67+0.32
�0.28

* All values from [2002He29], except where noted.
** Weighted average of 3.8(2) ms [2002He29] and 3.4(2) ms [1996An21].

Table 7
direct a emission from 217mPa*, Ex. = 1.8839(3) MeV, Jp

i = (29/2+), T1/2 = 1.08(3) ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(213Ac) coincident g-rays R0 (fm)] HF

8.462(5) 8.306(5) 15.3(29)% % 11(2)% (21/2�) 1.8842 0.450, 0.613, 0.821 1.4908(17) 3.7+1.2
�0.9

9.712(5) 9.533(5) 8.3(15)% 6(1)% (13/2�) 0.6343 0.634 1.4908(17) 1.00+0.29
�0.23⇥104

9.731(5) 9.552(5) 12.5(15)% 9(1)% (13/2�) 0.613 0.613 1.4908(17) 7.5+1.8
�1.5⇥103

9.879(5) 9.697(5) 2.8(14)% 2(1)% 0.4665 0.466 1.4908(17) 7+8
�3⇥104

10.348(5) 10.157(5) 100(8)% 72(4)% (9/2�) 0.0 —– 1.4908(17) 1.9+0.4
�0.3⇥104

* All values from [2002He29], except where noted.

References used in the Tables

[1] 1951Ba14 G. W. Barton, Jr. , A. Ghiorso, I. Perlman, Phys. Rev. 82, 13 (1951). https://doi.org/10.1103/PhysRev.82.13

[2] 1954Bu67 W. E. Burcham, Proc. Phys. Soc. (London) 67A, 555 (1954). https://doi.org/10.1088/0370-1298/67/6/410

[3] 1956St05 R. Stockendal, J. A. McDonnell, M. Schmorak, I. Bergstrom, Arkiv Fysik 11, 165 (1956).

[4] 1961Fo04 W. Forsling, T. Alvager, L. W. Holm, O. Melin, J. Uhler, B. Astrom, Ark. Fys. 19, 83 (1961).

[5] 1961Gr42 R. D. Griffioen, R. D. Macfarlane, UCRL-10023, p. 47 (1961).

[6] 1961Ju05 B. Jung, J. Svedberg, Arkiv Fysik 19, 429 (1961).

[7] 1961La02 R. M. Latimer, G. E. Gordon, T. D. Thomas, J. Inorg. Nuclear Chem. 17, 1 (1961). https://doi.org/10.1016/0022-
1902(61)80177-2

[8] 1963Gr22 G. R. Grant, L. Yaffe, Can. J. Chem. 41, 2533 (1963). https://doi.org/10.1139/v63-373

[9] 1963Ho18 R. W. Hoff, F. Asaro, I. Perlman, J. Inorg. Nucl. Chem. 25, 1303 (1963). https://doi.org/10.1016/0022-
1902(63)80400-5

3



[10] 1963Or01 C. J. Orth, M. E. Bunker, J. W. Starner, Phys. Rev. 132, 355 (1963). https://doi.org/10.1103/PhysRev.132.355

[11] 1963Uh01 J. Uhler, W. Forsling, B. Astrom, Arkiv Fysik 24, 421 (1963).

[12] 1964Gr04 R. D. Griffioen, R. D. Macfarlane, Phys. Rev. 133, B1373 (1964). https://doi.org/10.1103/PhysRev.133.B1373

[13] 1964Le07 H. R. Lewis, Jr. , R. A. Naumann, J. M. Prospero, D. Thomas, Phys. Rev. 134, B322 (1964).
https://doi.org/10.1103/PhysRev.134.B322

[14] 1967Va20 K. Valli, E. K. Hyde, W. Treytl, J. Inorg. Nucl. Chem. 29, 2503 (1967). https://doi.org/10.1016/0022-
1902(67)80176-3

[15] 1968Go12 N. A. Golovkov, R. B. Ivanov, Y. V. Norseev, So Ki Kvan, V. A. Khalkin, V. G. Chumin, Contrib. Intern. Conf.
Nucl. Struct. , Dubna, p. 54 (1968).

[16] 1968Sv01 B. Svahn, A. Johansson, B. Nyman, G. Malmsten, H. Pettersson, Z. Physik 210, 466 (1968).
https://doi.org/10.1007/BF02083663

[17] 1968Va04 K. Valli, W. J. Treytl, E. K. Hyde, Phys. Rev. 167, 1094 (1968). https://doi.org/10.1103/PhysRev.167.1094

[18] 1968Va18 K. Valli, E. K. Hyde, Phys. Rev. 176, 1377 (1968). https://doi.org/10.1103/PhysRev.176.1377

[19] 1970DaZM J. M. Dairiki, Thesis, Univ. California (1970); UCRL-20412 (1970).

[20] 1973Ba35 D. G. Barnes, J. M. Calvert, T. Joy, J. Phys. (London) A6, 1011 (1973). https://doi.org/10.1088/0305-4470/6/7/021

[21] 1974Ho27 P. Hornshoj, P. G. Hansen, B. Jonson, Nucl. Phys. A230, 380 (1974). https://doi.org/10.1016/0375-9474(74)90144-
4

[22] 1977ScZC Schmidt, JOUR VDPEA No6/1977, 1012, E9-1.

[23] 1978ReZZ W. Reisdorf, GSI-M-2-78 (1978).

[24] 1990Ab02 A. Abzouzi, M. S. Antony, A. Hachem, V. B. Ndocko Ndongue, J. Radioanal. Nucl. Chem. 144, 359 (1990).
https://doi.org/10.1007/BF02218143

[25] 1991Ry01 A Rytz, At Data NuclData Tables 47, 205 (1991). https://doi.org/10.1016/0092-640X(91)90002-L

[26] 1995NiZS V. Ninov, S. Hofmann, F. P. Hessberger, H. Folger, A. N. Andreev, A. V. Eremin, A. G. Popeko, S. Saro, Program
and Thesis, Proc. 45th Ann. Conf. Nucl. Spectrosc. Struct. At. Nuclei, St. Petersburg, p. 108 (1995).

[27] 1996An21 A. N. Andreev, A. G. Popeko, A. V. Eremin, S. Hofmann, F. Hessberger, H. Folger, V. Ninov, S. Saro, Bull. Rus.
Acad. Sci. Phys. 60, 119 (1996).

[28] 1996AnZY A. N. Andreyev, D. D. Bogdanov, V. I. Chepigin, A. P. Kabachenko, O. N. Malyshev, Yu. Ts. Oganessian, A. G.
Popeko, J. Rohac, R. N. Sagaidak, S. Saro, G. M. Ter-Akopian, M. Veselsky, A. V. Yeremin, JINR-E15-96-233 (1996).

[29] 1996Xu02 S. Xu, Y. Xie, Y. Guo, R. Ma, Y. Ge, Z. Lee, C. Wang, B. Guo, J. Xing, T. Zhang, S. Zhu, W. Xu, Z. Phys. A354,
343 (1996). https://doi.org/10.1007/s002180050055

[30] 1998Ik01 T. Ikuta, H. Ikezoe, S. Mitsuoka, I. Nishinaka, K. Tsukada, Y. Nagame, J. Lu, T. Kuzumaki, Phys. Rev. C57, R2804
(1998). https://doi.org/10.1103/PhysRevC.57.R2804

[31] 1998MiZW S. Mitsuoka, T. Ikuta, H. Ikezoe, Y. Nagame, K. Tsukada, I. Nishinaka, J. Lu, T. Kuzumaki, Japan Atomic Energy
Res. Inst. Tandem VDG Ann. Rept., 1997, p. 19 (1998); JAERI-Review 98-017 (1998).

[32] 2000He17 F. P. Hessberger, S. Hofmann, D. Ackermann, V. Ninov, M. Leino, S. Saro, A. Andreyev, A.
Lavrentev, A. G. Popeko, A. V. Yeremin, Eur. Phys. J. A 8, 521 (2000); Erratum Eur. Phys. J. A 9, 433 (2000).
https://doi.org/10.1007/s100500070075

[33] 2002He29 F. P. Hessberger, S. Hofmann, I. Kojouharov, D. Ackermann, S. Antalic, P. Cagarda, B. Kindler, B. Lommel, R.
Mann, A. G. Popeko, S. Saro, J. Uusitalo, A. V. Yeremin, Eur. Phys. J. A 15, 335 (2002). https://doi.org/10.1140/epja/i2002-
10038-4

[34] 2002HeZV F. P. Hessberger, S. Hofmann, I. Kojouharov, D. Ackermann, S. Antalic, P. Cagarda, B. Kindler, B. Lommel, R.
Mann, A. G. Popeko, S. Saro, J. Uusitalo, A. V. Yeremin, GSI 2002-1, p. 12 (2002).

[35] 2008DoZZ O. Dorvaux, A. Lopez-Martens, K. Hauschild, A. V. Yeremin, A. Khouaja, A. V. Belozerov, Ch. Briancon, M. L.
Chelnokov, V. I. Chepigin, D. Curien, P. Desesquelles, B. Gall, V. A. Gorshkov, M. Guttormsen, F. Hanappe, A. P. Kabachenko,
F. Khalfallah, A. Korichi, A. C. Larsen, O. N. Malyshev, A. Minkova, Yu. Ts. Oganessian, A. G. Popeko, M. Rousseau, N.
Rowley, R. N. Sagaidak, S. Sharo, A. V. Shutov, S. Siem, V. I. L. Stuttge, A. I. Svirikhin, N. U. H. Syed, Ch. Theisen, Proc.
Frontiers in Nuclear Structure, and Reactions (FINUSTAR 2), Crete, Greece, 10-14 Sept. 2007, P. Demetriou, R. Julin, S. V.
Harissopulos, Eds. p. 64 (2008); AIP Conf. Proc 1012 (2008). https://doi.org/10.1063/1.2939361

4



[36] 2021Wa16 M. Wang, W. J. Huang, F. G. Kondev, G. Audi, S. Naimi, Chin. Phys. C 45, 030003 (2021).
https://doi.org/10.1088/1674-1137/abddaf

5



Even Z
Tz = +18

200Pb
0+

21.5 h

Qεp  = -3.994 MeV
Qε    =  2.463 MeV
Q     =   3.150 MeV

204Po
0+

3.5 h

Qεp  = -0.844 MeV
Qε    =  6.281 MeV
Q     =   5.485 MeV
         0.660(7) %

200Tl
2-

26 h

5.377 MeV

208Rn
0+

146 s

Qεp  =  0.201 MeV
Qε    =  8.566 MeV
Q      =  6.261 MeV
        63(3) %

6.139 MeV

204Bi
6+

11 h

212Ra
0+

13.0 s

Qεp  =  1.268 MeV
Qε    =  9.846 MeV
Q      =  7.032 MeV
           ~ 94%

6.898 MeV

208At
6+

1.6 h

180Hf

184W

188Os

176Yb
0+

>1.6x1017y

Stable to ß-decay
Q     =  0.566MeV

Qεp  =   1.26# MeV
Qε    = 12.44# MeV
Q      = 10.29# MeV

192Pt

Stable to ß-decay
Q     =  1.287 MeV

Stable to ß+-decay
Q     =  1.649 MeV

Stable to ß+-decay
Q     =  2.143 MeV
            

9.930 MeV

Stable to ß+-decay
Q     =  2.424 MeV

224Pu Qεp  =   1.95# MeV
Qε    = 12.58# MeV
Q      =  9.84# MeV

196Hg
0+

stable

0+
>1x1018y

0+
>8.9x1021y

0+
>3.3x1018y

0+
>6x1016y

Stable to ß+-decay
Q     =  2.038 MeV

212Fr
5+

20 m

0+
26.3 ms

216Th
8+

140 µs

7.304 MeV

Qεp  =   0.478 MeV
Qε    = 11.390 MeV
Q      =  8.072 MeV
       100 %

Ex. = 2.045(9) MeV
      2.8(4)%

220U

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +18 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +18 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a Experimental

176Yb 0+ �1.6 ⇥ 1017 y -4.12(10) —– —– [1996De60]
180Hf 0+ �1 ⇥ 1018 y -3.100(70) —— —– [2020Da04]
184W 0+ �8.9 ⇥ 1021 y -2.866(26) —– —– [2004Co26]
188Os 0+ �3.3 ⇥ 1018 y -2.120 —– —– [2020Be23]
192Pt 0+ >6 ⇥ 1016 y -1.453(2) —– —– [2011Be08]

196Hg 0+ stable -0.697(3) —– —–
200Pb 0+ 21.5(4) h 0.796(12) -3.994(10) 2.463(10) [1955Be12]
204Po 0+ 3.52(1) h* 2.305(14) -0.844(12) 6.281(12) [1970Ra14, 1965AnZZ, 1961La02]
208Rn 0+ 1461(8) s 2.815(14) 0.201(12) 8.566(14) [1971Ho01]
212Ra 0+ 13.0(2) s 3.317(13) 1.268(12) 9.846(14) [1974Ho27]
216Th 0+ 26.3(2) ms** 2.149(14) 0.478(13) 11.390(14) [2019Zh45, 2005Ku31, 2000He17]

216mTh 2.045(9) 8+ 140(5) µs*** 4.194(17) 2.523(16) 13.435(17) [2019Zh45, 2005Ku31, 2000He17]
220U 2.74(10)# 1.26(12)# 12.44(10)#

224Pu 3.25(30)# 1.946(31)# 12.58(30)#

* Weighted average of 3.57(2) h [1970Ra14], 3.50(1) h [1965AnZZ] and 3.53(3) h [1961La02].
** Weighted average of 26.3(5) ms [2019Zh45], 26.0(2) ms [2005Ku31] and 27.0(3) ms [2000He17].
*** Weighted average of 135(4) µs [2005Ku31] and 140(5) µs [2000He17].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +18 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

176Yb 8.470(50) 16.12(30)# 0.566(4)
180Hf 8.009(5) 14.680(7) 1.287(1)
184W 7.701(2) 14.234(6) 1.649(2)
188Os 7.210(0) 13.207(1) 2.143(1)
192Pt 6.869(2) 12.159(2) 2.424(3)

196Hg 6.548(3) 11.644(3) 2.038(4)
200Pb 5.480(30) 9.874(10) 3.150(10)
204Po 4.105(16) 6.978(11) 5.485(1) 0.660(7)% [1970Ra14, 1970DaZM, 1967Ti04, 1965AnZZ,

1971Go35, 1970Jo26, 1969Go23, 1967Le08,
1967Le21, 1967Ti04, 1963Be28, 1961Fo05,
1961La02, 1955Mo68, 1954Ro39, 1951Ka03,
1951Ka37]

208Rn 3.717(16) 6.045(11) 6.261(2) 63(3)%* [1971Go35, 1971Ho01, 1993Wa04, 1957St10,
1955Mo68, 1955Mo69, 1953AsZZ]

212Ra 3.347(16) 5.172(11) 7.032(2) ⇡ 94%** [2003He06, 2001HeZY, 1982Bo04, 1974Ho27,
1973BoXL, 1968Lo15, 1967Va22, 1961Gr42]

216Th 3.021(17) 4.372(12) 8.072(4) 100% [2005Ku31, 2000He17, 2019Zh45, 2014Ya19,
2005KuZZ, 2005Li17, 2001Ha46, 1968Va10,
1968Va18]

216mTh 0.976(19) 2.327(15) 10.117(10) 2.8(4)% [2005Ku31, 2019Zh45, 2005KuZZ, 2001Ha46,
2000He17, 1983Hi08]

220U 2.86(12)# 3.93(10)# 10.29(10)#
224Pu 2.67(31)# 3.57(30)# 9.84(32)#

* Weighted average of 67(3)% [1971Go35] and52(5)% [ 1971Ho01].
** Deduced by setting the HF of the a decay of 212Ra to the ground state of 208Rn equal to 1.0.
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Table 3

direct a emission from 204Po, Jp
i = 0+, T1/2 = 3.52(1) h*, BRa = 0.660(7)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(200Pb) coincident g-rays R0 (fm)] HF

5.485(2) 5.377(2)*** 0.660(7)%** 0+ 0.0 —– 1.4625(22) 1.017(11)

* Weighted average of 3.57(2) h [1970Ra14], 3.50(1) h [1965AnZZ] and 3.53(3) h [1961La02].
** [1965AnZZ].
*** Weighted average of 5.379(3) MeV (adjusted to 5.378(3) MeV in [1991Ry01]) [1970Ra14], 5.375(5) MeV (adjusted to 5.374(5) MeV in [1991Ry01])

[1970DaZM] and 5.379(5) MeV [1967Ti04].

Table 4

direct a emission from 208Rn, Jp
i = 0+, T1/2 = 31461(8) s*, BRa = 63(3)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(204Po) coincident g-rays R0 (fm)] HF

5.577(4) 5.470(4)*** 4.7(4) ⇥ 10�3%*** 3.0(10) ⇥ 10�3% 2+ 0.684 0.684 1.4755(52) 12.1(12)
6.259(3) 6.139(3)*** 100%*** 63(3)%** 0+ 0.0 —– 1.4755(52) 0.97(5)

* [1971Ho01].
** Weighted average of 67(3)% [1971Go35] and 52(5)% [ 1971Ho01].
*** [1971Go35].

Table 5

direct a emission from 212Ra*, Jp
i = 0+, T1/2 = 13.0(2) s**, BRa = ⇡ 94%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(208Rn) coincident g-rays R0 (fm)] HF

6.390(5) 6.269(5)) ⇡ 0.05% ⇡ 0.047% 2+ 0.635 0.635 1.4718(31) ⇡ 6.0
7.031(5) 6.898(5) 100% ⇡ 94% 0+ 0.0 —– 1.4718(31) 1.0***

* All values from [2003He06] unless otherwise stated.
** [1974Ho27].
*** An even-even g.s to g.s. a decay should have a HF =1.0. Setting the BRa = 94% gives this value. Using a BRa = 100% results in a HF of 0.935(14).

Table 6

direct a emission from 216Th, Jp
i = 0+, T1/2 = 26.3(2) ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(212Ra) coincident g-rays R0 (fm)] HF

7.442(4) 7.304(4)** 100.0(4)% 99.46(40)%*** 2+ 0.6293(1) 0.6293(1) 1.4695(14) 1.73(12)
8.072(5) 7.923(5)** 0.0054(3)% 0.54(3)%*** 0+ 0.0 —– 1.4695(14) 1.013(9)

* Weighted average of 26.3(5) ms [2019Zh45], 26.0(2) ms [2005Ku31] and 27.0(3) ms [2000He17].
** [2005Ku31].
*** [2000He17].

Table 7

direct a emission from 216mTh, Ex. = 2.045(9) MeV, Jp
i = 8+, T1/2 = 140(5) µs*, BRa = 2.8(9)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(212Ra) coincident g-rays R0 (fm)] HF

8.150(10) 7.999(10) 18(3)% 13(2)% 8+ 1.967(13) 1.4695(14) 2.6+1.6
�0.8

9.488(12) 9.312(12) 18(4)% 13(3)% 2+ 0.6293(1) 0.6293(1) 1.4695(14) 9+6
�3 ⇥ 103

10.117(10) 9.930(10) 100(5)% 74(4)% 0+ 0.0 —– 1.4695(14) 3.7+2.0
�1.0 ⇥ 104

* All values from [2005Ku31], except where noted.
** Weighted average of 135(4) µs [2005Ku31] and 140(5) µs [2000He17].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +18 nuclei. Jp values for 178Lu, 182Ta, 186Re, 190Ir, 194Au, 198Tl and 202Bi are taken
from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Jp Ex. T1/2 Qe Qe p Qe a Experimental

178Lu* 1(+) 28.4(2) m -0.661(7) —– —– [1973Or03]
182Ta* 3� 114.740(24) d -0.381(6) —– —– [1973Vi13]
186Re 1� 3.7186(5) d 0.581(1) -7.822(14) 1.697(6) [2004Sc04]

190Ir 4� 11.78(10) d 1.954(1) -6.063(8) 3.330(2) [1975Ba35]
194Au 1� 38.02(10) h 2.548(2) -4.965(2) 4.071(2) [1992Si02]
198Tl 2� 5.3(5) h 3.426(8) -3.678(8) 4.806(8) [1954Mi16]
202Bi 5+ 1.71(2) h*** 5.190(15) -0.859(20) 7.779(14) [1970DaZM, 1966KaZY]
206At (5+) 29.3(4) m 5.749(14) 1.337(14) 11.076(14) [1977Li16]
210Fr 6+ 3.18(6) m 6.261(14) 2.251(14) 12.420(14) [2005Ku06]

214Ac 5+ 8.2(2) s 6.341(15) 2.699(14) 13.613(14) [1968Va04]
218Pa (8�) 108(5) µs@ 6.283(21) 2.658(21) 16.132(19) [2020Zh01, 2000He17]

218mPa 0.080(11) (1�) 135+62
�32 µs 6.363(24) 2.738(24) 16.212(22) [2020Zh01]

222Np 380+260
�110 ns 7.000(60) 3.611(71) 16.483(39) [2020Ma27

226Am 7.34(36)# 4.06(31)# 16.27(30)#

* 100 b� emitter.
** 92.5(1)% b�, 7.5(1)% e emitter.
*** Weighted average of 1.67(2) h [1966KaZY] and 1.79(3) h [1970DaZM].
@ Weighted average of 107(5) µs [2020Zh01] and 113(10) µs [2000He17].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +18 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

178Lu 6.640(2) 15.55(10) 1.102(45)
182Ta 6.317(2) 14.332(71) 1.482(3)
186Re 5.828(1) 13.666(26) 2.078(2)

190Ir 5.056(1) 12.315(1) 2.749(1)
194Au 5.021(2) 11.954(2) 2.117(2)
198Tl 4.277(8) 10.968(8) 2.258(8)
202Bi 2.769(20) 8.282(15) 4.353(16)
206At 2.207(17) 6.371(16) 5.887(5) 0.87(8)%* [1981Va27, 1981Va29, 1977VaZT, 1961La02,

1970DaZM, 1969Ba69, 1969BaZM, 1968Go12,
1964Th07, 1963Ho18, 1961Fo04]

210Fr 1.691(17) 5.452(16) 6.671(5) 71(4)% [2005Ku06, 2022Ha06, 2014Ma66, 2000RuZZ,
1972KeYY, 1971ReZE, 1967Va20, 1964Gr04,
1961Gr42]

214Ac 1.201(17) 4.629(16) 7.352(2) 89(3)% [2004Ku24, 1968Va04, 2000He17, 1961Gr42]
218Pa 0.845(21) 4.078(20) 9.791(12) 100% [2020Zh01, 2000He17, 1996An21, 1979Sc09,

1995AnZY, 1995NiZS, 1978ReZZ]
218mPa 0.765(24) 3.998(23) 9.871(16) 100% [2020Zh01]
222Np 0.534(82) 3.582(41) 10.200(34) 100% [2020Ma27

226Am 0.62(42)# 3.64(30)# 9.27(30)#

* A value of 0.88(8)% was reported in [1961La02]. This value was deduced using an a branching ratio of 5(1)% [1955Mo08] for the decay of 206Po.
[1981Va27] report a value of 0.70(14)% for the a branching of 206At, using using an a branching ratio of 5.2(4)% [1971Go35 ] for the decay of 206Po. Adjusting
the value of [1961La02] using the 206Po a branching ratio of [1971Go35] results in a value of 0.92(8)%. The weighted average of 0.70(14)% and 0.92(8)% is
adopted here. In addition, note that [1967Le08] list an a branching ratio of 5.45% for 206Po with no uncertainty reported.
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Table 3
direct a emission from 206At, Ex. = 2.045(9) MeV, Jp

i = (5+), T1/2 = 29.3(4) m**, BRa = 0.87(8)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(202Bi) coincident g-rays@ R0 (fm)@@ HF

5.816(2) 5.703(2) 100% 0.83(8)% (5+) 0.072(4) 1.4690(56) 2.0+4
�3

5.848(3) 5.734(3) 1.2(3)% 9.6(28) ⇥ 10�3% (4+) 0.041(5) .041 1.4690(56) 240+110
�70

5.881(3) 5.767(3) 2.4(4)% 0.020(4)% (7+) 0.007(5) 1.4690(56) 170+50
�40

5.888(4) 5.774(4) 0.9(3)% 7.8(27) ⇥ 10�3% 5+ 0.0 —– 1.4690(56) 460+260
�140

* All values from [1981Va27], except where noted.
** [1977Li16].
*** A value of 0.88(8)% was reported in [1961La02]. This value was deduced using an a branching ratio of 5(1)% [1955Mo08] for the decay of 206Po.

[1981Va27] report a value of 0.70(14)% for the a branching of 206At, using using an a branching ratio of 5.2(4)% [1971Go35 ] for the decay of 206Po. Adjusting
the value of [1961La02] using the 206Po a branching ratio of [1971Go35] results in a value of 0.92(8)%. The weighted average of 0.70(14)% and 0.92(8)% is
adopted here. In addition, note that [1967Le08] list an a branching ratio of 5.45% for 206Po with no uncertainty reported.

@ [2008Zh05].
@@ Interpolated between 1.4625(22) fm (204Po) and 1.4755(52) fm (208Rn).

Table 4
direct a emission from 210Fr, Jp

i = 6+, T1/2 = 3.18(6) m*, BRa = 71(4)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(206Ra) coincident g-rays R0 (fm)*** HF

6.015(5)** 5.900(5)** >0.010(5)% >0.0071(36)% 0.6573(2)** 0.6263(3)**, 0.6515(3)** 1.4737(61) <32+34
�12

6.231(7) 6.112(7) >0.0017(9)% >0.0012(6)% 0.4442(5) 0.442(5) 1.4737(61) <1.8(3) ⇥ 103

6.333(4) 6.212(4) >0.022(3)% >0.016(2)% 0.3404(1) 0.3404(1) 1.4737(61) <380+100
�80

6.348(5)** 6.227(5)** >0.010(2)% >0.0071(15)% 0.3223(1)** 0.3223(1)** 1.4737(61) <1.0+0.3
�0.2 ⇥ 103

6.471(5)** 6.348(5)** >0.0041(13)% >0.0029(9)% 0.2009(5)** 0.1953(2)** 1.4737(61) <1.1+0.6
�0.3 ⇥ 104

6.524(4) 6.400(4) >0.034(7)% >0.024(5)% 0.1480(1) 0.1169(3)**, 0.1480(1) 1.4737(61) <1.6+0.5
�0.4 ⇥ 103

6.533(4)** 6.409(4)** >0.014(4)% >0.010(3)% 0.1376(3)** 0.1065(2)**, 0.1376(3)** 1.4737(61) <4.3+2.0
�1.2 ⇥ 103

6.545(4) 6.420(4) >0.030(5)% >0.021(4)% 0.1263(1) 0.1207(3)**, 0.1263(1) 1.4737(61) <2.2+0.6
�0.5 ⇥ 103

6.672(5) 6.545(5) 100% 70.9(40)% (5+) 0.0 —– 1.4737(61) 2.13+0.35
�0.31

* All values from [2005Ku06].
** Tentatively assigned.
*** Interpolated between 1.4755(52) fm (208Rn) and 1.4718(31) fm (212Ra).

Table 5
direct a emission from 214Ac*, Jp

i = 5+, T1/2 = 8.2(2) s**, BRa = 89(3)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(210Fr) coincident g-rays R0 (fm)@ HF

6.601(15) 6.478(15) > 0.0043(15)% >0.0020(7)% 0.7537(7) 0.7537(7) 1.4707(34) <270+1460
�80

6.639(15) 6.515(15) > 0.0041(15)% >0.0020(7)% 0.7134(7) 0.7134(7) 1.4707(34) <390+230
�110

6.732(7) 6.606(7) >0.0122(24)% >0.0059(12)% 0.6225(2) 0.6225(2) 1.4707(34) <310+90
�60

6.752(7) 6.626(7) >0.0087(22)% >0.0042(11)% 0.6014(2) 0.6014(2) 1.4707(34) <530+210
�130

6.829(5) 6.701(5) 0.26(4)% 0.125(18)% 0.5259(1) 0.2814(1), 0.3166(2), 0.3301(1), 1.4707(34) 35+8
�6

0.3867(2), 0.4630(2), 0.5259(1)
6.912(7) 6.783(7) >0.028(8)% >0.013(4)% 0.4442(2) 0.4442(2) 1.4707(34) <680+280

�170
6.992(6) 6.861(6) >0.167(4)% >0.080(18)% 0.3639(2) 0.1546(1), 0.2247(1), 0.3639(2) 1.4707(34) <230+80

�50
7.009(5) 6.878(5) >0.24(9)% >0.116(18)% 0.3464(1) 0.3464(1) 1.4707(34) <180+40

�30
7.010(6) 6.879(6) >0.057(15)% >0.027(7)% 0.3395(1) 0.3395(1) 1.4707(34) <810+310

�190
7.020(6) 6.889(6) >0.100(19)% >0.048(9)% 0.3330(1) 0.3330(1) 1.4707(34) <500+140

�100
7.111(5) 6.978(5) 2.04(56)% 0.98(27)% 0.2442(1) 0.1814(1), 0.2442(1) 1.4707(34) 52+22

�13
7131(7)*** 6998(7)*** >0.074(37)%*** >0.036(18)% 0.2551(2)*** 0.1625(1)***, 0.2551(2)*** 1.4707(34) <1.7+1.8

�0.6 ⇥ 103

7.145(5) 7.011(5) >0.81(8)% >0.39(4)% 0.2090(1) 0.14640(1), 0.2090(1) 1.4707(34) <176+29
�24

7.157(5) 7.023(5) >0.65(10)% >0.312(5)% 0.1955(1) 0.1331(1), 0.1955(1) 1.4707(34) <250+60
�40

7.216(4) 7.081(4) 77.8(45)% 37.4(22)% 0.1390(1) 0.0763(1), 0.1390(1) 1.4707(34) 3.3(4)
7.289(6) 7.153(6) ? ? 0.0626(1) 0.0626(1) 1.4707(34)
7.352(3) 7.215(3) 100(5)% 48(2)% 0.0 —– 1.4707(34) 7.9(8)

* All values from [2004Ku24], except where noted.
** [1968Va04], the Ia value is reported as a lower limit.
*** Tentatively assigned.
@ Interpolated between 1.4718(31) fm (2128Ra) and 1.4695(14) 216Th
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Table 6
direct a emission from 218Pa, Jp

i = (8�), T1/2 = 108(5) µs*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(214Ac) coincident g-rays R0 (fm)@ HF

9.712(8) 9.534(8)** 40(3)%** 29(2)% (4+) 0.092 0.092 1.495(21) 220+130
�80

9.792(8) 9.612(8)*** 100% 71(4)% (5+) 0.0 —– 1.495(21) 150+180
�50

* Weighted average of 107(5) µs [2020Zh01] and 113(10) µs [2000He17].
** Weighted average of 9.524(16) MeV; 26(2)% [2020Zh01], 9.544(15) MeV; 35(5)% [2000He17], 9.530(15) MeV; 31(4)% [1996An21] and 9.535(15) MeV;

35(10)% [1979Sc09].
*** Weighted average of 9.610(14) MeV; 74(5)% [2020Zh01], 9.616(15) MeV; 65(7)% [2000He17], 9.610(15) MeV; 69(4)% [1996An21] and 9.614(15) MeV;

365(10)% [1979Sc09].
@ Interpolated between 1.4695(14) fm 216Th and 1.521(15) fm 220U.

Table 7
direct a emission from 218mPa*, Ex. = 80(11) keV, Jp

i = (1�), T1/2 = 135+62
�32 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(214Ac) coincident g-rays R0 (fm)*** HF

9.775(21) 9.596(21)** (4+) 0.092 0.092 1.495(21)
9.872(15) 9.691(15)*** 100% ⇡100% (5+) 0.0 —– 1.495(21) 200+140

�120

* All values from [2020Zh01].
** Tentatively assigned.
*** Interpolated between 1.4695(14) fm 216Th and 1.521(15) fm 220U.

Table 8
direct a emission from 222Np*, T1/2 = 380+260

�110 ns, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(218Pa) coincident g-rays R0 (fm)** HF

10.200(33) 10.016(33) 100% 29(2)% (8�) 0.0 —– 1.503(50) 0.9+1.8
�0.7

* All values from [2020Ma27].
** Interpolated between 1.521(15) fm 220U and 1.484(48) fm 224Pu,
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +37/2 nuclei. Jp values for 177Yb, 181Hf, 185W, 189Os, 193Pt, 197Hg, and 201Pb are taken
from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Jp Ex. T1/2 Qe Qe p Qe a Experimental

177Yb* 9/2+ 1.911(3) h -3.42(20)# —– —– [1989Ab18]
181Hf* 1/2� 43.39(8) d** -2.61(13) —– —– [1966Br20, 1960Li14
185W* 3/2� 75.1(3) d -1.994(14) —– —– [1972Em01
189Os 3/2� �3.5 ⇥ 1015 y -1.008(8) —– —– [2020Be23
193Pt 1/2� 50(9) y 0.0566(3) -5.886(2) 1.075(8) [1971Ra18

197Hg 1/2� 64.14(5) h 0.600(3) -5.185(3) 1.571(3) [1966El09
201Pb 5/2� 9.33(3) h 1.910(19) -3.057(14) 3.444(14) [1981An11
205Po 5/2� 5.79(2) h 3.544(11) 0.299(10) 7.234(17) [1983He09]
209Rn 5/2� 28.5(10) m 3.943(11) 1.239(10) 9.700(11) [1971Go35]
213Ra 1/2� 2.73(5) m 3.900(11) 1.716(10) 10.804(11) [2017Lo13]

213mRa 1.770(5) 17/2� 2.20(5) ms 5.670(12) 3.486(11) 12.574(12) [2006Ku26]
217Th (9/2+) 247(2) µs*** 3.503(15) 1.625(13) 13.335(12) [2005Ku31, 2002He29, 2009QiZZ]

221U 0.66(14) µs 4.150(0) 2.541(73) 13.393(73) [2015Kh09]
225Pu 4.68(31)# 3.27(30)# 13.50(31)#

* 100 b� emitter
** Weighted average of 42.29(10) d [1966Br20] and 42.45(8) d [1960Li14].
*** Weighted average of 257(2) µs [2005Ku31], 237(2) µs [2002He29] and 247(3) µs [2009QiZZ].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +37/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

177Yb 8.90(10) 16.91(40)# 0.24(20)#
181Hf 8.015(71) 15.34(20)# 1.159(1)
185W 7.837(26) 14.682(30) 1.590(2)
189Os 7.259 13.661(1) 1.976(1)
193Pt 6.933 12.662(1) 2.082(1)

197Hg 6.690(3) 12.324(3) 1.515(3)
201Pb 5.513(15) 10.303(14) 2.844(14)
205Po 4.164(14) 7.313(12) 5.325(10) 0.074(16)% [1970Jo26, 1967Ti01, 1951Ha83, 1970DaZM,

1951Ka37]
209Rn 3.760(13) 6.373(12) 6.155(2) 17(2)% [1971Go35, 2017Lo13, 1993Wa04, 1971Jo19,

1955Mo68, 1955Mo69, 1952Mo23]
213Ra 3.427(13) 5.477(12) 6.862(2) 87(2)% [2017Lo13, 2006Ku26, 2005KuZV, 1976Ra37,

1970TaZS, 1968Lo15, 1967Va22, 1961Gr42,
1955Mo68]

213mRa 1.657(14) 3.707(13) 8.632(5) 0.6(4)% [2006Ku26, 1976Ra37]
217Th 3.233(14) 4.904(13) 9.435(4) 100% [2005Ku31, 2002He29, 2019Zh54, 2009QiZZ,

2005Li17, 2005YeZZ, 2000He17, 2000Ni02,
2000NiZY, 1973HaZO, 1969MaZT, 1968Va10,
1968Va18]

221U 3.047(74) 4.521(92) 9.889(71) 100% [2015Kh09
225Pu 3.02(30)# 4.32(31)# 9.36(31)#

Table 3
direct a emission from 205Po, Jp

i = 5/2�, T1/2 = 5.79(2) h*, BRa = 0.074(16)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(201Pb) coincident g-rays R0 (fm)] HF

5.326(7) 5.222(7)*** 0.074(16)%** 5/2� 0.0 —– 1.4586(16) 2.1+0.6
�0.4

* [1983He09].
** [1951Ha83].
*** Weighted average of 5.224(10) MeV [1970Jo26] and 5.220(10) MeV [1967Ti04].
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Table 4
direct a emission from 209Rn*, Jp

i = 5/2�, T1/2 = 28.5(10) m, BRa = 17(2)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(205Po)** coincident g-rays** R0 (fm)] HF

5.770(3) 5.660(3) 0.024(2)% 0.0041(6)% 0.384 0.154, 0.230, 0.384 1.4662(37) 87+20
�15

6.002(3) 5.887(3) 0.22(2)% 0.037(6)% 0.154 0.154 1.4662(37) 117+27
�21

6.013(3) 5.898(3) 0.14(2)% 0.024(4)% 0.143 0.143 1.4662(37) 210+60
�40

6.157(3) 6.039(3) 100 16.9(20)% 0.0 —– 1.4662(37) 1.3+0.3
�0.2

* All values from [1971Go35], except where noted.
** [2020Ko17].

Table 5
direct a emission from 213Ra, Jp

i = 1/2�, T1/2 = 2.83(5) m*, BRa = 89(2)%*.

Ea (c.m.) Ea (lab)** Ia (rel)* Ia (abs) Jp
f Edaughter(209Rn) coincident g-rays R0 (fm)] HF

6.349(6) 6.230(6) 0.7(3)% 0.44(17)% (5/2�) 0.5113 0.1106(2), 0.1830(2), 1.4638(22) 4.5+3.2
�1.4

0.2152(2), 0.2181(2), 0.2964(2),
0.3283(1), 0.5113(3)

6.536(4) 6.413(4) 0.7(3)% 0.44(17)% 3/2� 0.3283 0.1106(2), 0.2181(2), 0.3283(1) 1.4638(22) 27+19
�8

6.647(3) 6.522(3) 13.9(22)% 8.3(13)% 3/2� 0.2149 0.106(1), 0.1106(2), 0.2152(2) 1.4638(22) 4.1+0.9
�0.7

6.752(3) 6.625(3) 100(4)% 59.6(22)% 1/2� 0.1103 0.1103 1.4638(22) 1.49(10)
6.862(3) 6.733(3) 30.7(31)% 18.3(18)% 5/2� 0.0 —– 1.4638(22) 13.0(15)

* [2017Lo13].
** [2006Ku26].

Table 6
direct a emission from 213mRa, Ex. = 1.770(5) MeV, Jp

i = 17/2�, T1/2 = 2.20(5) ms*, BRa = 0.6(4)%*.

Ea (c.m.) Ea (lab)** Ia (rel)* Ia (abs) Jp
f Edaughter(209Rn) coincident g-rays R0 (fm)] HF

8.426(9) 8.268(9)** 5.2(21)%** 0.021(16)% 3/2� 0.2149 0.106(1), 0.1106(2), 0.2152(2) 1.4638(22) 1.7+6.2
�0.8 ⇥ 104

8.517(7) 8.357(7)*** 43(29)%*** 0.17(12)% 1/2� 0.1103 0.1103 1.4638(22) 4+10
�2 ⇥ 103

8.630(4) 8.468(4)@ 100% 0.41(27)% 5/2� 0.0 —– 1.4638(22) 3+7
�2 ⇥ 103

* [2006Ku26].
** Weighted average of 8.270(20) MeV; 4(2)% [2006Ku26] and 8.266(10) MeV (adjusted to 8.267(10) in [1991Ry01]); 3(2)% [2006Ku26].
*** Weighted average of 8.355(9) MeV; 33(13)% [2006Ku26] and 8.358(10) MeV (adjusted to 8.359(10) in [1991Ry01]); 28(6)% [2006Ku26].
@ Weighted average of 8.469(6)(6) MeV; 63(13)% [2006Ku26] and 8.467(5) MeV (adjusted to 8.468(5) in [1991Ry01]); 69(7)% [2006Ku26].

Table 7
direct a emission from 217Th, Jp

i = (9/2+), T1/2 = 247(2) µs*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(213Ra) coincident g-rays R0 (fm)] HF

8.616(5) 8.457(5)** 3.8(2)%** 3.5(1)% (3/2�) 0.8221 0.8221(1) 1.5091(22) 24.3(14)
8.890(5) 8.726(5)*** 1.7(1)%*** 1.6(1)% (5/2�) 0.5461 0.5461(1) 1.5091(22) 286(23)
9.437(5) 9.263(5)@ 100% 95.0(3)% 1/2� 0.0 —– 1.5091(22) 106(6)

*** Weighted average of 257(2) µs [2005Ku31], 237(2) µs [2002He29] and 247(3) µs [2009QiZZ].
** Weighted average of 8.460(7) MeV, Ia (rel) = 3.1(2)% [2005Ku31] and 8.455(5) MeV, Ia (rel) = 3.9(1)% [2002He29].
*** Weighted average of 8.727(8) MeV, Ia (rel) = 1.6(1)% [2005Ku31] and 8.725(5) MeV, Ia (rel) = 1.9(1)% [2002He29].
@ Weighted average of 9.269(9) MeV, [2005Ku31] and 9.261(5) MeV [2002He29].

Table 8
direct a emission from 221U*, T1/2 = 0.66(14) µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(217Th) coincident g-rays R0 (fm)] HF

9.889(50) 9.710(50) 100% (9/2+) 0.0 —- 1.525(15) 1.1+0.5
�0.4

* All values from [2015Kh09].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +37/2 nuclei. Jp values for 179Lu, 183Ta, 187Re, 187Ir, 195Au, 199Tl and 203Bi are taken
from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

179Lu* 7/2+ 4.59(6) h -2.42(20)# —— —– [1963St08]
183Ta* 7/2+ 5.1(1) d** -2.010(30) —— —– [1953Du20, 1955Po26]
187Re* 5/2+ 4.12(13) ⇥ 1010 y -1.313(1) —— —– [2001Ga01]

191Ir 3/2+ stable -0.314(1) —— —–
195Au 3/2+ 186.01(6) d 0.227(1) -7.324(2) 1.403(1) [2012Fu06]
199Tl 1/2+ 7.42(8) h 1.487(28) -5.768(28) 2.310(28) [1960Ju03]
203Bi 9/2� 11.76(5) h 3.262(14) -2.833(13) 5.596(13) [1960St01]
207At 9/2� 1.80(3) h** 3.918(14) -0.488(15) 9.134(14) [1962Th08, 1969Ba69, 1968GuZX]
211Fr 9/2� 3.10(2) m 4.615(14) 0.543(14) 10.580(14) [1971ReZE]

215Ac (9/2�) 170(10) ms 3.499(14) -0.300(15) 12.361(14) [1968Va04]
219Pa (9/2�) 60+28

�15 ns 4.120(90) 0.443(90) 13.626(70) [2017Su18]
223Np 2.15+1.00

�0.52 µs 4.61(10) 1.31(12) 13.77(10) [2017Su18]
227Am 5.41(22)# 2.07(23)# 13.71(21)#

* 100 b� emitter
** Weighted average of 1.80(5) h [1962Th08], 1.82(4) h [1969Ba69] and 1.77(5) h [1968GuZX].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +37/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

179Lu 6.671(8) 16.07(20)# 0.827(50)
183Ta 6.533(6) 15.07(13) 1.341(5)
187Re 5.997(1) 14.400(14) 1.652(2)

191Ir 5.290(1) 13.308(8) 2.083(1)
195Au 5.096(1) 12.609(2) 1.717(2)
199Tl 4.394(28) 11.498(28) 2.083(28)
203Bi 2.873(13) 8.922(19) 4.110(31)
207At 2.328(13) 6.740(13) 5.872(3) obs* [1969Go23, 1951Ba14]
211Fr 1.825(13) 5.834(13) 6.662(3) 87(3)% [2005Ku06, 2022Ha06, 1971ReZE, 1969Gr04,

1967Va20, 1961Gr42]
215Ac 1.351(13) 4.993(13) 7.746(3) 99.91(2)% [2004Ku24, 1968Va04, 2017Su18, 2003KuZX,

2000He17]
219Pa 1.072(70) 4.697(71) 10.128(69) 100% [2017Su18, 1987FaZS]

223Np 0.903(98) 4.29(10) 9.650(45) 100% [2017Su18]
227Am 0.74(28)# 4.02(22)# 9.10(22)#

* [1951Ba14] reports the branching ratio as ⇡ 10%.

Table 3

direct a emission from 207At, Jp = 9/2�, T1/2 = 1.80(3) h*, BRa = obs**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(203Bi) coincident g-rays R0 (fm)] HF

5.872(3) 5.759(3)*** obs** 9/2� 0.0 —- 1.4651(131) ⇡1.10

* Weighted average of 1.80(5) h [1962Th08], 1.82(4) h [1969Ba69] and 1.77(5) h [1968GuZX].
** ”No serious attempt has been made to determine the degree of alpha-branching of At207. The best estimate from the alpha-particles of At207 and the yield

of Po207 is 10 percent alpha-branching.” [1951Ba14]. ⇡ 10% is used for the branching ratio in determining the HF value.
*** [1969GoZX].
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Table 4

direct a emission from 211Fr*, Jp = 9/2�, T1/2 = 3.10(2) m**, BRa = 87(3)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(207At) coincident g-rays R0 (fm)] HF

5.979(6) 5.866 (6) >0.009(5)% >0.0078(44)% (13/2�) 0.6867(6) 0.6867(6) 1.4643(27) <16
6.019(7) 5.905(7) >0.006(4)% >0.0052(35)% (11/2�) 0.6439(5) 0.6439(5) 1.4643(27) <40
6.319(5) 6.199 (5) >0.041(13)% >0.036(11)% (7/2�) 0.3445(2) 0.3445(2) 1.4643(27) <120
6.663(4) 6.537 (4) 100% >87(3)% (9/2�) 0.0 —– 1.4643(27) 1.33(10)

* All values from [2005Ku06], except where noted.
** [1971ReZE].

Table 5

direct a emission from 215Ac*, Jp = (9/2�), T1/2 = 170(10) ms**, BRa = 99.91(2)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(211Fr) coincident g-rays R0 (fm)] HF

7.007(7) 6.877(7) 0.026(4)% 0.026(4)% (7/2�) 0.7392(4) 0.3426(5), 0.7392(4) 1.4626(13) 13.2+3.4
�2.5

7.091(5) 6.959(5) 0.07(1)% 0.07(1)% (13/2�) 0.6526(2) 0.6526(2) 1.4626(13) 10.3+2.54
�1.9

7.111(6) 6.979(6) 0.007(4)% 0.007(4)% (5/2�) 0.6331(2) 0.2372(4), 0.6331(2) 1.4626(13) 120+180
�50

7.162(5) 7.029(5) 0.12(1)% 0.12(1)% (11/2�) 0.5832(1) 0.5832(1) 1.4626(13) 10.8(12)
7.243(7) 7.108(7) 0.007(4)% 0.007(4)% (5/2�) 0.5059(2) 0.1101(4), 0.5059(2) 1.4626(13) 400+500

�200
7.348(5) 7.211(5) 0.20(2)% 0.20(2)% (7/2�) 0.3958(1) 0.3958(1)) 1.4626(13) 130+6

�5
7.744(4) 7.600(4) 100% 99.48(7)% (9/2�) 0.0 —– 1.4626(13) 1.26(9)

* All values from [2004Ku24], except where noted.
** [1968Va04].
*** Tentative assignment [2004Ku24].

Table 6

direct a emission from 219Pa*, Jp = (9/2�), T1/2 = 60+28
�15 ns, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(215Ac) coincident g-rays R0 (fm)] HF

10.162(37) 9.976(37) 100% (9/2�) 0.0 —– 1.5346(88) 0.9+0.5
�0.3

* All values from [2017Su18].

Table 7

direct a emission from 223Np*, T1/2 = 2.15+1.00
�0.52 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(219Pa) coincident g-rays R0 (fm)] HF

9.650(44) 9.477(44) 100% (9/2�) 0.0 —– 1.507(32) 0.3+0.4
�0.2

* All values from [2017Su18].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +19 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +19 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a Experimental

182Hf* 0+ 8.90(9) ⇥ 106 y -4.28(20)# —– —– [2004Vo16]
186W 0+ stable -3.900(60) —– —–
190Os 0+ stable -3.125(5) —– —–
194Pt 0+ stable -2.228(1) —– —–

198Hg 0+ stable -1.374(1) —– —–
202Pb 0+ 5.25(28) ⇥ 104 y 0.040(4) -5.567(4) 1.215(4) [1981Na15]
206Po 0+ 8.8(1) d 1.840(9) -1.707(4) 5.367(4) [1956Jo34]
210Rn 0+ 144(6) m 2.367(9) -0.528(5) 7.999(9) [1971Go35]
214Ra 0+ 2.47(2) s** 1.051(10) -1.500(6) 9.640(9) [2009MuZV, 2006Ku26]

214mRa 1.865(30) 8+ 68.6(20) µs 2.916(10) 0.365(6) 11.505(9) [2006Ku26]
218Th 0+ 117(5) ns*** 1.520(60) -0.812(13) 10.900(14) [1982Ch29, 1973Ha32, 1973No09]

222U 0+ 4.7(7) µs 2.21(10) 0.044(53) 10.997(78) [2015Kh09]
226Pu 0+ 2.81(23)# 0.97(20)# 11.14(22)#

* 100% b� emitter.
** Weighted average of 2.485(25) s [2009MuZV] and 2.46(3) s [2006Ku26].
*** Weighted average of 125(5) ns [1982Ch29], 122(8) ns [1973Ha32] and 96(7) ns [1973No09].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +19 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

182Hf 8.54(13) 15.91(30)# 1.203(9)
186W 8.403(14) 15.587(40) 1.116(6)
190Os 8.018(8) 14.618(3) 1.376(1)
194Pt 7.513(1) 13.456(2) 1.523(0)

198Hg 7.104(0) 12.888(1) 1.381(1)
202Pb 6.049(15) 11.015(4) 2.589(4)
206Po 4.412(6) 7.657(4) 5.327(1) 5.2(4)% [1971Go35, 1970Ra14, 1968Go11, 1970AfZZ, 1967Le08,

1967Ti04, 1961Fo05, 1956Bu12, 1955Mo68, 1951Ka37,
1947Te01]

210Rn 4.010(7) 6.713(4) 6.159(2) 96(1)% [1971Go35, 1955Mo68, 1955Mo69, 1952Mo23]
214Ra 3.642(7) 5.826(6) 7.273(3) ⇡100% [2006Ku26, 2015Kh09. 2009MuZV, 2000He17, 1974Ho27,

1968Lo15, 1961Gr42]
214mRa 1.777(7) 3.961(6) 9.138(3) 0.09(7)% [2006Ku26]

218Th 3.625(15) 5.503(13) 9.849(9) 100% [1973No09, 2018Br13, 2015Kh09, 1982Ch29, 1973Ha32,
1973Hi06]

222U 3.391(79) 4.995(54) 9.416(8)* 100% [2023Lu04, 2015Kh09, 1983Hi12]
226Pu 3.28(22)# 4.69(20)# 8.93(22)#

* From a decay of 222U. 9.481(51) MeV in [2021Wa16].

Table 3

direct a emission from 206Po, Jp = 0+, T1/2 = 8.8(1) d*, BRa = 5.2(4)%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(202Pb) coincident g-rays R0 (fm)] HF

5.327(2) 5.223(2)** 5.2(4)%*** 0+ 0.0 —– 1.4547(10) 1.05(8)

* [1956Jo14].
** Weighted average of 5.224(2) MeV [1968Go11] and 5.222(3) MeV [1970Ra14].
*** From [1971Go35]. [1967Le08] reports 5.45% with no error bar.
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Table 4

direct a emission from 210Rn, Jp = 0+, T1/2 = 144(6) m*, BRa = 96(1)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(206Po) coincident g-rays R0 (fm)] HF

5.455(3) 5.351(3)* 5.6(3) ⇥ 10�3%* 5.4(3) ⇥ 10�3% 0+ 0.700(4) 0.700 1.4568(22) 6.7(4)
6.155(3) 6.038(3) 100% 96(1)% 0+ 0.0 —– 1.4568(22) 0.97(2)

* [1971Go35].
** [1955Mo68].

Table 5

direct a emission from 214Ra*, Jp = 0+, T1/2 = 2.47(2) s**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(210Rn coincident g-rays R0 (fm)] HF

6.629(5) 6.505(5) 0.16(3)% 0.16(3)% 2+ 0.6439 0.6439 1.4557(12) 2.6+0.6
�0.4

7.271(4) 7.135(4) 100% 99.84(3)% 0+ 0.0 —– 1.4557(12) 0.997(8)

* All values from [2006Ku26], except where noted.
** Weighted average of 2.485(25) s [2009MuZV] and 2.46(3) s [2006Ku26].

Table 6

direct a emission from 214mRa*, Ex. = 1.865.2 keV, Jp = 8+, T1/2 = 68.6(20) µs, BRa = 0.09(7)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(210Rn coincident g-rays R0 (fm)] HF

7.429(30) 7.290(30) 6.6(33)% 5.4(46) ⇥ 10�3% 8+ 1.710(30) 0.2031, 0.6439, 0.8178 1.4557(12) 14(12)
⇡8.509 ⇡8.350** 0.18(3)% 0.16(3)% 2+ 0.6439 0.6439 1.4557(12) >6 ⇥ 103

9.120(30) 8.950(30) 100% 91(6)% 0+ 0.0 —– 1.4557(12) 8 +30
�4 ⇥ 103

* All values from [2006Ku26], except where noted.
** tentatively assigned [2006Ku26].

Table 7

direct a emission from 218Th, Jp = 0+, T1/2 = 117(5) ns*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(214Ra) coincident g-rays R0 (fm)] HF

9.846(10) 9.665(10)** 100% 0+ 0.0 —– 1.5487(30) 0.95(4)

* Weighted average of 125(5) ns [1982Ch29], 122(8) ns [1973Ha32] and 96(7) ns [1973No09].
** [1973No09].

Table 8

direct a emission from 222U, Jp = 0+, T1/2 = 4.7(7) µs*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(218Th) coincident g-rays R0 (fm)] HF

9.416(8) 9.246(8)** 100% 0+ 0.0 —– 1.529(15) 0.70(10)

* [2015Kh09].
** [2023Lu04].
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +19 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +19 nuclei. Jp values for 180Lu, 184Ta, 188Re, 192Ir, 196Au, 200Tl and 204Bi are taken
from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Jp Ex. T1/2 Qe Qe p Qe a Experimental

180Lu* 5+ 5.7(1) m -1.96(31)# —– —– [1973KaYQ]
184Ta* (5�) 8.7(1) h -1.340(3) —– —– [1955Bu80]
188Re* 1� 0.70846(14) d -0.349(3) —– —– [2004Sc04]
192Ir** 4+ 73.831(8) d 1.047(2) -7.774(10) 1.407(3) [1980Ho17]

196Au*** 2� 6.1669(6) d 0.687(3) -6.735(3) 2.319(4) [2001Li17]
200Tl 2� 26.1(1) h 2.456(6) -5.242(6) 3.172(6) [1962Ja10]
204Bi 6+ 11.22(10) h 4.464(9) -2.174(9) 6.432(9) [1960St21]
208At 6+ 1.63(3) h 4.999(9) 0.296(9) 10.215(9) [1964Th07]
212Fr 5+ 20.3(3) m@ 5.143(9) 0.842(9) 11.528(9) [1973GoZX, 1950Hy27]

216Ac 1� 443(7) µs 4.858(12) 0.543(12) 14.384(10) [2000He17]
220Pa (1�) 0.75(4) µs@@ 5.589(20) 1.420(54) 14.562(17) [2023Lu04, 2021Ma66, 2020Ma27,

2019Ya04, 2017Hu08]
220m1Pa 0.124(40) (3�) 233+108

�56 ns 5.589(20) 1.544(67) 14.686(43) [2021Ma66]
220m2Pa 0.274(62) 69+330

�30 ns 5.589(20) 1.694(82) 14.836(75) [2018Hu13]
224Np 38+26

�11 µs 6.290(30) 2.406(81) 14.918(32) [2018Hu13]
228Am 6.74(20)# 2.98(22)# 14.68(20)#

* 100% b� emitter.
** 92.24(4)% b�, 4.76(4)% e emitter [2012Ba36].
*** 97.0(3)% b�, 93(3)% e emitter [2007Hu13].
@ Weighted average of 20.6(3) m [1973GoZX] and 19.3(5) m [1950Hy27].
@@ Weighted average of 0.83(7) µs [2023Lu04], 0.75(8) µs [2021Ma66], 0.73(11) µs [2020Ma27], 0.91(10) µs [2019Ya04] and 0.90(13) µs [2017Hu08].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +19 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

180Lu 7.33(21)# 17.04(31)# 0.27(12)
184Ta 6.845(40) 15.65(20) 1.412(75)
188Re 6.402(1) 14.987(60) 1.398(26)

192Ir 5.729(1) 13.831(5) 1.756(1)
196Au 5.634(3) 13.185(3) 1.272(3)
200Tl 4.790(6) 12.044(6) 1.667(6)
204Bi 3.148(11) 9.243(9) 3.976(11)
208At 2.613(11) 7.020(12) 5.751(2) 0.56(5)% [1981Va27, 1981Va29, 1970GoZZ, 1950Hy27, 1981VaZM,

1981VaZN, 1981VaZO, 1980VaZT, 1963Uh01]
212Fr 2.050(11) 6.122(12) 6.529(2) 44(4)%* [2005Ku06, 1981Va27, 1981Va29, 1950Hy27, 1980VaZT,

1974Ho27, 1973GoZX, 1971ReZE, 1966Va21, 1955Mo69,
1953AsZZ]

216Ac 1.671(12) 5.470(13) 9.241(3) 100% [2004Ku24, 2021Ma66, 2018Hu13, 2017Hu08, 2005Li17,
2000He17, 1970To18, 1969MaZT, 1968Va18, 1966Ro12]

220Pa 1.473(58) 5.150(59) 9.704(11) 100% [2023Lu04, 2021Ma66, 2020Ma27, 2019Ya04, 2019Zh54,
2017Hu08, 1987FaZS]

220m1Pa 1.349(70) 5.026(71) 9.828(41) 100% [2021Ma66]
220m2Pa 1.199(85) 4.876(86) 9.976(63) 100% [2018Hu13]

224Np 1.302(66) 4.610(91) 9.329(30) 100% [2018Hu13]
228Am 1.21(22)# 4.55(23)$ 8.39(20)#

* based on the K-xray/a ratio of 1.3(1)% [1950Hy01].
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Table 3
direct a emission from 208At, Jp = 6+, T1/2 = 1.63(3) h*, BRa = 0.56(6)%**.

Ea (c.m.) Ea (lab)*** Ia (rel)*** Ia (abs) Jp
f

@ Edaughter(204Bi)@ coincident g-rays@ R0 (fm)@@@ HF

⇡5.615 ⇡5.507@@ ⇡0.2@@% ⇡1.1 ⇥ 10�3% 0.137 1.4558(24) 420
5.696(2) 5.586(2) 0.9(1)% 4.9(8) ⇥ 10�3% 7+ 0.0534(2) 0.0534(2) 1.4558(24) 250+50

�40
5.736(4) 5.626(4) 2.2(2)% 1.2(2) ⇥ 10�2% 4+ 0.0151(1) 1.4558(24) 160+40

�30
5.752(3) 5.641(3) 100(3)% 0.54(6)% 6+ 0.000 1.4558(24) 4.2+0.7

�0.5

* [1964Th07].
** Based on the ratio of K x-ray/a from 208At [1950Hy27].
*** [1981Va27, 1981Va29], except where noted.
@ [2010Ch02].
@@ From [1970GoZZ]. Not observed in [1981Va27, 1981Va29], but may have been below statistical threshold.
@@@ Interpolated between 1.4547(10) fm (206Po) and 1.4568(22) fm (210Rn).

Table 4
direct a emission from 212Fr, Jp = 5+, T1/2 = 20.3(3) m*, BRa = 44(4)%**.

Ea (c.m.) Ea (lab)*** Ia (rel)*** Ia (abs) Jp
f Edaughter(208At)@@@ coincident g-rays@@@ R0 (fm)@ HF

5.848(6) 5.738(6)@@@ ⇡0.005%@@@ ⇡0.002% 0.6817 0.6871 1.4563(25) ⇡200
5.940(6) 5.828(6) 0.13(8)% 0.022(13)% 0.5879 0.0235, 0.0401, 0.0503, 0.5879 1.4563(25) 22+35

�9
0.1245, 0.1479, 0.1635, 0.1699,
0.2037, 0.2199, 0.2272, 0.2601,
0.2835, 0.3047, 0.3613, 0.4406,
0.5242, 0.5879

6.098(4) 5.983(4)@@ 0.19(3)% 0.031(5)% 0.4295 0.0235, 0.0401, 0.0719, 0.1245 1.4563(25) 90+40
�20

0.1479, 0.1635, 0.2023, 0.2037,
0.2272, 0.2816, 0.3577, 0.4058

6.194(3) 6.077(3) 2.5(3)% 0.40(6)% 0.3347 0.0235, 0.0401, 0.2170, 0.3112, 0.3347 1.4563(25) 17.9+3.5
�2.7

6.245(3) 6.127(3) 3.4(3)% 0.57(7)% 0.2835 0.0235, 0.0401, 0.0503, 0.1699, 0.2199 1.4563(25) 21.0(23)
0.2601, 0.2835

6.292(4) 6.173(4)@@ 3.4(3)% 0.57(7)% 0.2372 0.0235, 0.0401, 0.1736, 0.2137 1.4563(25) 34+6
�5

6.303(3) 6.184(3) 4.2(4)% 0.69(8)% 0.2272 0.0235, 0.0401, 0.1635, 0.2037, 0.2272 1.4563(25) 30+5
�4

6.383(3) 6.263(3) 100(5)% 16.5(16)% 5+ 0.1479 0.0235, 0.1245, 0.1479 1.4563(25) 2.79(31)
6.458(3) 6.336(3)@@ 27(2)%@@ 4.4(5)% (3+) 0.1139 0.0235, 0.0401, 0.0503 1.4563(25) 14(2)
6.464(3) 6.342(3) 8.0(6)% 1.32(15)% 7+ 0.0719 0.0719 1.4563(25) 73+11

�9
6.507(3) 6.384(3) 64(3)% 10.6(10)% (5+) 0.0235 0.0235 1.4563(25) 14.4(6)
6.528(3) 6.405(3) 59(3)% 9.7(9)% 6+ 0.0 —– 1.4563(25) 19.6(23)

* Weighted average of 20.6(3) m [1973GoZX] and 19.3(5) m [1950Hy27].
** based on the K-xray/a ratio of 1.3(1)% [1950Hy01].
*** Weighted average of values from [2005Ku06] and [1981Va27, 1981Va29].
@ Interpolated between 1.4568(22) fm (210Rn) and 1.4557(12) fm (214Ra).
@@ [1981Va27, 1981Va29].
@@@ [2005Ku06].
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Table 5
direct a emission from 216Ac*, Jp = 1�, T1/2 = 443(7) µs**, BRa = 100%.

Ea (c.m.) Ea (lab)*** Ia (rel)*** Ia (abs) Jp
f Edaughter(212Fr) coincident g-rays R0 (fm)*** HF

7.904(6) 7.758(6) 0.023(6)% 0.011(3)% 1.3753(3) 0.0826(1), 0.4368(6), 0.8558(7), 1.5022(32) 230+100
�60

0.9382(1), 1.2931(4), 1.3753(3)
7.923(15) 7.776(15) > 0.0020(8)% >0.0010(4)% 1.356(2) 1.356(2) 1.5022(32) <1.6 ⇥ 103

7.994(15) 7.846(15) 0.033(6)% 0.016(3)% 1.2871(8) 1.2871(8) 1.5022(32) <300
8.041(10) 7.892(10)) 0.043(4)% 0.021(2)% 1.2399(4) 1.2399(4) 1.5022(32) <310
8.074(15) 7.924(15) 0.0027(4)% 0.0013(2)% 1.2095(5) 1.2095(5) 1.5022(32) <6.3 ⇥ 103

8.152(15) 8.001(15) > 0.0049(33)% >0.0024(16)% 1.1299(5) 0.0826(1), 1.0475(9), 1.1299(5) 1.5022(32) <5.8 ⇥ 103

8.267(9) 8.114(9) >0.0041(6)% >0.002 0(3)% 1.0087(4) 1.0087(4) 1.5022(32) <1.6 ⇥ 104

8.341(5) 8.187(5) 1.5(1)% 0.74(2)% 0.9382(1) 0.0826(1), 0.8558(7),0.9382(1) 1.5022(32) 68(6)
8.426(5) 8.270(5) 2.9(2)% 1.40(7)% 0.8537(1) 0.0826(1), 0.3529(2), 0.4183(1), 1.5022(32) 69(7)

0.5007(1), 0.7713(1), 0.8537(1)
8.503(7) 8.346(7) >0.21% <0.1% 0.7773(2) 0.0826(1), 0.2766(2), 0.4183(1), 1.5022(32) >140

0.5007(1), 0.6948(1), 0.7773(1)
8.670(7) 8.509(7) >0.035(2)% >0.017(1)% 0.6106(2) 0.6106(2) 1.5022(32) <2.3 ⇥ 104

8.675(6) 8.514(6) > 0.23(4)% >0.11(2)% 0.6062(1) 0.0826(1), 0.1058(2), 0.4183(1), 1.5022(32) <3.7 ⇥ 103

0.5007(1), 0.5237(1), 0.6062(1)
8.697(15) 8.536(15) > 0.25(4)% >0.12(2)% 0.5750(4) 0.0826(1), 0.4924(1), 0.5750(4) 1.5022(32) <4.1 ⇥ 103

8.738(6) 8.576(6) > 0.94(10)% >0.46(5)% (7)+ 0.542(1) 0.542(1) 1.5022(32) <1.3 ⇥ 103

8.743(6) 8.581(6) > 1.05(12)% >0.51(6)% 0.5363(1) 0.0826(1), 0.4539(1), 0.5363(1) 1.5022(32) <1.2 ⇥ 103

8.779(6) 8.616(6) 0.47(10)% 0.23(5)% 0.5007(1) 0.0826(1), 0.4183(1), 0.5007(1) 1.5022(32) 3.4+1.1
�0.7 ⇥ 103

9.199(7) 9.029(7) 100(3)% 48.8(10)% (4+) 0.0826(1) 0.0826(1) 1.5022(32) 177(15)
9.277(7) 9.105(7) 97(2)% 47.5(5)% 5+ 0.0 —– 1.5022(32) 288(25)

* All values from [2004Ku24], except where noted. Previous works [2000He17, 1970To18, 1968Va18] had assigned a’s as decaying from both a 1� ground
state and a 9� isomer. [2004Ku24] demonstrated that all a’s could be accounted for using HF and coincident g-rays.

** [2000He17].
*** Interpolated between 1.4557(12) fm (214Ra) and 1.5487(30) 218Th

Table 6
direct a emission from 220Pa, Jp = (1�), T1/2 = 0.75(4) µs*, BRa = 100%.

Ea (c.m.) Ea (lab)** Ia (abs) Jp
f Edaughter(216Ac) coincident g-rays R0 (fm)*** HF

9.719(6) 9.542(6) 100% 1� 0.0 —– 1.539(15) 1.4+0.5
�0.4

* Weighted average of 0.83(7) µs [2023Lu04], 0.75(8) µs [2021Ma66], 0.73(11) µs [2020Ma27], 0.91(10) µs [2019Ya04] and 0.90(13) µs [2017Hu08].
** [2023Lu04].
*** Interpolated between 1.5487(30) fm 218Th and 1.529(15) fm 222U.

Table 7
direct a emission from 220m2Pa*, Ex. = 124(40) keV, Jp = (3�), T1/2 = 233+108

�56 ns, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(216Ac) coincident g-rays R0 (fm)** HF

9.843(40) 9.664(40) 100% 1� 0.0 —– 1.539(15) 0.8(5)

* All values from [2021Ma66]. They assign a Jp = (3�). However the HF indicates a unhindered decay, suggesting 1� as a more likely value.
** Interpolated between 1.5487(30) fm 218Th and 1.529(15) fm 222U.

Table 8
direct a emission from 220m2Pa*, Ex. = 274(62) keV, T1/2 = 69+330

�30 ns, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(216Ac) coincident g-rays R0 (fm)** HF

9.993(62) 9.811(62) 100% 1� 0.0 —– 1.539(15) 0.5+2.4
�0.3

* All values from [2021Ma66]. They assign a Jp = (3�). However the HF indicates a unhindered decay, suggesting 1� as a more likely value.
** Interpolated between 1.5487(30) fm 218Th and 1.529(15) fm 222U.
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Table 9
direct a emission from 224Np*, T1/2 = 38+26

�11 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(220Pa) coincident g-rays R0 (fm)** HF

9.029(62) 8.868(62) ⇡20% 0.17(17)% 0.274(62) 1.503(50) 0.3+8.5
�0.2

9.303(20) 9.137(20) 100% 83(51)% 0.0 —- 1.503(50) 0.3+1.0
�0.2

* All values form [2018Hu13].
** Interpolated between 1.521(15) fm (220U) and 1.484(48) fm (224Pu).

References used in the Tables

[1] 1950Hy27 E. K. Hyde, A. Ghiorso, G. T. Seaborg, Phys. Rev. 77, 765 (1950). https://doi.org/10.1103/PhysRev.77.765

[2] 1953AsZZ F. Asaro, Thesis, Univ. California (1953); UCRL-2180 (1953).

[3] 1955Bu80 F. D. S. Butement, A. J. Poe, Phil. Mag. 46, 482 (1955). https://doi.org/10.1080/14786440508520584

[4] 1955Mo69 F. F. Momyer, Jr. , F. Asaro, E. K. Hyde, J. Inorg. Nucl. Chem. 1, 267 (1955). https://doi.org/10.1016/0022-
1902(55)80032-2

[5] 1960St21 R. Stockendal, Arkiv Fysik 17, 579 (1960).

[6] 1962Ja10 J. F. W. Jansen, S. Hultberg, P. F. A. Goudsmit, A. H. Wapstra, Nuclear Phys. 38, 121 (1962).
https://doi.org/10.1016/0029-5582(62)91022-2

[7] 1963Uh01 J. Uhler, W. Forsling, B. Astrom, Arkiv Fysik 24, 421 (1963).

[8] 1964Th07 P. E. Thoresen, F. Asaro, I. Perlman, J. Inorg. Nucl. Chem. 26, 1341 (1964).

[9] 1966Ro12 H. Rotter, A. G. Demin, L. P. Pashchenko, H. F. Brinckmann, Yad. Fiz. 4, 246 (1966); Soviet J. Nucl. Phys. 4, 178
(1967).

[10] 1966Va21 K. Valli, E. K. Hyde, UCRL-16580, p. 85 (1966).

[11] 1968Va18 K. Valli, E. K. Hyde, Phys. Rev. 176, 1377 (1968). https://doi.org/10.1103/PhysRev.176.1377

[12] 1969MaZT R. D. Macfarlane, ORO-3820-1 (1969).

[13] 1970GoZZ N. A. Golovkov, R. B. Ivanov, Y. V. Norseev, V. G. Chumin, Program and Theses, Proc. 20th Ann. Conf. Nucl.
Spectrosc. Struct. At. Nuclei, Pt. 1, Leningrad, p. 168 (1970).

[14] 1970To18 D. F. Torgerson, R. D. Macfarlane, Phys. Rev. C2, 2309 (1970). https://doi.org/10.1103/PhysRevC.2.2309

[15] 1971ReZE J. -L. Reyss, Thesis, Univ. Paris (1971); FRNC-TH-124 (1971).

[16] 1973GoZX N. A. Golovkov, et al. , CONF Tbilisi, p123.

[17] 1973KAYQ N. Kaffrell, W. Herzog, unpublished (November 1973).

[18] 1974Ho27 P. Hornshoj, P. G. Hansen, B. Jonson, Nucl. Phys. A230, 380 (1974). https://doi.org/10.1016/0375-9474(74)90144-
4

[19] 1980Ho17 H. Houtermans, O. Milosevic, F. Reichel, Int. J. Appl. Radiat. Isotop. 31, 153 (1980). https://doi.org/10.1016/0020-
708X(80)90139-8

[20] 1980VaZT V. M. Vakhtel, N. A. Golovkov, R. B. Ivanov, M. A. Mikhailova, A. F. Novgorodov, Yu. V. Norseev, V. G. Chumin,
Yu. V. Yushkevich, JINR-P6-80-840 (1980).

[21] 1981Va27 V. M. Vakhtel, N. A. Golvkov, R. B. Ivanov, M. A. Mikhailova, A. F. Novgorodov, Yu. V. Norseev, V. G. Chumin,
Yu. V. Yushkevich, Izv. Akad. Nauk SSSR, Ser. Fiz. 45, 1861 (1981).

[22] 1981Va29 V. M. Vakhtel, N. A. Golovkov, R. B. Ivanov, M. A. Mikhailova, V. G. Chumin, Izv. Akad. Nauk SSSR, Ser. Fiz.
45, 1966 (1981).

[23] 1981VaZM V. M. Vakhtel, B. S. Dzhelepov, A. Karakhodzhaev, M. Ya. Kuznetsova, Yu. V. Norseev, T. I. Popova, V. P.
Prikhodtseva, V. G. Chumin, Program and Theses, Proc. 31st Ann. Conf. Nucl. Spectrosc. Struct. At. Nuclei, Samarkand, p. 160
(1981).

[24] 1981VaZN V. M. Vakhtel, Ts. Vylov, N. A. Golovkov, B. S. Dzhelepov, A. Karakhodzhaev, M. Ya. Kuznetsova, M. Milanov,
Yu. V. Norseev, T. I. Popova, V. P. Prikhodtseva, V. G. Chumin, Yu. V. Yushkevich, Program and Theses, Proc. 31st Ann. Conf.
Nucl. Spectrosc. Struct. At. Nuclei, Samarkand, p. 158 (1981).

5



[25] 1981VaZO V. M. Vakhtel, Ts. Vylov, N. A. Golovkov, B. S. Dzhelepov, A. Karakhodzhaev, V. V. Kuznetsov, M. Ya.
Kuznetsova, M. Milanov, Yu. V. Norseev, T. Popova, V. P. Prikhodtseva, V. G. Chumin, Yu. B. Yushkevich, Program and Theses,
Proc. 31st Ann. Conf. Nucl. Spectrosc. Struct. At. Nuclei, Samarkand, p. 156 (1981).

[26] 1987FaZS T. Faestermann, A. Gillitzer, K. Hartel, W. Henning, P. Kienle, Contrib. Proc. 5th Int. Conf. Nuclei Far from
Stability, Rosseau Lake, Canada, K12 (1987).

[27] 2000He17 F. P. Hessberger, S. Hofmann, D. Ackermann, V. Ninov, M. Leino, S. Saro, A. Andreyev, A.
Lavrentev, A. G. Popeko, A. V. Yeremin, Eur. Phys. J. A 8, 521 (2000); Erratum Eur. Phys. J. A 9, 433 (2000).
https://doi.org/10.1007/s100500070075

[28] 2001Li17 K. Lindenberg, F. Neumann, D. Galaviz, T. Hartmann, P. Mohr, K. Vogt, S. Volz, A. Zilges, Phys. Rev. C63, 047307
(2001). https://doi.org/10.1103/PhysRevC.63.047307

[29] 2004Ku24 P. Kuusiniemi, F. P. Hessberger, D. Ackermann, S. Hofmann, I. Kojouharov, Eur. Phys. J. A 22, 429 (2004).
https://doi.org/10.1140/epja/i2004-10101-2

[30] 2004Sc04 H. Schrader, Appl. Radiat. Isot. —bf60, 317 (2004). https://doi.org/10.1016/j.apradiso.2003.11.039

[31] 2005Li17 Z. Liu, J. Kurcewicz, P. J. Woods, C. Mazzocchi, F. Attallah, E. Badura, C. N. Davids, T. Davinson, J. Doring,
H. Geissel, M. Gorska, R. Grzywacz, M. Hellstrom, Z. Janas, M. Karny, A. Korgul, I. Mukha, M. Pfutzner, C. Plettner, A.
Robinson, E. Roeckl, K. Rykaczewski, K. Schmidt, D. Seweryniak, H. Weick, Nucl. Instrum. Methods Phys. Res. A543, 591
(2005). https://doi.org/10.1016/j.nima.2004.12.023

[32] 2017Hu08 T. H. Huang, W. Q. Zhang, M. D. Sun, Z. Liu, J. G. Wang, X. Y. Liu, B. Ding, Z. G. Gan, L. Ma, H. B.
Yang, Z. Y. Zhang, L. Yu, J. Jiang, K. L. Wang, Y. S. Wang, M. L. Liu, Z. H. Li, J. Li, X. Wang, H. Y. Lu, C. J. Lin, L.
J. Sun, N. R. Ma, Z. Z. Ren, F. S. Zhang, W. Zou, X. H. Zhou, H. S. Xu, G. Q. Xiao, Phys. Rev. C 96, 014324 (2017).
https://doi.org/10.1103/PhysRevC.96.014324

[33] 2018Hu13 T. H. Huang, W. Q. Zhang, M. D. Sun, Z. Liu, J. G. Wang, X. Y. Liu, B. Ding, Z. G. Gan, L. Ma, H. B. Yang,
Z. Y. Zhang, L. Yu, J. Jiang, K. L. Wang, Y. S. Wang, M. L. Liu, Z. H. Li, J. Li, X. Wang, H. Y. Lu, A. H. Feng, C. J. Lin,
L. J. Sun, N. R. Ma, D. X. Wang, F. S. Zhang, W. Zuo, X. H. Zhou, H. S. Xu, G. Q. Xiao, Phys. Rev. C 98, 044302 (2018).
https://doi.org/10.1103/PhysRevC.98.044302

[34] 2019Ya04 H. B. Yang, Z. G. Gan, Z. Y. Zhang, M. M. Zhang, M. H. Huang, L. Ma, C. L. Yang, Eur. Phys. J. A 55, 8 (2019).
https://doi.org/10.1140/epja/i2019-12684-7

[35] 2019Zh54 M. M. Zhang, Y. L. Tian, Y. S. Wang, X. H. Zhou, Z. Y. Zhang, H. B. Yang, M. H. Huang, L. Ma, C. L. Yang, Z.
G. Gan, J. G. Wang, H. B. Zhou, S. Huang, X. T. He, S. Y. Wang, W. Z. Xu, H. W. Li, X. X. Xu, L. M. Duan, Z. Z. Ren, S. G.
Zhou, H. S. Xu, Phys. Rev. C 100, 064317 (2019). https://doi.org/10.1103/PhysRevC.100.064317

[36] 2020Ma27 L. Ma, Z. Y. Zhang, Z. G. Gan, X. H. Zhou, H. B. Yang, M. H. Huang, C. L. Yang, M. M. Zhang, Y. L. Tian, Y. S.
Wang, H. B. Zhou, X. T. He, Y. C. Mao, W. Hua, L. M. Duan, W. X. Huang, Z. Liu, X. X. Xu, Z. Z. Ren, S. G. Zhou, H. S. Xu,
Phys. Rev. Lett. 125, 032502 (2020). https://doi.org/10.1103/PhysRevLett.125.032502

[37] 2020Ma27 L. Ma, Z. Y. Zhang, Z. G. Gan, X. H. Zhou, H. B. Yang, M. H. Huang, C. L. Yang, M. M. Zhang, Y. L. Tian, Y. S.
Wang, H. B. Zhou, X. T. He, Y. C. Mao, W. Hua, L. M. Duan, W. X. Huang, Z. Liu, X. X. Xu, Z. Z. Ren, S. G. Zhou, H. S. Xu,
Phys. Rev. Lett. 125, 032502 (2020). https://doi.org/10.1103/PhysRevLett.125.032502

[38] 2021Ma66 L. Ma, Z. Y. Zhang, H. B. Yang, M. H. Huang, M. M. Zhang, Y. L. Tian, C. L. Yang, Y. S. Wang, Z. Zhao, W. X.
Huang, Z. Liu, X. H. Zhou, Z. G. Gan, Phys. Rev. C 104, 044310 (2021). https://doi.org/10.1103/PhysRevC.104.044310

[39] 2021Wa16 M. Wang, W. J. Huang, F. G. Kondev, G. Audi, S. Naimi, Chin. Phys. C 45, 030003 (2021).
https://doi.org/10.1088/1674-1137/abddaf

[40] 2023Lu04 H. Y. Lu, Z. Liu, Z. H. Li, X. Wang, J. Li, H. Hua, H. Huang, W. Q. Zhang, Q. B. Zeng, X. H. Yu, T. H. Huang,
M. D. Sun, J. G. Wang, X. Y. Liu, B. Ding, Z. G. Gan, L. Ma, H. B. Yang, Z. Y. Zhang, L. Yu, J. Jiang, K. L. Wang, Y. S. Wang,
M. L. Liu, C. J. Lin, L. J. Sun, N. R. Ma, H. S. Xu, X. H. Zhou, G. Q. Xiao, F. S. Zhang, Phys. Rev. C 108, 014302 (2023).
https://doi.org/10.1103/PhysRevC.108.014302

6



Qεp  =   1.553 MeV
Qε    = 12.051 MeV
Q     =   9.158 MeV
       100 %

(9/2+)
1.7 ms

223U
(7/2+)
62 µs

E  = 8.753 MeV

Qεp  =  -0.437 MeV
Qε    = 11.754 MeV
Q     =   8.862 MeV
       100 %

Qεp  =   0.528 MeV
Qε    = 11.720 MeV
Q     =    9.507 MeV
         100 %

219Th
(9/2+)
1.03 µs

215Ra

207Po
5/2-

350 m

Qεp  = -0.091 MeV
Qε    =   8.874 MeV
Q     =    5.965 MeV
       26(1) %

211Rn
1/2-

14.6 h

E  = 5.783 MeV

Even Z
Tz = +39/2

211At
9/2-
7.2 h

183Hf
(3/2-
1.0 h

187W

191Os

195Pt
1/2-

stable

E  = 9.333 MeV

Stable to ß+ decay
 Q     =  0.93# MeV

199Hg
1/2-

stable

3/2-
24 h

Stable to ß+ decay
 Q     =  0.955 MeV

9/2-
15.4 d

Stable to ß+ decay
 Q     =  1.084 MeV

183Ta
7/2+
5.1 d

187Re
5/2+

4.3 x 107 y

215Fr
9/2-

85 ns

E  = 8.699 MeV

191Ir
3/2+

stable

Stable to ß+ decay
 Q     =  1.176 MeV

Stable to ß+ decay
 Q     =  0.823 MeV

231Cm Qεp  =   3.05# MeV
Qε    = 12.27# MeV
Q      =  8.08# MeV203Pb

5/2-
52 h

203Tl
1/2+
stable

207Po
5/2-

350 m

E  = 5.115 MeV

Qεp  =  -4.730 MeV
Qε    =   1.882 MeV
Q     =    2.335 MeV

Qεp  =  -0.649 MeV
Qε    =   6.191 MeV
Q     =    5.216 MeV
       0.0210(18) %

207Bi
9/2-

31.6 d

Qεp  =   2.195 MeV
Qε    = 12.048 MeV
Q     =   8.338 MeV
       70    %

227Pu
 

780 ms

E  = 8.191 MeV

+15
 -23

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +39/2 nuclei.

Last updated 10/21/2024

1



Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +39/2 nuclei. Jp values for 183Hf, 187W, 191Os, 195Pt, 199Hg, and 203Pb are taken from
ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

183Hf* (3/2�) 1.018(2) h -3.570(90) —– —– [2006Vo12]
187W* 3/2� 23.80(3) h -3.010(60) —– —– [2019Kr02]
191Os* 9/2� 15.4(1) d -2.045(10) —– —– [1967Ag07]

195Pt 1/2� stable -1.102(1) —– —–
199Hg 1/2� stable -0.452(1) —– —–
203Pb 5/2� 51.95(1) h 0.975(6) -4.730(7) 1.882(7) [2001Li17]
207Po 5/2� 350.3(41) m 2.909(7) -0.649(7) 6.191(7) [1974Pa05]
211Rn 1/2� 14.6(2) h 2.892(7) -0.091(7) 8.874(7) [1972As11]
215Ra (9/2+) 1.67(1) ms 2.214(10) -0.437(12) 11.754(8) [2000He17]
219Th (9/2+) 1.03(3) µs** 2.890(80) 0.528(57) 11.720(57) [2017Su18, 2015Kh09, 1973Ha32]

223U (7/2+) 62+14
�10 µs 3.71(10) 1.553(60) 12.051(78) [2020Su02]

227Pu 0.78+0.39
�0.19 s 4.19(13)# 2.15(10)# 12.01(13)# [2024WaXX]

231Cm 4.86(42)# 3.05(30)# 12.27(31)#

* 100% b� emitter.
** Weighted average of 1.09(8) µs [2017Su18], 0.97(4) µs [2015Kh09] and 1.05(3) µs [1973Ha32].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +39/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

183Hf 8.80(20) 16.77(30) 0.93(20)#
187W 8.585(60) 16.162(64) 0.955(30)
191Os 8.101(5) 15.16(20) 1.084(1)
195Pt 7.551(1) 13.977(2) 1.176(1)

199Hg 7.254(1) 13.704(1) 0.823(1)
203Pb 6.095(7) 11.702(7) 2.335(7)
207Po 4.406(10) 7.953(7) 5.216(3) 0.0210(18)% [1974Pa05, 1970AfZZ, 1971Go35, 1967Ti04, 1955Mo68,

1951Ka37, 1947Ho06, 1947Te01]
211Rn 4.072(10) 6.967(7) 5.965(1) 26(1)% [1971Go35, 1970AfZZ, 1955Mo68, 1955Mo69, 1952Mo23]
215Ra 3.799(11) 6.350(8) 8.862(2) 100% [1970To18, 1968Va18, 2020Su02, 2015Kh09, 2005Li17,

2000He17, 1970TaZS, 1969MaZT, 1961Gr43]
219Th 3.677(81) 6.005(57) 9.507(11)* 100% [2020Ma27, 2017Su18, 1973Ha32, 2020Su02, 2020Wa16,

2015Kh09, 1973HaVQ, 1973HaWU]
223U 3.308(105) 5.473(60) 9.158(17) 100% [2020Su02, 1994AnZY, 1993AnZS, 1991An10, 1991An13]

227Pu 3.34(14)# 5.18(10)# 8.338(28)** ⇡100% [2024WaXX

231Cm 2.89(33)# 4.70(31)# 8.08(31)#

* Deduced from a energy, 9.506(56) in [2021Wa16].
** Deduced from a energy, 8.30(12)# in [2021Wa16].

Table 3

direct a emission from 207Po, Jp = 5/2�, T1/2 = 350.3(41) m*, BRa = 0.0210(18)%*.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(203Pb) coincident g-rays R0 (fm) HF

5.2158(25) 5.1150(25)** 0.0210(18)%* 5/2� 0.0 —– 1.44219(87) 1.41(13)

* [1974Pa05].
** [1970AfZZ].
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Table 4

direct a emission from 211Rn, Jp = 1/2�, T1/2 = 14.6(2) h**, BRa = 26(1)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(207Po)*** coincident g-rays*** R0 (fm) HF

5.153(4) 5.055(4) 1.0(3) ⇥ 10�3% 1.6(5) ⇥ 10�4% 9/2� 0.8144 0.8144 1.4456(24) 22+12
�6

5.279(3) 5.179(3) 4.1(3) ⇥ 10�3% 6.7(6) ⇥ 10�4% 5/2� 0.6858 0.0686, 0.0973, 0.1679, 1.4456(24) 27.6(28)
0.2365, 0.2928, 0.3244,
0.3929, 0.4491,0.6172

5.378(3) 5.276(3) 0.024(2)% 0.39(3)⇥ 10�3% 7/2� 0.5883 0.5883 1.4456(24) 16.7(16)
5.572(3) 5.466(3) 0.022(2)% 0.36(3)⇥ 10�3% 3/2� 0.3930 0.0686, 0.1565, 0.1679, 1.4456(24) 196(19)

0.2365, 0.3244, 0.3929
5.725(3) 5.616(3) 4.3(3)% 0.70(6)% 3/2� 0.2365 0.0686, 0.1679, 0.2365 1.4456(24) 6.3(6)
5.895(2) 5.783(2) 100(2)% 16.4(7)% 1/2� 0.0686 0.0686 1.4456(24) 1.78(12)
5.963(2) 5.850(2) 54(2)2% 8.8(4)% 5/2� 0.0 —– 1.4456(24) 6.9(5)

* All values from [1971Go35], except where noted.
** [1972As11].
*** [2011Ko ].

Table 5

direct a emission from 215Ra, Jp = (9/2+), T1/2 = 1.67(1) ms*, BRa = 100%.

Ea (c.m.) Ea (lab)** Ia (rel)*** Ia (abs)*** Jp
f

@ Edaughter(211Rn)@ coincident g-rays@ R0 (fm) HF

8.031(6) 7.882(6) 3.1(5)% 3.0(5)% (3/2�) 0.8335(2) 0.8335(2) 1.4995(24) 17+4
�3

8.326(6) 8.171(6) 1.4(5)% 1.3(5)% 5/2� 0.5399(2) 0.5399(2) 1.4995(24) 280+180
�80

8.864(4) 8.699(4) 100(1)% 95.7(10)% 1/2� 0.0 —– 1.4995(24) 105(6)

* [2000He17].
** Weighted average of values from [1970To18] and [1968Va18], adjusted as recommended by [1991Ry01].
*** [1968Va18].
@ [2013Si17].

Table 6

direct a emission from 219Th, Jp = (9/2+), T1/2 = 1.03(3) µs*, BRa = 100%.

Ea (c.m.) Ea (lab)** Ia (abs)*** Jp
f Edaughter(215Ra) coincident g-rays R0 (fm) HF

9.507(11) 9.333(11) 100% (9/2+) 0.0 —– 1.5769(37) 2.7(3)

* Weighted average of 1.09(8) µs [2017Su18], 0.97(4) µs [2015Kh09] and 1.05(3) µs [1973Ha32].
** Weighted average of 9.338(24) MeV [2020Ma27], 9.327(15) MeV [2017Su189] and 9.340(20) MeV [1973Ha32].

Table 7

direct a emission from 223U*, Jp = (7/2+), T1/2 = 62+14
�10 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(219Th) coincident g-rays R0 (fm) HF

8.913(16) 8.753(16) 100(31)% 65(20)% (7/2+) 0.244(23) 1.5402(90) 1.0+0.9
�0.5

9.157(17) 8.993(17) 54(26)% 35(13)% (9/2+) 0.0 —– 1.5402(90) 8+8
�4

* All values from [2020Su02].

Table 8

direct a emission from 227Pu*, Jp = (7/2+), T1/2 = 0.78+0.39
�0.19 s, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(219Th) coincident g-rays R0 (fm) HF

8.337(28) 8.191(28) ⇡100% 65(20)% 0.0? 1.499(35) 18+24
�14

* All values from [2024YaXX].
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +39/2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +39/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a Experimental

185Ta* (7/2+) 49.5(15) m -3.070(7) —– —– [1955Po26]
189Re* 5/2+ 23.4(4) h -2.17(20)# —– —– [1965Bl06]

193Ir 3/2+ stable -1.142(2) —– —–
197Au 3/2+ stable -0.720(1) —– —–
201Tl 1/2+ 3.0380(17) d 0.482(14) -7.230(30) 0.814(14) [2004De02]
205Bi 9/2� 14.91(7) d 2.705(5) -4.008(5) 4.172(5) [2004Ku33]
209At 9/2� 5.41(5) h 3.482(5) -1.303(5) 8.461(5) [1968GuZX]
213Fr 9/2� 34.14(6) s 2.142(6) -2.215(5) 10.387(5) [2013Fi08]

217Ac 9/2� 69(4) ns 2.813(13) -1.558(12) 11.973(12) [1985De14]
217m1Ac 1.1466(4)** (15/2�, 17/2�) <4 ns 3.960(13) -0.411(12) 13.120(12) [1985De14, 1982GoZU]
217m2Ac 1.514(30)*** (19/2�, 21/2�) 8(2) ns 4.327(33) -0.044(32) 13.487(32) [1985De14, 1973No02]
217m3Ac 2.0122(7) (29/2)+ 740(40) ns 4.825(13) -0.454(12) 13.985(12) [1985De14]

221Pa 9/2� 4.9(8) µs 3.440(60) -0.658(60) 12.060(60) [1995AnZY]
225Np 0.31+0.75

�13 ms 4.250(90) 0.467(92) 12.253(92) [2019Mi08, 2015De22]
229Am 0.9+2.1

�0.7 s 4.79(12) 1.07(15)# 12.38(11) [2015De22]
233Bk 21+48

�17 s 5.48(25)# 2.06(38)# 12.95(24)# [2015De22]

* 100% b� emitter.
** [1985De14] report the energy of this a-emitting level as either 1.150 MeV (15/2�) or 1.147 (17/2�). The value of 1.1466(4) is from [2018Si ] based on the

g cascade form the (29/2+) isomer.
*** [1985De14] report the energy of this a-emitting level as either 1.498 MeV (19/2�) or 1.529 (21/2�).

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +39/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

185Ta 7.184(42) 16.256(81) 0.98(13)
189Re 6.600(9) 15.661(56)# 0.990(16)

193Ir 5.943(2) 14.764(10) 1.018(8)
197Au 5.784(1) 14.025(1) 0.972(1)
201Tl 4.966(14) 12.665(14) 1.534(14)
205Bi 3.245(5) 9.882(4) 3.690(15)
209At 2.704(5) 7.407(5) 5.757(2) 3.6(7)% [2017Lo13, 1969Go23, 1968GuZX, 1963Uh01, 1956HuXX,

1955Mo68, 1951Ba14]
213Fr 2.184(6) 6.485(5) 6.905(1) 99.45(3)% [2016Pr08, 2005Ku06, 2019Mi08, 2017Lo13, 2013Fi08,

2012Mo08, 1982Bo04, 1976RaZG, 1974Ho27, 1973BoXL,
1971ReZG, 1967Va20, 1964Gr04, 1961Gr42]

217Ac 1.878(14) 6.194(13) 9.832(10) 100% [1985De14, 2019Mi08, 1982GoZU, 1982SaZO, 1981MaYW,
1977BaYU, 1973No02, 1973No09, 1972No06]

217m1Ac 0.731(14) 5.047(13) 10.979(10) 0.27(4)% [1985De14, 1982GoZU, 1982SaZO, 1972No06]
217m2Ac 0.364(33) 4.680(33) 11.346(32) 0.46(13)% [1985De14, 1982GoZU, 1973No02]
217m3Ac -0.134(14) 4.182(13) 11.844(10) 4.51(17)% [1985De14, 1982GoZU, 1982SaZO, 1981MaYW, 1973No02, 1972No06]

221Pa 1.604(61) 5.773(79) 9.248(58) 100% [1995AnZY, 1989Mi17, 2019Mi08, 1989MiZK, 1989MiZZ,
1987MiZO, 1983Hi12]

225Np 1.414(93) 5.30(12) 8.818(70) 100% [2015De22, 1994Ye08, 2019Mi08, 1994AnZY, 1993AnZS,
1993AnZY

229Am 1.222(30)* 4.716(82)* 8.132(20)* ⇡100% [2015De22]
233Bk 0.586(31)** 4.212(38)# 7.906(20)** obs [2015De22]

* Deduced from a energy. Sp = 1.22(11)# MeV, S2p = 4.98(13)# MeV, Qa = 8.137(54# MeV) in [2021Wa16].
** Deduced from a energy. Sp = 0.85(31)# MeV, Qa = 8.17(21)# MeV) in [2021Wa16].
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Table 3

direct a emission from 209At, Jp = 9/2�, T1/2 = 5.41(5) h*, BRa = 3.6(7)%**.

Ea (c.m.) Ea (lab)*** Ia (rel) Ia (abs) Jp
f Edaughter(205Bi) coincident g-rays R0 (fm) HF

5.216(2) 5.116(2)@ 0.10(5)%@ 0.0036(9) 0.542(4) 1.4432915) 2.5+3.0
�0.9

5.758(4) 5.648(4) 100% 3.697)% 9/2� 0.0 —– 1.4432915) 1.8+0.5
�0.3

* [1968GuZX].
** [2017Lo13].
*** [1969Go23].
@ Only reported in [1969Go23].

Table 4

direct a emission from 213Fr, Jp = 9/2�, T1/2 = 34.14(6) s*, BRa = 99.45(3)%**.

Ea (c.m.)*** Ea (lab) Ia (rel)*** Ia (abs) Jp
f Edaughter(209At) coincident g-rays R0 (fm) HF

4.083(2) 4.007(2) weak weak (5/2,7/2) 2.8206(10) 0.4083(5), 0.6894(5),
0.8554(5), 0.8675(5)

5.806(2) 5.697(2) 0.010(5)% 0.010(5)% (7/2)� 1.0977(7) 0.4083(5), 0.6894(5) 1.4450(19) 0.25+0.25
�0.9

@@@

5.823(2) 5.713(2) 0.020(3)% 0.020(3)% (5/2,7/2)� 1.0812(7) 0.4083(5), 0.6729(5) 1.4450(19) 0.15+0.3
�0.2

@@@

6.115(2) 6.000(2) 0.020(10)% 0.020(10)% (9/2)� 0.7890(7) 0.3807(5), 0.4083(5) 1.4450(19) 4+4
�1

6.158(2) 6.043(2) 0.040(6)% 0.040(6)% 7/2� 0.7457(5) 0.7457(5) 1.4450(19) 2.8+0.5
�0.4

6.327(2) 6.208(2)@ 0.070(11)% 0.070(11)% 11/2� 0.5770(5) 0.5770(5) 1.4450(19) 8.9+1.7
�1.3

6.496(2) 6.374(2)@ 0.12(2)% 0.12(2)% 7/2� 0.4083(5) 0.4083(5) 1.4450(19) 27+6
�4

6.904(2) 6.775(2)@@ 100% 99.23(3)% 9/2� 0.0 —– 1.4450(19) 1.31(6)

* [2013Fi08].
** [2005Ku06].
*** Deduced from table 2 and figure 8 in [2016Pr08]. The authors list g-ray intensities and energies following the a decay of 213Fr. Note that a’s are not

directly measured in this work, and are deduced assuming a Qa of 6.9040(18) MeV for 213Fr.
@ a also observed in [2005Ku06].
@@ Weighted average of 6.775(4) MeV [2005Ku06] and 6.775(2) MeV [1982Bo04].
@@@ Unphysically low HF indicate that the apparent b branching reported in [2016Pr08] for these levels is too high, likely due to the levels being fed from

above (i.e. pandemonium).

Table 5

direct a emission from 217Ac, Jp = 9/2�, T1/2 = 69(4) ns*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(213Fr) coincident g-rays R0 (fm) HF

9.831(10) 9.650(10)** 100% 9/2� 0.0 —– 1.5460(33) 0.98(10)

* From [1985De14]. [1973No09] reported a half-life of 111(7) ns, which results in a HF equal to 1.58(17). The g.s. to g.s. a-decay is expected to be
unhindered. Therefore, the value from [1985De14] is adopted.

** [1973No09].

Table 6

direct a emission from 217m1Ac, Ex. = 1.1466(4)**, Jp = (15/2�, 17/2�), T1/2 = <4 ns***, BRa = 0.27(4)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(213Fr) coincident g-rays R0 (fm) HF

10.982(15) 10.780(15) 100% 9/2� 0.0 —– 1.5460(33) >3.8 ⇥ 103

* All values from [1985De14], except where noted.
*** [1985De14] report the energy of this a-emitting level as either 1.150 MeV (15/2�) or 1.147 (17/2�). The value of 1.1466(4) is from [2018Si ] based on

the g cascade form the (29/2+) isomer.
*** [1982GoZU].
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Table 7

direct a emission from 217m2Ac*, Ex. = 1.514(30)**, Jp = (19/2�, 21/2�), T1/2 = 8(2) ns***, BRa = 0.46(13)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(213Fr) coincident g-rays R0 (fm) HF

11.346(15) 11.137(15) 0.46(13)% 9/2� 0.0 —– 1.5460(33) 1.9+1.4
�0.8⇥ 104

* All values from [1985De14], except where noted.
** [1985De14] report the energy of this a-emitting level as either 1.498 MeV (19/2�) or 1.529 (21/2�).
*** [1973No02].

Table 8

direct a emission from 217m3Ac*, Ex. = 2.0122(7), Jp = (29/2�), T1/2 = 740(40) ns, BRa = 4.51(17)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(213Fr) coincident g-rays R0 (fm) HF

10.739(10) 10.541(10)) 100(4)% 4.07(16)% 13/2+ 1.105 1.105 1.5460(33) 1.7+1.1
�0.5 ⇥ 105

11.346(15) 11.137(15) 11.3(32)% 0.46(13)% 7/2� 0.498 0.498 1.5460(33) 1.8+1.1
�0.5 ⇥ 107

11.843(15) 11.625(15) 2.95(50)% 0.12(2)% 9/2� 0.0 —– 1.5460(33) 4.3+2.6
�1.3 ⇥ 108

* All values from [1985De14], except where noted.

Table 9

direct a emission from 221Pa, Jp = 9/2�, T1/2 = 4.9(8) µs*, BRa = 100%.

Ea (c.m.) Ea (lab)** Ia (abs) Jp
f Edaughter(217Ac) coincident g-rays R0 (fm) HF

9.245(21) 9.078(21) 100% 9/2� 0.0 —– 1.5671(97) 1.3(4)

* [1995AnZY].
** Weighted average of 9.075(30) MeV [1995AnZY] and 9.080(30) MeV [1989Mi17].[

Table 10

direct a emission from 225Np, T1/2 = 0.31+0.75
�13 ms*, BRa = 100%.

Ea (c.m.) Ea (lab)** Ia (abs) Jp
f Edaughter(221Pa) coincident g-rays R0 (fm) HF

8.786(20) 8.630(20) 100% 9/2� 0.0 —– 1.534(15) 0.7+1.6
�0.3

* From [2019Mi08]. Using this half-life gives a HF equal to 0.7+1.6
�0.3, indicating an unhindered transition. [2015De22] report a value of 3.8+7.6

�2.7 ms which gives
a HF of 8+3

�1.
** [1994Ye08].

Table 11

direct a emission from 229Am*, T1/2 = 0.9+2.1
�0.7 s, BRa = ⇡100%**.

Ea (c.m.) Ea (lab)** Ia (abs) Jp
f Edaughter(225Np) coincident g-rays R0 (fm) HF

8.132(20) 7.990(20) 100% 0.0 —– 1.534(15) 1.0+2.9
�0.9

* All values from [2015De22].
** Only a decay observed.

Table 12

direct a emission from 233Bk*, T1/2 = 21+48
�17 s, BRa = obs.

Ea (c.m.) Ea (lab)** Ia (abs) Jp
f Edaughter(229Am) coincident g-rays R0 (fm) HF

7.906(20) 7.770(20) obs 0.0 —– 1.525(46) ***

* All values from [2015De22].
** Only a decay observed.
*** Using a BR of 100%, a HF of 4+10

�4 is obtained.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +20 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

184Hf* 0+ 4.12(5) h -5.20(20# —– —– [1973Wa18]
188W* 0+ 69.78(12) d -4.76(20)# —– —– [2014Un01]
192Os 0+ stable -4.290(70) —– —–
196Pt 0+ stable -3.210(40) —– —–

200Hg 0+ stable -2.463(27) —– —–
204Pb 0+ >1.4 ⇥ 1020 y -0.7638(2) —– —– [2013Be16]
208Po 0+ 2.888 y 1.401(2) -2.306(1) 4.452(2) [1966Ha29]
212Rn 0+ 24.8(5) m** -0.031(4) —– —– [1971Go35, 1968Cr02]
216Ra 0+ 182(10) ns 0.320(9) -2.829(10) 9.495(8) [1973No09]
220Th 0+ 10.2(4) µs*** 0.946(15) -1.993(15) 9.294(14) [2019Pa45, 1973Ha32]

224U 0+ 396(17) µs 1.880(17) -0.932(17) 9.574(16) [2014Lo10]
228Pu 0+ 1.1+2.0

�0.5 s 2.28(10)# -0.226(25) 9.821(25)# [2003Ni10]
232Cm 0+ 2.91(36)# 0.74(20)# 10.08(23)#

* 100% b� emitter
** Weighted average of 22.0(10) m [1971Go35] and 25.5(5) m [1968Cr02].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +20 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

184Hf 9.072(89) 17.18(40)# 0.80(30)#
188W 9.061(56)# 16.822(51)# 0.407(40)
192Os 8.821(10) 16.091(35) 0.361(4)
196Pt 8.241(1) 14.787(2) 0.813(2)

200Hg 7.698(1) 14.177(2) 0.716(1)
204Pb 6.6375(3) 12.342(1) 1.969(1)
208Po 4.704(2) 8.262(1) 5.216(1) 99.9958(4)% [1993Sa14, 1970Ra14, 1969Go23, 1967Ti04, 1966Ha29,

1955Mo68, 1953AsZZ, 1951Ka03, 1951Ka37, 1947Te01]
212Rn 4.301(4) 7.284(3) 6.385(3) 100% [1971Go35, 2003Ni10, 2003NiZV, 1970AfZZ, 1970TaZS,

1968Cr02, 1963Uh01, 1959Ka15, 1955Mo68, 1952Mo23,
1950Hy27]

216Ra 4.316(11) 6.967(12) 9.526(7) 100% [1973No09, 2017Su18, 1975No09, 1972No06, 1961Gr43]
220Th 4.169(53) 6.534(17) 8.973(11) 100% [2019Pa45, 1973Ha32, 1991AnZZ, 1973HaWU]

224U 3.884(77) 6.038(18) 8.628(7) 100% [2014Lo10, 2003Ni10, 2003NiZV, 1994AnZY, 1994Ye08,
1993AnZS, 1993ToZW, 1992To02, 1992ToZV, 1991An10,
1991An13, 1990AnZU]

228Pu 3.760(80) 5.799(26) 7.940(18) ⇡ 100%* [1994An02, 1994Ye08, 2004NiZZ, 2003Ni10, 2003NiZV,
2001NiZY, 1994AnZX, 1994AnZY]

232Cm 3.37(36)# 5.18(20)# 7.80(20)#

* Based on short half-life.

Table 3

direct a emission from 208Po*, Jp = 0+, T1/2 = 2.888 y, BRa = 99.9958(4)%**

Ea (c.m.) Ea (lab)*** Ia (rel) Ia (abs) Jp
f Edaughter(204Pb) coincident g-rays R0 (fm) HF

4.303(15) 4.220(15) 2.4(7) ⇥ 10�4% 2.4(7) ⇥ 10�4% 2+ 0.899@ 0.899@ 1.42967(74) 0.54+0.22
�0.12

@@

5.215(2) 5.115(2)*** 100% 99.9958(4)%** 0+ 0.0 —– 1.42967(74) 0.98(2)

* All values from [1966Ha29], except where noted.
** [1993Sa14] report a BRe equal to 0.0042(4)%.
*** Weighted average from [1991Ry01] based on 5.114(3) MeV [1970Ra14] (modified to 5.113(3) MeV), 5.116(2) MeV [1969Go23], 5.118(5) MeV

[1967Ti04] (modified to 5.120(3) MeV), 5.110(5) MeV [1966Ha29] and 5.108(3) MeV [1953AsZZ] (modified to 5.114(3) MeV).
@ [2010Ch02].
@@ This unphysicaly low HF value may indicate that the branching ratio is too high or that the reported transition is incorrect.
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Table 4

direct a emission from 212Rn*, Jp = 0+, T1/2 = 24.8(5) m**, BRa = 100%**

Ea (c.m.) Ea (lab)*** Ia (rel) Ia (abs) Jp
f Edaughter(208Po) coincident g-rays R0 (fm) HF

5.996(3) 5.883(3) 0.050(5)% 0.050(5)% 2+ 0.687 0.687 1.4343(25) 1.43+0.19
�0.16

6.382(3) 6.262(3) 100% 99.95(5)% 0+ 0.0 —– 1.4343(25) 1.01(2)

* All values from [1971Go35], except where noted.
** Weighted average of 22.0(10) m [1971Go35] and 25.5(5) m [1968Cr02].
*** This low HF value may indicate that the branching ratio is too high or that the reported transition is incorrect.

Table 5

direct a emission from 216Ra*, Jp = 0+, T1/2 = 182(10) ns, BRa = 100%

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(212Rn) coincident g-rays R0 (fm) HF

9.525(8) 9.349(8) 100% 0+ 0.0 —– 1.5433(36) 1.05(6)

* All values from [1973No09].

Table 6

direct a emission from 220Th, Jp = 0+, T1/2 = 10.2(4) µs*, BRa = 100%

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(216Ra) coincident g-rays R0 (fm) HF

8.969(13) 8.806(13)** 100% 0+ 0.0 —– 1.6051(43) 2.53(10)***

* Weighted average of 10.4(4) µs [2019Pa45] and 9.7(6) µs [1973Ha32].
** Weighted average of 8.813(13) MeV [2019Pa45] and 8.790(20) MeV [1973Ha32].
*** Expect this transition to be an unhindered 0+ ! 0+. The reason for the larger HF is unknown.

Table 7

direct a emission from 224U*, Jp = 0+, T1/2 = 396(17) µs, BRa = 100%

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(220Th) coincident g-rays R0 (fm) HF

8.242(18) 8.095(11) 3.5(8)% 3.4(8)% 2+ 0.387(2) 0.387(2) 1.5514(30) 2.2+0.7
�0.5

8.633(8) 8.479(8) 100% 96.6(8)% 0+ 0.0 —– 1.5514(30) 1.009(10)

* All values from [2014Lo10].

Table 8

direct a emission from 228Pu, Jp = 0+, T1/2 = 1.1+2.0
�0.5 s*, BRa = ⇡100%

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(224U) coincident g-rays R0 (fm) HF

7.949(20) 7.810(20)** ⇡100% 0+ 0.0 —– 1.480(42) 1.1+2.0
�0.5

* [2003Ni10].
* [1994An02, 1994Ye08].
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +20 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +20 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a BRe F Experimental

186Ta* (3�) 10.390(27) m -2.180(80) —– —– [1995ItZY]
190Re* (2)� 2.96(1) h -1.210(40) —– —– [1973DeWI]

194Ir* 1� 19.37(1) h -0.097(2) —– —– [2016Kr06, 1972Em01]
198Au* 2� 2.6971(20) d 0.323(2) -8.606(20) 0.429(2) [2008Ku09]

202Tl 2� 12.23(2) d 1.365(1.8) -6.869(4) 1.499(3) [1995Co19]
206Bi 6+ 6.243(3) d 3.757(8) -3.496(8) 4.892(8) [1961Br19]
210At (5+) 8.440(79) h 3.981(8) -1.002(8) 9.388(8) [2003HaZT]
214Fr (1�) 5.0(2) ms 3.361(12) -1.668(10) 12.570(9) [1968To10]

214mFr 0.121(7) (8�) 3.35(5) ms 3.486(14) -1.547(12) 12.691(11) [1968To10]
218Ac (1�) 1.12(3) µs** 4.210(60) -0.753(58) 12.746(58) [2021Hu18, 2019Mi08, 2019Ya04,

2017Su18, 2015Kh09, 1989De06,

1989Mi17, 1983Sc23]

222Pa 2.76+0.43
�0.33 ms 4.860(90) 0.24(10) 12.994(87) [2021Hu18]

226Np 43(5) ms*** 5.49(10) 1.17(13) 13.19(10) [2019Mi08, 1990Ni05]
230Am 32+22

�9 s 5.94(14)# 1.78(18)# 13.12(14)# >30% [2017Wi13, 2016Ka13, 2010KaZV]
234Bk 19+6

�4 s 6.67(15)# 2.82(19)# 14.04(15)# [2016Ka13]

* 100% b� emitter.
** Weighted average of 0.87+0.18

�0.07 µs [2021Hu18], 1.8(1) µs [2019Mi08], 1.04(12) µs [2019Ya04], 0.98(12) µs [2017Su18], 0.96(5) µs [2015Kh09], 1.31(12)
µs [1989De06], 1.06(9) µs [1989Mi17] and 1.21(18) µs [1983Sc23].

*** Weighted average of 43(5) ms [2019Mi08] and 31(8) ms [1990Ni05].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +20 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

186Ta 7.577(88) 16.89(21) 0.74(21)
190Re 7.06(20) 16.25(20) 0.600(60)

194Ir 6.426(2) 15.521(71) 0.626(5)
198Au 6.450(1) 14.723(38) 0.526(1)
202Tl 5.607(2) 13.318(27) 1.175(2)
206Bi 3.547(8) 10.260(8) 3.527(8)
210At 2.895(8) 7.680(8) 5.631(1) 0.18(2)% [1981Va27, 1981Va29, 1977VaZT, 1969Go23, 2003HaZT,

1975Ja09, 1975JaZF, 1968GuZX, 1955Mo68, 1953AsZZ]
214Fr 2.551(9) 6.908(9) 8.589(4) 100% [1970To18, 2021Hu18, 2019Mi08, 2016Fa11, 2015Kh09,

2005Ku06, 2005Li17, 1989AnZL, 1968To10, 1968Va18]
214mFr 2.430(11) 6787(11) 8.710(8) 100% [1970To18, 2016Fa11, 2005Ku06, 1966Ro12]
218Ac 2.328(58) 6.698(58) 9.379(10)* 100% [2021Hu18, 2017Su18, 1970Bo13, 2021Hu19, 2019Mi17,

2019Ya04, 2015Kh09, 1989De06, 1989Mi17, 1989MiZK,
1989MiZZ, 1988MiZJ, 1983Sc23, 1970Bo13, 1970VaZZ]

222Pa 2.165(87) 6.257(87) 8.789(65) 100% [2021Hu18, 2019Mi08, 1995AnZY, 1979Sc09, 1970Bo13,
1970VaZZ]

226Np 1.84(10) 5.62(10) 8.328(54) ⇡ 100% [2019Mi08, 1994AnZY, 1994Ye08, 1993AnZS, 1990Ni05]
230Am 1.81(16)# 5.53(18)# 7.63(10)#
234Bk 1.19(17)# 4.60(34)# 8.100(50) >80% [2016Ka13, 2003MoZT, 2010KaZV, 2003MoZX]

* Deduced from a energy, 9.384(57) MeV in [2021Wa16].

Table 3

direct a emission from 210At*, Jp = (5+), T1/2 = 8.440(79) h**, BRa = 0.18(2)%***

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(206Bi) coincident g-rays@ R0 (fm)@@ HF

5.275(4) 5.175(4) 0.7(2)% 3.8(12) ⇥ 10�4 % (3,4)+ 0.356 0.338 1.4320(26) 66+30
�17

5.344(3) 5.242(3) 2.8(4)% 1.6(3) ⇥ 10�3 % (4+, 5+) 0.288 1.4320(26) 36+8
�6

5.4640(13) 5.3599(13) 91(5)% 0.050(7)% 5+ 0.167 0.106, 0.167 1.4320(26) 5.3+0.9
�0.7

5.492(2) 5.387(2) 15.0(10)% 8.3(11) ⇥ 10�3 % 7+ 0.140 0.141 1.4320(26) 44+8
�6

5.5485(15) 5.4428(15) 93(5)% 0.051(6)% (5+) 0.083 0.083 1.4320(26) 14.1+2.3
�1.9

5.562(2) 5.456(2) 1.3(2)% 7.2(13) ⇥ 10�4 % (3+) 0.069 1.4320(26) 1.2+0.4
�0.3 ⇥ 103

5.5714(15) 5.4653(15) 23.6(10)% 0.013(2)% 4+ 0.060 1.4320(26) 73+12
�10

2



Table 3

direct a emission from 210At*, Jp = (5+), T1/2 = 8.440(79) h**, BRa = 0.18(2)%***

5.6314(13) 5.5241(13) 100(3)% 0.055(6)% 6+ 0.0 —– 1.4320(26) 35+5
�4

* All values from [1977VaZT, 1981Va27, 1981Va29], except where noted.
** [2003HaZT].
*** [1969Go23].
@ [2008Ko21].
@@ Interpolated between 1.42967(74) fm (208Po) and 1.4343(25) fm (212Rn).

Table 4

direct a emission from 214Fr*, Jp = (1�), T1/2 = 5.0(2) ms**, BRa = 100%

Ea (c.m.) Ea (lab)*** Ia (rel) Ia (abs) Jp
f

@@ Edaughter(210At)@@ coincident g-rays@@ R0 (fm)@@@ HF

7.549(5) 7.408(5) ⇡ 0.3% ⇡ 0.3% (3+) 1.0367 0.073, 0.424, 0.496, 0.540, 0.946 1.4888(44) ⇡ 31
7.752(8) 7.607(8) ⇡1% ⇡1% 0.8378 1.4888(44) ⇡ 40
8.090(8) 7.939(8) ⇡1% ⇡1% (4+) 0.4962(1) 1.4888(44) ⇡420
8.519(5) 8.360(5) 5.2(2)% 4.8(2)%@ (4+) 0.073(1) 0.073 1.4888(44) 1.33(15) ⇥ 103

8.588(5) 8.428(5) 100.(5)% 93.0(5)%@ (5+) 0.0 —– 1.4888(44) 107(11)

* All values from [1970To18], except where noted.
** [1968To10].
*** Adjusted by +2.3 keV in [1991Ry01].
@ [2016Fa11].
@@ [2014Ba41].
@@@ Interpolated between 1.4343(25) fm (212Rn) and 1.5433(36) fm (216Ra).

Table 5

direct a emission from 214mFr*, Ex. = 121(7) keV, Jp = (8�), T1/2 = 3.35(5) ms, BRa = 100%

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs) Jp
f

@@ Edaughter(210At)@@ coincident g-rays@@@ R0 (fm)b HF

7.481(5) 7.341(5) 0.1% 0.05% 1.228(7)a 1.4888(44) 75
7.739(5) 7.594(5) 1.0% 0.5% 0.966(2) 0.966(2) 1.4888(44) 51
7.859(5) 7.712(5)*** 2.2% 1.1% 0.8469(3) 0.0728(2), 0.7747(4), 0.8469(3) 1.4888(44) 54
8.104(6) 7.953(6) 0.6035(5) 0.0728(2), 0.5307(4) 1.4888(44)
8.131(5) 7.979(5) 1.4% 0.7% (7+) 0.5767(3) 0.5767(3) 1.4888(44) 540
8.177(6) 8.024(6)@ (3+) 0.5311(4) 0.0728(2), 0.4583(3) 1.4888(44)
8.199(5) 8.046(5) 1.8% 0.9% (6+) 0.5074(2) 0.0728(2), 0.4231(6), 0.5074(2) 1.4888(44) 660
8.211(5) 8.058(6)@ (4+) 0.4966(6) 0.0728(2), 0.4231(6), 0.4966(6) 1.4888(44)
8.636(5) 8.475(5)*** 100% 50.9% (4+) 0.0728(2) 0.0728(2) 1.4888(44) 180
8.709(5) 8.546(5)*** 90.4% 46.0% (5+) 0.0 —– 1.4888(44) 300

* All values from [1968To10], except where noted. Uncertainties for Ia are not given.
** Energy values from [1968To10] are adjusted by +0.8 keV in [1991Ry01].
*** Weighted average of values from [1968To10] and [2005Ku06].
@ a not observed. Deduced in [2005Ku06] from a-g coincidences.
@@ [2014Ba41].
@@@ [2005Ku06].
a Deduced from a energies [1968To10].
b Interpolated between 1.4343(25) fm (212Rn) and 1.5433(36) fm (216Ra).

Table 6

direct a emission from 218Ac, Jp = (1�), T1/2 = 1.12(3) µs*, BRa = 100%

Ea (c.m.) Ea (lab) Ia (abs) Jp
f

@@ Edaughter(214Fr)@@ coincident g-rays@@ R0 (fm)@@@ HF

9.379(10) 9.207(10) 100% (1�) 0.0 —– 1.5742(56) 2.9(4)

* Weighted average of 0.87+0.18
�0.07 µs [2021Hu18], 1.8(1) µs [2019Mi08], 1.04(12) µs [2019Ya04], 0.98(12) µs [2017Su18], 0.96(5) µs [2015Kh09], 1.31(12)

µs [1989De06], 1.06(9) µs [1989Mi17] and 1.21(18) µs [1983Sc23].
** Weighted average of 9.917(15) MeV [2021Hu18], 9.919(15) MeV [2017Su18] and 9.205(15) MeV [1970Bo13].
*** Interpolated between 1.5433(36) fm (216Ra) and 1.6051(43) fm (220Th).
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Table 7

direct a emission from 222Pa*, T1/2 = 2.76+0.43
�0.33 ms, BRa = 100%

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)** Jp
f Edaughter(218Ac) coincident g-rays R0 (fm)*** HF

8.206(18) 8.058(18) 23% 5.7% 0.589 1.5783(52) 27
8.401(16) 8.250(16) 77% 19.2% 0.393 1.5783(52) 30
8.491(16) 8.338(16) 58% 14.4% 0.303 1.5783(52) 72
8.592(16) 8.437(16) 80% 19.9% 0.203 1.5783(532) 100
8.681(16) 8.525(16) 64% 15.9% 0.113 1.5783(52) 220
8.794(15) 8.636(15) 100% 24.9% (1�) 0.0 —– 1.5783(52) 280

* All values from [2021Hu18], except where noted.
** No uncertainties were reported [2021Hu18].
*** Interpolated between 1.6051(43) fm (220Th) and 1.5514(30) fm (224U).

Table 8

direct a emission from 226Np*, T1/2 = 43(5) ms**, BRa = ⇡ 100%

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(222Pa) coincident g-rays R0 (fm)@ HF

8.134(20) 7.990(20) *** *** 0.193(28) 1.516(42) ⇡ 3
8.236(20) 8.090(20) *** *** 0.091(28) 1.516(42) ⇡ 5
8.327(20) 8.180(20) *** *** 0.0@@ —– 1.516(42) ⇡ 10

* All values from [2019Mi08], except where noted.
** Weighted average of 43(5) ms [2019Mi08] and 31(8) ms [1990Ni05].
*** Text from [2019Mi08]: ”For 226Np, the a1 events (Fig. 4 top right energy panel) show a broad energy distribution E=(7.9 – 8.4) MeV, however with the

signature for three different a-decay transitions with comparable intensities at 7.98(2), 8.09(2) and 8.18(2) MeV. This could correspond to either single a decay
activities or to a-decay+conversion electron summing.” In the aforementioned Fig. 4, there are ⇡ 6 counts in each peak.

@ Interpolated between 1.5514(30) fm (224U) and 1.480(42) (228Pu).
@@ Transition is assumed to feed the ground state.

Table 9

direct a emission from 234Bk*, T1/2 =19+6
�4 s, BRa = > 80%**

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(230Am) coincident g-rays R0 (fm) HF

7.753(20) 7.620(20) *** *** 0.345(28)
7.895(20) 7.760(20) *** *** 0.203(28)
7.997(20) 7.860(20) *** *** 0.101(28)
8.098(20) 7.960(20) *** *** 0.0@ —–

* All values from [2016Ka13], except where noted.
** [2003MoZT].
*** Fig. 2a in [2016Ka13] shows the a spectrum of 234Bk. The four peaks present each have ⇡ 5 counts each.
@ Transition is assumed to feed the ground state.
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(9/2+)
1.7 µs

Qεp  =   0.087 MeV
Qε    = 10.416 MeV
Q     =   8.007 MeV
       ~ 100 %

225U
72 ms

 

E  = 7.867 MeV

Qεp  =  -1.653 MeV
Qε    = 10.044 MeV
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +41/2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +41/2 nuclei. Jp values for 185Hf, 189W, 193Os, 197Pt, 201Hg, and 205Pb are taken from
ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

185Hf* 3.5(6) m -4.36(31)# —– —– [1993Yu01]
189W* (3/2�) 11.7(5) m -3.85(28)# —– —– [1997Ya03]
193Os* 3/2� 29.830(18) h -3.160(40) —– —– [2012Kr05]
197Pt* 1/2� 19.8915(19) h -2.156(20) —– —– [1992An13]
201Hg 3/2� stable -1.262(3) —– —–
205Pb 5/2� 1.51(4) y 0.051(1) -6.369(1) 0.206(3) [1978Pe08]
209Po 1/2� 128.7(3) y 1.893(2) -1.906(1) 5.030(2) [2007Co07, 2015Po03, 2014Co16]
213Rn (9/2+) 19.5(1) ms 0.884(6) -2.616(3) 10.138(4) [2000He17]
217Ra (9/2+) 1.7(1) µs** 1.575(9) -1.653(9) 10.044(9) [2019Ya04, 2019Mi08, 1990AnZU, 1970Va13]
221Th (7/2+) 1.73(3) ms*** 2.410(60) -0.621(11) 10.200(10) [2001Ku07, 1993AnZS, 1970To07]

225U 72(4) ms@ 3.020(80) 0.087(14) 10.416(58) [2019Mi08, 2001Ku07, 2000He17]
229Pu 90(10) s 3.59(12) 0.886(62) 10.61(10) [2002CaZU]

233Cm 23+13
�6 s 4.01(14)# 1.643(83)# 11.07(13)# [2010Kh06]

237Cf 0.8(2) s 4.73(25)# 2.796(99)# 12.23(15)# [2010Kh06]
241Fm 0.73(6) ms 5.33(38)# 3.94(30)# 13.50(38)# [2008Kh10]

* 100% b� emitter.
** Weighted average of 1.4(4) µs [2019Ya04], 2.5(2) µs [2019Mi08], 1.7(1) µs [1990AnZU] and 1.6(2) µs [1970Va13].
*** Weighted average of 1.73(3) ms [2001Ku07], 1.9(1) ms [1993AnZS] and 1.68(6) ms [1970To07].
@ Weighted average of 63(7) ms [2019Mi08], 84(4) ms [2001Ku07] and 59+5

�2 ms [2000He17].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +41/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa BRSF Experimental

185Hf 9.31(21)# 17.90(41)# 0.34(31)#
189W 9.19(28)# 17.39(28)# 0.09(21)#
193Os 9.095(71) 16.796(42) -0.01(20)#
197Pt 8.273(38) 15.486(56) 0.550(2)

201Hg 7.711(27) 14.852(2) 0.332(1)
205Pb 6.713 13.079(1) 1.467(1)
209Po 4.785(2) 8.492(1) 4.979(1) 99.55(1)% [1996Sc24, 1989Ma05, 1966Ha29, 1969Go23, 1953AsZZ,

1951Ka03, 1951Ka37]
213Rn 4.357(4) 7.841(3) 8.245(3) ⇡ 100% [2001Ku07, 2000He17, 2021Hu19, 2019Mi08, 2005Li17,

1970TaZS, 1970Va13, 1970VaZZ, 1966Ro12, 1961Gr43]
217Ra 4.370(8) 7.519(9) 9.161(6) 100% [1970To07, 1970Va13, 2021Hu19, 2019Ya04, 2019Mi08,

1970VaZZ,1969ToXX, 1961Gr43]
221Th 4.093(10) 7.032(10) 8.625(4) 100% [2020Pa44, 2021Hu19, 2019Mi08, 2019Ya04, 2015Li17,

2014Lo10, 2003Ni10, 2001Ku07, 2000He17, 1993AnZS,
1990An19, 1990AnZQ, 1990AnZU, 1970To07, 1970Va13,
1970VaZZ, 1969MaZT]

225U 3.779(12) 6.591(13) 8.007(6) ⇡ 100% [2001Ku07, 2000He17, 2019Mi08, 2003Ni10, 1994AnZY,
1994Ye08, 1993AnZS, 1992To02, 1992ToZV, 1990YeZY,
1989An13, 1989HeZK, 1989HeZZ, 1988AnZS]

229Pu 3.72(12)# 6.228(61) 7.590(20)** 50(20)% <7%* [2010Kh06, 2002CaZU, 2002CaZZ, 1994An02, 1994AnZX,
1994AnZY, 1994Ye08]

233Cm 3.42(31)# 5.593(84)# 7.473(20)*** 20(10)% [2010Kh06, 2002CaCU, 2002CaZZ]
237Cf 2.89(37)# 4.65(14)# 8.220(54) 70(10)% 30(10)% [2010Kh06]

241Fm 2.29(47)# 3.56(32)# 8.856(32)# <14%* >78% [2008Kh10]

* Not observed.
** Deduced from a decay. 7.598(60) MeV in [2021Wa16].
*** Deduced from a decay. 7.473(54) MeV in [2021Wa16].
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Table 3

direct a emission from 209Po, Jp = 1/2�,T1/2 = 128.7(3) y*, BRa = 99.55(1)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@@ Edaughter(205Pb)@@ coincident g-rays@@ R0 (fm) HF

4.190(15) 4.110(15) 5.7(42) ⇥ 10�4%*** 5.6(42) ⇥ 10�4% 0.787(15) 1.41923(39) 1.1+3.3
�0.6

4.394(15) 4.310(15) 1.5(4) ⇥ 10�4%*** 1.5(4) ⇥ 10�4% 3/2� 0.576(4)@@ 0.2605, 0.2628 , 0.3134, 1.41923(39) 160+60
�40

0.5739, 0.5763
4.707(5) 4.617(5) 0.56(1)% 0.551(6)%** 3/2� 0.263@@ 0.2605, 0.2628 1.41923(39) 6.33(9)
4.977(2) 4.882(2)@ 100% 98.56 (1)%** 5/2�, 1/2� 0.0, 0.0023@@ 1.41923(39) 1.536(21)

* [2007Co07].
** [1996Sc24].
*** [1966Ha29].
@ a energy is a weighted average of 4.877(5) MeV [1966Ha29] and 4.883(2) MeV [1989Ma05]. This peak is an unresolved transition that feeds both the 5/2�

ground state and a low-lying state 1/2� at 2.3 keV [1996Sc24]. Due to the change in respective spins and the low HF (treating it as one transition), it appears that
the majority of the a transitions frred the 2.3 keV state.

@@ [2020Ko17].

Table 4

direct a emission from 213Rn, Jp = (9/2+),T1/2 = 19.5(1) ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab)** Ia (rel)* Ia (abs) Jp
f *** Edaughter(209Po)*** coincident g-rays*** R0 (fm) HF

7.393(4) 7.254(4) 1.1(1)% 1.1(1)% 3/2� 0.854 0.854 1.4842(25) 22(2)
7.700(4) 7.555(4) 0.68(7)% 0.67(7)% 5/2� 0.545 0.545 1.4842(25) 350+50

�40
8.245(3) 8.090(3) 100% 98.2(2)% 1/2� 0.0 —– 1.4842(25) 96(5)

* [2000He17].
** [2001Ku07].
*** [2015Ch30].

Table 5

direct a emission from 217Ra, Jp = (9/2+), T1/2 = 1.7(1) µs*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(213Rn) coincident g-rays R0 (fm) HF

9.161(6) 8.992(6)** 100% (9/2+) 0.0 —– 1.5544(25) 1.86(16)

* Weighted average of 1.4(4) µs [2019Ya04], 2.5(2) µs [2019Mi08], 1.7(1) µs [1990AnZU] and 1.6(2) µs [1970Va13].
** Weighted average of 8.990(8) MeV [1970To07] and 8.995(10) MeV [1970Va13].

Table 6

direct a emission from 221Th*, Jp = (7/2+),T1/2 = 1.73(3) ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(217Ra) coincident g-rays R0 (fm) HF

7.878(3) 7.735(3) 7.8(3)% 4.7(2)% (7/2+) 0.753 0.177, 0.227, 0.331, 0.526, 0.576, 0.753 1.5811(30) 4.9(4)
8.098(8) 7.951(8) 0.23(5)% 0.14(3)% (13/2+) 0.540 0.540 1.5811(30) 740+230

�160
8.298(3) 8.148(3) 100(1)% 60.3(7)% (11/2+) 0.331 0.177, 0.331 1.5811(30) 7.1(5)
8.399(3) 8.247(3) 2.5(2)% 1.5(1)% (7/2,9/2)� 0.227 0.227 1.5811(30) 560(60)
8.564(16)*** 8.409(16)*** 12%*** 0.063 1.5811(30) 370
8.627(3) 8.471(3) 55.4(9)% 33.4(4)% (9/2+) 0.0 —– 1.5811(30) 106(7)

* All values from [2020Pa44], except where noted.
** Weighted average of 1.73(3) ms [2001Ku07], 1.9(1) ms [1993AnZS] and 1.68(6) ms [1970To07].
*** Tentatively assigned by [2021Hu19], with the comment ”the small peak at 8409 keV may stem from the internal conversion effect.” In addition, [1990An19]

reports peaks at 8.265(10) MeV (Ia = 4) and 8.375(10) MeV (Ia = 11), with no spectra are shown in this work. No levels at 63, 98, or 210 keV have been observed
in 208Pb(13C,4ng) [1983Lo16] or 208Pb(12C,3ng) [1991Dr08, 1984Ro20, 1984Su10] reactions (as detailed in [2018Ko01]).
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Table 7

direct a emission from 225U, T1/2 = 72(4) ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab)** Ia (rel)*** Ia (abs) Jp
f Edaughter( 221Th) coincident g-rays R0 (fm) HF

7.762(12) 7.624(12) 9(4)% 5(2)% (11/2+)@ 0.2509(3)@ 0.2509@ 1.5454(32) 8+6
�3

7.970(12) 7.828(12) 64(5)% 37(5)% 0.040(21) 1.5454(32) 4.9+1.4
�1.2

8.010(6) 7.867(6) 100(7)% 58(4)% (7/2+) 0.0 —– 1.5454(32) 4.2(5)

* Weighted average of 63(7) ms [2019Mi08], 84(4) ms [2001Ku07] and 59+5
�2 ms [2000He17].

** Weighted average of values from [2001Ku07] and [2000He17].
*** [2000He17].
@ [2007Ja05].

Table 8

direct a emission from 229Pu*, T1/2 = 90(10) s**, BRa = 50(20)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(225U) coincident g-rays R0 (fm) HF

7.590(20) 7.457(20) 50(20)% 0.0 —– 1.509(24) 22+25
�13

* All values from [2010Kh06], except where noted.
** [2002CaZU].

Table 9

direct a emission from 233Cm*, T1/2 = 23+13
�6 s, BRa = 20(10)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(229Pu) coincident g-rays R0 (fm) HF

7.381(20) 7.254(20) 43+47
�34% 6+7

�5% 0.092(28) 1.502(33) 1+9
�1

7.473(20) 7.345(20) 100(43)% 14(9)% 0.0 —– 1.502(33) 1+5
�1

* All values from [2010Kh06].

Table 10

direct a emission from 237Cf*, T1/2 = 0.8(2) s, BRa = 70(10)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(233Cm) coincident g-rays R0 (fm) HF

8.220(20) 8.081(20) 70(10)% 0.0 —– 1.471(55) 0.3+0.8
�0.3

* All values from [2010Kh06].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +41/2 nuclei. Jp values for 187Ta, 191Re, 195Ir, 199Au, 203Tl and 207Bi and taken from
ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a Experimental

187Ta (7/2+) 283(10) s -3.90(21)# —– —– [2022Mu10]
191Re (1/2+, 3/2+) 9.8(5) m -3.170(40) —– —– [1953At24]

195Ir 3/2+ 2.29(17) h -2.180(60) —– —– [2013Bi14]
199Au 3/2+ 3.129(11) d -1.705(2) —– —– [1969La34]
203Tl 1/2+ stable -0.492(1) —– —–
207Bi 9/2� 31.35(4) y 2.397(2.1) -5.090(2) 2.790(3) [2002Un02]
211At 9/2� 7.214(7) h 0.785(2.5) -4.144(2) 8.380(3) [1961Ap01]
215Fr 9/2� 86(5) ns 1.487(9) -3.592(8) 10.326(7) [1984De16]

215m1Fr 0.835 (13/2+) 2.322(9) -2.727(8) 11.161(7) [1984Sc25]
215m2Fr 1.146 (15/2�) 30(8) ns 2.633(9) -2.446(8) 11.472(7) [1984De16]
215m3Fr 1.446 (19/2�) 30(5) ns 2.933(9) -2.146(8) 11.772(7) [1984De16]
215m4Fr 1.579 (23/2�) 30(5) ns 3.066(9) -2.013(8) 11.905(7) [1982GoZU]

219Ac 9/2� 11.8(15) µs 2.180(50) -2.779(52) 10.314(52) [1989Mi17]
223Pa 5.4(4) ms* 2.950(80) -1.573(76) 10.519(76) [2019Mi08, 1999Ho28, 1995AnZY, 1970Bo13]

227Np 510(60) ms 3.530(80) -0.744(78) 10.769(77) [1990Ni05]
231Am 4.10(30)# -0.12(31)# 10.94(30)#
235Bk 4.76(41)# 1.02(43)# 12.04(40)#
239Es 5.43(32)# 2.13(39)# 13.19(33)#

* Weighted average of 7(1) ms [2019Mi08], 4.9(5) ms [1999Ho28], 5(1) ms [1995AnZY] and 6.5(10) ms [1970Bo13].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +41/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

187Ta 7.760(76) 17.51(31)# 0.396(98)
191Re 7.271(37) 16.97(20)# 0.120(57)

195Ir 6.546(2) 16.039(39) 0.233(10)
199Au 6.479(2) 15.408(20) 0.174(1)
203Tl 5.705(1) 13.939(3) 0.908(1)
207Bi 3.558(2) 10.812(2) 3.282(2)
211At 2.983(2) 7.967(2) 5.982(1) 41.80(8)%* [1985La17, 1978Ya04, 1975Ja04, 1969Go23, 2009Vi09,

2003HaZT, 2001Ch66, 2000ChZU, 2000OgZU, 1977YaZG,
1970AfZZ, 1968GuZX, 1963Uh01, 1961Ap01, 1955Mo68,
1953AsZZ, 1953Ho49, 1953Hy83, 1951Ne02, 1940Co01,
1940Co02]

215Fr 2.651(11) 7.680(8) 9.540(7) 100% [1984Sc25, 1984De16, 2019Mi08, 1982GoZU, 1982SaZO,
1974Ni02, 1973HaVQ, 1973HaZO, 1973HiYZ, 1972No06,
1971HyZX, 1970VaZZ]

215m1Fr 1.816(11) 6.845(8) 10.375(7) 3.8(15)% [1984Sc25]
215m2Fr 1.505(11) 6.534(8) 10.686(7) 0.8(1)% [1984Sc25, 1984De16]
215m3Fr 1.205(11) 6.234(8) 10.986(7) 4.1(3)% [1984Sc25, 1984De16, 1982GoZU]
215m4Fr 1.072(11) 6.101(8) 11.119(7) 3.6(3)% [1984Sc25, 1984De16, 1982GoZU, 1982SaZO]

219Ac 2.365(52) 7.323(52) 8.825(10)** 100% [1989Mi17, 2019Mi08, 1989MiZK, 1989MiZZ, 1988MiZJ,
1970Bo13, 1970VaZZ]

223Pa 2.154(76) 6.771(94) 8.343(8)*** 100% [1995AnZY, 1970Bo13, 2019Mi08, 1999Ho28, 1993AnZS,
1970VaZZ]

227Np 2.039(78) 6.36(11) 7.816(14) ⇡ 100%@ [1990Ni05, 1994AnZY, 1994Ye08, 1993AnZS, 1990An19,
1990AnZQ, 1990YeZY]

231Am 1.81(30)# 5.97(32)# 7.41(31)#
235Bk 1.24(40)# 5.09(42)# 7.94(50)#
239Es 0.94(42)# 4.16(38)# 8.44(50)#

* Weighted average of 41.94(16)% [1985La17], 41.74(10)% [1978Ya04] and 41.8(2)% [1969Go23].
** Deduced from a decay. 8.826(51) MeV in [2021Wa16].
*** Deduced from a decay. 8.343(55) MeV in [2021Wa16].
@ No other decay observed.
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Table 3
direct a emission from 211At, Jp = (9/2�), T1/2 = 7.214(7) h*, BRa = 41.80(8)%**.

Ea (c.m.) Ea (lab)*** Ia (rel) Ia (abs) Jp
f

@ Edaughter(207Bi)@ coincident g-rays@ R0 (fm) HF

5.240(2) 5.141(2) 0.0023(8)% 0.00097(33)% 7/2� 0.7247(1) 0.7427 1.4216(13) 33+17
�8

5.311(2) 5.210(2) 0.0086(19)% 0.0036(8)% 11/2� 0.6698(1) 0.6698 1.4216(13) 18+5
�3

5.979(2) 5.866(2) 100% 41.80(8)%** 9/2� 0.0 —– 1.4216(13) 1.52(6)

* [1961Ap01].
** Weighted average of 41.94(16)% [1985La17], 41.74(10)% [1978Ya04] and 41.8(2)% [1969Go23].
*** [1969Go23].
@ [1975Ja04].

Table 4
direct a emission from 215Fr*, Jp = (9/2�), T1/2 = 86(5) ns, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(211At) coincident g-rays R0 (fm) HF

9.547(10) 9.369(10) 100% 9/2� 0.0 —– 1.5387(31) 1.03(10)

* All values from [1984De16].

Table 5
direct a emission from 215m1Fr*, Ex. = 0.835 MeV, Jp = (13/2+), T1/2 = , BRa = 3.8(15)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(211At) coincident g-rays R0 (fm) HF

10.353(30) 10.160(30) 100% 9/2� 0.0 —– 1.5387(31)

* All values from [1984Sc25].

Table 6
direct a emission from 215m2Fr*, Ex. = 1.146 MeV*, Jp = (15/2�), T1/2 = 30(8) ns*, BRa = 0.8(1)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(211At) coincident g-rays R0 (fm) HF

10.692(20) 10.493(20) 100% 9/2� 0.0 —– 1.5387(31) 9+4
�3 ⇥ 103

* [1984De16].
** [1984Sc25].

Table 7
direct a emission from 215m3Fr, Ex. = 1.446 MeV*, Jp = (19/2�), T1/2 = 30(5) ns, BRa = 4.1(3)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(211At) coincident g-rays R0 (fm) HF

10.994(15) 10.789(15) 100% 9/2� 0.0 —– 1.5387(31) 5.8(12) ⇥ 103

* [1984De16].
** [1984Sc25].

Table 8
direct a emission from 215m4Fr, Ex. = 1.579 MeV*, Jp = (23/2�), T1/2 = 30(5), BRa = 3.6(3)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(211At) coincident g-rays R0 (fm) HF

11.126(15 10.919(15) 100% 9/2� 0.0 —– 1.5387(31) 1.12(23) ⇥ 104

* [1984De16].
** [1984Sc25].
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Table 9
direct a emission from 219Ac*, Jp = (9/2�), T1/2 = 11.8(15) µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(215Fr) coincident g-rays R0 (fm) HF

8.825(10) 8.664(10)** 100% 9/2� 0.0 —– 1.5853(28) 1.79(27)

* All values from [1989Mi17], except where noted.
** From [1989Mi17], which has the highest statistics. [1970Bo13] report one peak at 8.665(10) MeV. [2019Mi17] report 2 peaks at 8.520(40) and 9.160(40)

MeV. However, no spectra is shown, or relative ratios where reported.

Table 10
direct a emission from 223Pa, T1/2 = 5.4(4) ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(219Ac) coincident g-rays R0 (fm) HF

8.149(8) 8.003(8)** 100(5)% 57(3)%@ 0.194(11) 1.5543(24) 2.3(3)
8.343(8) 8.193(8)*** 75(7)% 43(3)%@ 9/2� 0.0 —– 1.5543(24) 11.3(14)

* Weighted average of 7(1) ms [2019Mi08], 4.9(5) ms [1999Ho28], 5(1) ms [1995AnZY] and 6.5(10) ms [1970Bo13].
** Weighted average of 8.000(15) MeV [1995AnZY] and 8.005(10) MeV [1970Bo13].
*** Weighted average of 8.190(15) MeV [1995AnZY] and 8.195(10) MeV [1970Bo13].
@ [1995AnZY].

Table 11
direct a emission from 227Np*, T1/2 = 510(60) ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(223Pa) coincident g-rays R0 (fm) HF

7.787(20) 7.650(20) ⇡33% ⇡25%** 0.028(20) 1.510(23) ⇡2.7
7.815(20) 7.677(20) 100% ⇡75%** 0.0 —– 1.510(23) ⇡1.1

* All values from [1990Ni05].
** Estimated by evaluator based on Fig. 2 in [1990Ni05].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +21 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a Experimental

198Pt 0+ stable -4.19(20)# —– —–
202Hg 0+ stable -2.992(23) —– —–
206Pb 0+ stable -1.532(1) —– —–
210Po 0+ 138.3787(16) d* -1.161(1) —– —– [1964EiZZ, 1954Ei20, 1953Cu46]
214Rn 0+ 259(3) ns -0.941(10) —– —– [2019Pa45]

214m1Rn 1.473 6+ 1.0(3) ns 0.532(10) -3.482(10) 9.520(9) [1983Dr08, 1981Go06]
214m2Rn 1.557 8+ 4.8(3) ns 0.616(10) -3.398(10) 9.604(9) [1983Dr08,1981Go06]

218Ra 0+ 25.99(10) µs -0.414(11) —– —– [2019Pa45]
222Th 0+ 1.964(2) ms 0.581(11) -3.050(11) 7.719(11) [2016Pa28]

226U 0+ 271(6) ms* 1.295(16) -2.270(12) 8.282(12) [2018Mi11, 2002CaZU, 2001Ku07, 2000He17]
230Pu 0+ 102(10) s 1.700(60) -1.567(16) 8.474(18) [2002CaZU]

234Cm 0+ 51(12) s 2.26(16)# -0.618(57) 9.061(58)# [2002CaZU]
238Cf 0+ 21(2) ms 3.06(39)# 0.74(31)# 10.39(34)# [1995La09]

242Fm 0+ < 4 µs 3.60(48)# 1.78(43)# 11.76(48)# [2008Kh10]

* Weighted average of 138.3763(17) d [1964EiZZ] and 138.4005(51) d [1954Ei20].
** Weighted average of 270(10) ms [2018Mi11], 258(13) ms [2002CaZU], 260(20) ms [2001Ku07] and 281(9) ms [2000He17].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +21 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa BFSF Experimental

198Pt 8.929(20) 16.205(40) 0.106(3)
202Hg 8.234(3) 15.324(20) 0.134(2)
206Pb 7.254(1) 13.673(1) 1.135(1)
210Po 4.983(1) 8.782 5.408 100% [2023Av04, 2018Sh12, 1973Go39, 1960Fe04, 2015Zh41,

2014Po01, 2012Do08, 2001Gi12, 1999Oh02, 1997Ka59,
1987Er06, 1961Be13, 1961Ry05, 1960Ry01, 1958Ba45,
1958Si78, 1958Wh09, 1957Ag15, 1955Mo68, 1954Br07,
1952Ba20, 1951Ka03, 1951Ka37, 1949Me54, 1934Le01,
1933Ro03, 1902Ma02, 1898Cu02]

214Rn 5.029(10) 8.528(9) 9.208(9) 100% [1970To07, 1970Va13, 2019Pa45, 2018Mi11, 1986Ki13,
1981Go06, 1970TaZS, 1970VaZZ]

214Rn 3.556(10) 7.055(9) 10.681(9) obs [1981Go06]
214Rn 3.472(10) 6.971(9) 10.765 4.3(7)% [1981Go06]
218Ra 4.958(12) 8.186(11) 8.540(3) 100% [2019Pa45, 2018Mi11, 1986Ki13, 1986To02, 1970To07,

1970Va13, 1970VaZZ]
222Th 4.617(58) 7.647(13) 8.133(3) 100% [2016Pa28, 2018Mi11, 2005Li17, 2002CaZU, 2002CaZZ,

2000He17, 1991AnZZ, 1990AnZT, 1990AnZU, 1970To07,
1970Va13, 1970VaZZ]

226U 4.317(83) 7.245(15) 7.701(4) ⇡ 100% [2002CaZU, 2001Ku07, 2000He17, 1999Gr28, 2018Mi11
2003MoZT, 2002CaZZ, 1998Gr19, 1994AnZY, 1994Ye08,
1991An10, 1990An22, 1990AnZT, 1989An13, 1988AnZS,
1973Vi10, 1972MiZK, 1972MiZL, 1972MiZN, 1972ViZQ]

230Pu 4.16(10) 6.866(20) 7.178(9) ⇡ 100% [2002CaZU, 2007KhZQ, 2003MoZT, 1999Gr28, 1999GrZY,
1994AnZY, 1994Ye08, 1993AnZS, 1990An22, 1990AnZT,
1990YeZY]

234Cm 3.85(12)# 6.216(24) 7.365(9) ⇡ 27% ⇡ 2% [2010Kh06,2002CaZU, 2002CaZZ]
238Cf 3.22(38)# 5.15(30)# 8.13(30) < 5%* >95% [2010Kh06, 2001Og08, 1995La09]

242Fm 2.78(46)# 4.17(40)# 8.697(50)# **

* Not observed.
** SF reported by [1975Te01] with a T1/2 = 0.8(2) ms. However, this was not observed in [2008Kh10], leading to the conclusion that the T1/2 was less than <

4 µs. The events observed in [1975Te01] were likely from the SF decay of 241Fm (T1/2 = 0.73(6) ms [2008Kh10]).
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Table 3
direct a emission from 210Po, Jp = 0+, T1/2 = 138.3787(16) d*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@@ Edaughter(206Pb)@@ coincident g-rays@@ R0 (fm) HF

4.613(5) 4.525(5)** 0.00122(3)% 0.00122(3)%*** 2+ 0.803 0.803 1.40879(38) 1.34(11)
5.40733(7) 5.30433(7)@ 100% 99.99878(3)% 0+ 0.0 —– 1.40879(38) 0.997929(12)

* Weighted average of 138.3763(17) d [1964EiZZ] and 138.4005(51) d [1954Ei20].
** [1960Fe04].
*** [2018Sh12].
@ Reported as 5.30451(7) MeV in [1973Go39], modified to 5.30433(7) meV in [1999Ry01].
@@ [2008Ko21].

Table 4
direct a emission from 214Rn, Jp = 0+, T1/2 = 259(3) ns*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(210Po) coincident g-rays R0 (fm) HF

9.208(9) 9.036(9)** 100% 0+ 0.0 —– 1.5340(25) 0.999(12)

* [2019Pa45].
** Weighted average of 9.040(20) MeV [1970To07] and 9.035(10) MeV [1970Va13].

Table 5
direct a emission from 214m1Rn, Jp = (6+), Ex. = 1.473 MeV*, T1/2 = 1.0(3) ns**, BRa = obs***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(210Po) coincident g-rays@@ R0 (fm) HF

10.659(30) 10.460(30)*** 0+ 0.0 —– 1.5340(25)

* [2014Ba41].
** [1987Dr08].
*** [1981Go06].

Table 6
direct a emission from 214m2Rn, Jp = (8+), Ex. = 1.557 MeV*, T1/2 = 4.8(3) ns**, BRa = 4.3(7)%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(210Po) coincident g-rays@@ R0 (fm) HF

10.832(30) 10.630(30)** 4.3(7)%*** 0+ 0.0 —– 1.5340(25) 790+210
�150

* [2014Ba41].
** [1987Dr08].
*** [1981Go06].

Table 7
direct a emission from 218Ra*, Jp = 0+, T1/2 = 25.99(10) µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f ** Edaughter(206Pb)** coincident g-rays** R0 (fm) HF

7.859(40) 7.715(40) 0.123(11)% 0.123(11)% 2+ 0.695(1) 0.695(1) 1.5655(13) 6.3(8)
8.537(4) 8.381(4) 100% 99.88(6)% 0+ 0.0 —– 1.5655(13) 0.998(4)

* All values from [2019Pa45], except where noted.
** [2021Zh35].
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Table 8
direct a emission from 222Th*, Jp = 0+, T1/2 = 1.964(2) ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(218Ra) coincident g-rays R0 (fm) HF

7.274(4) 7.143(4) 0.014(4)% 0.014(4)% (1�) 0.858(5) 0.858(5) 1.5571(17) 12+5
�3

7.337(4) 7.205(4) 0.018(3)% 0.018(3)% 3� 0.7932(2)** 0.3522(1), 0.3889(1)** 1.5571(17) 15.7+3.2
�2.3

7.743(3) 7.603(3) 1.84(1)% 1.81(1)% 2+ 0.3889(1)** 0.3889(1)** 1.5571(17) 3.551(20)
8.133(3) 7.986(3) 100% 98.16(5)% 0+ 0.0 —– 1.5571(17) 1.0430(12)

* All values from [2019Pa45], except where noted.
** [2019Si39].

Table 9
direct a emission from 226U, Jp = 0+, T1/2 = 271(6) ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)** Jp
f Edaughter(222Th) coincident g-rays R0 (fm) HF

7.455(20) 7.323(20)** 3.7(12)% 3(1)% (1�) 0.245(20) 1.5394(34) 4.2+2.3
�1.3

7.516(4) 7.383(4)*** 18.3(38)% 15(3)% 2+ 0.1829(2)@@ 0.1829(2)@@ 1.5394(34) 1.4+0.4
�0.3

7.700(3) 7.564(3)@ 100% 82(5)% 0+ 0.0 —– 1.5394(34) 1.05(8)

* Weighted average of 270(10) ms [2018Mi11], 258(13) ms [2002CaZU], 260(20) ms [2001Ku07] and 281(9) ms [2000He17].
** [2000He17].
*** Weighted average of 7.384(7) MeV [2001Ku07], 7.374(10) MeV [2000He17], and 7.385(5) MeV [1999Gr28].
@ Weighted average of 7.560(10) MeV [2002CaZU], 7.566(4) MeV [2001Ku07], 7.555(10) MeV [2000He17], and 7.565(5) MeV [1999Gr28].
@@ [2023Si22].

Table 10
direct a emission from 230Pu*, Jp = 0+, T1/2 = 102(10) s, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(226U) coincident g-rays R0 (fm) HF

7.123(15) 6.999(15) 23(5)% 19(4)% 2+ 0.059(18) 1.5375(56) 2.6+1.1
�0.8

7.182(10) 7.057(10) 100(5)% 81(4)% 0+ 0.0 —– 1.5375(56) 1.01(11)

* All values from [2002CaZU], except where noted.

Table 11
direct a emission from 234Cm*, Jp = 0+, T1/2 = 51(12) s, BRa = ⇡ 27%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(230Pu) coincident g-rays R0 (fm) HF

7.365(10) 7.239(10) ⇡ 27% 0+ 0.0 —– 1.491(25) ⇡ 0.49**

* All values from [2010Kh06, 2002CaZU].
** The unphysically low HF may indicate that the value of ⇡ 27% is too high (a value of 13% gives a HF = 1).
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +1/2 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +21 nuclei. Jp values for 204Tl and 208Bi are taken from ENSDF. Unless otherwise
stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a BRbF Experimental

204Tl* 2� 3.794(2) y** 0.344(1) -8.492(3) -0.172(20) [1970Ha32, 1969Bo24, 1968Ho07, 1965An07]
208Bi 5+ 3.68(4) ⇥ 105 y 2.878(2) -5.125(6) 3.395(2) [1964Ha07]
212At (1�) 314.5(21) ms*** 1.741(2) -4.058(6) 10.695(3) [1976FrZO, 1970Re02]

212mAt 0.229(3) (9�) 112.6(9) ms@ 1.970(4) -3.829(7) 10.924(4) [1976FrZO, 1970Re02]
216Fr (1�) 0.7(2) µs 2.718(7) -3.061(8) 10.916(4) [1970Bo13]

216m1Fr 0.1333(1) (3�) 71(5) ns 2.851(7) -2.928(8) 11.049(4) [1971EpZY]
216m2Fr 0.219(5) (9�) 850(30) ns 2.937(9) -2.842(9) 11.135(6) [2007Ku30]

220Ac 26.4(2) ms 3.472(10) -2.162(9) 11.066(8) [1990An19]
224Pa (5�) 844(19) ms@@ 3.867(12) -1.252(10) 11.165(11) [1996Li05, 1997Wi15]

228Np 61.4(15) s 4.61(10)# -0.29(10)# 11.41(10)# 0.020(9)% [1994Kr13, 1978SoZZ, 1976SoZT]
232Am 79(2) s 5.06(30)# 0.51(30)# 11.78(30)# 0.069(10)% [1990Ha28, 1989HaZO, 1978Ha05]
236Bk 22+13

�6 s 5.69(36)# 1.63(36)# 12.76(36)# 4(2)% [2017Ko02]
240Es 5(2) s 6.24(37)# 2.69(42)# 13.95(37)# 4.8(18)% [2017Ko02]

244Md ⇡ 6 s 6.63(43)# 3.56(43)# 15.18(38)# [2020Po07]
244mMd x 0.4+0.4

�0.1 s 6.63(43)#+x 3.56(43)#+x 15.18(38)#+x [2020Po07]

* Decays by 97.08(7)% b� and 2.92(7)% b+ [1990Sc08].
** Weighted average of 3.793(5) y [1970Ha32], 3.774(5) y [1969Bo24], 3.825(3) y [1968Ho07] and 3.754(4) y [1965An07].
*** Weighted average of 314(3) ms [1976FrZO] and 315(3) ms [1970Re02].
@ Weighted average of 115(2) ms [1976FrZO] and 112(1) ms [1970Re02].
@@ Weighted average of 790(60) ms [1996Li05] and 850(20) ms [1997Wi15].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +21 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

204Tl 6.366(1) 14.571(23) 0.469(27)
208Bi 3.707(2) 11.195(2) 3.051(2)
212At 3.485(2) 8.414(2) 7.817(1) 100% [1976FrZO, 1970Re02, 2009Vi09, 2007Ku30, 1999Ho28,

1996Li37, 1975FrZR, 1968Va18, 1963Jo09, 1961Gr43]
212mAt 3.256(4) 8.185(4) 8.046(3) ⇡ 100% [1976FrZO, 1970Re02, 2009Vi09, 2007Ku30, 1999Ho28,

1996Li37, 1975FrZR, 1968Va18, 1963Jo09, 1961Gr43]
216Fr 3.149(7) 8.228(5) 9.174(3) 100% [2007Ku30, 1970Bo13, 2003Ni10, 1996Li37, 1970VaZZ]

216m1Fr 3.016(7) 8.095(5) 9.307(3) >50% [1996Li37, 1971EpZY]
216m2Fr 2.930(9) 8.0098(7) 9.393(6) 100% [2007Ku30]

220Ac 2.939(9) 7.894(7) 8.348(4) ⇡ 100% [1997Sh09, 2007Ku30, 2003Ni10, 1971EpZY, 1971HyZX,
1970Bo13]

224Pa 2.812(11) 7.337(9) 7.694(4) ⇡ 100% [1996Li05, 2003Ni10, 1997Sh09, 1997Wi15, 1993AnZS,
1990An19, 1990AnZQ, 1989AnZL, 1987FaZT, 1970Bo13]

228Np 2.51(10)# 6.79(10)# 7.54(10)# 40(11)% [2003Ni10, 2004NiZZ, 2003NiZV, 1994Kr13]
232Am 2.18(30)# 6.40(31)# 7.17(32)#
236Bk 1.76(38)# 5.50(39)# 7.70(20)# ⇡ 17% [2020Po07, 2017Ko02]
240Es 1.27(39)# 4.57(45)# 8.259(63) 70(10)% [2017Ko02, 2020Kh08, 2020Po07]

244Md 1.01(40)# 3.78(45)# 8.947(79) ⇡100% [2020Po07, 2020Kh08]
244mMd 1.01(40)#-x 3.78(45)#-x 8.947(79)+x ⇡100% [2020Po07]

Table 3
direct a emission from 212At*, Jp = 1�, T1/2 = 314.5(21) ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(208Bi)@ coincident g-rays@ R0 (fm)@@ HF

6.7488(8) 6.6215(8) 0.162(7)% 0.135(6)% 3+ 1.0691(1) 0.0630, 0.4357, 0.4674, 1.4714(45) 28.9+3.3
�3.0

0.0630, 0.4357, 0.4674,
0.5384, 0.5701, 0.6015,
1.0062, 1.0693

6.796(1) 6.668(1)*** 0.06(2)% 0.05(2)% 4+ 1.020(1) 1.4714(45) 120+80
�40

6.859(5) 6.730(5) 0.07(2)% 0.06(2)% 4+ 0.9590(1) 0.0630, 0.3257, 0.5701, 1.4714(45) 170+90
�50

0.6015, 0.8960, 0.9590
6.884(2) 6.754(2)*** 0.14(4)% 0.12(3)% 3+ 0.9363(1) 0.063, 0.873, 0.936 1.4714(45) 100+40

�20

2



Table 3
direct a emission from 212At*, Jp = 1�, T1/2 = 314.5(21) ms**, BRa = 100%.

6.8878(12) 6.7578(12) 0.08(2)% 0.07(2)% 2+ 0.9249(1) 0.063, 0.2918, 0.5701, 1.4714(45) 190+80
�50

0.8618
6.929(2) 6.798(2) 0.058(6)% 0.048(5)% 5+ 0.8864(1) 0.063, 0.8233, 0.8864 1.4714(45) 390+60

�50
7.1844(4) 7.0488(4) 0.48(2)% 0.40(2)% 3+ 0.6331(1) 0.063, 0.5701 1.4714(45) 360(40)
7.2156(3) 7.0795(3) 0.71(1)% 0.59(1)% 4+ 0.6015(1) 0.063, 0.5384, 0.6015 1.4714(45) 316+33

�30
7.3057(5) 7.1679(5) 0.180(9)% 0.150(7)% 6+ 0.5103(1) 0.5103 1.4714(45) 210(24)
7.7539(2) 7.6076(2) 18.5(7)% 15.4(6)% 4+ 0.0630(1) 0.063 1.4714(45) 650(70)
7.8165(2) 7.6690(2) 100.0(7)% 83.2(6)% 5+ 0.0 —– 1.4714(45) 186(19)

* All values from [1976FrZO], except where noted.
** Weighted average of 314(3) ms [1976FrZO] and 315(3) ms [1970Re02].
*** [1970Re02].
@ [2007Ma45]. Only those transition > 10% are listed.
@@ Interpolated between 1.40879(38) fm (210Po) and 1.5340(25) fm (214Rn).

Table 4
direct a emission from 212At*, Ex. = 229(3) keV, Jp = 9�, T1/2 = 112.6(9) ms**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(208Bi)*** coincident g-rays*** R0 (fm)@ HF

6.9436(8) 6.8126(8) 0.53(6)% 0.36(4)% 6+ 1.0951(1) 0.063, 0.2078, 0.8233, 1.4714(45) 21+4
�3

0.8864
7.0807(15) 6.9471(15) 0.077(10)% 0.052(7)% 4+ 0.9590(1) 0.0630, 0.3257, 0.5701, 1.4714(45) 440+90

�70
0.6015, 0.8960, 0.9590

7.1570(2) 7.022(2) 0.19(3)% 0.13(2)% 5+ 0.8864(1) 0.063, 0.8233, 0.8864 1.4714(45) 310+70
�50

7.3902(9) 7.2508(9) 0.56(12)% 0.38(8)% 7+ 0.6506(1) 0.1401, 0.5103, 0.6506 1.4714(45) 670+200
�140

7.1844(4) 7.0488(4) 0.48(2)% 0.40(2)% 3+ 0.6331(1) 0.063, 0.5701 1.4714(45) 720(80)
7.4116(7) 7.2718(7) 0.53(12)% 0.36(8)% 5+ 0.6283(1) 0.063, 0.5262 1.4714(45) 830+260

�180
7.4388(15) 7.2984(15) 0.10(1)% 0.07(1)% 4+ 0.6015(1) 0.063, 0.5384, 0.6015 1.4714(45) 5.2+1.1

�0.9 ⇥ 103

7.5298(6) 7.3877(6) 0.52(3)% 0.35(2)% 6+ 0.5103(1) 0.5103 1.4714(45) 2.1(2) ⇥ 103

7.9769(2) 7.8264(2) 100.0(9)% 67.6(6)% 4+ 0.0630(1) 0.063 1.4714(45) 242+24
�22

8.0394(2) 7.8877(2) 45.4(8)% 30.7(5)% 5+ 0.0 —– 1.4714(45) 810(80)

* All values from [1976FrZO], except where noted.
** Weighted average of 115(2) ms [1976FrZO] and 122(1) ms [1970Re02].
*** [2007Ma45]. Only those transition > 10% are listed.
@ Interpolated between 1.40879(38) fm (210Po) and 1.5340(25) fm (214Rn).

Table 5
direct a emission from 216Fr*, Jp = (1�), T1/2 = 0.7(2) µs**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(212At)*** coincident g-rays*** R0 (fm)@ HF

8.977(15) 8.811(15) ⇡ 0.2% ⇡ 0.2% (3�) 0.2053 0.045, 0.1603 1.5498(28) ⇡ 250
9.028(15) 8.861(15) 0.5(2)% 0.5(2)% (2�) 0.1603 0.1603 1.5498(28) 130+150

�60
9.174(5) 9.004(5) 100% 99.3(10)% (1�) 0.0 —– 1.5498(28) 1.6(5)

* All values from [1996Li37], except where noted.
** [1970Bo13].
*** [2020Au03].
@ Interpolated between 1.5340(25) fm (214Rn) and 1.5655(13) fm (218Ra.

Table 6
direct a emission from 216m1Fr*, Ex. = 133.3(1) keV, Jp = (3�), T1/2 = 71(5) ns**, BRa = ⇡ 50%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(212At)@ coincident g-rays@ R0 (fm)@@ HF

9.102(8) 8.933(8) ⇡ 50%*** (3�) 0.2053 0.045, 0.1603 1.5498(28) ⇡0.21@@@

* All values from [1996Li37], except where noted.
** [1971EpZY].
*** [2007Wu02].
@ [2020Au03].
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@@ Interpolated between 1.5340(25) fm (214Rn) and 1.5655(13) fm (218Ra.
@@@ The reason for the unphysically low HF value is unknown.

Table 7
direct a emission from 216m1Fr*, Ex. = 219(8) keV, Jp = (9�), T1/2 =850(30) ns, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(212At) coincident g-rays R0 (fm)** HF

9.169(5) 9.000(5) 100% (9�) 0.2239 1.5498(28) 1.85(13)

* All values from [2007Ku30], except where noted.
** Interpolated between 1.5340(25) fm (214Rn) and 1.5655(13) fm (218Ra.

Table 8
direct a emission from 220Ac*, T1/2 = 26.4(2) ms**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(216Fr) coincident g-rays R0 (fm)*** HF

7.763 7.622 15% 4% (3) 0.5814 0.0374, 0.0579, 0.0786, 0.1210, 1.5613(21) 61
0.1333, 0.1210, 0.1333, 0.1600,
0.1722, 0.3270, 0.3902, 0.4484

7.776 7.635 15% 4% (4,5�) 0.5867 0.0349, 0.0579, 0.1333, 0.3427, 1.5613(21) 50
0.3780

7.794 7.652 35% 9% (3)� 0.5507 0.0374, 0.0536, 0.0643, 0.0786, 1.5613(21) 34
0.349, 0.579, 0.1333, 0.2067,
0.2544, 0.2964, 0.3014

7.806 7.664 15% 4% (3,4,5�) 0.5394 0.0349, 0.0579, 0.0928, 0.1333, 1.5613(21) 83
0.3129

7.812 7.670 31% 8% (3,4,5) 0.5320 0.0349, 0.0374, 0.0579, 0.0786, 1.5613(21) 44
0.0928, 0.1233, 0.1333, 0.1373,
0.1600, 0.1878, 0.1828, 0.2437,
0.2678

7.852 7.709 42% 11% (3,4,5�) 0.4934 0.0349, 0.0374, 0.0579, 0.0643, 1.5613(21) 42
0.0786, 0.1333, 0.1490, 0.1531,
0.2036, 0.2437, 0.2678

7.936 7.792 38% 10% (2,3,4,5�) 0.4093 0.0374, 0.0786, 0.1333, 0.1600 1.5613(21) 84
7.995 7.850 19% 5% (2,3,4) 0.3492 0.0786, 0.1333, 0.1373
8.000 7.855 100% 26% (4,5�) 0.3442 0.0374, 0.0579, 0.0786, 0.0928, 1.5613(21) 51

0.0948, 0.1182, 0.1333, 0.1531
8.091 7.944 ⇡8% ⇡2% (2) 0.2544 0.1210, 0.1333 1.5613(21) 1.22 ⇥ 103

8.119 7.971 15% 4% (4)� 0.2261 0.0349, 0.0579, 0.1333 1.5613(21) 740
8.154 8.006 12% 3% (5)� 0.1912 0.0579, 0.1333 1.5613(21) 1.25 ⇥ 103

8.204 8.055 15% 4% (0)� 0.1416 0.1416 1.5613(21) 1.31 ⇥ 103

8.212 8.063 8% 2% (3�) 0.1333 0.1333 1.5613(21) 2.8 ⇥ 103

8.346 8.194 15% 4% (1�) 0.0 —– 1.5613(21) 3.3 ⇥ 103

* All values from [1997Sh09], except where noted. No uncertainties were reported in [1997Sh09].
** [1990An19].
*** Interpolated between 1.5655(13) fm (218Ra and 1.5571(17) fm (222Th).

Table 9
direct a emission from 224Pa*, T1/2 = 844(19) ms**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(220Ac) coincident g-rays R0 (fm)*** HF

7.281 7.151 <0.1% <0.05% 0.4120 0.0138, 0.3980, 0.4120 1.5483(38) >530
7.336 7.205 0.3% 0.2% 0.3561 0.0280, 0.0407, 0.0678, 0.2476, 1.5483(38) 210

0.2874, 0.3158
7.357 7.226 0.1% 0.1% 0.3354 0.0138, 0.0407, 0.1510, 0.1705, 0. 1.5483(38) 500

1820, 0.1842, 0.2947, 0.3350
7.381 7.249 0.1% 0.1% 0.3120 0.0138, 0.2982 1.5483(38) 600
7.430 7.297 2.9% 2% (4+) 0.2632 0.0280, 0.0407, 0.0678, 0.1095, 1.5483(38) 45

0.1131, 0.1547, 0.1945
7.459 7.326 2.1% 1.5% (5+) 0.2339 0.0280, 0.0407, 0.1651 1.5483(38) 75
7.509 7.375 3.6% 2.5% (3�) 0.1842 0.0138, 0.1705, 0.1842 1.5483(38) 67
7.540 7.405 17.1% 12% (2�) 0.1530 0.0138, 0.1392, 0.1530 1.5483(38) 18
7.543 7.408 5.7% 4% (4�) 0.1502 0.0407, 0.1095 1.5483(38) 55
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Table 9
direct a emission from 224Pa*, T1/2 = 844(19) ms**, BRa = ⇡ 100%.

7.579 7.444 3.6% 2.5% (1�) 0.1133 0.1133 1.5483(38) 116
7.584 7.449 5.7% 4% (3�) 0.1085 0.0407, 0.0678, 1.5483(38) 76
7.624 7.488 100% 70% (5�) 0.0687 0.0280, 0.0407 1.5483(38) 5.9

* All values from [1996Li05], except where noted. No uncertainties were reported in [1996Li05].
** Weighted average of 790(60) ms [1996Li05] and 850(20) ms [1997Wi15].
*** Interpolated between 1.5571(17) fm (222Th) and 1.5394(34) fm (226U).

Table 10
direct a emission from 228Np*, T1/2 = 61.4(14) s*, BRa = 40(11)%*.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(224Pa) coincident g-rays R0 (fm)*** HF

7.250 7.123** 40(11)% 1.5385(66) 6.8+3.0
�1.8

* [1994Kr13].
** Average of 5 events identified by a-a chains [2003Ni10, 2004NiZZ, 2003NiZV] (See Fig. 1f in [2003Ni10]). This is likely several unresolved peaks.
*** Interpolated between 1.5394(34) fm (226U) and 1.5375(56) (230Pu).

Table 11
direct a emission from 236Bk, T1/2 = 22+13

�6 s*, BRa = ⇡ 17 %*.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(232Am) coincident g-rays R0 (fm)*** HF

7.447(14) 7.321(14)** ⇡ 17%* 1.515(26) ⇡ 0.5

* [2017Ko02].
** [2020Po07].
*** Interpolated between 1.5375(56) (230Pu) and 1.491(25) fm (234Cm).

Table 12
direct a emission from 240Es, T1/2 = 5(2) s, BRa = 70(10) %.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(236Bk) coincident g-rays R0 (fm) HF

8.227(30) 8.090(30) ⇡ 25% ⇡14%
8.329(30) 8.190(30) 100% ⇡56%

* All values from [2017Ko02].

Table 13
direct a emission from 244Md, T1/2 = ⇡ 6 s, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(240Es) coincident g-rays R0 (fm) HF

8.446(19) 8.308(19) ⇡ 100%

* All values from [2020Po07].

Table 14
direct a emission from 244mMd, Ex. = unk., T1/2 =0.4+0.4

�0.1 s, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(240Es) coincident g-rays R0 (fm) HF

8.807(23) 8.663(23) ⇡ 100%

* All values from [2020Po07].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +43/2 nuclei. Jp values for 204Tl and 208Bi are taken from ENSDF. Unless otherwise
stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Jp Ex. T1/2 Qe Qe p Qe a BRbF Experimental

207Pb 1/2� stable -1.418(5) —– —–
211Po 9/2+ 516(3) ms -0.573(5) —– —– [1974Ba29]

211mPo 1.453(10) (25/2+) 25.2(5) s 0.880(11) -3.540(10) 7.630(12) [1974Ba29]
215Rn 9/2+ 2.3(1) µs 0.088(9) -3.988(6) 8.265(8) [1970Va13]
219Ra (7/2)+ 8.6(17) ms* 0.777(10) -3.113(7) 8.226(10) [2018Sa45]

219mRa 0.0166(2)** (11/2)+ 10(3) ms 0.793(10) -3.096(7) 8.243(10) [2018Sa45]
223Th (5/2+) 660(10) ms 1.560(10) -2.224(9) 8.344(11) [1970Va13]

227U (3/2+) 1.1(1) m 2.215(11) -1.442(10) 8.795(11) [1969Ha32]
231Pu (3/2+) 8.6(5) m 2.680(60) -0.595(22) 9.053(23) [1999La14]

235Cm (5/2+) 300+250
�100 s 3.39(12)# 0.38(10)# 9.97(12)# [2020Kh10]

239Cf (5/2+) 28(2) s 3.95(24)# 1.47(12)# 11.15(13)# [2020Kh10]
243Fm (7/2�) 231(9) ms 4.57(25)# 2.64(13)# 12.64(24)# [2020Kh10

* Weighted average of 10(3) ms and 8(2) ms [2018Sa45].
** [2021Si21].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +43/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa BRSF Experimental

207Pb 7.488(1) 14.742(4) 0.392(1)
211Po 4.930(1) 9.396(1) 7.595(1) 100% [2001Ch66, 1969Go23, 2000ChZU, 2000ChZX, 2000OgZR,

1989Ku08, 1989KuZE, 1988KuZR, 1985La17, 1982Bo14,
1978Ya04, 1975Ja04, 1974Ba29, 1970Va13, 1969Ha32,
1968GuZX, 1963Uh01, 1962Pe15, 1958To25, 1955Mo68,
1954Je11, 1954Sp32, 1954Wi26, 1953AsZZ, 1952Me13]

211mPo 3.477(10) 7.943(10) 9.048(10) 99.984(4)% [1989Ku08, 1962Pe15, 1989KuZE, 1988KuZR, 1982Bo14,
1974Ba29, 1954Je11, 1954Sp32]

215Rn 5.079(7) 9.093(7) 8.839(6) 100% [1970Va13, 2018Sa45, 1970VaZZ, 1969Ha32, 1952Me13]
219Ra . 4.955(8) 8.843(8) 8.138(3) 100% [1994Sh02, 2018Sa45, 1993AnZS, 1989An13, 1987El02,

1970Va13, 1970VaZZ, 1969Ha32, 1952Me13
219mRa 4.937(8) 8.826(8) 8.155(3) 100% [2018Sa45]

223Th 4.525(9) 8.156(9) 7.567(4) 100% [1992Li09, 1990An19, 1990AnZQ, 1989An13, 1989AnZL,
1988AnZS, 1987El02, 1970Va13, 1970VaZZ, 1969Ha32,
1952Me13]

227U 4.278(14) 7.843(10) 7.235(3) ⇡ 100% [2015Ka24, 1991Ho05, 1990JoZU, 1986BuZP, 1970Va13,
1969Ha32, 1952Me13]

231Pu 4.217(59) 7.480(23) 6.839(20) 10+7
�3% [1999La14, 2007KhZQ]

235Cm 3.74(19)# 6.62(12)# 7.116(14)* 1.0+0.7
�0.5% [2020Kh10, 2007KhZQ

239Cf 3.30(28)# 5.62(14)# 7.766(8)** 65(3)% [2020Kh10, 1981Mu12]
243Fm 2.77(29)# 4.59(21)# 8.691(8)*** 91(3)% 9(1)% [2020Kh10, 2008Kh10, 1981Mu12]

* Deduced from a energy, 7.28(10)# in [2021Wa16].
** Deduced from a energy, 7.763(63) in [2021Wa16].
*** Deduced from a energy, 8.689(51) in [2021Wa16].
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Table 3
direct a emission from 211Po, Jp = 9/2+, T1/2 = 516(3) ms*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel)@ Ia (abs) Jp
f Edaughter(207Pb)@@ coincident g-rays@@ R0 (fm) HF

5.961 5.848** 8.1(10) ⇥ 10�4% 8.1(10) ⇥ 10�4%** 13/2+ 1.6333 0.5697, 1.0637 1.46528(11) 10.3+1.6
�1.3

6.6970(25) 6.5700(25)*** 0.59(1)% 0.58(1)% 3/2� 0.8978 0.8978 1.46528(11) 16.10(34)
7.0250(25) 6.8920(25)*** 0.61(1)% 0.60(1)% 5/2� 0.5697 0.5697 1.46528(11) 244(5)
7.594(3) 7.450(3)*** 100 98.82(1)% 1/2� 0.0 —– 1.46528(11) 112(3)

* [1974Ba29].
** [2001Ch66].
*** [1969Go23].
@ [1978Ya04].
@@ [2011Ko04].

Table 4
direct a emission from 211mPo, Ex. = 1.453(10) MeV, Jp = (25/2+), T1/2 = 25.2(5) s*, BRa =99.984(4)%**.

Ea (c.m.) Ea (lab)*** Ia (rel)@ Ia (abs) Jp
f Edaughter(207Pb)@@ coincident g-rays@@ R0 (fm) HF

7.416(15) 7.275(15) 100% 91% 13/2+ 1.6333 0.5697, 1.0637 1.46528(11) 1.60(16) ⇥ 103

8.149(15) 7.995(15) 1.82(3)% 1.66(3)% 3/2� 0.8978 0.8978 1.46528(11) 1.36(4) ⇥ 107

8.465(15) 8.305(15) 0.27(2)% 0.25(2)% 5/2� 0.5697 0.5697 1.46528(11) 6.8(6) ⇥ 108

9.046(10) 8.875(10) 7.74(15)% 7.04(14)% 1/2� 0.0 —– 1.46528(11) 6.1(4) ⇥ 108

* [1974Ba29].
** [1989Ku08].
*** Values taken from [1962Pe15], adjusted by +5 keV in [1991Ry01].
@ [1962Pe15].
@@ [2011Ko04].

Table 5
direct a emission from 215Rn*, Jp = 9/2+, T1/2 = 2.3(1) µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(211Po) coincident g-rays R0 (fm) HF

8.839(8) 8.675(8) 100% 9/2+ 0.0 —– 1.5499(42) 1.69(18)

* Al values from [1970Va13], unless noted otherwise.

Table 6
direct a emission from 219Ra, Jp = (7/2)+, T1/2 = 8.6(17) ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(215Rn) coincident g-rays R0 (fm) HF

7.330(5) 7.196(5) 3.2% 2.0% 7/2+ 0.806 0.2140, 0.3160, 0.490, 0.5920, 0.8052 1.5597(35) 3.5
7.822(3) 7.679(3) 100% 62% 11/2+ 0.316 0.316 1.5597(35) 4.4
7.846(10) 7.703(10) 2.3% 1.4% (11/2)� 0.2906 0.2906 1.5597(35) 230
7.925(10) 7.780(10) ⇡0.8% ⇡0.5% 0.2140 0.2140 1.5597(35) ⇡1.1 ⇥ 103

8.138(3) 7.989(3) 55% 34% 9/2+ 0.0 —– 1.5597(35) 70

* All values from [1994Sh02], except where noted.
** Weighted average of 10(3) ms and 8(2) ms [2018Sa45].

Table 7
direct a emission from 219Ra*, Ex. = 0.0166(2)**, Jp = (11/2)+, T1/2 = 10(3) ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(215Rn) coincident g-rays R0 (fm) HF

7.823(20) 7.680(20) 100% 11/2+ 0.316 0.316 1.5597(35) 3.6(11)

* All values from [2018Sa45], except where noted.
** [2021Si21].
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Table 8
direct a emission from 223Th*, Jp = (5/2)+, T1/2 = 660(10) ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(219Ra) coincident g-rays R0 (fm) HF

7.052 6.928 0.7% 0.4% 0.5155(10) 0.0972(1), 0.1138(1), 0.4017(10) 1.5478(22) 18
7.098 6.973 1.1% 0.6% 0.4707(7) 0.0382(3), 0.0972(1), 0.1138(1), 1.5478(22) 18

0.3188(7), 0.3569(7)
7.124 6.998 2.7% 1.5% 0.4450(5) 0.0382(3), 0.088, 0.0972(1), 1.5478(22) 8.9

0.2930(5), 0.3050(5), 0.3313(5)
7.146 7.020 0.5% 0.3% 0.4217(12) 0.4217(12) 1.5478(22) 54
7.163 7.037 3.4% 1.9% 0.4047(2) 0.0382(3), 0.088, 1.5478(22) 9.9

0.0972(1), 0.1520(1), 0.2528(2),
0.2647(2), 0.353

7.245 7.117 1.3% 0.7% 0.3206(7) 0.0382(3), 0.0972(1), 0.1520(1), 1.5478(22) 54
0.1688(5), 0.2680(10), 0.3206(8)

7.417 7.286 47.7% 26.4% (7/2+) 0.1520(3) 0.0382(3), 0.0972(1), 0.1520(1) 1.5478(22) 5.6
7.429 7.298 100% 55.3% (9/2+) 0.1400(3) 0.0520(3), 0.088, 0.1400(3) 1.5478(22) 2.9
7.454 7.323 23.9% 13.2% (5/2+) 0.1138(1) 0.1138(1) 1.5478(22) 35
7.565 7.432 1.8% ⇡1% 7/2+ 0.0 —– 1.5478(22) ⇡480

* All values from [1992Li09], except where noted. Uncertainties were not given for a energies and intensities.
** [1970Va13].

Table 9
direct a emission from 227U*, Jp = (3/2)+, T1/2 = 1.1(1) m**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel)@ Ia (abs) Jp
f Edaughter(223Th) coincident g-rays R0 (fm) HF

6.746(7) 6.627(7) 2(2)% 1(1)% (3/2+, 5/2+, 7/2+) 0.4888(6) 0.0513, 0.4374, 0.4888 1.5316(43) 5+54
�3

6.839(8) 6.718(8) 12(3)% 5(1)% (1/2+, 3/2+, 5/2+) 0.3955(7) 0.0513, 0.0850, 0.1492, 1.5316(43) 2.6+1.0
�0.7

0.2471, 0.2589, 0.3104,
0.3955

6.864(4) 6.743(4) 14(3)% 6(1)% (1/2+, 9/2+) 0.3702(3) 0.3702 1.5316(43) 2.7+0.9
�0.7

6.924(4) 6.802(4) 40(10)% 17(3)% (5/2+) 0.3104(3) 0.0513, 0.2589, 0.3104 1.5316(43) 1.7+0.6
�0.4

6.987(3) 6.864(3) 100(17)% 42(7)% (3/2+) 0.2471(3) 0.2471 1.5316(43) 1.2+0.4
�0.3

7.026(5) 6.902(5) 48(12)% 20(4)% (7/2+) 0.2089(5) 0.0513, 0.1574, 0.2089 1.5316(43) 3.5+1.3
�0.9

7.183(3) 7.056(3) 10(10)% 4(4)% (7/2+) 0.0515(4) 0.0513 1.5316(43) 69(9)
7.234(3) 7.107(3) 14(10)% 6(4)% (5/2+) 0.0 —– 1.5316(43) 70+160

�30

* All values from [2015Ka24], except where noted.
** [1969Ha32].

Table 10
direct a emission from 231Pu*, Jp = (3/2)+, T1/2 = 8.6(5) m, BRa = 10+7

�3%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(227U) coincident g-rays R0 (fm) HF

6.838(30) 6.720(30) 10+7
�3% (3/2+) 0.0 —– 1.512(28) 1.1+2.9

�0.6

* All values from [1999La14].

Table 11
direct a emission from 235Cm, Jp = (5/2)+*, T1/2 = 300+250

�100 s*, BRa = 1.0+0.7
�0.5%*.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(231Pu) coincident g-rays R0 (fm) HF

6.796(14) 6.680(14)** 100% ⇡0.7%* (5/2+) 0.320(20) 1.505(16) ⇡0.8
7.116(14) 6.995(14)*** ⇡ 40% ⇡0.3%* (3/2+) 0.0 —– 1.505(16) ⇡40

* [2020Kh10].
** Weighted average of 6.690(20) MeV [2020Kh10] and 6.670(20) MeV [2007KhZQ].
*** Weighted average of 7.010(20) MeV [2020Kh10] and 6.980(20) MeV [2007KhZQ].
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Table 12
direct a emission from 239Cf*, Jp = (5/2)+, T1/2 = 28(2) s, BRa = 65(3)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(235Cm) coincident g-rays R0 (fm) HF

7.766(8) 7.636(8) 65(3)% (5/2)+ 0.0 —– 1.504(21) 0.8+0.5
�0.3

* All values taken from [2020Kh10].

Table 13
direct a emission from 243Fm*, Jp = (7/2)�, T1/2 = 231(9) ms, BRa = 91(3)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(239Cf) coincident g-rays R0 (fm) HF

8.691(8) 8.546(8) 65(3)% (5/2)+ 0.0 —– 1.511(39) 1.1+1.7
�0.37

* All values taken from [2020Kh10], except where noted.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +43/2 nuclei. zThe Jp value for 205Tl are taken from ENSDF. Unless otherwise stated,
all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a Experimental

205Tl 1/2� stable -1.533(4) —– —–
209Bi 9/2� 2.01(8) ⇥ 1019 y -0.644(1) —– —– [2012Be06]
213At 9/2� 110(20) ns 0.074(5) -5.751(5) 8.610(5) [1970Bo13]
217Fr 9/2� 22(5) µs 0.656(8) -5.231(7) 8.543(7) [1970Bo13]

221Ac 5/2� 52(2) ms 1.570(60) -4.240(57) 8.448(57) [1970Bo13]
225Pa 5/2� 1.8(3) s 2.050(50) -3.166(82) 8.968(82) [1970Bo13]

229Np 4.0(2) m 2.59(10) -2.411(101) 9.066(101) [1968Ha14]
233Am 3.2(8) m 3.23(13)# -1.36(15)# 9.65(12)# [2000Sa52]
237Bk 3.96(24)# -0.12(26)# 10.73(24)#
241Es 4.3+2.4

�1.2s 4.57(29)# 0.94(28)# 12.22(24)# [2020Kh09]
245Md 330+150

�80 ms 5.13(33)# 2.01(32)# 13.57(31)# [2020Kh09]
245mMd x (1/2�) 0.9+0.6

�0.3 ms 5.13(33)# 2.01(32)# 13.57(31)# [1996Ni09]

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +43/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa BRSF Experimental

205Tl 6.420(1) 15.255(3) 0.155(3)
209Bi 3.799(1) 11.802(5) 3.137(1) 100% [2012Be06, 2003De11, 1952RiXX, 1951Fa10]
213At 3.499(5) 9.298(7) 9.254(5) 100% [1988Hu08, 1970Ha14, 2022Pa09, 2009Vi09, 1970VaZZ,

1968Ha14, 1951Ke53]
217Fr 3.228(9) 9.007(9) 8.469(4) 100% [1970Bo13, 1988Hu08, 2022Pa09, 1990An19, 1990AnZL,

1990AnZQ, 1990AnZU, 1989AnZL, 1970VaZZ, 1968Ha14,
1951Ke53]

221Ac 3.030(57) 8.664(57) 7.791(57) 100% [2023Re08, 2022Pa09, 1993AnZS, 1989AnZL, 1988Hu08,
1978IbZZ, 1970Bo13, 1970VaZZ, 1968Ha14, 1951Ke53]

225Pa 2.928(82) 8.046(82) 7.401(59) ⇡ 100% [2023Re08, 2022Pa09, 2000Sa52, 1988Hu08, 1987HuZV,
1978IbZZ, 1970Bo13, 1970VaZZ, 1968Ha14, 1951Ke53]

229Np 2.71(10) 7.61(10) 7.015(23)* 68(11)% [2004Sa05, 2000Sa52, 1968Ha14]
233Am 2.37(12)# 6.92(13)# 6.898(17)** >3% [2000Sa52, 2004Sa05, 2003Na10, 2002AsZX, 2000TsZX]
237Bk 1.93(23)# 5.99(24)# 7.50(20)#
241Es 1.38(23)# 4.93(31)# 8.259(17) obs [2020Kh08, 1996Ni09, 1994HoZW, 1985HiZU]

245Md 0.93(33)# 4.00(33)# 8.824(20)*** obs [2020Kh08, 1996Ni09, 1994HoZW]
245mMd 0.93(33)#-x 4.00(33)#-x 9.01(12)#+x obs [1996Ni09, 2020Kh08]

* Deduced from a energy, 7.020(59) MeV in [2021Wa16].
** Deduced from a energy, 7.059(53)# MeV in [2021Wa16].
** Deduced from a energy, 9.01(12)# MeV in [2021Wa16].

Table 3

direct a emission from 209Bi, Jp = 9/2�, T1/2 = 2.01(8) ⇥ 1019 y*, BRa = 100 %.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(205Tl) coincident g-rays R0 (fm) HF

2.933 2.877** 12(3)% 12(3)% 3/2+ 0.2037@ 0.2037@ 1.485(11) 280+140
�90

3.137(2)*** 3.077(2) 100% 98.8(3)% 1/2+ 0.0 —– 1.485(11) 1.30.4
�0.3 ⇥ 103

* [2012Be06].
** a branch from calorimetric studies [2012Be06].
*** [2003De11].
@ [2020Ko17].
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Table 4

direct a emission from 213At, Jp = 9/2�, T1/2 = 110(20) ns*, BRa = 100 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(209Bi) coincident g-rays R0 (fm) HF

9.254(5) 9.080(5)** 100% 9/2� 0.0 —– 1.5279(14) 0.99(18)

* [1970Bo13].
** [1988Hu08].

Table 5

direct a emission from 217Fr, Jp = 9/2�, T1/2 = 22(5) µs*, BRa = 100 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(213At) coincident g-rays R0 (fm) HF

8.468(5) 8.312(5)** 100% 9/2� 0.0 —– 1.5657(36) 1.21(29)

* [1970Bo13].
** [1988Hu08].

Table 6

direct a emission from 221Ac*, Jp = 5/2�, T1/2 = 52(2) ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)*** Jp
f Edaughter(217Fr) coincident g-rays R0 (fm) HF

7.208(15) 7.078(15) 0.5790 0.0878, 0.2094, 0.2830, 0.4918, 0.5790 1.5555(37)
7.299(9) 7.167(9) 0.4918 0.2094, 0.2830, 0.4918 1.5555(37)
7.421(6) 7.287(6) 0.3647 0.1556, 0.2094, 0.3647 1.5555(37)
7.509(4) 7.373(4) 13(3)% 9(2)% (7/2�) 0.2757 0.0443, 0.2314, 0.2757 1.5555(37) 7.3+3.0

�2.0
7.555(4) 7.418(4) 0.2314 0.2314 1.5555(37)
7.575(4) 7.438(4) 28(3)% 20(2)% (5/2�) 0.2094 0.2094 1.5555(37) 5.4+1.3

�1.1
7.686(4) 7.547(4) 0.0988 0.0988 1.5555(37)
7.783(4) 7.642(4) 100(8)% 71(4)% 9/2� 0.0 —– 1.5555(37) 7.2(10)

* All values from [2023Re08], except where noted.
** [1970Bo13].
*** Taken from [2022Pa09], no Ia were reported in [2023Re08].

Table 7

direct a emission from 225Pa*, Jp = 5/2�, T1/2 = 1.8(3) s*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(217Fr) coincident g-rays R0 (fm) HF

7.164(5) 7.037(5) 3.2(19)% 1.7(1)% 7/2+ 0.2237 0.0195, 0.0274, 0.0571, 0.0641, 1.5390(31) 10.8(21)
0.0724, 0.0754, 0.0915, 0.1218,
0.1293, 0.1323, 0.1497, 0.1966,
0.02237

7.206(2) 7.078(2) 5.7(6)% 3.0(3)% 5/2+ 0.1800 0.0195, 0.0274, 0.0641, 0.0724, 1.5390(31) 8.8+2.7
�2.2

0.0887, 0.0915, 0.1526, 0.1607,
0.1800

7.238(6) 7.109(6) 8.7(10)% 4.6(5)% 5/2+ 0.1497 0.0195, 0.0274, 0.0571, 0.0641, 1.5390(31) 7.4+2.4
�1.9

0.0724, 0.0915, 0.1218, 0.1293,
0.1497

7.298(2) 7.168(2) 20.9(9)% 11.1(4)% 5/2� 0.0915 0.0195, 0.0274, 0.0641, 0.0724, 1.5390(31) 5.0(9)
0.0915

7.360(2) 7.229(2) 50.2(16)% 26.6(7)% 7/2� 0.0274 0.0274 1.5390(31) 3.5(7)
7.389(2) 7.258(2) 100(3)% 53.0(10)% 5/2� 0.0 —– 1.5390(31) 2.2(4)

* All values from [2023Re08], except where noted.
** [1970Bo13].
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Table 8

direct a emission from 229Np*, T1/2 = 4.0(2) m**, BRa = 68(11)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(225Pa) coincident g-rays R0 (fm) HF

7.015(23) 6.893(23) 68(11)% 5/2� 0.0*** —– 1.5306(54) 1.4+0.5
0.4

* All values from [2004Sa05], except where noted.
** [1968Ha14].
*** Assumed to decay to the ground state.

Table 9

direct a emission from 233Am*, T1/2 = 3.2(8) m, BRa = > 3%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(229Np) coincident g-rays R0 (fm) HF

6.898(17) 6.780(17) > 3% 0.0** —– 1.489(37) <0.5

* All values from [2000Sa52].
** Assumed to decay to the ground state.

Table 10

direct a emission from 241Es, T1/2 = 4.3+2.4
�1.2*, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(237Bk) coincident g-rays R0 (fm) HF

8.253(14) 8.117(14)** 0.0*** —–

* [2020Kh08].
** Weighted average of 8.120(20) MeV [2020Kh08] and 8.113(20) MeV [1996Ni09].
*** Assumed to decay to the ground state.

Table 11

direct a emission from 245Md*, Jp = 5/2�, T1/2 = 330+150
�80 ms**, BRa = obs.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(241Es) coincident g-rays R0 (fm) HF

8.778(20) 8.635(20) 0.046(28)
8.824(20) 8.680(20) 0.0*** —–

* All values taken from [1996Ni09], except where noted.
** [2020Kh08].
*** Assumed to decay to the ground state.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +22 nuclei. Jp values for 204Tl and 208Bi are taken from ENSDF. Unless otherwise
stated, all Q-values are taken from [2021Wa16] or deduced from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a Experimental

208Pb 0+ stable –4.999(2) —– —–
212Po (ThC’) 0+ 294.965(178) ns -2.252(2) —– —– [2022Be20]

212m1Po 1.4764(2)* (8+) 17.1(2) ns -0.776(2) —– —– [1978Li14]
212m2Po 2.930(10)* (18+) 45.1(6) s 0.678(2) -4.235(2) 6.886(2) [1962Pe15]

216Rn 0+ 29(4) µs -2.003(7) —– —– [2018Sa45]
220Ra 0+ 18(2) ms -1.210(8) —– —– [2000He17]
224Th 0+ 1.05(2) s -0.239(10) —– —– [1978IbZZ]

228U 0+ 9.1(2) m 0.296(14) -3.874(14) 6.561(14) [1961Ru06]
232Pu 0+ 33.7(5) m 1.00(10)# -2.734(17)# 7.012(17)# [2000La25, 1973Ja06]

236Cm 0+ 410(50) s 1.81(12)# -1.618(27) 8.07(10)# [2010Kh06]
240Cf 0+ 1.00(12) m*** 2.32(15)# -0.45(15)# 9.52(12)# [1995La09, 1980Vi04]

244Fm 0+ 3.12(8) ms 2.94(27)# 0.69(27)# 10.88(25)# [2008Kh10]
248No 0+ 3.74(29)# 1.73(29)# 12.24(29)#
252Rf 0+ 60+90

�30 ns [2025Kh01]

* [2020Au03].
** Weighted average of 33.1(8) m [2000La25] and 34.1(7) m [1973Ja06].
*** Weighted average of 0.9(2) m [1995La09] and 1.06(15) m [1980Vi04].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +22 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa BRSF Experimental

208Pb 8.003(5) 15.381(20) 0.517(1)
212Po (ThC’) 5.799(5) 10.219(1) 8.9542(1) 100% [2023Sa32, 1991Ry01, 1974Hu15, 1971De52, 1971Gr17, 1961Ry02,

2022Be20, 2018Sa45, 2018So16, 2017Ap03, 2014Be39, 2013Be31,
2012Be14, 2003Da24, 2001MoZV, 1982Bo04, 1976GlZM, 1975Sa06,
1973BoXL, 1972RyZX, 1965Le08, 1960Em01, 1960Ha19, 1960Ry01,
1957Ec08, 1953Ha09, 1949Me54, 1949Va01, 1948Gh01, 1948Hi21,
1933Ro03, 1906Ha02]

212m1Po 4.323(5) 8.743(1) 10.4306(2) ⇡42% [1984Es01, 1978Li14, 1979LiZP]
212m2Po 2.869(11) 7.289(10) 11.884(10) 99.93(2)% [1989Ku08, 1976FrZO, 1962Pe15]

216Rn 5.779(9) 9.855(6) 8.198(6) 100% [1970Va13, 2018Sa45, 1961Ru06, 1960Ru02, 1952Or03, 1949Me54]
220Ra 5.634(10) 9.523(8) 7.594(5) 100% [1970Va13, 1961Ru06, 2018Sa45, 2000He17, 1990An19,

1990AnZQ, 1989An13, 1988AnZS, 1978IbZZ, 1952Or03,
1950OrZZ, 1949Me54]

224Th 5.118(12) 8.903(10) 7.299(6) ⇡ 100% [2000He17, 1970Va13, 1961Ru06, 1989An13, 1988AnZS,
1978IbZZ, 1973ScXO, 1973ScXP, 1960Ru02, 1952Or03,
1949Me25]

228U 4.899(15) 8.556(14) 6.800(9) > 95% [1961Ru06, 1960Ru02, 1952Or03, 1951Me10, 1950OrZZ,
1949Me54]

232Pu 4.552(54) 7.832(17) 6.716(10) 20% [1973Ja06, 2000La25, 1952Or03, 1950OrZZ]
236Cm 4.061(56) 7.075(19) 7.067(5) 18(2)% [2010Kh06, 2010AsZX]

240Cf 3.55(21)# 6.034(22) 7.711(4) 98.5(23)% 1.5(2)% [2010AsZX, 2010Kh06, 1995La09, 1980Vi04, 1970Si19]
244Fm 3.07(29)# 5.00(20)# 8.55(20)# <1% >97% [2008Kh10, 2013SvZZ, 2012SvZZ, 1982Bo21, 1982BoZN,

1980Vi04, 1979Ga06, 1978GaZW, 1975Og02]
248No 2.54(31)# 4.08(23)# 9.30(10)#
252Rf 100% [2025Kh01]

Table 3
direct a emission from 212Po, Jp = 0+, T1/2 = 294.965(178) ns*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(208Pb) coincident g-rays R0 (fm) HF

8.95380(12) 8.78486(12)** 100% 0+ 0.0 —– 1.52177(18) 0.992(27)

* [2022Be20].
** Value taken from [1991Ry01], based on adjusted values of 8784.90(12) keV [1974Hu15], 8784.37(7) keV [1972RyZX] and 8784.85(31) keV [1971De52].
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Table 4
direct a emission from 212m1Po, Ex. = 1.4764(2) MeV*, Jp = (8+), T1/2 = 17.1(2) ns**, BRa = ⇡42%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(208Pb) coincident g-rays R0 (fm) HF

10.376(30) 10.180(30)** ⇡42%*** 0+ 0.0 —– 1.52177(18) ⇡ 124

* [2020Au03].
** [1978Li14].
** [1984Es01].

Table 5
direct a emission from 212m2Po*, Ex. = 2.930(10) MeV**, Jp = (18+), T1/2 = 45.1(6) s***, BRa =99.93(2)%@.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(208Pb) coincident g-rays R0 (fm) HF

8.689(8) 8.525(8) 100% 96.8% 5� 3.195(13) 0.570, 2.614 1.52177(18) 3.6(4) ⇥ 107

9.270(10) 9.095(10) 1.2(2)% 1.2(2)% 3� 2.614(14) 2.614 1.52177(18) 6.7+1.6
�1.2 ⇥ 1010

11.884(10) 11.660(10) 2.1(3)% 2.1(3)% 0+ 0.0 —– 1.52177(18) 1.9(3) ⇥ 1015

* All values from [1976FrZO], except where noted.
** [2020Au03].
*** [1962Pe15].
@ [1989Ku08].

Table 6
direct a emission from 216Rn, Jp = 0+, T1/2 = 45(5) µs*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(212P0) coincident g-rays R0 (fm) HF

8.202(10) 8.050(10)** 100% 0+ 0.0 —– 1.5658(59) 1.03(12)

* [1961Ru06].
** [1970Va13].

Table 7
direct a emission from 220Ra, Jp = 0+, T1/2 = 18(2) ms*, BRa = 100%.

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs) Jp
f Edaughter(216Rn) coincident g-rays R0 (fm) HF

7.03 6.90 1.0(4)% 1.0(4)% 2+ 0.461(2)@ 0.4614(2)@ 1.5539(57) 2.6+2.3
�1.0

7.591(7) 7.453(7)*** 100% 99% 0+ 0.0 —– 1.5539(57) 0.99(11)

* [2000He17].
** In addition to those listed, [2000He17] reported a 5(3)% 7393(15) MeV a transition to a state at 58(18) keV in 216Rn, which would be very unlikely in this

nucleus.
*** Weighted average of 7.455(10) MeV [1970Va13] and 7.450(10) MeV [1961Ru06].
@ [2007Wu02].

Table 8
direct a emission from 224Th, Jp = 0+, T1/2 = 1.05(2) s*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(220Ra)@ coincident g-rays@ R0 (fm) HF

6.82 6.70 0.6(4)% 0.5(3)% (3�) 0.474(2) 0.1784(2), 0.2957(2) 1.5385(27) 3+4
�1

6.89 6.77 1.9(8)% 1.5(6)% 4+ 0.4101(2) 0.1784(2), 0.2316(2) 1.5385(27) 1.5+1.1
�0.5

7.122(8) 6.995(8)** 24(3)% 19(2)% 2+ 0.1784(2) 0.1784(2) 1.5385(27) 0.91+0.13
�0.10

7.293(7) 7.163(7)*** 100% 79(2)% 0+ 0.0 —– 1.5385(27) 0.962(31)

* [1978IbZZ].
** Weighted average of 6.984(15) MeV [2000He17] and 7.000(10) MeV [1970Va13].
*** Weighted average of 7.156(10) MeV [2000He17] and 7.170(10) MeV [1970Va13].
@ [2011Br05].
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Table 9
direct a emission from 228U, Jp = 0+, T1/2 = 9.1(2) m*, BRa = > 95%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(224Th)** coincident g-rays** R0 (fm) HF

6.514 6.400 0.7(2)% 0.5(2)% 4+ 0.2841(5) 0.0981(3), 0.1860(3) 1.5237(51) 9+6
�3

6.555 6.440 1.0(4)% 0.7(3)% (1�) 0.2510(3) 0.0981(3), 0.1529(3), 0.246(3) 1.5237(51) 9+7
�3

6.708 6.590 41(8)% 29(4)% 2+ 0.0981(3) 0.0981(3) 1.5237(51) 0.94+0.21
�0.16

6.799(10) 6.680(10) 100(6)% 70(4)% 0+ 0.0 —– 1.5237(51) 0.98(8)

* All values from [1961Ru06], except where noted .
** [1991Sc08].

Table 10
direct a emission from 232Pu*, Jp = 0+, T1/2 = 33.7(5) m**, BRa = 20%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(228U) coincident g-rays R0 (fm) HF

6.657(10) 6.542(10) 61% 7.6% 2+ 0.059(14) 0.059(14) 1.487(50) >0.55
6.716(10) 6.600(10) 100% 12.4% 0+ 0.0 —– 1.487(50) >0.60

* All values from [1973Ja06]. except where noted.
** Weighted average of 33.1(8) m [2000La25] and 34.1(7) m [1973Ja06].

Table 11
direct a emission from 236Cm, Jp = 0+, T1/2 = 410(50) s*, BRa = 18(2)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(232Pu) coincident g-rays R0 (fm) HF

7.013(5) 6.894(5)** ⇡ 25%*** ⇡ 4% 2+ 0.054(7) 0.054(7) 1.5181(67) ⇡2.4
7.067(5) 6.894(5)** 100%*** ⇡ 14% 0+ 0.0 —– 1.5181(67) ⇡1.0

* [2010Kh06].
** [2010AsZX].
*** Estimated by evaluator based on Fig 1b in [2010AsZX].

Table 12
direct a emission from 240Cf, Jp = 0+, T1/2 = 1.00(12) m*, BRa = 98.5(23)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(236Cm) coincident g-rays R0 (fm) HF

7.663(4) 7.535(4)** ⇡ 33%*** ⇡ 25% 2+ 0.054(7) 0.046(6) 1.5027(72) ⇡1.9
7.709(4) 7.581(4)** 100%*** ⇡ 75% 0+ 0.0 —– 1.5027(72) ⇡0.9

* Weighted average of 0.9(2) m [1995La09] and 1.06(15) m [1980Vi04].
** [2010Kh06].
** [2010AsZX].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +22 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a BReF Experimental

210Bi 1� 5.013(5) d -0.064(1) —– —– [1956Ro18]
210mBi 0.2713(1) 9� 3.04(6) ⇥ 106 y 0.207(1) -8.271(6) 4.000(20) [1976TuZY]

214At (2�) 558(10) ns 1.091(4) -5.436(6) 8.924(4) [1982Ew01]
214m1At 0.059(9) 265(30) ns 1.150(10) -5.377(11) 8.983(10) [1982Ew01]
214m2At 0.233(6) (9�) 760(15) ns 1.324(7) -5.203(8) 9.157(7) [1982Ew01]

218Fr 1� 1.3+0.5
�0.4 ms 1.842(4) -4.624(6) 9.104(4) [1982Ew01]

218mFr 0.088(5) (8�) 22.0(5) ms 1.930(6) -4.536(8) 9.192(6) [1982Ew01]
222Ac 1� 4.9(5) s* 2.302(6) -3.944(7) 8.979(5) [1958To25, 1952Me13]

222mAc x 64(2) s** 2.302(6)+x -3.944(7)+x 8.979(5)+x [1973Mo07, 1972Es03]
226Pa 1.8(2) m 2.836(12) -2.893(12) 9.288(12) [1951Me10]

230Np 4.6(3) m 3.620(60) -1.949(55) 9.614(55) [1968Ha14]
234Am 2.32(8) m 4.11(16)# -0.78(17)# 10.42(16)# 6.6(18) ⇥ 10�3 [1990Ha02, 1972SoXX]
238Bk 144(5) s 4.77(26)# 0.36(26)# 11.44(26)# 0.048(2)% [1994Kr03, 1994La25]
242Es 16.9(8) s 5.41(26)# 1.53(31)# 12.93(26)# 1.5(4)% [2024KhXX, 2010An08, 2000Sh10,

1997ShZZ, 1985HiZU]
246Md*** 0.9(2) s 5.92(26)# 2.51(31)# 14.30(26)# [2010An08]

246mMd x 4.4(8) s 5.92(26)#+x 2.51(31)#+x 14.30(26)#+x > 10% [2010An08]

* Weighted average of 4.2(5) s [1958To25] and 5.5(5) s [1952Me13].
** Weighted average of 62(3) s [1973Mo07] and 66(3) s [1972Es03].
*** May not be the ground state.

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +22 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp S2p Qa BRa Experimental

210Bi* 4.466(1) 12.620(2) 5.036(1) 1.32(10) ⇥ 10�4% [1969La18, 1962Ka27, 1959Wa05, 1969La18, 1969LaZY,
1960Wa14, 1958Go89]

210mBi 4.195(1) 12.349(2) 5.307(1) 100% [1976TuZY, 1975TuZW, 1975Sp07, 1969La01, 1969La18,
1969LaZY, 1968LaZZ, 1967Sp07, 1962Ko12, 1961Ru02,
1960Wa14, 1959Go77, 1954Le60, 1953Hu42]

214At 4.015(5) 9.839(4) 8.988(4) 100% [1982Ew01, 2009Vi09, 1999Sh03, 1982Bo04, 1981HaZN,
1973BoXW, 1968Ha14, 1964Mc21, 1958To25, 1951Me10,
1949Me54]

214m1At 3.956(10) 9.780(10) 9.047(10) ⇡ 100% [1982Ew01, 2009Vi09]
214m2At 3.782(8) 9.606(7) 9.221(7) ⇡ 100% [1982Ew01, 2009Vi09, 1999Sh03, 1981HaZN]

218Fr 3.888(6) 9.775(5) 8.014(1) 100% [1999Sh03, 1982Ew01, 2014Bu06, 1982Bo04, 1981HaZN,
1973BoXL, 1972Es03, 1968Ha14, 1964Mc21, 1958To25,
1951Me10, 1949Me54]

218mFr 3.800(8) 9.687(7) 8.102(5) 100% [1999Sh03, 1982Ew01, 2014Bu06, 1981HaZN]
222Ac 3.631(6) 9.438(6) 7.137(2) ⇡ 100% [1964Mc21, 1988Hu08, 1973BoXL, 1973BoXW, 1972Es03,

1970GhZY, 1968Ha14, 1958To25, 1952Me13, 1949Me54]
222mAc 3.631(6)-x 9.438(6)-x 7.137(2)+x >97% [1972Es03, 1982Bo04, 1973Mo07]

226Pa 3.566(12) 8.778(12) 6.987(10) 74% [1964Mc21, 1991Ga28, 1968Ha14, 1951Me10, 1949Me54]
230Np 3.263(55) 8.265(55) 6.778(54) ⇡ 3% [1968Ha14]

234Am 2.88(17)# 7.48(19)# 6.80(15)# 0.039(12)% [1990Ha02, 2004Sa05, 1974ArYU]
238Bk 2.32(27)# 6.40(28)# 7.33(20)#
242Es 1.81(32)# 5.44(30)# 8.160(20) 49(3)%** [2024KhXX, 2010An08, 2000Sh10, 1996Ni09, 1994HoZW,

1994La25, 1985HiZU]
246Md*** 1.37(33)# 4.49(32)# 8.889(41) 100% [2020An08, 1996Ni09, 2003HeZY, 1994HoZW, 1994La25]

246mMd 1.37(33)#-x 4.49(32)#-x 8.889(41)+x < 23% [2020An08]

* 100% b� emitter.
** Weighted average of 41(3)% [2024KhXX] and 57(3)% [2010An08].
*** May not be the ground state.
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Table 3

direct a emission from 210Bi, Jp = 1�, T1/2 = 5.013(5) d*, BRa =1.32(10) ⇥ 10�4%**.

Ea (c.m.) Ea (lab)** Ia (rel)*** Ia (abs) Jp
f

@ Edaughter(206Tl)@ coincident g-rays@ R0 (fm) HF

4.750(10) 4.660(10) 100% ⇡ 7.9 ⇥ 10�4% 1� 0.3049 0.3049
4.791(10) 4.700(10) ⇡67% ⇡5.3 ⇥ 10�4% 2� 0.2658 0.2658

* [1956Ro18].
** [1962Ka27].
*** [1969La18].
@ [2008Ko21].

Table 4

direct a emission from 210mBi*, Ex. = 271.3(1) keV**, Jp = 9�, T1/2 = 3.04(6) ⇥ 106 y, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(206Tl)*** coincident g-rays*** R0 (fm) HF

⇡4.180 ⇡4.100 3.6 ⇥ 10�3 2 ⇥ 10�3 (1�) 1.120(2) 0.2658, 0.8514, 1.120
⇡4.312 ⇡4.230 1.5⇥ 10�3 8 ⇥ 10�4 (2�) 0.9982 0.2658, 0.7323
4.351(10) 4.268(10) 0.011% 6⇥ 10�3% (4�) 0.9522 0.2658, 0.6863
4.506(10) 4.420(10) 0.38% 0.21% (3�) 0.8014 0.2658, 0.5355
4.657(20) 4.568(20) 7.1% 3.9% (1�) 0.6494(1) 0.2658, 0.3049, 0.3445, 0.3840, 0.6494
4.671(20) 4.582(20) 2.5% 1.4% (2�) 0.6350(1) 0.2658, 0.3049, 0.3301, 0.3692, 0.6343
5.004(10) 4.909(10) 71.8% 39.5% (1�) 0.3049 0.3049
5.042(10) 4.946(10) 100% 55.0% (2�) 0.2658 0.2658
5.308(10) 5.207(10) <2 ⇥ 10�4% <1 ⇥ 10�4% (0�) 0.0 —–

* All values from [1976TuZY], except where noted.
** [2014Ba14].
*** [2008Ko21].

Table 5

direct a emission from 214At*, Jp = (1�), T1/2 = 558(10) ns, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(210Bi)** coincident g-rays** R0 (fm)*** HF

8.428(5) 8.270(5) 0.32(3)% 0.32(3)% 0.5632(1) 0.0465, 0.5166, 0.5632 1.5438(59) 21.4+3.4
�3.2

8.642(6) 8.480(6) 0.59(4)% 0.58(4)% 3� 0.3480 0.3480 1.5438(59) 42(6)
8.669(7) 8.507(7) 0.15(4)% 0.15(4)% 2� 0.3197 0.3197 1.5438(59) 190+80

�50
8.987(4) 8.819(4) 100% 98.95(6)% 1� 0.0 —– 1.5438(59) 1.8(2)

* All values from [1982Ew01], except where noted.
** [2014Ba41].
*** Interpolated between 1.52177(18) (212Po) and 1.5658(59) fm (216Rn).

Table 6

direct a emission from 214m1At*, Ex. = 59(9) keV, T1/2 = 265(30) ns, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(210Bi) coincident g-rays R0 (fm)** HF

9.046(8) 8.877(8) ⇡ 100% 1� 0.0 —– 1.5438(59) 1.14(19)

* All values from [1982Ew01], except where noted.
** Interpolated between 1.52177(18) (212Po) and 1.5658(59) fm (216Rn).
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Table 7

direct a emission from 214m2At*, Ex. = 233(16) keV, Jp = (9�), T1/2 = 760(15) ns, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(210Bi) coincident g-rays R0 (fm)*** HF

8.550(6) 8.390(6) 0.18(3)% 0.18(3)% 10� 0.669(5)** 0.3977(5)** 1.5438(59) 111+29
�22

8.784(5) 8.620(5) 0.65(5)% 0.64(5)% 0.436(4) 1.5438(59) 120+19
�17

8.949(5) 8.782(5) 100% 99.18(6)% 9� 0.2713(1) 1.5438(59) 1.94+0.25
�0.23

* All values from [1982Ew01], except where noted.
** [2014Ba41].
*** Interpolated between 1.52177(18) (212Po) and 1.5658(59) fm (216Rn).

Table 8

direct a emission from 218Fr*, Jp = 1�, T1/2 = 1.3+0.5
�0.4 ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(214At) coincident g-rays R0 (fm)*** HF

7.519(6) 7.381(6) 1.1(5)% 1.0(0.5)% 0.494(6) 1.5599(82) 11+19
�7

7.672(8) 7.531(8) 0.5(2)% 0.5(2)% (2�) 0.334(8) 0.147, 0.187 1.5599(82) 70+90
�40

7.710(5) 7.569(5) 5.4(11)% 5(1)% 1(�) 0.303(5) 0.117, 0.187 1.5599(82) 9+7
�5

7.870(7) 7.726(7) 1.6(5)% 1.5(5)% (2)� 0.143(7) 0.145 1.5599(82) 90+100
�5

8.013(2) 7.866(2) 100% 92(2)% 0.0 —– 1.5599(82) 3.9(16)

* All values from [1999Sh03], except where noted.
** [1982Ew01].
*** Interpolated between 1.5658(59) fm (216Rn) and 1.5539(57) fm (220Ra).

Table 9

direct a emission from 218mFr*, Ex.= 88(5) keV, Jp = (8�), T1/2 = 22.0(5) ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f ** Edaughter(214At) coincident g-rays** R0 (fm)*** HF

6.965(7) 6.837(7) 0.10(2)% 0.04(1)% 1.136(7) 1.5599(82) 55+23
�16

7.085(5) 6.955(5) 1.24(8)% 0.51(3)% 1.016(5) 1.5599(82) 11.8+2.5
�2.1

7.128(8) 6.997(8) 0.09(4)% 0.040(15)% 0.972(8) 1.5599(82) 220+140
�70

7.219(15) 7.087(15) 0.80(56)% 0.33(23)% 0.881(15) 1.5599(82) 50+130
�30

7.239(5) 7.106(5) 3.92(55)% 1.61(22)% 0.862(4) 1.5599(82) 12.9+3.5
�2.8

7.312(6) 7.178(6) 2.17(32)% 0.89(13)% 0.788(5) 1.5599(82) 42+12
�9

7.375(5) 7.240(5) 23.4(12)% 9.6(4)% (8�) 0.725(4) 0.046, 0.451, 0.496 1.5599(82) 6.3+1.3
�1.1

7.469(15) 7.332(15) 1.6(5)% 0.65(20)% 0.631(15) 1.5599(82) 190+100
�60

7.536(5) 7.398(5) 8.3(6)% 3.4(2)% 0.564(4) 0.083, 0.145, 0.337 1.5599(82) 61(12)
7.597(5) 7.458(5) 3.2(3)% 1.3(1)% 0.503(4) 0.083, 0.145, 0.276 1.5599(82) 250(50)
7.646(6) 7.506(6) 2.3(3)% 0.93(10)% 0.454(5) 1.5599(82) 500+120

�100
7.690(5) 7.549(5) 1.8(2)% 0.76(9)% 0.411(4) 1.5599(82) 830+210

�170
7.758(5) 7.616(5) 100.0% 41.1(13)% (8�) 0.342(4) 0.111 1.5599(82) 25(5)
7.800(7) 7.657(7) 29.0(52)% 11.9(21)% (6�) 0.300(6) 0.074, 0.083, 0.145 1.5599(82) 120+40

�30
7.825(7) 7.681(7) 39.2(53)% 16.1(21)% (7�) 0.276(6) 0.046 1.5599(82) 102+27

�22
7.869(6) 7.725(6) 10.9(17)% 4.5(7)% (9�) 0.233(6) 1.5599(82) 490+140

�110
7.915(5) 7.770(5) 2.8(3)% 1.14(11)% (3�) 0.185(4) 0.187 1.5599(82) 2.7(6) ⇥ 103

7.956(5) 7.810(5) 3.9(3)% 1.6(1)% (2)� 0.145(4) 0.145 1.5599(82) 2.6(5) ⇥ 103

8.022(5) 7.875(5) 3.4(5)% 1.4(2)% 0� 0.078(4) 0.078 1.5599(82) 4.6+1.3
�1.0 ⇥ 103

8.101(5) 7.952(5) 5.8(3)% 2.4(1)% 1� 0.0 —– 1.5599(82) 4.5+0.9
�0.8 ⇥ 103

* All values from [1982Ew01], except where noted.
** [1999Sh03].
*** Interpolated between 1.5658(59) fm (216Ra) and 1.5539(57) fm (220Th).
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Table 10

direct a emission from 222Ac*, Jp = (2�), T1/2 = 4.9(5) s**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(218Fr) coincident g-rays R0 (fm)@ HF

7.082(10) 6.954(10)*** 6(1)% 6(1)% 0.047(14) 1.5462(63) 28+11
�9

7.128(10) 7.000(10)*** 100% 100% 1� 0.0 —– 1.5462(63) 2.7(5)

* All values from [1964Mc21], except where noted.
** Weighted average of 4.2(5) s [1958To25] and 5.5(5) s [1952Me13].
*** Value recommended by [1991Ry01]. Original values were 6.952(10) MeV and 6.998(10) MeV respectively.
@ Interpolated between 1.5539(57) fm (220Ra) and 1.5385(27) fm (224Th).

Table 11

direct a emission from 222mAc*, Ex.= unk., T1/2 = 64(2) s**, BRa = >97%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(218Fr) coincident g-rays R0 (fm)*** HF

6.579(20) 6.460(20) 7(5)% 2(1)% 0.550(28)+x 1.5462(63) < 13+15
�6

6.833(20) 6.710(20) 30(18)% 8(4)% 0.295(28)+x 1.5462(63) < 30+40
�20

6.874(20) 6.750(20) 56(28)% 15(5)% 0.255(28)+x 1.5462(63) < 25+17
�10

6.935(20) 6.810(20) 100(37)% 27(10)% 0.193(28)+x 1.5462(63) < 24+18
�10

6.966(20) 6.840(20) 37(23)% 10(5)% 0.163(28)+x 1.5462(63) < 90+100
�40

7.016(20) 6.890(20) 56(28)% 15(5)% 0.112(28)+x 1.5462(63) < 90+60
�40

7.098(20) 6.970(20) 30(16)% 8(3)% 0.031(28)+x 1.5462(63) < 330+250
�140

7.128(20) 7.000(20) 56(28)% 15(5)% 0.0+x 1.5462(63) < 230+140
�80

* All values from [1972Es03], except where noted.
** Weighted average of 62(3) s [1973Mo07] and 66(3) s [1972Es03].
*** Interpolated between 1.5539(57) fm (220Ra) and 1.5385(27) fm (224Rn).

Table 12

direct a emission from 226Pa*, T1/2 = 1.8(2) m**, BRa = 74%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f ** Edaughter(222Ac) coincident g-rays** R0 (fm)*** HF

6.844(10) 6.723(10) 2% 1% 0.137 1.5311(58) 80
6.941(10) 6.818(10) 88% 46% 0.041 1.5311(58) 4.0
6.982(10) 6.858(10) 100% 52% (2�) 0.0 —– 1.5311(58) 5.1

* All values from [1964Mc21], except where noted. Uncertainties for branching ratios was not provided.
** [1951Me10].
*** Interpolated between 1.5385(27) fm (224Th) and 1.5237(51) fm (228U).

Table 13

direct a emission from 230Np*, T1/2 = 4.6(3) m, BRa = ⇡ 3%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(226Pa) coincident g-rays R0 (fm)** HF

6.778(20) 6.660(20) 100% 0.0? 1.506(50) ⇡ 3

* All values from [1968Ha14], except where noted.
** Interpolated between 1.5237(51) fm (228U) and 1.487(50) fm (232Pu).

Table 14

direct a emission from 234Am*, T1/2 = 2.32(8) m, BRa = 0.039(12)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(226Pa) coincident g-rays R0 (fm)** HF

6.57 6.46 100% 0.0? 1.503(50) 11+26
�9

* All values from [1990Ha02], except where noted.
** Interpolated between 1.487(50) fm (232Pu) and 1.5181(67) fm (236Cm).
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Table 15

direct a emission from 242Es, T1/2 = 16.9(8) s*, BRa = 49(3)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(238Bk)*** coincident g-rays*** R0 (fm) HF

8.053(20) 7.920(20)*** 100%*** ⇡47% 0.107 0.0866, 0.1070, 0.1224
8.160(20) 8.025(20)*** ⇡5%*** ⇡2% 0.0 —–

* [2024KhXX].
** Weighted average of 41(3)% [2024KhXX] and 57(3)% [2010An08].
*** [2010An08].

Table 16

direct a emission from 246Md*, T1/2 = 0.9(2) s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(242Es) coincident g-rays R0 (fm) HF

8.671(30) 8.530(30)** ⇡33% ⇡25% 0.215(33)
8.886(14) 8742(14)*** 100% ⇡75% 0.0?

* All values from [2010An08], except where notee. This isomer may not be the ground state.
** [1996Ni09].
*** Weighted average of 8.744(20) MeV [2010An08] and 8.740(20) MeV [1996Ni09].

Table 17

direct a emission from 246mMd*, T1/2 = 4.4(8) s, BRa = <23%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(242Es) coincident g-rays R0 (fm) HF

8.313(10) 8.178(10) <23%

* All values from [2010An08], except where noted.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +45/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 209Pb, 213Po, and 217Rn are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a Experimental

209Pb* 9/2+ 3.232(5) h -3.970(6)) —– —– [2013Su13]
213Po 9/2+ 3.6984(6) µs -1.422(5) —– —– [2023Al22]
217Rn 9/2+ 0.59(4) ms** -0.736(6) —– —– [2018Sa45, 1961Ru06]
221Ra 5/2+ 26.20(39) s -0.313(6) —– —– [2024Ba08]
225Th (3/2+) 8.72(4) m 0.673(7) -3.805(5) 6.608(7) [1987Mi10]

229U (3/2+) 58(3) m 1.314(7) -2.849(6) 7.148(8) [1951Me10]
233Pu 20.9(4) m 2.100(70) -1.847(54) 7.730(54) [1973Ja06]

237Cm 2.68(10)# -0.943(74) 8.874(90)#
241Cf 141(11) s 3.35(24)# 0.31(17)# 10.33(18)# [2010AsZX]

245Fm (1/2+) 5.5(7) s 3.88(26)# 1.43(20)# 11.79(26)# [2022Te01]
249No (5/2+) 38.3(28) ms 4.61(32)# 2.60(28)# 13.05(33)# [2022Te01, 2021Sv02]
253Rf 9.9(12) ms 5.12(44)# 3.48(41)# 14.04(44)# [2022Lo03]

253mRf x 52.8(44) µs 5.12(44)#+x 3.48(41)#+x 14.04(44)#+x [2022Lo03]

* 100% b� emitter.
** Weighted average of 0.67(6) ms [2018Sa45] and 0.54(5) ms [1961Ru06].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +45/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF BRcluster type Experimental

209Pb 8.153(2) 2.248(4)
213Po 5.825(3) 8.536(3) 100% [1982Bo04, 1964Va20, 2023Al22, 2020Ko06, 2018Al32,

2018Sa45, 2013Su13, 2009In01, 2002Ko06, 2002Mo46,
2000Gr35, 1998Ar03, 1998Wa25, 1997Ch53, 1997ChZS,
1997Wa27, 1997VaZV, 1995WaZQ, 1989Ko26, 1986He06,
1977Vy02, 1973BoXL, 1969LeZW, 1963Uh01, 1960Vo05,
1958To25, 1955St04, 1951Me10, 1950Ha52, 1949Me54,
1948Cr12, 1948Je05, 1947Ha02]

217Rn 5.887(5) 7.887(3) 100% [1982Bo04, 2018Sa45, 1973BoXL, 1961Ru06, 1960Ru02,
1951Me10, 1949Me54]

221Ra 5.807(6) 6.880(2) 100% 1.15(94) ⇥ 10�10%** 14C [1997Li12, 1994Bo28, 2024Ba08, 1994Bo35, 1989Ac01,
1988Hu08, 1961Ru02, 1961Ru06, 1958To25, 1951Me10,
1949Me54]

225Th 5.213(6) 6.921(2) 100% [2015Ah04, 1988LiZN, 1961Ru06, 1989Ac01, 1987Mi10,
1960Ru02, 1949Me54]

229U 5.002(7) 6.468(3)* ⇡ 20% [1961Ru06, 1951Me10, 1961Ru02, 1949Me54]
233Pu 4.60(11)# 6.410(20)* 0.12(5)% [1973Ja10, 1957Th10]

237Cm 4.08(14)# 6.770(51) < 1% [2006As03, 2002As08, 2002AsZX, 2000TsZX]
241Cf 3.63(23)# 7.502(4)* 15(1)% [2020Kh10, 2010AsZX, 2022Te01, 1970Si19]

245Fm 3.12(27)# 8.290(7)* 88.5+6.8
�5.0% <0.3% [2022Te01, 2020Kh10, 2021Sv02, 1967Nu01]

249No 2.45(34)# 9.278(22)* 100% <0.2% [2022Te01, 2021Sv02, 2022Lo03, 2021Kh07, 2021Te08,
2013Be18, 2003Ye02]

253Rf 2.18(45)# 9.4460(20)* 17(6)% 83(6)% [2022Lo03, 2022Te01, 2021Kh07, 1997He29]
253mRf 2.18(45)#-x 9.4460(20)*+x 100% [2022Lo03, 2022Te01, 2021Kh07]

* Deduced from a energies. Values from [2021Wa16] are 6.476(3) MeV (229U); 6.416(54) MeV (233Pu); 7.66(15)# MeV (241Cf); 8.44(10)# MeV (245Fm);
9.17(20)# MeV (249No) and 9.43(30)# MeV (253Rf).

** [1994Bo28].
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Table 3

direct a emission from 213Po, Jp = 9/2+, T1/2 = 3.6984(6) µs*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f ** Edaughter(209Pb)** coincident g-rays** R0 (fm) HF

7.760(10) 7.614(10)*** 0.003(1)%*** 0.003(1)% 11/2+ 0.7789(1) 0.7789(1) 1.53069(10) 360+180
�90

8.536(3) 8.376(3)@ 100% 99.997(1)% 9/2+ 0.0 —– 1.53069(10) 1.486(26)

* [2023Al22].
** [2015Ch30].
*** From [1964Va20], Ea adjusted by -0.5 keV in [1991Ry01].
@ [1982Bo04].

Table 4

direct a emission from 217Rn, Jp = 9/2+, T1/2 = 0.59(4) ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(213Po) coincident g-rays R0 (fm) HF

7.886(2) 7.741(2)** 100% 9/2+ 0.0 —– 1.5632(13) 1.66(16)

* Weighted average of 0.67(6) ms [2018Sa45] and 0.54(5) ms [1961Ru06].
** Reported as 7.739(2) MeV in [1982Bo04], modified to 7.741(2) MeV by [1991Ry01].

Table 5

direct a emission from 221Ra*, Jp = 5/2+, T1/2 = 26.20(39) s**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(217Rn) coincident g-rays R0 (fm) HF

6.260 6.147 0.13% ⇡ 0.05% (5/2, 7/2) 0.6189 0.0562, 0.0854, 0.0930, 0.1492, 1.5516(38) ⇡27
0.1743, 0.4443, 0.4697, 0.5258

6.309 6.195 0.53% 0.2% (5/2, 7/2) 0.5896 0.0562, 0.0854, 0.0930, 0.1492, 1.5516(38) 9.0
0.1743, 0.3952, 0.4206, 0.4765

6.403 6.287 0.13% ⇡ 0.05% (7/2, 11/2) 0.4745 0.4745 1.5516(38) ⇡ 113
6.500 6.382 1.1% 0.4% (7/2) 0.3822 0.0562, 0.0854, 0.0930, 0.1492, 1.5516(38) 34

0.1743, 0.2079, 0.2329, 0.2891,
0.3822

6.508 6.390 0.26% ⇡ 0.1% (3/2+) 0.3750 0.0562, 0.0860, 0.0930, 0.1400, 1.5516(38) ⇡150
0.1492, 0.2257

6.582 6.463 0.13% ⇡ 0.05% (3/2+) 0.2352 0.0562, 0.0860, 0.0930, 1.5516(38) ⇡1.1 ⇥ 103

6.646 6.526 0.79% 0.3% (7/2+) 0.1743 0.0854, 0.0930 1.5516(38) 320
6.700 6.579 14.7% 5.6% 5/2+ 0.1492 0.0562, 0.0930, 0.1492 1.5516(38) 22
6.729 6.607 100% 38% 7/2+ 0.0930 0.0930 1.5516(38) 5.2
6.785 6.662 60.5% 23% (11/2+) 0.0889 0.0889 1.5516(38) 9.0
6.878 6.754 84.2% 32% 9/2+ 0.0 —– 1.5516(38) 14

* All values from [1997Li12], except where noted. No uncertainties for Ea or Ia were given.
** Weighted average of 26.37(17 st.)(50 sys.)s and 26.00(18 st.)(55 sys.) s [2024Ba08].
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Table 6

direct a emission from 225Th*, Jp = (3/2+), T1/2 =8.72(4) m**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(221Ra)*** coincident g-rays*** R0 (fm) HF

6.421(5) 6.307(5) 5(2)% 2(1)% 5/2� 0.483 0.0503, 0.0531, 0.1265, 0.1468, 1.5380(16) 9+9
�3

0.1641, 0.2120, 0.2178, 0.3058,
0.3213, 0.3589

6.455(5) 6.340(5) 5(2)% 2(1)% 3/2� 0.455 0.0503, 0.0531, 0.0688, 0.1219, 1.5380(16) 11+11
�4

0.1291, 0.1513, 0.1773, 0.2178,
0.2461, 0.2993, 0.3213

6.552(3) 6.436(3) 35(3)% 15(1)% 7/2+ 0.3588 0.0531, 0.1468, 0.2120, 0.3058, 1.5380(16) 3.81(29)
0.3589

6.590(3) 6.473(3) 100(7)% 43(2)% (3/2+, 5/2+) 0.3213 0.0503, 0.0531, 0.2178, 0.3213 1.5380(16) 1.91(11)
6.614(3) 6.496(3) 33(3)% 14(1)% (3/2+, 5/2+) 0.2998 0.0531, 0.0688, 0.1219, 0.1773, 1.5380(16) 7.2(6)

0.2461, 0.2993
6.742(5) 6.622(5) 7(2)% 3(1)% 0.174 1.5380(16) 110+60

�30
6.765(5) 6.645(5) 7(2)% 3(1)% 7/2� 0.1468 0.1468 1.5380(16) 140+70

�40
6.816(5) 6.695(5) 5(2)% 2(1)% 5/2� 0.1034 0.0503, 0.0531 1.5380(16) 310+320

�110
6.861(5) 6.739(5) 16(2)% 7(1)% 7/2+ 0.0531 0.0531 1.5380(16) 141+25

�19
6.916(5) 6.793(5) 21(3)% 9(1)% 5/2+ 0.0 —– 1.5380(16) 177+25

�21

* All values from [1961Ru06], except where noted.
** [1987Mi10].
*** [1988LiZN].

Table 7

direct a emission from 229U*, Jp = (3/2+), T1/2 = 58(3) m**, BRa = ⇡20%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(225Th) coincident g-rays R0 (fm) HF

6.290(4) 6.180(4) 1.6(8)% ⇡ 0.2% 0.178(4) 1.5278(27) ⇡ 15
6.329(3) 6.218(3) 4.7(16)% ⇡ 0.6% 0.139(3) 1.5278(27) ⇡ 8
6.366(3) 6.255(3) 1.6(8)% ⇡ 0.2% 0.102(3) 1.5278(27) ⇡30
6.404(2) 6.292(2) 17.2(16)% ⇡ 2.2% 0.064(2) 1.5278(27) ⇡ 4.5
6.439(2) 6.327(2) 31.3(31)% ⇡ 4% 0.028(2) 1.5278(27) ⇡ 3.6
6.468(3) 6.355(3) 100% ⇡ 13% (3/2+) 0.0 —– 1.5278(27) ⇡ 1.5

* All values from [1961Ru06], except where noted.
** [1951Me10].

Table 8

direct a emission from 233Pu*, T1/2 = 20.9(4) m**, BRa = 0.12(5)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(229U) coincident g-rays R0 (fm) HF

6.410(20) 6.300(20) 0.12(5)% (3/2+) 0.0 —– 1.503(39) 3+4
�2

* All values from [1957Th10], except where noted.
** [1973ja06].

Table 9

direct a emission from 237Cm, BRa = < 1%*.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(233Pu) coincident g-rays R0 (fm) HF

6.772(7) 6.658(7) < 1%* 0.0? —–

* [2006As03].
** Weighted average of 6.656(10) MeV [2006As03] and 6.660(10) MeV [2002As08].
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Table 10

direct a emission from 241Cf, T1/2 = 141(11) s, BRa =15(1)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(237Cm) coincident g-rays R0 (fm) HF

7.452(4) 7.328(4) 15(1)%** 0.050(1) 0.050(1) 1.5007(75) 1.23+0.28
�0.24

* All values from [2010AsZX], except where noted.
** [2020Kh10].

Table 11

direct a emission from 245Fm, T1/2 = 5.5(7) s**, BRa = 88.5+6.8
�5.0%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(241Cf) coincident g-rays R0 (fm) HF

8.290(7) 8.155(7) 100% 0.0 —– 1.506(33) 1.5+1.8
�0.9

* All values from [2020Kh10], except where noted.
** [2022Te01].

Table 12

direct a emission from 249No, T1/2 = 38.3(28) ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(245Fm) coincident g-rays R0 (fm) HF

9.278(22) 9.129(22) 100% 0.0 —– 1.504(24) 1.8+1.4
�0.8

* All values from [2022Te01, 2021Sv02].

Table 13

direct a emission from 253Rf, T1/2 = 9.9(12) ms, BRa = 17(6)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(249No) coincident g-rays R0 (fm) HF

9.358(20) 9.210(20) ⇡67%** ⇡7% 0.102 1.479(46) ⇡1.5
9.460(20) 9.310(20) 100%** ⇡10% 0.0 —– 1.479(46) ⇡ 2

* All values from [2022Lo03],
** estimated by evaluator from Fig. 2 in [2022Lo03] as ⇡40/60 % for 9.210(20)/9.310(20) MeV.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +45/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

211Bi(AcC)* 9/2� 2.13(2) m -1.366(5) 0.573(5) 8.348(5) [1965Nu03]
215At 9/2� 36.3(9) µs -0.715(7) -0.088(9) —– [2024Ba08]
219Fr 9/2� 22(2) ms** -0.212(7) -0.777(10) —– [2018Sa45, 1951Me10]

Qe p Qe a
223Ac (5/2�) 2.2(1) m 0.592(7) -5.842(10) 6.571(7) [1987Mi10]
227Pa (5/2) 38.3(3) m 1.026(7) -4.768(8) 7.172(8) [1951Me10]

231Np (5/2�) 48.8(2) m 1.820(50) -3.839(51) 7.394(51) [1973We08]
235Am (5/2�) 10.3(6) m 2.440(60) -2.619(53) 8.394(53) [2004As12, 2004Sa05]
239Bk 3.10(26)# -1.46(22)# 9.64(21)#
243Es (7/2+) 24.7(8) s*** 3.76(28)# -0.29(25)# 11.17(26)# [2019Br06, 2010An08, 2004HeZZ, 1973Es02]

247Md 7/2� 1.26(8) s@ 4.26(28)# 0.83(23)# 12.52(28)# [2022He04, 2010An08]
247mMd 0.153(11) 1/2� 240(20) ms@@ 4.41(30)# 0.98(25)# 12.67(30)# [2022He04, 2010An08]

251Lr (7/2�) 42+42
�14 ms 4.98(27)# 2.14(22)# 13.73(27)# [2022Hu21]

251mLr 0.117(27) (1/2�) 24.4+7.0
�4.5 ms 5.10(27)# 2.25(22)# 13.85(27)# [2022Hu21]

255Db 2.7+0.4
�0.3 ms 5.27(34)# 2.66(30)# 14.32(34)# [2024PoXX]

* 0.28(10)% b� emitter.
** Weighted average of 28(3) ms [2018Sa45] and 20(2) ms [1951Me10].
*** Weighted average of 24(3) s [2019Br06], 21(2) s [2010An08], 26(1) s [2004HeZZ] and 21(2) ms [1973Es02].
@ Weighted average of 1.20(12) s [2022He04] and 1.3(1) s [2010An08].
@@ Weighted average of 230(30) ms [2022He04] and 250(40) s [2010An08].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +45/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF BRcluster type Experimental

211Bi(AcC) 4.420(5) 6.750(1) 99.72(1)%* [1971Gr17, 1967Da10, 1965Nu03, 1962Gi04, 1961Ry02,
1970Mu21, 1966Go13, 1965Va10, 1964Co01, 1964Co22,
1963Uh01, 1962Wa18, 1961Br32, 1961Kn02, 1960Ry01,
1960Wa14, 1957Pi31, 1954Br07, 1949Me54, 1948Gh01,
1934Le01, 1933Ro03, 1931Cu01]

215At 4.076(7) 8.178(4) 100% [1973BoXL, 1973BoXW, 1966Gr07, 2024Ba08, 2018Sa45,
1982Bo04, 1951Me10, 1949Me54, 1948Gh01, 1944Ka01,

1944Ka02]
219Fr 3.889(7) 7.449(2) 100% [1968Ba73, 2018Sa45, 1993Li07, 1973BoXL, 1973BoXW,

1970Bo13, 1966Gr07, 1951Me10, 1949Me54, 1948Gh01]
223Ac 3.784(8) 6.783(1) 99% 3.2(10)⇥10�9 14C** [2010GuZZ, 1991Li19, 1987Mi10, 1969LeZW, 1951Me10,

1990Li33, 1990LiZY, 1968Ba73, 1964Su04, 1963Su03,
1963Su10, 1962Su09, 1958Hi78, 1949Me54, 1948Gh01]

227Pa 3.656(8) 6.580(2) ⇡ 85% [1990Sh15, 1963Su09, 1963Su10, 1951Me10, 1989Ah05,
1958Hi78, 1949Me54, 1948Gh01]

231Np 3.280(51) 6.368(51) < 1% [1973Ja06, 1950Ma14, 1973We08, 1971WeZP]
235Am 3.014(53) 6.576(13) 0.40(5)% [2004As12, 2004Sa05, 2000SaZO]
239Bk 2.49(21)# 7.20(20)# <1% <1% [2010An08]
243Es 1.93(21)# 8.025(10)*** 59.7(25)% <1% [2010An08, 2006An13, 2019Br06, 2004HeZZ, 1994HoZW,

1989Ha27, 1989HaZG, 1976GhZU, 1973Es02, 1971EsZZ]
247Md 1.54(21)# 8.764(10) 99.14(10)% 0.86(10)% [2022He04, 2010An08, 2006An13, 2005He27, 2004HeZZ,

2003HeZY, 1994HoZW, 1981Mu12]
247mMd 1.39(24)# 8.914(15) 80(2)% 20(2)% [2022He04, 2010An08, 2006An13]

251Lr 1.03(28)# 9.396(13)@ 100% [2022Hu21, 2005LeZN]
251mLr 0.91(28)# 9.513(30) 100% [2022Hu21]
255Db 0.900(40)# 9.716(27)@@ 8(3)% 92(3)% [2024PoXX, 2005LeZN]

* Weighted average from BRb of 0.27(1)% [1965Nu03] and 0.29(1)% [1962Gi04].
** [2010GuZZ].
*** Deduced from a energy. 8.072(10) MeV in [2021Wa16].
@ Deduced from a energy. 9.47(29)# MeV in [2021Wa16].
@@ Deduced from a energy. 9.33(20)# MeV in [2021Wa16].
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Table 3
direct a emission from 211Bi, Jp = 9/2�, T1/2 = 2.13(2) m*, BRa = 99.72(1)%**.

Ea (c.m.) Ea (lab) Ia (rel)@ Ia (abs) Jp
f Edaughter(207Tl)@@@ coincident g-rays@@@ R0 (fm) HF

6.3995(7) 6.2782(7)*** 19.66(6)% 16.38(4)% 3/2+ 0.3511(1) 0.3511(1) 1.485(11) 43+11
�9

6.7509(6) 6.6229(6)@@ 100% 83.34(4)% 1/2+ 0.0 —– 1.485(11) 190+50
�40

* [1965Nu03].
** Weighted average from BRb of 0.27(1)% [1965Nu03] and 0.29(1)% [1962Gi04].
*** From 6.2772(7) MeV [61Ry02] modified to 6.2782(7) MeV in [1991Ry01].
@ [1967Da10].
@@ From 6.6231(6) MeV [71Gr17] modified to 6.6229(6) MeV in [1991Ry01].
@@@ [2011Ko04].

Table 4
direct a emission from 215At, Jp = 9/2�, T1/2 = 36.3(9) µs*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@@ Edaughter(211Bi)@@ coincident g-rays@@ R0 (fm) HF

7.771(10) 7.626(10)** 5(2)%@ 4.8(20)% 7/2� 0.4049 0.4049 1.5527(30) 1.7+1.3
�0.5

8.173(4) 8.026(4)*** 100% 95.2(20)% 9/2� 0.0 —– 1.5527(30) 1.24(9)

* [2024Ba08].
** Energy raised by 26 keV by the evaluator. [1966Gr07] lists the two peaks as Ea (lab) = 7.600(10) and 8.000(10) MeV. A difference of 407.5 keV in the

center of mass frame. The first excited state of 211Bi is known to be 404.9 keV [2013Si17] based on several different reaction studies.
*** [1973BoXL, 1973BoXW].
@ [1966Gr07].
@@ [2013Si17].

Table 5
direct a emission from 219Fr, Jp = 9/2�, T1/2 = 22(2) ms*, BRa = 100%.

Ea (c.m.) Ea (lab)** Ia (rel)** Ia (abs) Jp
f *** Edaughter(215At)*** coincident g-rays R0 (fm) HF

6.9295(20) 6.8029(20) 0.26% 0.25% (13/2)� 0.5170 0.517 1.5573(32) 6.6
6.9736(25) 6.8462(25) 0.05% 0.05% (7/2�) 0.4723 0.1699, 0.3026, 0.4722 1.5573(32) 48
7.0860(30) 6.9566(30) 0.02% ⇡0.02% (13/2+) 0.363 1.5573(32) ⇡ 300
7.0969(20) 6.9673(20) 0.62% 0.6% (5/2)� 0.3520 0.3520 1.5573(32) 11
7.2786(20) 7.1457(20) 0.21% 0.2% (7/2)� 0.1699 0.1699 1.5573(32) 140
7.4482(20) 7.3122(20) 100.00% 96.8% 9/2� 0.0 —– 1.5573(32) 1.08(31)

* Weighted average of 28(3) ms [2018Sa45] and 20(2) ms [1951Me10].
** [1968Ba73].
*** [1993Li07].
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Table 6
direct a emission from 223Ac, Jp = (5/2�), T1/2 = 2.2(1) m*, BRa = 99%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(219Fr) coincident g-rays R0 (fm) HF

6.000(15) 5.892(15) 0.02% 0.01% (9/2)+) 0.779 0.0728, 0.1717, 0.5188 1.5439(23) 15
6.076(15) 5.967(15) 0.07% 0.03% (5/2+) 0.706 0.1717, 0.5188 1.5439(23) 10.8
6.133(15) 6.023(15) 0.02% 0.01% 11/2� 0.650 1.5439(23) 59
6.194(15) 6.083(15) 0.07% 0.03 9/2� 0.589 0.0357, 0.0412, 0.424, 0.0569, 1.5439(23) 37

0.0783, 0.0824, 0.0836, 0.0927,
0.0986, 0.1194, 0.3152, 0.5067

6.247(15) 6.135(15) 0.22% 0.1% 7/2� 0.5338 0.5188 1.5439(23) 20
6.252(15) 6.140(15) 0.07% 0.03% (11/2+) 0.530 0.530 1.5439(23) 69
6.276(15) 6.163(15) 0.11% 0.05% (9/2+) 0.5066 0.0357, 0.0412, 0.424, 0.0569, 1.5439(23)

0.0783, 0.0836, 0.0927, 0.0986,
0.1194, 0.3152, 0.5067

6.291(15) 6.178(15) 2% 1% 5/2� 0.4903 0.0357, 0.0412, 0.424, 0.0569, 1.5439(23) 53
0.0783, 0.0836, 0.0927, 0.0986,
0.1194, 0.2160, 0.2791, 0.2991,
0.3152, 0.4342, 0.4752, 0.5067,
0.5188

6.319(15) 6.206(15) 0.07% 0.03% (9/2) 0.4622 0.46221.5439(23) 1.5439(23) 140
6.337(15) 6.223(15) 0.02% 0.01% 0.445 1.5439(23) 490
6.350(15) 6.236(15) 0.22% 0.1% (9/2) 0.4321 0.1264, 0.2160, 0.2161 1.5439(23) 56
6.396(15) 6.281(15) 0.07% 0.03% (5/2+) 0.3843 0.2857 1.5439(23) 300
6.408(15) 6.293(15) 1.11% 0.5% (7/2+) 0.3724 0.0357, 0.0412, 0.424, 0.0783, 1.5439(23) 20

0.0836, 0.0986, 0.1194, 0.231,
0.2740, 0.3574, 0.3724

6.442(15) 6.326(15) 0.67% 0.3% (5/2+) 0.3403 0.0357, 0.0412, 0.424, 0.0986, 1.5439(23) 46
0.1194, 0.1248, 0.2057, 0.2417,
0.2842, 0.3253

6.448(15) 6.332(15) 0.31% 0.14% (11/2�) 0.336 0.0357, 0.0412, 0.424, 0.0644, 1.5439(23) 103
0.0783, 0.0836, 0.0986, 0.1194,
0.1346, 0.2692, 0.2544, 0.336

6.458(15) 6.342(15) 0.11% 0.05% 0.325 1.5439(23) 320
6.476(15) 6.360(15) 0.44% 0.2% (9/2�) 0.3056 0.0836, 0.0985, 0.0897, 0.1194, 1.5439(23) 97

0.2070, 0.2160, 0.3055
6.514(15) 6.397(15) 0.29% 0.13% 7/2� 0.2692 0.0357, 0.0412, 0.424, 0.0783, 1.5439(23) 210

0.0836, 0.0986, 0.1194, 0.1346,
0.2692, 0.2544

6.567(15) 6.449(15) 0.4% 0.2% 11/2+ 0.216 0.216 1.5439(23) 230
6.573(15) 6.455(15) 0.2% 0.1% 3/2+ 0.2104 0.1954 1.5439(23) 490
6.591(15) 6.473(15) 6.7% 3% 7/2+ 0.1913 0.0357, 0.0412, 0.424, 0.0569, 1.5439(23) 19

0.0783, 0.0836, 0.0927, 0.0986,
0.1194, 0.1763, 0.1913

6.642(15) 6.523(15) 1.3% 0.6% (1/2)� 0.1398 0.1248 1.5439(23) 160
6.647(15) 6.528(15) 6.7% 3% 5/2� 0.1344 0.0357, 0.0412, 0.424, 0.0783, 1.5439(23) 33

0.0836, 0.0986, 0.1194
6.683(15) 6.563(15) 31% 14% 7/2� 0.0986 0.0412, 0.424, 0.0836 1.5439(23) 9.9
6.727(15) 6.606(15) <2% <1% 3/2+ 0.0562 0.0412 1.5439(23) >210
6.767(15) 6.646(15) 100% 45% 5/2� 0.015 1.5439(23) 6.6
6.783(15) 6.661(15) 71% 32% 9/2� 0.0 —– 1.5439(23) 11

* [1987Mi10].
** [1951Mi10].
*** Deduced from a energies, 8.072(10) MeV in [2021Wa16].
@ Deduced from a energies, 9.47(29)# MeV in [2021Wa16].
@@ Deduced from a energies, 9.34(20)# MeV in [2021Wa16].
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Table 7
direct a emission from 227Pa*, Jp = (5/2), T1/2 =38.3(3) m**, BRa = ⇡ 85%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f * Edaughter(223Ac)* coincident g-rays* R0 (fm) HF*

(6.391)*** (9/2)� ⇡0.8% ⇡0.31% 0.185 0.0205, 0.0211, 0.0223, 0.0384, 1.5306(28) 52
0.0424, 0.0455, 0.0466, 0.0543,
0.0595, 0.0605, 0.0646, 0.0749,
0.0800, 0.0891, 0.1100, 0.1307

6.407(3) 6.294(3)@ 9/2+ ⇡1.1% 0.47% 0.1677 0.0223, 0.0424, 0.0455, 0.0483, 1.5306(28) 40
0.0575, 0.0605, 0.0646, 0.0770,
0.1100, 0.1251

6.434(3) 6.321(3)@ (11/2�) ⇡0.8% ⇡0.31% 0.1414 0.0507, 0.0424, 0.0483 1.5306(28) 79
6.445(3) 6.331(3)@ (7/2+) ⇡1.4% 0.65% 0.1307 0.0205, 0.0211, 0.0384, 0.0466, 1.5306(28) 50

0.0595, 0.0800, 0.0891, 0.1307
6.465(3)@@ 6.351(3)@ (5/2+) ⇡5.5% ⇡2.8% 0.1102 0.0211, 0.0384, 0.0466, 0.0595, 1.5306(28) ⇡14

0.0891
7/2+ ⇡9.4% ⇡3.8% 0.1100 0.0223, 0.0424, 0.0455, 0.0605, 1.5306(28) ⇡9

0.0646, 0.1100
6.485(3)@@ 6.371(3)@ 9/2� ⇡3.3% ⇡1.4% 0.0907 0.0424, 0.0483 1.5306(28) ⇡30

7/2� ⇡2.1% ⇡0.85% 0.891 0.0384, 0.0466, 0.0891 1.5306(28) ⇡50
(3/2+) ⇡1.0% ⇡0.43% 0.0889 0.0889 1.5306(28) ⇡100

6.511(3) 6.396(3)@ 5/2+ ⇡18.8% ⇡7.7% 0.0646 0.0223, 0.424, 0.0605, 0.0646 1.5306(28) 7.0
6.525(3) 6.410(3)@ 5/2� ⇡30% ⇡12% 0.0507 0.0507 1.5306(28) 5.1
6.533(3) 6.418(3)@ 7/2� ⇡23% ⇡9.4% 0.0424 0.424 1.5306(28) 7.1
(6.580)*** 3/2� ⇡11.5% ⇡4.7%@@@ 0.0041 1.5306(28) 21@@@

6.576(3) 6.460(3)@ 5/2� 100% ⇡41% 0.0 —– 1.5306(28) 2.5

* HF, Level energies and coincident g’s are taken from [1990Sh05]. Ia (rel) values are deduced by the evaluator from the HF values. Note that the vaues are
very close to those of [1963Su10].

** [1951Me10].
*** Not observed as a individual resolved peak. Deduced by [1990Sh15] from a-g coincidences.
@ [1963Su10].
@@ Likely an unresolved multiplet.
@@@ Deduced from [1990Sh05] by setting Ia (tot) =100%.

Table 8
direct a emission from 231Np, Jp = (5/2), T1/2 = 48.8(2) m*, BRa = <1%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(227Pa) coincident g-rays R0 (fm) HF

6.368(8) 6.258(8)*** <1%** (5/2) 0.0 —– 1.510(25) >1.5

* [1973We08].
** [1950Ma14].
*** [1973Ja06].

Table 9
direct a emission from 235Am*, Jp = (5/2�), T1/2 = 10.3(6) m, BRa = 0.40(5)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(231Np) coincident g-rays R0 (fm) HF

6.569(14) 6.457(14) 0.40(5)% (5/2�) 0.0 —– 1.518(17) 1.1+0.6
�0.4

* All values from [2004As12, 2004Sa05].

Table 10
direct a emission from 243Es*, Jp = (7/2+), T1/2 = 10.3(6) m, BRa = 59.7(25)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(239Bk) coincident g-rays R0 (fm) HF

7.875(20) 7.745(20) 5.4(16)% x2.5(3)% 0.150(22) 1.502(31) 500
7.981(20) 7.850(20) 20.5(30)% x9.7(15)% 0.044(22) 1.502(31) 290
8.025(10) 7.893(10) 100(5)% x47.4(24)% 0.0 —– 1.502(31) 90

* All values from [2010An08], except where noted.
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Table 11
direct a emission from 247Md, Jp = 7/2�, T1/2 = 1.26(8) s*, BRa = 99.14(10)%**.

Ea (c.m.) Ea (lab) Ia (rel)*** Ia (abs) Jp
f ** Edaughter(243Es)** coincident g-rays** R0 (fm) HF

8.474(10) 8.337(10)@ 6.5(11)%*** 6(1)% 0.304 0.2940 1.511(22) 9+7
�4

8.509(13) 8.371(13)** (7/2�) 0.2714 0.2714
8.549(7) 8.411(7)@@ 100% 92(1)%*** (5/2�) 0.230 0.1381, 0.1640 1.511(22) 1.0+0.7

�0.4
8.560(10) 8.421(10)** (7/2�) 0.219 0.1571, 0.2096, 0.2190
8.758(20) 8.616(20)** 2.2(11)% 2(1)%*** (7/2+) 0.0 —– 1.511(22) 240+310

�140

* Weighted average of 1.20(12) s [2022He04] and 1.3(1) s [2010An08].
** [2022He04]. No Intensities were reported in this work.
*** [2010An08].
@ Weighted average of 8.334(11) MeV [2022He04] and 8.345(20) MeV [2010An08].
@@ Weighted average of 8.406(10) MeV [2022He04] and 8.416(10) MeV [2010An08].
Note that there seems to be considerable disagreement in both isomers between [2022He04] and [2010An08], with different a transitions reported.

Table 12
direct a emission from 247mMd, Ex. = 153(11) keV, Jp = 1/2�, T1/2 = 240(20) ms*, BRa = 99.14(10)%**.

Ea (c.m.) Ea (lab) Ia (rel)*** Ia (abs) Jp
f ** Edaughter(243Es)** coincident g-rays** R0 (fm) HF

8.540(5) 8.402(5)** 0.391
8.590(11) 8.451(11)** (3/2�) 0.3421 0.3421
8.803(20) 8.660(20)*** 20(6)%*** 14(5)% 0.125 1.511(22) 9+8

�5
8.864 8.720** (1/2�) 0.068
8.928(40) 8.783(40)*** 100%*** 66(8)% (3/2�) 0.0 —– 1.511(22) 4.3+3.2

�2.1

* Weighted average of 230(30) s [2022He04] and 250(40) s [2010An08].
** [2022He04]. No Intensities were reported in this work.
*** [2010An08].
@ Weighted average of 8.334(11) MeV [2022He04] and 8.345(20) MeV [2010An08].
@@ Weighted average of 8.406(10) MeV [2022He04] and 8.416(10) MeV [2010An08].
Note that there seems to be considerable disagreement in both isomers between [2022He04] and [2010An08], with different a transitions reported.

Table 13
direct a emission from 251Lr*, Jp = (7/2�), T1/2 = 42+42

�14 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(247Md) coincident g-rays R0 (fm) HF

9.396(19) 9.246(19) 100% (7/2�) 0.0 —– 1.486(28) 1.3+1.9
�0.8

* All values taken from [2022Hu21].

Table 14
direct a emission from 251mLr*, Ex = 117(27), Jp = (1/2�), T1/2 = 24.4+7.0

�4.5 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(247Md) coincident g-rays R0 (fm) HF

9.359(19) 9.210(19) 100% (1/2�) 0.153(11) 1.486(28) 0.6+0.6
�0.3

* All values taken from [2022Hu21].

Table 15
direct a emission from 255Db*, T1/2 = 2.6+0.4

�0.3 ms, BRa = 8(3)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(251Lr) coincident g-rays R0 (fm) HF

9.439(47) 9.291(47) 8(3)% (7/2�) 0.0? 1.472(45) 0.2+0.5
�0.2***

* All values taken from [2024PoXX].
** [2024PoXX] measured three correlated as with energies of 9245(47), 9396(47), and 9232(47) keV. The value presented here is a weighted average of the

three.
*** The reason for the unphysically low HF is unknown.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +23 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

210Pb(RaD)* 0+ 22.23(12) y -5.481(12) 0.064(1) 5.280(2) [2008ChZV]
214Po(RaC’) 0+ 163.45(4) µs -3.269(11) -1.091(4) —– [2015Al10]

218Rn(Em) 0+ 33.75(15) ms -2.883(12) -1.842(4) —– [2012Su11]
222Ra 0+ 33.17(10) s -2.058(9) -2.302(6) —– [1995Ko54]
226Th 0+ 30.70(3) m -1.112(5) -2.836(12) —– [2012Po13]

230U 0+ 20.23(2) d -0.392(2) -3.620(60) —– [2012Po12]
Qe p Qe a

234Pu 0+ 8.7(1) h** 0.395(11) -3.858(7) 5.752(7) [1973Ja06, 1949Pe04]
238Cm 0+ 2.2(4) h 1.020(60) -2.935(12) 7.065(15) [2006As03]

242Cf 0+ 3.49(10) m*** 1.64(14)# -1.604(13) 8.541(60)# [1970Si19, 1967Si07, 1967Il01, 1967Fi04]
246Fm 0+ 1.54(4) s 2.370(90) -0.483(14) 10.015(135) [2011Ve03]
250No 0+ 4.7(1) µs 3.17(22)# 0.76(20)# 11.32(22)# [2022Te01]
254Rf 0+ 23.2(11) µs 3.56(30)# 1.55(28)# 12.38(30)# [2015Da12]
258Sg 0+ 2.6+0.6

�0.4 ms 3.79(42)# 2.14(41)# 13.23(42)# [2009Fo02]

* ⇡ 100% b� emitter.
** Weighted average of 8.8(1) h [1973Ja06] and 8.5(1) h [1949Pe04].
*** Weighted average of 3.68(44) m [1970Si19], 3.4(2) m [1967Si07], 3.7(3) m [1967Il01] and 3.2(5) m [1967Fi04].
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +23 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF BRcluster type Experimental

210Pb(RaD) 8.373(6) 3.792(20) 1.9(3) ⇥ 10�6%* [1964Wo05, 1962Ka27, 1969Ho26]
214Po(RaC’) 6.527(5) 7.834(0) 100% [1976Ku08, 1971Gr17, 1961Ry02, 2022Be20, 2016Al28,

2015Al10, 2013Al11, 2013Be10, 2012Su11, 2011AlZX,
1993Zh30, 1973BoXL, 1973BoXW, 1971Er02, 1965Le08,
1962Br22, 1961Do02, 1960Og01, 1960Ry01, 1953Ba60,
1950Vo02]

218Rn 6.466(5) 7.262(2) 100% [1995Ko54, 1973BoXL, 2012Su11, 1971Er02, 1963Di08,
1963Le17, 1962Di08, 1961Ru06, 1958To25, 1948St42]

222Ra 6.246(6) 6.678(4) 100% 2.64(31) ⇥ 10�8%** 14C [1995Ko54, 1991Hu02, 1985Ho21, 1985Pr01, 1956As38,
2012Po13, 1991HuZY, 1991LeZV, 1987BaZS, 1976Ka08,
1975VaZD, 1969Pe17, 1964Ba49, 1963Le17, 1961Fo08,
1961Ru06, 1960Be25, 1958To25, 1956Sm88, 1948St42]

226Th 5.729(6) 6.453(1) 100% ]2012Ma30, 1995Ko54, 1976Ku08, 2012Po13, 1987Mi10,
1975VaZD, 1974KaZM, 1969Br10, 1968GuZU, 1963Le17,
1961Ry06, 1956As38, 1953AsZZ, 1948St42]

230U 5.571(5) 5.992(1) 100% 4.8(20) ⇥ 10�12% 22Ne [2012Ma30, 2001Bo11, 1995Ko54, 1976Ku08, 2012Po12,
2000Pa54, 1999Pa22, 1996Tr10, 1974KaZM, 1969Pe17,
1966Ba14, 1963Le17, 1961Ru06, 1956As38, 1953AsZZ,
1948St42]

234Pu 4.888(51) 6.310(5) ⇡ 6% [1964Hy02, 1973Ja06, 1952Or03, 1949Pe04]
238Cm 4.413(61)# 6.670(10) obs*** [2006As03, 2002As08. 2002AsZX, 1952Hi63]

242Cf 3.88(17)# 7.517(4) 61(3)%  0.014% [2011Ve03, 1995La09, 1970Si19, 1985HiZU, 1981Mu12,
1967Fi04, 1967Il01, 1967Si07]

246Fm 3.41(17)# 8.379(5) 93.6(4)%@ 6.4(4)%@ [2022Is05, 2012Pi05, 2011Ve03, 2015Sv02, 2012Sv01,
2011PiZW, 2010An08, 2010Sv01, 2010SvZW, 2010SvZX,
1982Bo21, 1982BoZN, 1980Ho25, 1980Vi04, 1975Og02,
1970Dr05, 1967Fl15, 1967Nu01, 1966Ak01]

250No 2.90(26)# 8.95(20)# 100% [2022Kh08, 2022Te01, 2020Ku23, 2020SvZZ, 2006Pe17,
2006PeZY, 2003Be18, 2003Po08, 2003Ye02, 2001Og08]

254Rf 2.61(33)# 9.21(20)# 1.5 % 100% [2015Da12, 1997He29, 2022IsZZ, 2020Kh01, 2020SuZZ,
2016KhZZ, 2008Dr05, 1999He11, 1996HeZZ]a

258Sg 2.15(44)# 9.67(30)# 100% [1997He29, 2009Fo02, 1999He11, 1996HeZZ]

* Weighted average of 2.7(6) ⇥ 10�6% [1964Wo05] and 1.7(3) ⇥ 10�6% [1962Ka27].
** Weighted average of 2.31(31) ⇥ 10�8% [1991Hu02], 3.1(10) ⇥ 10�8% [1985Ho21] and 3.7(6) ⇥ 10�8% [1985Pr01].
*** [1952Hi63] report an e/6.520 MeV a =240(50). This produces an BRa = 0.54(10)% with a corresponding HF = 6.4 for the 0+ to 0+ transition. Using an

BRa = 3.5% produces a HF = 1.0.
@ Weighted average of 93.2(6)% [2011Ve03] and 93.9(5)% [2022Is05].
a In addition [1976FlZN] and 1975Te01] reported SF from this nuclide with a half-life values of 0.5(2) ms. As this value does not agree with later work, this

assignment seems to be in error.

Table 3
direct a emission from 210Pb, Jp = 0+, T1/2 = 22.23(12) y*, BRa = 1.9(3) ⇥ 10�6%**

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(206Hg) coincident g-rays R0 (fm) HF

3.792(20) 3.720(20)*** 1.9(3) ⇥ 10�6%** 0+ 0.0 —– 1.449(21) 0.99+0.19
�0.14

* [2008ChZV].
** Weighted average of 2.7(6) ⇥ 10�6% [1964Wo05] and 1.7(3) ⇥ 10�6% [1962Ka27].
*** [1962Ka27].
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Table 4
direct a emission from 214Po, Jp = 0+, T1/2 = 163.45(4) µs*, BRa = 100%

Ea (c.m.) Ea (lab) Ia (rel)** Ia (abs) Jp
f Edaughter( 210Pb)** coincident g-rays** R0 (fm) HF

6.864 (6.736)**,@ 5(2) ⇥ 10�5% 5(2) ⇥ 10�5% 4+ 1.098 0.298, 0.7997 1.539616(24) 470+320
�140

7.1675 (7.0335)**,@ 0.0104(6)% 0.0104(6)% 2+ 0.7997 0.7997 1.539616(24) 27(2)
7.83324(7) 7.68682(7)*** 100% 99.99% 0+ 0.0 —– 1.539616(24) 0.9980(3)

* [2015Al10].
** [1976Ku08].
*** Weighted average of 7.68709(68) MeV [1971Gr17] (adjusted to 7.68683(68) MeV in [1991Ry01] and 7.68695(75) MeV [1961Ry02] (adjusted to

7.68634(75) MeV in [1991Ry01]
@ a not observed, inferred from observed g’s from the a decay of 214Po [1976Ku08].

Table 5
direct a emission from 218Rn*, Jp = 0+, T1/2 = 33.75(15) ms**, BRa = 100%

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 214Po) coincident g-rays R0 (fm) HF

5.963 5.854 9(3) ⇥ 10�5% 9(3) ⇥ 10�5% (3+) 1.2746(2) 0.60931(1), 0.6653(2) 1.56062(74) 10+5
�3

6.642 6.52 0.127(4)% 0.127(4)% 2+ 0.60931(1) 0.60931(1) 1.56062(74) 4.79(18)
7.262(2) 7.129(2) 100% 99.870(4)% 0+ 0.0 —– 1.56062(74) 0.996(5)

* All values taken from [1995Ko54], except where noted.
** [2012Su11].

Table 6
direct a emission from 222Ra*, Jp = 0+, T1/2 = 33.17(10) s, BRa = 100%

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f ** Edaughter( 218Rn) coincident g-rays R0 (fm) HF

5.839(5) 5.734(5) 4.44(21) ⇥ 10�3% 4.3(2) ⇥ 10�3% (3�) 0.8402 0.3243, 0.5158, 0.8402 1.5492(18) 4.36(32)
5.882(5) 5.776(5) 4.56(11) ⇥ 10�3% 4.42(11) ⇥ 10�3% (3�) 0.7969 0.1449, 0.3243, 0.3289, 1.5492(18) 9.3(6)

0.4726, 0.6531, 0.7968
6.026(5) 5.918(5) 4.51(11) ⇥ 10�3% 4.37 ⇥ 10�3% (4+) 0.6532 0.3243, 0.3289,0.6531 1.5492(18) 33.8(20)
6.355(5) 6.241(5) 3.17(9)% 3.07(9)% 2+ 0.3243 0.3243 1.5492(18) 1.44(8)
6.679(5) 6.559(5) 100(2)% 96.92(10)% 0+ 0.0 —– 1.5492(18) 0.9962(32)

* All values taken from [1995Ko54], except where noted.
** [2019Si39].

Table 7
direct 14C emission from 222Ra, Jp = 0+, T1/2 = 33.17(10) s*, BR14C = 2.64(31) ⇥ 10�8%**

E14C(c.m.) E14C(lab) I14C(abs) Jp
f Edaughter( 208Pb) coincident g-rays

33.012(90) 30.930(90) 2.64(31) ⇥ 10�8%** 0+ 0.0 —–

* [1995Ko54].
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Table 8
direct a emission from 226Th, Jp = 0+, T1/2 = 30.70(3) m*, BRa = 100%

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(222Ra)@ coincident g-rays*** R0 (fm) HF

5.4275(10)*** 5.3314(10) 1.5 ⇥ 10�3% 1.13 ⇥ 10�3%*** (2+) 1.0249 0.1112, 0.1310, 0.2063, 1.53749(45) 0.59
0.2421, 0.7075, 0.7229,
0.7829, 0.9139

5.5382(10)*** 5.4402(10) 4.2 ⇥ 10�3% 3.2 ⇥ 10�3%*** (0+) 0.9142 0.1112, 0.1310, 0.2421, 1.53749(45) 0.86
0.6970, 0.8027

5.9785(10)*** 5.8727(10) 4 ⇥ 10�4% 3 ⇥ 10�4%*** (5�) 0.4739 0.1112, 0.1310, 1.53749(45) 1.7 ⇥ 103

0.1725, 0.1903, 0.2063,
0.2421

6.1357(10) 6.0271(10)** 0.305(7)% 0.230(5)%** (3)� 0.3173 1.53749(45) 12.38(27)
6.1514(10) 6.0425(10)** 0.240(5)% 0.181(4)%** 4+ 0.3015 0.1112, 0.1310, 1.53749(45) 18.6(4)

0.1903, 0.2063, 0.2421
6.2101(10) 6.1002(10)** 1.68(1)% 1.27(1)%** 1� 0.2422 0.1112, 0.1310, 0.2421 1.53749(45) 4.98(4)
6.3413(10) 6.2291(10)** 30.42(13)% 22.93(9)%** 2+ 0.1111 0.1111 1.53749(45) 1.072(4)
6.4524(10) 6.3382(10)** 100.0(19)% 75.39(10)%** 0+ 0.0 —– 1.53749(45) 0.9954(17)

* [2012Po13].
** [2022Ma30].
*** [1995Ko54]. Qa values deduced from coincident g’s.
@ [2023Si22].

Table 9
direct a emission from 230U, Jp = 0+, T1/2 = 20.23(2) d*, BRa = 100%

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f ** Edaughter(226Th)** coincident g-rays** R0 (fm) HF

5.1354(10) 5.0461(10) ⇡7.1 ⇥ 10�5% ⇡4.8 ⇥ 10�5% (2+) 0.8565(3) 0.07218, 0.08103, 0.15424, 1.53197(29) ⇡ 1.5
0.23532, 0.54905, 0.62622,
0.78423, 0.8565

5.1438(10) 5.0543(10) ⇡1.1 ⇥ 10�4% ⇡7.5 ⇥ 10�4%** (2+) 0.8481(2) 0.07218, 0.08103, 0.15424, 1.53197(29) ⇡ 1.7
0.23037, 0.23532, 0.54056,
0.61768, 0.7754, 0.8478

5.1870(10) 5.0968(10) 1.1+3.6
�0.5 ⇥ 10�4% 7.5+2.4

�0.4 ⇥ 10�4%** (2+) 0.8049(3) 0.07218, 0.23037 0.57457, 1.53197(29) 3.1+1.5
�0.3

0.7328, 0.8049
5.2237(10) 5.1329(10) 4.9 +2.2

�0.6 ⇥ 10�4% 3.3 +1.5
�0.4 ⇥ 10�4%@ 0.7682(1) 0.07218, 0.6960 1.53197(29) 12 +10

�2
5.5412(10) 5.4448(10) ⇡4.9 ⇥ 10�4% ⇡3.3 ⇥ 10�4%@ 0.45071(3) 0.07218, 0.15424, 0.22429 1.53197(29) ⇡ 870
5.5445(10) 5.4481(10) ⇡8.9 ⇥ 10�6% ⇡6.0 ⇥ 10�5%@ 0.4474(5) 0.07218, 0.15424, 0.2210 1.53197(29) ⇡ 5 ⇥ 103

5.6847(10) 5.5858(10)*** 0.0193(15)% 0.013(1)%*** (3�) 0.30749(2) 0.07218, 0.08103, 0.15424, 1.53197(29) 134(10)
0.23037, 0.23532

5.7621(10) 5.6619(10)*** 0.39(13)% 0.26(9)%*** 1� 0.23037(1) 0.07218, 0.15424, 0.23037 1.53197(29) 17+9
�5

5.7651(10) 5.6648(10)*** 0.56(13)% 0.38(9)%*** 4+ 0.22642(2) 0.07218, 0.15424 1.53197(29) 12+4
�2

5.9197(10) 5.8167(10)*** 47.40(36)% 31.95(22)%*** 2+ 0.07218(1) 0.07218 1.53197(29) 0.917(13)
5.9919(10) 5.8877(10)*** 100.00(48)% 67.4(23)%*** 0+ 0.0 —– 1.53197(29) 0.998(34)

* [2012Po13].
** [1995Ko54]. Qa values deduced from coincident g’s.
*** [2012Ma30].
@ [1976Ku08].

Table 10
direct a emission from 234Pu*, Jp = 0+, T1/2 = 8.7(1) h***, BRa = ⇡ 6%

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(230U)*** coincident g-rays*** R0 (fm) HF

6.130 6.025 0.6% ⇡ 0.024% 4+ 0.1693 0.0517, 0.1693 1.518(27) ⇡ 25
6.252 6.145 47% ⇡1.9% 2+ 0.0517 0.0517 1.518(27) ⇡ 1.1
6.304 6.196 100% ⇡ 4.1% 0+ 0.0 —– 1.518(27) ⇡ 0.9

* All values from [1964Hy02] p. 799 (based on unpublished results from R. W. Hoff, F. Asaro, I. Perlman [1960Ho18]), except where noted.
** Weighted average of 8.8(1) h [1973Ja06] and 8.5(1) h [1949Pe04].
*** [2012Br12].
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Table 11
direct a emission from 238Cm*, Jp = 0+, T1/2 = 2.2(4) h, BRa = obs**

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(234Pu) coincident g-rays*** R0 (fm) HF

6.614(10) 6.503(11) 30(8)% 0.056(7) 1.4805(90)
6.670(10) 6.558(10) 100(8)% 0+ 0.0 —– 1.4805(90)

* All values from [2006As03], except where noted.
** [1952Hi63] report an e/6.520 MeV a =240(50). This produces an BRa = 0.54(10)% with a corresponding HF = 6.4 for the 0+ to 0+ transition. Using an

BRa = 3.5% produces a HF = 1.0.

Table 12
direct a emission from 242Cf, Jp = 0+, T1/2 = 3.49(10) m*, BRa = 61(3)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(238Cm) coincident g-rays R0 (fm) HF

7.482(6) 7.358(6) ⇡ 20% ⇡ 10% 0.035(7) 1.4986(78) ⇡ 3.5
7.516(4) 7.392(4) ⇡ 100% ⇡ 51% 0+ 0.0 —– 1.4986(78) ⇡ 0.9

* Weighted average of 3.68(44) m [1970Si19], 3.4(2) m [1967Si07], 3.7(3) m [1967Il01] and 3.2(5) m [1967Fi04].
** [2011Ve03].

Table 13
direct a emission from 246Fm, Jp = 0+, T1/2 = 1.54(4) s*, BRa = 93.6(4)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(242Cf) coincident g-rays R0 (fm) HF

8.380(7) 8.244(7)*** 93.6(4)%** 0+ 0.0 —– 1.506(12) 0.820(22)

* [2011Ve03].
** Weighted average of 93.2(6)% [2011Ve03] and 93.9(5)% [2022Is05].
*** [2012Pi05].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +23 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. The Jp value for 208Tl is taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a BRb - a BRe F Experimental

208Tl(ThC”)* 5+ 3.0527(33) m -3.480(30) 4.998(2) 5.695(2) [1971Ac02]
212Bi(ThC) 1� 60.600(43) m -0.569(2) 2.252(2) 11.386(2) [1961Ap03]

212mBi 0.239(30) (9�) 25.0(2) m -0.340(30) 2.491(30) 11.625(30) 30(1)% [2013Ch12, 1984Es01, 1980Le27,
1978Ba44, 1978BaYL, 1978BaZI]

Qe p Qe a
216At 1� 300(30) µs 0.474(4) -6.662(7) 7.381(4) [1951Me10]

216m1At 0.048(24) (4�) 0.522(24) -6.614(25) 7.429(24) [1994Li10, 1971Br13, 1965Br11]
216m2At 0.399(30) (9�) 0.873(30) -6.263(31) 7.780(30) [1994Li10, 1971Br13, 1965Br11]

220Fr 1+ 27.4(3) s 0.870(4) -6.203(5) 7.275(4) [1971Br13]
224Ac 0� 2.78(16) h** 1.408(4) -5.437(4) 7.197(4) [1951Me10, 1987Mi10]
228Pa 3+ 19.5(4) h 2.153(4) -4.215(5) 7.673(5) [2021Km01]

232Np (4+) 14.7(3) m 2.75(10)# -3.35(10)# 8.16(10)# [1970Ho27]
236Am 5� 3.6(2) m 3.14(12)# -2.29(12)# 9.01(12)# [2005As01]
240Bk 4.8(8) m 3.94(15)# -1.02(15)# 10.34(15)# 1.3+1.8

�0.7⇥10�3% [1983Ga05, 1980Ga07, 1980GaZZ]
244Es 37(4) s 4.55(18)# 0.05(18)# 11.88(18)# 0.012(4) % [2002Sh02, 1980Ga07, 1980GaZZ]

248Md 13+3
�2 s 5.05(18)# 1.08(19)# 13.05(18)# < 0.05% [2024PoXY]

252Lr 410+70
�50 ms 5.67(19)# 2.28(19)# 14.21(19)# [2024PoXY]

256Db 1.4+0.3
�0.2 s 6.08(19)# 3.06(19)# 15.00(19)# [2024PoXY]

260Bh 35+19
�9 ms 6.58(20)# 3.84(20)# 16.48(20)# [2008Ne01]

* 100% b� emitter.
** Weighted average of 2.9(2) h [1951Me10] and 2.55(28) h [1987Mi10].
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +23 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

208Tl(ThC”) 7.552(30) 1.22(20)
212Bi(ThC) 4.914(3) 6.207 35.94(3) %* [1971Gr17, 1962Be09, 1960Sc07, 1960Wa14, 1984Es01,

1969Gr28, 1966Il01, 1966KlZZ, 1963Co28, 1961Ap03,
1961Ba12, 1961Fe04, 1960Ga15, 1960Gi07, 1960Ha19,
1958De25, 1956Ho11, 1956Ko60, 1955We10, 1949Me54,
1948Gh01, 1943Ka05, 1933Ru03]

212mBi 4.675(30) 6.446(30) 67(1)% [1984Es01, 1978Ba44]
216At 4.491(4) 7.950(3) 100% [1994Li10, 1971Br13, 1965Br11, 1973BoXL, 1973BoXW,

1964Br16, 1964Mc21, 1962Wa28, 1951Me10, 1949Me54,
1948Gh01]

216m1At 4.443(24) 7.998(24) obs [1994Li10, 1971Br13, 1965Br11]
216m2At 4.092(20) 8.349(30) obs [1994Li10, 1971Br13, 1965Br11]

220Fr 4.636(4) 6.801(2) 99.65% [1996Sh05, 1971Br13, 1974Ho27, 1973ChZH, 1970Br29,
1968Ba73, 1964Br16, 1964Mc21, 1951Me10, 1949Me54,
1948Gh01]

224Ac 4.288(4) 6.327(1) 10(2)% [1968Le17, 1992Li31, 1951Me10, 1987Mi10, 1976MiZR,
1973ChZH, 1970Br31, 1969LeZW, 1968Ba73, 1968Br15,
1967Br15, 1964Mc21, 1958Hi78, 1949Me54, 1948Gh01]

228Pa 4.170(5) 6.265(1) 2.0(2)% [1994Ah03, 1993Sh07, 1964Ge08, 1958Hi78, 1951Me10,
1949Me54, 1948Gh01]

232Np 3.74(10)# 6.01(10)#
236Am 3.43(12)# 6.256(64) 4.0(10)⇥10�3% [2004Sa05, 2002As08, 1989HaZO]
240Bk 2.77(21)# 7.20(19)#
244Es 2.25(26)# 7.696(20)** 4+3

�2% [1973Es02]
248Md 2.01(26)# 8.785(47)@ 61(16)-68(22)% [2024PoXY, 1973Es01, 2008Ne01, 1971EsZY, 1971EsZZ]

252Lr 1.60(26)# 9.132(47)@@ 70-90% [2024PoXY, 2001He35, 2008Ne01, 1999He07, 1999HeZX]
256Db 1.32(26)# 9.265(47)@@@ 90(4)% 10(4)% [2024PoXY, 2001He35, 2020Ku23, 1999He07, 1999He11,

1999HeZX]
260Bh 0.69(27)# 10.400(59) 100% <18% [2008Ne01, 1983OgZX]

* Weighted average of 35.81(4) % [1962Be09], 35.96(6) % [1960Sc07] and 36.00(3) % [1962Wa14].
** Deduced from a energy, 7.94(10) MeV in [2021Wa16].
*** Weighted average of 70(11) % [2008Ne01] and 64(12) % [2001He35].
@ Deduced from a energy, 8.497(30) MeV in [2021Wa16].
@@ Deduced from a energy, 9.164(17) MeV in [2021Wa16].
@ Deduced from a energy, 9.336(30) MeV in [2021Wa16].

3



Table 3
direct a emission from 212Bi, Jp = 1�, T1/2 = 60.600(43) m*, BRa = 35.94(3) %**.

Ea (c.m.) Ea (lab)*** Ia (rel)@@ Ia (abs) Jp
f

a Edaughter(208Tl) coincident g-raysa R0 (fm)b HF

5.399 5.297*** 1.6(4)⇥10�4% 1.4(4)⇥10�5% 0.803 0.0399, 0.0430, 0.1420, 1.495(21) 1.8+1.1
�0.7⇥104

0.1436, 0.2669, 0.2854,
0.2888, 0.3104, 0.4337,
0.4530, 0.4730

5.443 5.340*** 1.4⇥10�3% 3.6⇥10�4% 0.759 0.0399, 0.1420, 0.1436, 1.495(21) 3.4⇥103

0.2669, 0.2854, 0.2888,
0.4337, 0.4530, 0.4730

5.581 5.476*** 0.020% 5.0⇥ 10�3% 0.521 1.495(21) 3.8⇥103

5.710 5.602*** 1.7% 0.43% (3)+ 0.492 0.0399, 0.4530 1.495(21) 60
5.729 5.621*** 0.24% 0.06% (4+) 0.473 0.0399, 0.4337, 04730 1.495(21) 540
5.874 5.763*** 2.3(2)% 0.59(4)%@@@ 5+ 0.328 0.0399, 0.2882, 0.3280 1.495(21) 260+150

�100
6.63291(26) 6.50776(26)@ 100.0(4)%@@@ 25.2(1)% 4+ 0.0398 0.0399 1.495(21) 110+70

�40
6.20699(34) 6.08988(34)@ 38.5(7)%@@@ 9.7(2)% 5+ 0.0 —– 1.495(21) 430+250

�160

* [1961Ap03].
** Weighted average of 35.81(4) % [1962Be09], 35.96(6) % [1960Sc07] and 36.00(3) % [1962Wa14].
*** Values from [1960Wa14], adjusted by -0.7 MeV in [1991Ry01].
@ Values from [1991Ry01], based on measured values from [1971Gr17].
@@ Values from [1960Wa14], except where noted.
@@@ [1982Be09].
a [2007Ma45].
b Interpolated between 1.449(21) fm (210Pb) and 1.539616(24) fm (214Po).

Table 4
direct a emission from 212mBi*, Ex. = 239(30) keV**, Jp = (9�), T1/2 = 25.0(2) m, BRa = 67(1) %.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(208Tl) coincident g-rays R0 (fm)*** HF

5.861 5.750 1.4(6)% 0.5(2)% (6+) 0.617 0.0399, 0.1436, 0.2882, 1.495(21) 80+80
�40

0.2888, 0.3280, 0.4337,
0.4730

6.129 6.013 14(3)% 5(1)% 5+ 0.3280 0.0399, 0.2882, 0.3280 1.495(21) 160+100
�70

6.418 6.297 74(4)% 26(1)% 4+ 0.0399 0.0399 1.495(21) 480+270
�180

6.458 6.336 100(3)% 35(1)% 5+ 0.0 —– 1.495(21) 520+290
�190

* All values from [1984Es01], except where noted.
** [2013Ch12].
*** Interpolated between 1.449(21) fm (210Pb) and 1.539616(24) fm (214Po).

Table 5
b�-delayed a emission from 212mBi*, BRb��a = 30(1) %**.

Ea (c.m.) Ea (lab.) Ia (rel)%*** Ia (abs)% Eemitter (212Po) Edaughter(208Pb)

10.702(10) 10.500(10) ⇡2% ⇡1.5% 1.75 0.0
10.610(10) 10.410(10) ⇡9% ⇡6% 1.655 0.0
10.565(10) 10.366(10) ⇡7% ⇡4.5% 1.610 0.0
10.531(10) 10.332(10) ⇡9% ⇡6% 1.575 0.0
10.500(10) 10.302(10) ⇡11% ⇡7.5% 1.545 0.0

10.426(5) 10.229(5) ⇡100% ⇡66 1.474 0.0
10.304(5) 10.110(5) ⇡95% ⇡63% 1.354 0.0

10.201(10) 10.009(10) ⇡5% ⇡3% 1.247 0.0
10.086(5) 9.896(5) ⇡18% ⇡12% 1.131 0.0

* All values taken from [1980Le27], except where noted.
** [1984Es01].
*** estimated by the evaluator based on Fig. 1 in [1980Le27].
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Table 6
direct a emission from 216At*, Jp = 1�, T1/2 = 300(30) µs**, BRa = 100 %.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(212Bi) coincident g-rays R0 (fm)@@ HF

7.457(17) 7.319(17) ⇡0.09% ⇡0.09% (3�) 0.4946(3) 0.1512, 0.3793 1.55012(74) ⇡ 77
7.534(17) 7.394(17) ⇡0.28%@ ⇡0.27%@ (2�) 0.4179(2) 0.0979, 0.1512, 0.2048, 0.4179 1.55012(74) ⇡ 45
7.536(17) 7.396(17) ⇡0.28%@ ⇡0.27@ 1� 0.4153(3) 0.1512, 0.1767, 0.2386, 0.3000 1.55012(74) ⇡ 46
7.701(17) 7.558(17) 0.07(3)% 0.07(3)% (4�) 0.2507(4) 0.0376, 0.0979, 0.1152 1.55012(74) 600+500

�200
7.738(17) 7.595(17) 0.16(5)% 0.16(5)% 3� 0.2131(2) 0.0979, 0.1152 1.55012(74) 330+200

�110
7.836(17) 7.691(17) 1.4(2)% 1.4(2)% 2� 0.1152(1) 0.1152 1.55012(74) 73+22

�16
7.947(10) 7.800(10) 100% 97.5(2)% 1� 0.0 —– 1.55012(74) 2.29(28)

* All values taken from [1994Li10], except where noted. This work states that the resolution of the a detector had a resolution of 17 keV (see Fig. 1 from this
Ref.). Note that [1965Br11, 1971Br13] see the same a transitions without listing uncertainties.

** [1951Me10].
*** [1964Mc21].
@ unresolved doublet. The Ia = 0.27% is shared between them.
@@ Interpolated between 1.539616(24) fm (214Po) and 1.56062(74) fm (218Rn).

Table 7
direct a emission from 216m1At*, Ex. = 48(24) keV, Jp = (4�), BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(212Bi) coincident g-rays R0 (fm) HF

7.629(17) 7.488(17) obs (6�) 0.381 0.1034

* All values taken from [1994Li10].

Table 8
direct a emission from 216m2At*, Ex. = 399(30) keV, Jp = (9�), BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(212Bi) coincident g-rays R0 (fm) HF

8.110 7.960 obs (6�) 0.239(30)

* All values taken from [1994Li10].
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Table 9
direct a emission from 220Fr*, Jp = 1+, T1/2 = 27.4(3) s**, BRa = 99.65%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(216At) coincident g-rays@ R0 (fm)@@ HF

6.3759 6.260@ <0.008% <0.005%@ 0.423 1.5549(19) > 2.6⇥103

6.4198(30) 6.3031(30) ⇡0.024% ⇡0.015% 0.3790(36) 0.0446, 0.1421, 0.1545 1.5549(19) ⇡1.3⇥103

0.1634, 0.1730, 0.1821,
0.2080, 0.3239, 0.3810

6.4818(25) 6.3639(25) ⇡0.02% ⇡0.01% 0.3171(32) 1.5549(19) ⇡ 3.6⇥103

6.4963(20) 6.3782(20) 0.57% 0.35% 0.3025(28) 0.0446, 0.0613, 0.0649, 1.5549(19) 119
0.1969, 0.2582, 0.3028

6.5207(20) 6.4021(20) 2.04% 1.25% (4�) 0.2782(28) 0.0446, 0.0613, 0.0649, 1.5549(19) 42
0.1561, 0.2211, 0.2336
0.0964 0.1059

6.5466(20) 6.4276(20) 0.39% 0.24% 0.2522(28) 0.0446, 0.0964, 0.1328 1.5549(19) 280
6.5641(25) 6.4448(25) <0.02%@ <0.01%@ 0.2347(32) 0.0446, 0.0613, 0.0649, 1.5549(19) >7.8⇥103

0.1059, 0.1287
6.5913(25) 6.4715(25) 2.1% 1.3% (1,2)� 0.2075(32) 0.0446, 0.1634, 0.2080 1.5549(19) 77
6.6001(25) 6.4801(25) 1.0% 0.6% (3)� 0.1987(32) 0.0446, 0.1421, 0.1545 1.5549(19) 180
6.6291(25) 6.5086(25) ⇡1.0% ⇡0.6% (3�) 0.1697(32) 0.0446, 0.1121 1.5549(19) ⇡ 240
6.6372(25) 6.5165(25) 4.9% 3.0% (1)� 0.1616(32) 0.0446, 0.0548, 0.0613, 1.5549(19) 51

0.0649, 0.1059, 0.1162,
0.1607

6.6450(25) 6.5242(25) 4.1% 2.5% (2)� 0.1538(32) 0.0446, 0,1088, 0.1534 1.5549(19) 66
6.6744 6.5530@ <1.0% <0.6%@ (5�) 0.1245(20) 0.0446, 0.0964 1.5549(19) > 360
6.6929(20) 6.5712(20) 16.0% 9.8% (0)� 0.1059(28) 0.0446, 0.0613, 0.0649, 1.5549(19) 26

0.1059
6.7421(25) 6.6195(25) 10.6% 6.5% (4�) 0.0567(32) 0.0446 1.5549(19) 61
6.7538(20) 6.6310(20) 19.9% 12.2% (2)� 0.0450(28) 0.0446 1.5549(19) 36
6.7988(20) 6.6752(20) 100% 61.3% 1� 0.0 —– 1.5549(19) 10.6

* All values taken from [1968Ba73], except where noted. Energy values are adjusted by +1.5 keV from [1991Ry01] due to changes in calibration energies.
** [1974Ho27].
*** [1971Br13] reported 0.35% b+.
@ [1996Sh05].
@@ Interpolated between 1.56062(74) fm (218Rn) and 1.5492(18) fm (222Ra).
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Table 10
direct a emission from 224Ac*, Jp = 0�, T1/2 = 2.78(16) h**, BRa = 10(2)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(220Fr) coincident g-rays@ R0 (fm)@@ HF

5.7469(25) 5.6443(25) 0.23% 0.006% 0.5799(26) 1.5433(19) 100
5.8167(20) 5.7128(20) 0.47% 0.012% 0.5101(21) 0.4912 1.5433(19) 120
5.8258(20) 5.7218(20) 0.47% 0.012% 0.5009(21) 0.0486, 0.0555, 0.0791, 1.5433(19) 130

0.0819, 0.0973, 0.2013,
0.2253, 0.2277, 0.2613,
0.2631, 0.2738, 0.2876,
0.300

5.8472(25) 5.7428(25) ⇡0.20% ⇡0.005% 0.4796(26) 1.5433(19) 400
5.8767(20) 5.7718(20) 0.94% 0.024% (5+) 0.4500(21) 0.0484, 0.0555, 0.0791, 1.5433(19) 120

0.0819, 0.0973, 0.2631,
0.2876, 0.300

5.8847(20) 5.7796(20) 0.23% 0.006% 0.4421(21) 1.5433(19) 330
5.9123(25) 5.8067(25) ⇡0.08% ⇡0.002% 0.4145(26) 1.5433(19) 210
5.9468(15) 5.8406(15) 1.02% 0.026% 3.800(17) 1.5433(19) 230
5.9508(7) 5.8445(7) 2.2% 0.055% 0.3760(10) 0.1031, 0.3284, 0.3643 1.5433(19) 120
5.9610(25) 5.8546(25) ⇡0.27% ⇡0.007% (4�) 0.3657(26) 0.016, 0.0204, 0.0246, 1.5433(19) 1⇥103

0.0484, 0.0498, 0.0531,
0.0543, 0.0607, 0.0730,
0.0923, 0.1042, 0.1289,
0.1633, 0.1648, 0.1869,
0.2715

5.9642(20) 5.8577(20) 0.98% 0.025% 2� 0.3626(21) 0.0484, 0.0875, 0.2253, 1.5433(19) 290
0.2613, 0.2738

5.9706(14) 5.8640(14) 2.9% 0.075% 0.3562(16) 0.0484, 0.0555, 0.0791, 1.5433(19) 110
0.0819, 0.2631, 0.2876,
0.300

5.9777(10) 5.8710(10) 0.39% 0.01% (3+) 0.3490(12) 0.3280 1.5433(19) 90
5.9872(14) 5.8803(14) 6.6% 0.17% 0� 0.3396(16) 0.0246, 0.0404, 0.0484, 1.5433(19) 56

0.0531, 0.0607, 0.0666,
0.0923, 0.1284, 0.1407,
0.1995, 0.2253, 0.2613,
0.2738, 0.2876, 0.300

6.0128(14) 5.9054(14) 0.59% 0.015% (4�) 0.3140(16) 1.5433(19) 80
6.0200(20) 5.9125(20) 0.59% 0.015% 0.3068(21) 1.5433(19) 90
6.0272(14) 5.9196(14) 3.7% 0.094% 1+ 0.2995(16) 0.0484, 0.2876, 0.300 1.5433(19) 160
6.0537(14) 5.9456(14) 17.2% 0.44% 0.2731(16) 0.0484, 0.2253, 0.2613, 1.5433(19) 45

0.2738
6.0699(20) 5.9615(20) ⇡0.16% ⇡0.004% 0.2569(21) 1.5433(19) 5.8⇥103

6.0801(14) 5.9715(14) 0.78% 0.02% 0.2467(16) 1.5433(19) 1.3⇥ 103

6.1128(14) 6.0036(14) 26% 0.67% 4� 0.2140(16) 0.016, 0.0204, 0.0246, 1.5433(19) 55
0.0359, 0.0373, 0.0484,
0.0498, 0.0531, 0.0543,
0.0730, 0.0923, 0.1042,
0.1289, 0.1415, 0.1586,
0.1648, 0.1945, 0.2076

6.1270(14) 6.0176(14) 5.5% 0.14% 5+ 0.1998(16) 0.0543, 0.0669, 0.0728, 1.5433(19) 310
0.0730
6.1700(7) 6.0598(7) 85.6% 2.19% 2� 0.1568(10) 0.016, 0.0543, 0.0730, 1.5433(19) 31

0.0923
6.2534(7) 6.1417(7) 100% 2.56% 0.0734((10)) 0.0246, 0.0484, 0.0531, 1.5433(19) 63

0.0607
6.2709(7) 6.1589(7) 4.02% 0.103% 5+ 0.0559(10) 0.0359 1.5433(19) 1.9⇥103

6.3199(7) 6.2070(7) 46.5% 1.19% 3+ 0.0069(10) 1.5433(19) 280
6.3268(7) 6.2138(7) 79.7% 2.04% 1+ 0.0 —– 1.5433(19) 170

* All values taken from [1968Le17], except where noted. Energy values are adjusted by +3.8 keV from [1991Ry01] due to changes in calibration energies.
** Weighted average of 2.9(2) h [1951Me10] and 2.55(28) h [1987Mi10].
*** [1951Me10].
@ [1992Li31].
@@ Interpolated between 1.5492(18) fm (222Ra) and 1.53749(45) fm (226Th)
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Table 11
direct a emission from 228Pa*, Jp = 3+, T1/2 = 19.5(4) h**, BRa = 2.0(2)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(224Ac) coincident g-rays R0 (fm)*** HF

5.813(2) 5.711(2)@ 5.1(6)% 0.020(2)% 0.448, 0.451 0.0260, 0.0263, 0.0283, 0.0288, 0.0298, 1.53473(54) 40+8
�6

0.0346, 0.0411, 0.0433, 0.0465, 0.0486,
0.0498, 0.0518, 0.0520, 0.0521, 0.0531,
0.0542, 0.0603, 0.0674, 0.0693, 0.0741,
0.0760, 0.0801, 0.0812, 0.1103, 0.1225,
0.1955, 0.3178, 0.3556

5.861(2) 5.758(2) 15.4(13)% 0.060(4)% 0.4028 0.0283, 0.0433, 0.3224 1.53473(54) 23+4
�3

5.868(2) 5.765(2) 13.3(11)% 0.052(4)% 0.3956 0.3172, 0.3470 1.53473(54) 29+5
�4

5.883(2) 5.780(2) 6.7(8)% 0.026(3)% 0.3807 0.0263, 0.0283, 0.0288, 0.0298, 0.0346, 1.53473(54) 70+14
10

0.0433, 0.0486, 0.0498, 0.0518, 0.0521,
0.0812, 0.2505, .3003, 0.3286, 0.3510

5.904(2) 5.800(2) 54.9(37)% 0.214(12)% (3+) 0.3602 0.0263, 0.0283, 0.0288, 0.0298, 0.0346, 1.53473(54) 10.8+1.7
�1.3

0.0433, 0.0486, 0.0498, 0.0518, 0.0521,
0.0812, 0.2300, 0.2795, 0.3080, 0.3304

5.910(2) 5.806(2) 35.4(24)% 0.138(8)% 0.3539 0.0603, 0.2375, 0.2447, 0.3168 1.53473(54) 17.9+2.8
�2.2

5.931(2) 5.827(2) 29.7(37)% 0.116(14)% (3+) 0.3330 0.0263, 0.0283, 0.0288, 0.0298, 0.0346, 1.53473(54) 27+6
4

0.0433, 0.0486, 0.0498, 0.0518, 0.0521,
0.0603, 0.0672, 0.0812, 0.2027, 0.2225,
0.2425,0.2526, 0.2801, 0.2840, 0.2959,
0.3032

5.948(2) 5.844(2) ⇡2.1%⇡ 0.008% 0.316 1.53473(54) ⇡480
5.964(2) 5.859(2) ⇡1.5% ⇡0.006% 0.301 1.53473(54) ⇡760
5.980(2) 5.875(2) 6.7(6)% 0.026(2)% 0.2834 0.2601, 0.2462 1.53473(54) 210+40

�30
6.010(2) 5.905(2) 5.1(5)% 0.020(2)% 0.2526 0.0260, 0.0263, 0.0283, 0.0288, 0.0298, 1.53473(54) 390+80

�60
0.0346, 0.0411, 0.0433, 0.0465, 0.0486,
0.0498, 0.0518, 0.0520, 0.0521, 0.0531,
0.0542, 0.0603, 0.0674, 0.0693, 0.0741,
0.0760, 0.0801, 0.0812, 0.1103, 0.1225

6.027(2) 5.921(2) 4.1(5)% 0.016(2)% 0.2365 0.0260, 0.0263, 0.0283, 0.0288, 0.0298, 1.53473(54) 590+130
�90

0.0346, 0.0411, 0.0433, 0.0465, 0.0486,
0.0498, 0.0518, 0.0520, 0.0521, 0.0542,
0.0598, 0.0603, 0.0674, 0.0734, 0.0812

6.046(2) 5.940(2) 2.6(5)% 0.010(2)% 0.218 1.53473(54) 1.2 +0.4
�0.2⇥103

6.052(2) 5.946(2) 3.1(5)% 0.012(2)% 0.212 1.53473(54) 1.0 +0.3
�0.2⇥103

6.081(2) 5.974(2) 12.8(11)% 0.050(4)% (5�) 0.1833 0.0263, 0.0283, 0.0288, 0.0298, 0.0346, 1.53473(54) 340+60
�50

0.0433, 0.0486, 0.0498, 0.0518, 0.0521,
0.0531, 0.0542, 0.0603, 0.0741, 0.0801,
0.0812

6.088(2) 5.981(2) 13.3(11)% 0.052(4)% 0.1767 0.0260, 0.0263, 0.0283, 0.0288, 0.0298, 1.53473(54) 350+60
�50

0.0346, 0.0411, 0.0433, 0.0465, 0.0486,
0.0498, 0.0518, 0.0520, 0.0521, 0.0542,
0.0603, 0.0674, 0.0734, 0.0812

6.095(2) 5.988(2) 5.1(5)% 0.020(2)% 0.169 1.53473(54) 990+150
�140

6.104(2) 5.997(2) ⇡1.5% ⇡0.006% 0.160 1.53473(54) ⇡ 3.6⇥103

6.117(2) 6.010(2) 4.1(5)% 0.016(2)% 0.147 1.53473(54) 1.5 +0.3
�0.2⇥103

6.135(2) 6.027(2) 43.6(26)% 0.170(8)% (4+) 0.1302 0.0263, 0.0283, 0.0288, 0.0298, 0.0346, 1.53473(54) 178 +24
�20

0.0433, 0.0486, 0.0498, 0.0518, 0.0521,
0.0812

6.148(2) 6.040(2) 11.3(16)% 0.044(6)% (4�) 0.1164 0.0260, 0.0283, 0.0411, 0.0433, 0.0520 1.53473(54) 800+180
�130

6.155(3) 6.047(3) ⇡1.5% ⇡0.006% (4�) 0.1093 0.0603 1.53473(54) ⇡ 6.3⇥103

6.160(3) 6.052(3) ⇡3.6% ⇡0.014% (4+) 0.1032 0.0542 1.53473(54) ⇡2.9⇥103

6.173(2) 6.065(2) 5.1(10% 0.020(4)% + 0.0905 0.0672 1.53473(54) 2.3+0.7
�0.5⇥103

6.185(2) 6.076(2) 100(5)% 0.390(15)% 0.0804 0.0283, 0.0433 1.53473(54) 133+19
�15

6.198(2) 6.089(2) 11.3(16)% 0.044(6)% (3+) 0.0644 0.0411 1.53473(54) 1.4+0.3
�0.2⇥103

6.213(2) 6.104(2) 57.9(37)% 0.226(12)% (2+) 0.0521 0.0288, 0.0346, 0.0521 1.53473(54) 310+50
�40

6.226(2) 6.117(2) 50.8(31)% 0.198(10)% (2�) 0.0371 1.53473(54) 420+60
�50

6.235(3) 6.126(3) ⇡5.1% ⇡0.020% (1+) 0.0298 0.0298 1.53473(54) ⇡4.4⇥103

* All values taken from [1994Ah03], except where noted.
** [2021Ku01].
*** Interpolated between 1.53749(45) fm (226Th) and 1.53197(29) fm (230U).
@ Unresolved doublet feeding 448 and 451 keV states [1994Ah03].
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Table 12
direct a emission from 236Am*, Jp = 5�, T1/2 = 3.6(2) m**, BRa = 4.0(10)⇥10�3%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(224Ac) coincident g-rays R0 (fm)*** HF

⇡6.256 ⇡6.150 4.0(10)⇥10�3% (4+) 0.0 —– 1.499(28) 0.9+1.0
�0.5

* All values taken from [2002As08, 2004Sa05], except where noted.
** [2005As01].
*** Interpolated between 1.518(27) fm (234Pu and 1.4805(90) fm (238Cm).

Table 13
direct a emission from 244Es*, T1/2 = 37(4) s, BRa = 4+3

�2%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(240Bk) coincident g-rays R0 (fm)** HF

7.696(20) 7.570 (20) 4+3
�2% 0.0? —– 1.502(14) 5+6

�3

* All values taken from [2002As08, 2004Sa05], except where noted.
** Interpolated between 1.4986(78) fm (242Cf and 1.506(12) fm (246Fm).

Table 14
direct a emission from 248Md*, T1/2 = 13+3

�2 s, BRa = 61(16)-68(22)%.

Ea (c.m.) Ea (lab)*** Ia (rel) Ia (abs) Jp
f Edaughter(244Es) coincident g-rays R0 (fm) HF

8.182(47) 8.050(47) 100% ⇡28-31% 1.499(20) ⇡1.8-2.0
8.253(47) 8.120(47) ⇡44% ⇡12-13% 1.499(20) ⇡7-8
8.334-8.741 8.200-8.600 ⇡66% ⇡19-20% 1.499(20) ⇡9-170
8.785(47) 8.643(47) ⇡11% ⇡3.1-3.4% 1.499(20) ⇡1.3-1.5⇥10�3

* All values taken from [2024PoXY], except where noted.
** Interpolated between 1.506(12) fm (246Fm) and 1.491(16) fm (250No.

Table 15
direct a emission from 252Lr*, T1/2 = 410+70

�50 ms, BRa = 70-90%.

Ea (c.m.) Ea (lab)*** Ia (rel) Ia (abs) Jp
f Edaughter(248Md) coincident g-rays R0

@@@ (fm) HF@

8.306(20) 8.174(20)** 1.484(53) 6.9**
9.027(47) 8.884(47) ⇡56% 18-23% 1.484(53) ⇡5-7
9.073(47) 8.929(47) ⇡100% 32-41% 1.484(53) ⇡4-5
9.132(47) 8.987(47) ⇡67% 21-27% 0.0? 1.484(53) ⇡10-11

* All values taken from [2024PoXY], except where noted.
** [2001He25].
*** In addition to these transitions, [2008Ne01] report correlated a’s of 8.82 and 9.61 MeV.
@ Interpolated between 1.491(16) fm (250No and 1.477(51) fm (254Rf).

Table 16
direct a emission from 256Db*, T1/2 = 1.4+0.4

�0.2 ms**, BRa = 90(4)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(252Lr) coincident g-rays R0 (fm) HF@

9.032(20) 8.891(20)*** ⇡16% ⇡7% 0.233 22
9.157(20) 9.014(20) 100% ⇡45% 0.108 11
9.219(20) 9.075(20)*** ⇡16% ⇡7% 0.046 86
9.265(20) 9.120(20)*** ⇡16% ⇡7% 0.0? —– 114

* All values taken from [2001He25], except where noted.
** [2024PoXY].
*** Tentative assignment [2001He25]. Similar values of 8.890(47) MeV (⇡20%), 8.930(47) MeV (⇡20%), 8.980(47) MeV (⇡30%) and 9.02-9.20 MeV

(⇡30%) reported in [2024PoXY].
@ Taken directly from [2001He25].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +47/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

207Hg* (9/2+) 2.9(2) m -5.85(30)# 4.550(30) 4.411(30) [1981JoZW]
211Pb(AcB)* 9/2+ 36.164(13) m -4.420(40) 1.366(5) 8.296(6) [2016Ai01]

215Po(AcA) 9/2+ 1.780(4) ms** -2.171(6) 0.715(7) 9.072(5) [2023Ta02, 1961Vo06]
219Rn(An) 5/2+ 3.96(1) s -1.567(3) 0.212(7) 7.841(7) [1966Hu20, 1999Li05]

223Ra(AcX) 3/2+ 11.4354(17) d -1.149(1) -0.592(7) 6.371(7) [2015Co02]
227Th(RdAc) (1/2+) 18.681(9) d -0.045(1) -1.026(7) 5.735(7) [2019Ko06]

Qe p Qe a
231U (5/2�) 4.2(1) d 0.382(2) -4.346(2) 5.532(3) [1949Os01]

235Pu (5/2+) 25.8(1) m*** 1.139(20) -3.252(20) 6.333(21) [1973Jo03, 1971Ke22]
235mPu 3.00(20) 3.0(5) ns 4.14(20) -6.25(20) 0.33(20) [1970Bu02, 1971Br39]
239Cm (7/2�) 2.7(8) h 1.76(15) -2.301(15) 7.68(15) [2008Qi03]

243Cf (1/2+) 10.3(5) m 2.30(18)# -1.10(18)# 9.17(18)# [1967Si08]
247Fm (7/2+) 31(1) s 3.09(18)# 0.29(18)# 10.56(18)# [2006He27]

247mFm 0.047(5) (1/2+) 5.1(2) s 3.14(18)# 0.35(18)# 10.61(18)# [2006He27]
251No (7/2+) 0.80(1) s 3.88(18)# 1.49(18)# 11.85(18)# [2006He27]

251mNo 0.106(6) (1/2+) 1.02(3) s 3.99(18)# 1.60(18)# 11.96(18)# [2006He27]
255Rf (9/2�) 1.66(7) s@ 4.38(18)# 2.32(18)# 12.94(18)# [2006He27, 2001He35]
259Sg (1/2+) 402(56) ms 4.53(19)# 2.89(18)# 14.15(18)# [2015An05]

259mSg 0.087(22) (11/2�) 226(27) ms 4.64(19)# 2.98(18)# 14.24(18)# [2015An05]
263Hs 0.74+0.48

�0.21 ms 5.18(36)# 4.02(20)# 15.26(21)# [2009Dr02]
267Ds 4 µs 6.09(54)# 5.45(21)# 16.96(37)# [1995Gh05]

* 100% b� emitter.
** Weighted average of 1.781(5) ms [2023Ta02] and 1.778(5) ms [1961Vo06].
*** Weighted average of 25.6(1) m [1973Jo03] and 25.9(1) m [1971Ke22].
@ Weighted average of 1.68(9) s [2006He27] and 1.64(11) s [2001He35].
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +47/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF BRcluster type Experimental

207Hg 9.59(30)# 0.60(20)#
211Pb(AcB) 8.535(12) 3.570(30)
215Po(AcA) 6.630(11) 7.526(1) 99.99977(2)% [1998Li53, 1971Gr17, 1950Av61, 2023Ta02, 2019Ma02,

1996Wi27, 1979Be58, 1976Bl13, 1971Er02, 1971Gr17,
1967Da20, 1965Va10, 1962Wa18, 1961Ry02, 1961Vo06,
1960Ry02, 1950Av61, 1942Wa04]

219Rn(An) 6.560(12) 6.9462(3) 100% [1999Li05, 2019Ma02, 2015Co07, 2015Pi10, 1989It01,
1979Be58, 1974Bo11, 1972NgZZ, 1970Da09, 1970Kr01,
1970Kr01, 1970Kr08, 1967Le05, 1962Wa18, 1961Ro14,
1961Ry02, 1960Ry02, 1960Wa16]

223Ra(AcX) 6.434(8) 5.9790(2) 100% 8.9(4)⇥10�8% 14C [1998Sh02, 1995Ho11, 1992Ar02, 1962Wa18, 1971Gr17,
2021Si11, 2019Ma02, 2016Jo02, 2015Be13, 2015Co02,
2015Co07, 2015Ko06, 2015Pi10, 1991Ho15, 1990Hu02,
1990Hu07,1990We01, 1989Br34, 1987Mi10, 1985Al28,
1985Ku24, 1985Pr01, 1984Al34, 1984Ga38, 1984Ro30,
1976Bl13, 1974Ri05, 1971Gr17, 1970Da08, 1970Kr01,
1969Be67, 1968Br37, 1968Be37, 1967JoZX, 1965Ki05,
1962Gi04, 1961Ry02, 1960Ry02, 1959Ro51, 1957Pi31,
1954Ha60]

227Th(RdAc) 5.793(3) 6.1466(1) 100% [19s64Ba33, 2019Ma02, 1998Jo08, 1972He18, 2019Ko06,
2019Co04, 2015Co11, 1990Br23, 1990BrZZ, 1987Mi10,
1977Ma32, 1972HeYM, 1968Wa07, 1967JoZX, 1965Br23,
1954Ha60, 1949Pe08]

231U 5.657(4) 5.576(2) 4(1)⇥10�3% [1997Mu08, 1994Li12, 1949Os01]
235Pu 5.061(22) 5.951(20) 3.0(6)⇥10�3% [1957Th10, 1952Or03]

235mPu 2.06(20) 7.95(20) 100% [1970Bu02, 1971Br39, 1972Ga42, 1969Me11]
239Cm 4.56(16) 6.54(15) < 1⇥10�3% [2008Qi03]

243Cf 4.05(23)# 7.42(10)# obs [1967Fi04, 1967Si08]
247Fm 3.44(20)# 8.258(10) 64% [2006He27, 2004HeZY, 2004He28]

247mFm 3.39(20)# 8.305(11) 88(2)% [2006He27, 2004HeZY, 2004He28]
251No 2.84(20)# 8.752(4) 91+9

�22% 0.14+0.31
�10.12% [2006He27, 2001He35, 2022Te01, 2009Dr02, 2005KuZZ,

2005SuZX, 2004He28, 2004HeZY, 1999He07, 1997He29,
1967Gh01]

251mNo 2.74(20)# 8.858(7) 100% [2006He27, 2022Te01, 2005KuZZ, 2005SuZX, 2004He28,
2004HeZY]

255Rf 2.61(20)# 9.055(4) 46(5)% 54(5)%* [2006He27, 2015An05, 2001He35,2020Mo11,
2008Dr05, 1997He29, 1986He06, 1984De07, 1984Og02,
1984Og03]

259Sg 2.278(30)# 9.765(8) ⇡ 97% 3(1)%** [2015An05, 2013An08, 2009Dr02, 2009He20, 1985Mu11,
1984De07]

259mSg 2.191(20)# 9.852(22) ⇡ 97% 3(1)%** [2015An05, 2009He20]
263Hs 1.86(22)# 10.733(78) 100% <8.4% [2009Dr02, 2009KaZU, 1984Og02
267Ds 1.08(23)# 11.777(51) ⇡ 100% [1995Gh05]

* Weighted average of 58(9)% [2015An05] and 52(6)% [2001He35].
** Combination of ground state and isomer.
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Table 3
direct a emission from 215Po*, Jp = 9/2+, T1/2 = 1.780(4) ms**, BRa = 99.99977(2)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(211Pb) coincident g-rays R0 (fm) HF

6.641(20) 6.517(20) ⇡3⇥10�4% ⇡3⇥10�4% (11/2+) 0.894 0.894 1.54039(15) ⇡ 370
6.712(8) 6.587(8) 2.0(6)⇥10�3% 2.0(6)⇥10�3% (9/2+) 0.815 0.815 1.54039(15) 110+50

�30
6.760(15) 6.634(15) ⇡3⇥10�4% ⇡3⇥10�4% (3/2+) 0.762 1.54039(15) ⇡ 1.2⇥103

6.795(10) 6.669(10) 8(3)⇥10�4% 8(3)⇥10�4% (13/2+) 0.733 0.733 1.54039(15) 560+340
�160

6.880(10) 6.752(10) 8(3)⇥10�4% 8(3)⇥10�4% (11/2+) 0.643 0.643 1.54039(15) 1.2+0.7
�0.3⇥103

6.929(8) 6.800(8) 1.6(5)⇥10�3% 1.6(5)⇥10�3% (5/2+) 0.598 0.598 1.54039(15) 90+40
�20

6.946(15) 6.817(15) 4(2)⇥10�4% 4(2)⇥10�4% 0.584 0.584 1.54039(15) 4+4
�1⇥103

7.084(3) 6.952(3) 0.06(2)% 0.06(2)% (7/2+) 0.4389 0.4389 1.54039(15) 80+40
�20

7.5261(8) 7.3861(8) 100% 99.93(2)% 5/2+ 0.0 —– 1.54039(15) 1.369(10)

* All values from [1998Li53], except where noted.
** Weighted average of 1.781(5) ms [2023Ta02] and 1.778(5) ms [1961Vo06].
*** [1950Av61] report a BRe = 2.3(2)⇥10�4%.

Table 4
direct a emission from 219Rn*, Jp = 5/2+, T1/2 = 3.96(1) s**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(215Po) coincident g-rays R0 (fm) HF

5.851(15) 5.744(15) <⇥10�4% < 1⇥10�4% 1.094 0.2240, 0.2936, 0.5175 1.55805(42) >250
0.5766

5.871(8) 5.764(8) 1⇥10�3% 1⇥10�3% (5/2+) 1.0737 0.2240, 0.2712, 0.2936, 1.55805(42) 31
0.4018 , 0.5175, 0.5581,
0.6719, 0.8025, 1.0737

6.010(15) 5.900(15)*** 0.930 0.3218, 0.6083
6.055(6) 5.944(6) 3⇥10�3% 2⇥10�3% 0.8911 0.2240, 0.2712, 0.2936, 1.55805(42) 110

0.2240, 0.2712, 0.2936,
0.3735, 0.4018, 0.4893,
0.5175, 0.6199, 0.8911

6.069(15) 5.958(15) 1⇥10�4% 1⇥10�4% 0.8772 0.8772 1.55805(42) 2.5⇥103

6.112(6) 6.000(6) 4⇥10�3% 3⇥10�3% 0.8353 0.2712, 0.5461, 0.8353 1.55805(42) 130
6.213(8) 6.100(8) 1⇥10�3% 1⇥10�3% 0.7328 0.1306, 0.2712, 0.3308, 1.55805(42) 1.1⇥103

0.4018, 0.4618, 0.7328
6.238(8) 6.124(8) 1⇥10�3% 1⇥10�3% 0.7081 0.2712, 0.4369, 0.7081 1.55805(42) 1.4⇥103

6.273(4) 6.158(4) 0.023% 0.018% 0.6767 0.2712, 0.2936, 0.3831, 1.55805(42) 78
0.4055, 0.6767

6.339(6) 6.223(6) 5⇥10�3% 4⇥10�3% (11/2+. 13/2+) 0.6083 0.6083 1.55805(42) 350
6.428(3) 6.311(3) 0.068% 0.054% (7/2+. 9/2+) 0.51755 0.2240, 0.2936, 0.5175 1.55805(42) 170
6.545(1) 6.425(1) 9.5% 7.5% 5/2+ 0.40181 0.1306, 0.2712, 0.4018 1.55805(42) 3.5
6.651(2) 6.530(2) 0.15% 0.12% 11/2+ 0.29360 0.2936 1.55805(42) 590
6.675(1) 6.553(1) 16% 13% 7/2+ 0.27123 0.2712 1.55805(42) 6.7
6.9460(3) 6.8191(3) 100% 79.3% 9/2+ 0.0 —– 1.55805(42) 11.4

* All values from [1999Li05], except where noted.
** [1966Hu20].
*** tentative.
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Table 5
direct a emission from 223Ra*, Jp = 3/2+, T1/2 = 11.4354(17) d**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(219Rn) coincident g-rays*** R0 (fm) HF

5.1056 5.0140 ⇡ 8.4⇥10�4% ⇡ 4.5⇥10�4% 0.8729 1.54569(94) ⇡121
5.1169 5.0251 ⇡ 1.2⇥10�3% ⇡ 6.4⇥10�4% 0.8616 1.54569(94) ⇡100
5.1276 5.0356 ⇡ 7.4⇥10�4% ⇡ 4.0⇥10�4% 0.8509 1.54569(94) ⇡190
5.1479 5.0556 ⇡ 4.4⇥10�4% ⇡ 2.0⇥10�4% 0.8305 1.54569(94) ⇡490
5.1787 5.0858 ⇡ 5.6⇥10�3% ⇡ 3.0⇥10�3% 0.7997 1.54569(94) ⇡500
5.2054 5.1120 ⇡ 1.1⇥10�3% ⇡ 6.0⇥10�4% 0.7731 1.54569(94) ⇡360
5.2282 5.1344 ⇡ 3.2⇥10�3% ⇡ 1.7⇥10�3% 0.7503 1.54569(94) ⇡170
5.2455 5.1514 0.044% 0.021% 0.7329 0.0345, 0.0695, 0.1040, 0.1085, 1.54569(94) 18

0.1108, 0.1443, 0.1543, 0.1587,
0.1773, 0.1796, 0.2551, 0.2695,
0.2860, 0.2881, 0.3284, 0.3383,
0.3428, 0.3555, 0.3900, 0.4324,
0.5741, 0.7184, 0.7284, 0.7328

5.2669 5.1724 0.048% 0.026% 0.7116 0.3284, 0.3428, 0.3685, 0.6969, 1.54569(94) 19
0.7113

5.3064 5.2112 0.010% 5.4⇥10�3% 0.6721 0.1224, 0.5458, 1.54569(94) 150
5.3315 5.2359 0.078% 0.042% 0.6469 0.0345, 0.0695, 0.1040, 0.1108, 1.54569(94) 27

0.1224, 0.1317, 0.1383, 0.1443,
0.1543, 0.1587, 0.1773, 0.1993,
0.2493, 0.2551, 0.2695, 0.3284,
0.3428, 0.3557, 0.3617, 0.3717,
0.3761, 0.3876, 0.4234, 0.4874,
0.5000, 0.5100, 0.6417, 0.6461

5.3544 5.2584 0.080% 0.043% 0.6240 0.2462, 0.0345, 0.3284, 0.3428, 1.54569(94) 36
0.6091, 0.6191, 0.66235

5.3789 5.2824 0.18% 0.095% (3/2,5/2,7/2) 0.5996 0.0345, 0.1443, 0.1543, 0.1587, 1.54569(94) 22
0.1796, 0.2214, 0.2604, 0.3284,
0.3383, 0.3428, 0.5843, 0.5987

5.3835 5.2869 0.24% 0.13% (7/2)� 0.5950 0.0695, 0.1032, 0.1040, 0.1085, 1.54569(94) 17
0.1147, 0.1224, 0.1443, 0.1472,
0.1543, 0.1587, 0.1773, 0.1796,
0.2493, 0.2512, 0.2557, 0.2881,
0.3284, 0.3383, 0.3428, 0.3617,
0.3717, 0.3761, 0.4324, 0.5796,
0.5940

5.4358 5.3383 0.19% 0.10% (7/2, 9/2) 0.5426 0.1224, 0.1659, 0.2493, 0.3617, 1.54569(94) 44
0.3717, 0.3761, 0.5276, 0.5376,
0.5420

5.4632 5.3652 0.20% 0.11 (7/2,9/2) 0.5152 0.1224, 0.1383, 0.1443, 0.1543, 1.54569(94) 56
0.1587, 0.2493, 0.3557, 0.3617,
0.3717, 0.3761, 0.3876, 0.5000,
0.5100

5.5324 5.4332 4.28% 0.023% 5/2� 0.4460 0.1022, 0.1067, 0.1108, 0.1443, 1.54569(94) 640
0.1543, 0.1587, 0.1755, 0.1796,
0.2551, 0.2695, 0.3239, 0.3284,
0.3339, 0.3383, 0.3428, 0.4306,
0.4450

5.5809 5.4808 ⇡0.023% ⇡0.082% (11/2) 0.3975 0.2703 1.54569(94) 320
5.6017 5.5012 1.5% 0.80% 9/2+ 0.3768 0.1224, 0.2493, 0.3617, 0.3717, 1.54569(94) 42

0.3761
5.6410(10) 5.5398(10) 16.95% 9.1% 5/2+ 0.3375 0.1443, 0.1543, 0.1587, 0.1796, 1.54569(94) 6.0

0.3383
5.7091(3) 5.6067(3) 48% 26% 3/2+ 0.2693 0.1108, 0.1443, 0.1543, 0.1587, 1.54569(94) 4.7

0.2551, 0.2695
5.8206(3) 5.7162(3) 100% 53.7% 7/2+ 0.1578 0.1443, 0.1543, 0.1587 1.54569(94) 8.2
5.8520(4) 5.7470(4) 17.0% 9.1% 11/2+ 0.1265 0.1224 1.54569(94) 69
5.9641 5.8571 0.60% 0.32% 7/2+ 0.0144 0.0144 1.54569(94) 6.8⇥103

5.9784 5.8712 1.6% 0.87% 5/2+ 0.0 —– 1.54569(94) 2.9⇥103

* All values from [1962Wa18], except where noted.
** [2015Co02].
*** [1998Sh02].
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Table 6
direct 14C emission from 223Ra*, Jp = 3/2+, T1/2 = 11.4354(17) d**, Q14C = 31.83 MeV, BR14C = 8.9(4)⇥10�8%***.

E14C(c.m.) E14C(lab) I14C(rel) I14C(abs) Jp
f

@ Edaughter(209Pb)@ coincident g-rays@ R0 (fm) HF

30.43 28.52 5%@@ 3.6⇥10�9% 15/2� 1.423 0.6435, 0.7789, 1.4227 1.53069(10) 4.6@@

31.07 29.12 100%@@ 7.2⇥10�8% 11/2+ 0.779 0.7789 1.53069(10) 3.9@@

31.50 29.52 19%@@ 1.3⇥10�8% 9/2+ 0.0 —– 1.53069(10) 583@@

* All values from [1992Ar02], except where noted.
** [2015Co02].
*** [1995Ho11].
@ [2015Ch30].
@@ HF values from [1992Ar02], intensity values reported as 4% (to 1.423 MeV), 81% to (to 0.779 MeV) and 15% (to ground state of 209Pb).
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Table 7
direct a emission from 227Th* (1 of 3), Jp = (1/2+), T1/2 = 18.681(9) d**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(223Ra) coincident g-rays HF***

5.1236(40) 5.0333(40) 1.3(1)⇥10�3 3.1(2)⇥10�4% 1.025 1.025 29.8(20)
5.1466(40) 5.0559(40) 1.0(2)⇥10�3 2.3(5)⇥10�4% 1.000 0.0065, 0.0205, 0.0299, 0.0316, 0.0339, 0.0419, 57+16

�10
0.0438, 0.0442, 0.0444, 0.0465, 0.0483, 0.0498,
0.0501, 0.0542, 0.0564, 0.0614, 0.0625, 0.0687,
0.0736, 0.0797, 0.0939, 0.0950, 0. 0960, 0.0996,
0.1003, 0.1052, 0.1076, 0.1131, 0.1414, 0.1501,
0.1735, 0.1847, 0.2005, 0.2016, 0.2041, 0.2050,
0.2061, 0.2106, 0.2189, 0.2348, 0.2360, 0.2461,
0.2502, 0.2503, 0.2525, 0.2546, 0.2562, 0.2629,
0.2729, 0.2798, 0.2814, 0.2842, 0.2861, 0.2924,
0.2965, 0.3000, 0.3045, 0.3127, 0.3149, 0.3260,
0.3299, 0.3344, 0.3426, 0.3465, 0.3763, 0.6238,
0.9200, 0.9380, 0.9700, 0.9998

5.1745(40) 5.0833(40) 6(1)⇥10�3% 1.5(2)⇥10�4% 0.971 0.0205, 0.0299, 0.0316, 0.0438, 0.0442, 0.0498, 132+21
�16

0.0501, 0.0614, 0.0625, 0.0736, 0.0797, 0.0939,
0.0950, 0.1735, 0.1847, 0.2050, 0.2061, 0.2348,
0.2503, 0.2798, 0.3000, 0.3299, 0.6410, 0.910,
0.9416

5.2020(40) 5.1103(40) 1.2(1)⇥10�3% 2.8(2)⇥10�4% (3/2, 5/2) 0.943 0.0205, 0.0299, 0.0501, 0.893 105(8)
5.2205(30) 5.1285(30) 2.6(1)⇥10�3% 6.2(2)⇥10�4% (3/2, 5/2�) 0.926 0.0205, 0.0299, 0.0316, 0.0498, 0.0501, 0.0614, 59.7(20)

0.0644, 0.0797, 0.1735, 0.1847, 0.2050, 0.2348,
0.2360, 0.2562, 0.2861, 0.3005, 0.3505, 0.5760,
0.6920, 0.8467, 0.8763, 0.0.8961, 0.927

5.2386(20) 5.1463(20) 0.0169(7)% 4.1(8)⇥10�3% 0.908 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0444, 11.6+2.8
�1.9

0.0498, 0.0501, 0.0614, 0.0625, 0.06874, 0.0736,
0.0797, 0.0939, 0.1003, 0.1131, 0.2360, 0.2562,
0.2855, 0.2861, 0.3986, 0.4480, 0.6124, 0.8573,
0.8785, 0.8782, 0.9086

5.2635(30) 5.1708(30) 7.0(7)⇥10�3% 1.70(17)⇥10�3% 0.884 0.0299, 0.8543 39(4)
5.2733(40) 5.1804(40) 5.0(10)⇥10�3% 1.20(24)⇥ 10�3% 0.879 0.0299, 0.8378, 0.8673 59+15

�10
5.2867(25) 5.1935(25) 0.0157(13)% 3.80(27)⇥10�3% 0.859 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0444, 24.3(18)

0.0483, 0.0498, 0.0501, 0.0542, 0.0564, 0.0614,
0.0625, 0.0687, 0.0736, 0.0797, 0.0939, 0.0996,
0.1003, 0.1052, 0.1076, 0.1131,0.1501, 0.1735,
0.1847, 0.2005, 0.2041, 0.2050, 0.2106, 0.2189,
0.2348, 0.2360, 0.2502, 0.2546, 0.2562, 0.2629,
0.2729, 0.2814, 0.2842, 0.2861, 0.2924, 0.3045,
0.3127, 0.3344, 0.3426, 0.5166, 0.5245, 0.5790,
0.7354, 0.7973, 0.8086, 0.8285, 0.8589

5.3035(20) 5.2100(20) 0.029(2)% 7(3)⇥10�3% 0.842 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0444, 17+13
�5

0.0483, 0.0498, 0.0501, 0.0542, 0.0614, 0.0625,
0.0687, 0.0736, 0.0797, 0.0939, 0.0996, 0.1003,
0.1052, 0.1131, 0.1501, 0.1735, 0.1847, 0.2041,
0.2005, 0.2050, 0.2106, 0.2189, 0.2348, 0.2360,
0.2502, 0.2546, 0.2562, 0.2729, 0.2842, 0.2861,
0.3045, 0.3344, 0.5075, 0.5561, 0.6077, 0.7185,
0.7622, 0.7810, 0.8126, 0.8425

5.3228(20) 5.2290(20) 0.041(2)% 9.8(3)⇥10�3% 0.823 0.0205, 0.0299, 0.0316, 0.0438, 0.0442, 0.0442, 15.3(5)
0.0493, 0.0498, 0.0501, 0.0614, 0.0625, 0.7734,
0.0736, 0.0797, 0.0939, 0.0950, 0.1735, 0.1847,
0.2050, 0.2061, 0.2348, 0.2360, 0.2503, 0.2562,
0.2798,0.2861, 0.3000, 0.3299, 0.5369, 0.8234

5.3422(20) 5.2481(20) 0.0132(8)% 3.20(1)⇥ 10�3% 0.803 0.0205, 0.0299, 0.0498, 0.0501, 0.7235, 0.7541, 61.3(6)
0.0797, 0.8039

5.3585(20) 5.2641(20) 0.0107(9)% 2.6(2)⇥10�3% 0.787 0.0205, 0.0299, 0.0316, 0.0498, 0.0501, 0.0614, 93(7)
0.0797, 0.1735, 0.1847, 0.2050, 0.2348, 0.5524,
0.7072, 0.7569, 0.7874

5.4171(40) 5.3216(40) 1.0(4)%⇥10�3% 2.4(10)⇥10�4% 0.729 2.2+1.6
�0.6 ⇥ 103

5.4314(50) 5.3357(50) 8(4)⇥10�3% 2(1)⇥10�3% 0.713 0.0205, 0.0299, 0.0498, 0.0797, 0.6323, 0.6628 320+32
�11

* All values from [1964Ba33], unless otherwise noted.
** [2019Ko06].
*** R0 = 1.53569(39) fm.
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Table 8
direct a emission from 227Th* (2 of 3), Jp = (1/2+), T1/2 = 18.681(9) d**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(223Ra) coincident g-rays HF***

5.4610(25) 5.3648(25) 2.7(2)⇥10�3% 6.6(3)⇥10�4% 0.685 1.39(7) ⇥ 103

5.5055(30) 5.4085(30) 1.8(3)⇥10�3% 4.4(7)⇥10�4% 0.641 3.7+0.7
�0.5 ⇥ 103

5.5563(20) 5.4584(20) 0.0112(5)% 2.7(5)⇥10�3% 0.590 1.14+0.26
�0.18 ⇥ 103

5.5785(22) 5.4802(22) 5.0(5)⇥ 10�3% 1.2(1)⇥10�3% 0.568 3.37(28) ⇥ 103

5.6085(20) 5.5097(20) 0.0686(28)% 0.0166(3)% 0.537 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0444, 357(7)
0.0498, 0.0501, 0.0614, 0.0625, 0.06874, 0.0729,
0.0736, 0.0797, 0.0939, 0.1003, 0.1131, 0.1172,
0.1236, 0.2900

5.6307(18) 5.5315(18) 0.0868(89)% 0.021(2)% (11/2�) 0.514 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0444, 380(40)
0.0498, 0.0501, 0.0542, 0.0614, 0.0625, 0.0687
, 0.0736, 0.0797, 0.0939, 0.1003, 0.1131, 0.2671,
0.2855, 0.3398, 0.3986

5.6859(16) 5.5857(16) 0.727(37)% 0.176(6)% (9/2)� 0.460 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0444, 86.3(3)
0.0498, 0.0501, 0.0614, 0.0625, 0.06874, 0.0736,
0.0797, 0.0939, 0.1003, 0.1131, 0.2855, 0.3986

5.7009(18) 5.6004(18) 0.703(75)% 0.170(17)% 9/2+ 0.445 0.0065, 0.0205, 0.0209, 0.0299, 0.0316, 0.0339, 107+12
�10

0.04020, 0.0419, 0.0438, 0.0442, 0.0444, 0.0465,
0.0483, 0.0498, 0.0501, 0.0542, 0.0564, 0.0614
0.0625, 0.0627, 0.06874, 0.0736, 0.0797, 0.0939,
0.0950, 0.0960, 0.0996, 0.1003, 0.1107, 0.1052,
0.1078, 0.1131, 0.1172, 0.1236, 0.1244, 0.1414,
0.1501, 0.1683, 0.1700, 0.1735, 0.1847, 0.1976,
0.4151, 0.2005, 0.2016, 0.2041, 0.2050, 0.2061,
0.2106, 0.2127, 0.2106, 0.2189, 0.2300, 0.2348,
0.2360, 0.2461, 0.2502, 0.2503, 0.2525, 0.2546,
0.2562, 0.2629, 0.2706, 0.2729, 0.2798, 0.2807,
0.2814, 0.2842, 0.2861, 0.2924, 0.2965, 0.3000,
0.3045, 0.3127, 0.3149, 0.3249, 0.3260, 0.3299,
0.3344, 0.3426, 0.3465, 0.3626, 0.3748, 0.3763,
0.3835

5.7138(16) 5.6131(16) 0.893(47)% 0.216(8)% (5.2�) 0.432 0.0065, 0.0205, 0.0299, 0.0316, 0.0339, 0.0419, 99(4)
0.0438, 0.0442, 0.0444, 0.0465, 0.0483, 0.0498,
0.0501, 0.0542, 0.0560, 0.0564, 0.0614, 0.0625,
0.0687, 0.0736, 0.0797, 0.0896, 0.0939, 0.0950,
0.0960, 0.0996, 0.1003, 0.1025, 0.1052, 0.1076,
0.1131, 0.1414, 0.1501, 0.1735, 0.1847, 0.2005,
0.2016, 0.2041, 0.2050, 0.2061, 0.2106, 0.2189,
0.2348, 0.2360, 0.2461, 0.2502, 0.2503, 0.2525,
0.2546, 0.2562, 0.2629, 0.2729, 0.2798, 0.2814,
0.2842, 0.2861, 0.2924, 0.2965, 0.3000, 0.3045,
0.3084, 0.3127, 0.3149, 0.3260, 0.3299, 0.3344,
0.3426, 0.3465, 0.3526, 0.3709, 0.3763, 0.3822,
0.4022, 0.4323

5.7226(17) 5.6218(17) 0.028(2)% 7.0(4)⇥10�3% (11/2+) 0.424 0.0299, 0.0316, 0.0614, 0.3626 3+5
�1 ⇥ 103

5.7412(15) 5.6400(15) 0.0740(68)% 0.0179(15)% (7/2)� 0.405 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0444, 31.64(14) ⇥ 103

0.0498, 0.0501, 0.0614, 0.0625, 0.0627, 0.0687,
0.0736, 0.0797, 0.0939, 0.1003, 0.1052, 0.1078,
0.1131, 0.1244, 0.1501, 0.1683, 0.1700, 0.1735,
0.1847, 0.2005, 0.2050, 0.2127, 0.2189, 0.2300,
0.2348, 0.2502, 0.2807, 0.2814, 0.3249, 0.3748

5.7695(15) 5.6678(15) 8.51(59)% 2.06(12)% 0.376 0.0065, 0.0205, 0.0299, 0.0316, 0.0339, 0.0419, 20.1(12)
0.0438, 0.0442, 0.0444, 0.0465, 0.0483, 0.0498,
0.0501, 0.0542, 0.0564, 0.0614, 0.0625, 0.0687,
0.0736, 0.0797, 0.0939, 0.0950, 0. 0960, 0.0996,
0.1003, 0.1052, 0.1076, 0.1131, 0.1414, 0.1501,
0.1735, 0.1847, 0.2005, 0.2016, 0.2041, 0.2050,
0.2061, 0.2106, 0.2189, 0.2348, 0.2360, 0.2461,
0.2502, 0.2503, 0.2525, 0.2546, 0.2562, 0.2629,
0.2729, 0.2798, 0.2814, 0.2842, 0.2861, 0.2924,
0.2965, 0.3000, 0.3045, 0.3127, 0.3149, 0.3260,
0.3299, 0.3344, 0.3426, 0.3465, 0.3763

* All values from [1964Ba33], unless otherwise noted.
** [2019Ko06].
*** R0 = 1.53569(39) fm.
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Table 9
direct a emission from 227Th* (3 of 3), Jp = (1/2+), T1/2 = 18.681(9) d**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(223Ra) coincident g-rays HF***

5.7759(16) 5.6741(16) 0.236(17)% 0.0572(35)% (5/2)� 0.369 0.0205, 0.0299, 0.0316, 0.0498, 0.0501, 0.0614, 790(50)
0.0797, 0.1346, 0.1735, 0.1847, 0.2050, 0.2348,
0.2896, 0.3192, 0.3694

5.7949(16) 5.6928(16) 6.2(5)% 1.5(1)% (1/2�) 0.351 0.0205, 0.0299, 0.0501, 0.0644, 0.2360, 0.253, 37.1(25)
0.2861, 0.3005, 0.3505

5.8029(16) 5.7006(16) 15(1)% 3.63(20)% 3/2+ 0.343 0.0205, 0.0299, 0.0316, 0.0498, 0.0501, 0.0564, 16.8(10)
0.0614, 0.0797, 0.1076, 0.1735, 0.1847, 0.2050,
0.2348, 0.2360, 0.2562, 0.2629, 0.2814, 0.2861,
0.2924, 0.3127, 0.3426

5.8110(16) 5.7086(16) 34.3(18)% 8.3(3)% 5/2+ 0.334 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0444, 8.18(31)
0.0483, 0.0498, 0.0501, 0.0542, 0.0614, 0.0625,
0.0687, 0.0736, 0.0797, 0.0939, 0.0996, 0.1003,
0.1052, 0.1131, 0.1501, 0.1735, 0.1847, 0.2041,
0.2005, 0.2050, 0.2106, 0.2189, 0.2348, 0.2360,
0.2502, 0.2546, 0.2729, 0.2842, 0.2861, 0.3045,
0.3344

5.8155(16) 5.7130(16) 20.2(11)% 4.89(20)% 3/2� 0.329 0.0205, 0.0299, 0.0316, 0.0438, 0.0442, 0.0498, 14.7(6)
0.0501, 0.0614, 0.0625, 0.0736, 0.0797, 0.0939,
0.0950, 0.1735, 0.1847, 0.2050, 0.2061, 0.2348,
0.2503, 0.2798, 0.3000, 0.3299

5.8306(16) 5.7279(16) 0.141(12)% 0.0342(25)% (13/2�) 0.316 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0498, 2.45(18) ⇥ 103

0.0501, 0.0614, 0.0625, 0.0687, 0.0736, 0.0797,
0.0939, 0.1003, 0.1414

5.86013(15) 5.75687(15) 84.3(49)% 20.4(9)% 1/2+ 0.286 0.0205, 0.0299, 0.0501, 0.2360, 0.2562, 0.2861 5.81(26)
5.8655(15) 5.7621(15) 0.942(54)% 0.228(10)% (7/2)+ 0.280 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0444, 557(25)

0.0498, 0.0501, 0.0614, 0.0625, 0.0687, 0.0736,
0.0797, 0.0939, 0.1003, 0.1052, 0.1131, 0.1501,
0.2005, 0.2189, 0.2502

5.8993(15) 5.7953(15) 1.29(5)% 0.311(5)% 11/2� 0.247 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0444, 596(11)
0.0498, 0.0501, 0.0614, 0.0625, 0.0687, 0.0729,
0.0736, 0.0797, 0.0939, 0.1003, 0.1131, 0.1172,
0.1236

5.9115(15) 5.8073(15) 5.2(2)% 1.27(2)% 5/2+ 0.235 0.0205, 0.0299, 0.0316, 0.0501, 0.0614, 0.1735, 167(3)
0.1847, 0.2050, 0.2348

5.9716(15) 5.8664(15) 10.0(6)% 2.42(10)% 11/2+ 0.175 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0444, 173(7)
0.0498, 0.0501, 0.0614, 0.0625, 0.0687, 0.0736,
0.0797, 0.0939, 0.1003, 0.1131

6.0157(15) 5.9097(15) 0.719(43)% 0.174(8)% 9/2+ 0.130 0.0065, 0.0205, 0.0299, 0.0316, 0.0442, 0.0498, 3.97(19) ⇥ 103

0.0501, 0.0614, 0.0625, 0.0687, 0.0736, 0.0797,
0.0939, 0.1003

6.0219(15) 5.9158(15) 3.20(17)% 0.775(30)% 7/2� 0.124 0.0205, 0.0299, 0.0316, 0.0442, 0.0498, 0.0501, 950(40)
0.0614, 0.0625, 0.0736, 0.0797, 0.0939

6.0664(15) 5.9595(15) 12.40(77)% 3.00(15)% (5/2)� 0.080 0.0205, 0.0299, 0.0498, 0.0797 398(20)
6.08494(10) 5.97772(10) 97.1(52)% 23.5(9)% (7/2+) 0.061 0.0299, 0.0316, 0.0614 62.6(6)
6.0966(20) 5.9892(20) 8.3(13)⇥10�3% 2.0(3)⇥10�3% 3/2� 0.050 0.0205, 0.0299, 0.0501 8.3+1.5

�1.1 ⇥ 105

6.1164(15) 6.0086(15) 11.98(76)% 2.90(15)% 5/2+ 0.030 0.0299 710(40)
6.14632(15) 6.03801(15) 100(5)% 24.2(9)% 3/2+ 0.0 —– 117(5)

* All values from [1964Ba33], unless otherwise noted.
** [2019Ko06].
*** R0 = 1.53569(39) fm.
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Table 10
directa emission from 231U*, Jp = (5/2�), T1/2 = 4.2(1) d**, BRa = 4(1)⇥10�3%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(227Th) coincident g-rays R0 (fm) HF

5.177 5.087 0.40011 0.00243, 0.0386, 0.0379,
0.0399, 0.0532, 0.0606,
0.0613, 0.0683, 0.0749,
0.0899, 0.0991, 0.1111
0.1507, 0.1899, 0.2042,
0.2114, 0.2196, 0.2647,
0.2798, 0.2890

5.258 5.167 0.52% 8.8⇥10�4% (3/2,5/2,7/2)+ 0.31889 0.00243, 0.0386, 0.0379,
0.0399, 0.0532, 0.0683
0.2426, 0.2945, 0.3097

5.288 5.196 1.8% 3.1⇥10�3% (1/2,3/2,5/2)+ 0.28901 0.00243, 0.0386, 0.0379,
0.0399, 0.0532, 0.0606,
0.0613, 0.0683, 0.0749,
0.0899, 0.0991, 0.1507,
0.1899, 0.2042, 0.2114,
0.2196, 0.2647, 0.2798,
0.2890

5.345 5.252 0.47% 8.0⇥10�4% (-) 0.23143 0.0644, 0.1578
5.348 5.255 ⇡0.14% ⇡2.4⇥10�4% (3/2,5/2)� 0.22864 0.00243, 0.0386, 0.0379,

0.0399, 0.0532, 0.0683,
0.1507, 0.2042, 0.2196

5.356 5.263 0.71% 1.2⇥10�3% (-) 0.19999 0.0243, 0.0728, 0.1029,
0.1180, 0.1902

5.392 5.299 0.92% 1.6⇥10�3% (1/2,3/2,5/2)� 0.18367 0.0564, 0.1029, 0.1180
0.1594

5.449 5.355 1.6% 2.7⇥10�3% (3/2,5/2)+ 0.12726 0.0243, 0.1029, 0.1180
5.478 5.383 13% 2.2⇥10�2% (1/2,3/2,5/2)+ 0.09916 0.0243, 0.0386, 0.0379,

0.0613, 0.0749, 0.0899,
0.0991

5.499 5.404 50% 8.4⇥10�2% *3/2,5/2)+ 0.07758 0.00243, 0.0386, 0.0379,
0.0399, 0.0532, 0.0683

5.500 5.405 0.07620 0.00243, 0.0519, 0.0669
5.503 5.408 <0.71% <1.2⇥10�3% (3/2,5/2,7/2)� 0.07364 0.0644
5.539 5.443 ⇡1.4% ⇡2.4⇥10�3% 3/2� 0.03788 0.0386, 0.0379
5.552 5.456 100% 1.7⇥10�1% 3/2+ 0.02434 0.0243
5.567 5.471 66% 1.1⇥10�1% 5/2+ 0.0926
5.577 5.480 ⇡1.7% ⇡2.8⇥10�3% (1/2+) 0.0 —–

* All values from [1997Mu08], unless otherwise noted.
** [1949Os01].
*** [1994Li12].

Table 11
directa emission from 235Pu*, Jp = (5/2+), T1/2 = 25.8(1) m**, BRa = 3.0(6)⇥10�3%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(231U) coincident g-rays R0 (fm) HF

5.951(20) 5.850(20) 3.0(6)⇥10�3% x 1.514(14) 1.1+0.6
�0.4

* All values from [1957Th10], unless otherwise noted.
** Weighted average of 25.6(1) m [1973Jo03] and 25.9(1) m [1971Ke22].

Table 12
directa emission from 243Cf*, Jp = (1/2+), T1/2 = 10.3(5) m**, BRa = obs.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(235Pu) coincident g-rays R0 (fm) HF

7.178(10) 7.060(10) ⇡40% 0.112
7.290(10) 7.170(10) 100% (7/2�) 0.0 —–

* All values from [1967Fi04], unless otherwise noted.
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Table 13
directa emission from 247Fm*, Jp = (7/2+), T1/2 = 31(1) s, BRa = 64%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(243Cf) coincident g-rays R0 (fm) HF

7.953(10) 7.824(10) 64% (7/2+) 0.315 0.082, 0.1218, 0.1418, 0.1666 1.5003(93) 0.84

* All values from [2006He27], unless otherwise noted.

Table 14
directa emission from 247mFm*, Ex. = 47(5) keV, Jp = (1/2+), T1/2 = 5.1(2) s, BRa = 88(2)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(243Cf) coincident g-rays R0 (fm) HF

8.307(5) 8.172(5) 88(2)% (1/2+) 0.0 —– 1.5003(93) 1.5+0.4
�0.3

* All values from [2006He27], unless otherwise noted.

Table 15
directa emission from 251No*, Jp = (7/2+), T1/2 = 0.80(1) s, BRa = 91+9

�22%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(247Fm) coincident g-rays R0 (fm) HF

8.662(8) 8.524(8)*** ⇡0.05% ⇡0.046% 1.485(12) ⇡80
8.690(8) 8.552(8)*** ⇡1.02% ⇡0.91% 1.485(12) ⇡51
8.701(7) 8.562(7) ⇡0.31% ⇡0.27% 0.051 1.485(12) ⇡180
8.710(7) 8.571(7)*** ⇡0.51% ⇡0.46% 1.485(12) ⇡120
8.751(4) 8.612(4) 100.00% ⇡89.2% (7/2+) 0.0 —– 1.485(12) 0.81+0.28

�0.22

* All values from [2006He27], unless otherwise noted.
** [2001He35].
*** Tentative [2006He27].

Table 16
directa emission from 251mNo*, ex. = 106(6) keV, Jp = (1/2+), T1/2 = 1.02(3) s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(247Fm) coincident g-rays R0 (fm) HF

8.765(10) 8.625(10) ⇡ 2% ⇡ 2% 0.043 1.485(12) ⇡ 37
8.808(4) 8.668(4) 100.00% ⇡98% (7/2+) 0.0 —– 1.485(12) 1.02+0.33

�0.25

* All values from [2006He27].

Table 17
directa emission from 255Rf*, Jp = (9/2�), T1/2 = 1.66(7) s**, BRa = 46(5)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(251No) coincident g-rays R0 (fm) HF

8.712(5) 8.575(5)@ 1.1(5)% 0.46(24)% 1.472(38) 40+70
�30

8.784(5) 8.646(5)@ 1.6(6)% 0.69(24)% 1.472(38) 70+110
�50

8.816(8) 8.678(8)@ 3.3(11)% 1.38(48)% 1.472(38) 30+50
�20

8.855(4) 8.716(4) 100(8)% 42.3(51)% (9/2�) 0.204 0.1433, 0.2036 1.472(38) 1.3+2.0
�0.8

9.050(8) 8.908(8)@ 2.7(11)% 1.15(48)% 1.472(38) 180+310
�120

* All values from [2006He27], except where noted
** Weighted average of 1.68(9) s [2006He27] and 1.64(11) s [2001He35].
*** Weighted average of 58(9)% [2015An05] and 52(6)% [2001He35].
@ Tentative [2006He27].
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Table 18
directa emission from 259Sg*, Jp = (1/2+), T1/2 = 402(56) ms, BRa = ⇡ 97%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(255Rf) coincident g-rays R0 (fm) HF

9.182(10) 9.040(10) 12(2)% ⇡10.7% 0.583 1.461(30) 2.0+2.3
�1.2

9.765(8) 9.614(8) 100(2)% ⇡86.3% 0.0 —– 1.461(30) 11+12
�6

* All values from [2015An05].

Table 19
directa emission from 259mSg*, Ex. = 87(22) keV, Jp = (11/2�), T1/2 = 226(27) ms, BRa = ⇡ 97%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(255Rf) coincident g-rays R0 (fm) HF

9.344(25) 9.200(25)** 80(10)% ⇡42% 0.508 1.461(30) 0.8+0.9
�0.5

9.700(8) 9.550(8) 100(7)% ⇡52% 0.152 1.461(30) 7+7
�4

9.852(20) 9.700(20) 5.6(19)% ⇡2.9% 0.0 —– 1.461(30) 300+400
�200

* All values from [2015An05].
** Tentative assignment.

Table 20
directa emission from 263Hs, T1/2 = 0.74+0.48

�0.21 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(259Sg) coincident g-rays R0 (fm) HF

10.733(60) 10.570(60) ⇡20%**
10.886(60) 10.720(60) ⇡40%**
11.058(60) 10.890(60) ⇡40%** (1/2+)? 0.0?

* All values from [2009Dr02].
** Based on a total of 6 decay chains, with one of the chains containing an escape a from 263Hs.

Table 21
directa emission from 267Ds, T1/2 = 4 µs, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(263Hs) coincident g-rays R0 (fm) HF

11.8 11.6

* All values from [1995Gh05] based on observation of one event.
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +47/2 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +47/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

209Tl 1/2+ 2.161(7) m -5.04(15)# 3.970(6) 6.398(7) [1993El08]
213Bi 9/2� 45.61(4) m** -2.028(8) 1.422(5) 10.138(5) [2013Su13, 1973Po16]
217At 9/2� 32.8(3) ms -1.489(8) 0.736(6) 8.804(6) [2013Su13]
221Fr 5/2� 4.806(6) m -1.194(7) 0.313(6) 7.373(6) [2017Su13]

225Ac (3/2�) 9.9176(18) d*** -0.356(5) -0.356(5) 6.428(7) [2024Ga01, 2023Br08, 2020Ko06, 2012Po14]
Qe p Qe a

229Pa (5/2+) 1.50(5) d 0.311(4) -6.287(4) 5.479(4) [1987Ah05]
233Np (5/2+) 36.2(1) m 1.030(50) -5.287(52) 5.938(51) [1973We08]

237Am 5/2� 73.0(10) m 1.480(60)# -4.097(78)# 7.226(60)# [1975Ah05]
241Bk (7/2+) 4.6(4) m 2.28(17)# -2.82(17)# 8.46(17)# [2003As01]
245Es (3/2�) 66(6) s 2.93(17)# -1.69(17)# 10.19(17)# [1989Ha27]

249Md (7/2�) 26(1) s 3.66(16) -0.41(17)# 11.37(16) [2019Br06]
253Lr (7/2�) 520+29

�32 ms 4.16(16) 0.77(19) 12.58(17) [2017BrXX]
253mLr x (1/2�) 2.00+0.16

�0.19 s 4.16(16)+x 0.77(19)+x 12.58(17)+x [2017BrXX]
257Db (9/2+) 1.6(2) s@ 4.29(16) 1.12(18) 13.37(17) [2009He20, 2001He35]

257mDb x (1/2�) 670(60) ms 4.29(16)+x 1.12(18)+x 13.37(17)+x [2009He20]
261Bh (5/2�) 11.8+3.9

�2.4 ms 5.07(18) 2.12(20)# 14.79(18) [2020He11]
265Mt 5.72(44)# 3.38(47)# 16.20(44)#

* 100% b� emitter.
** Weighted average of 45.62(6) m [2013Su13] and 45.59(6) m [1973Po16].
*** Weighted average of 9.914(4) d [2024Ga01], 9.9150(63)) d [2023Br08] 9.9179(30) d [2020Ko06] and 9.920(3) d [2012Po14].
@ Weighted average of 2.3(2) s [2009He20] and 1.50+0.19

�0.15 s [2001He35].
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +47/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF BRcluster type Experimental

209Tl 7.668(31) 2.50(20)#
213Bi 4.972(5) 5.988(3) 2.140(10)% [2013Ma13, 1998Ar03, 1997Ch53, 1997ChZS, 1986He06,

1967Dz02, 1964Gr11, 1950Ha52]
217At 4.677(5) 7.201(1) 99.32(24) % [1997Ch19, 1997Ch53, 2013Su13, 1996GrZT, 1969LeZW,

1967Dz02, 1964Vo05, 1963Di05, 1962Di08, 1960Vo05,
1955St04, 1950Ha52, 1949SeZU, 1947Ha02]

221Fr 4.624(5) 6.458(1) 100% 1.0(2) ⇥ 10�10 % 14C [1994Bo35, 2002Gr36, 1968Le07, 1995Sh01, 2020Go11,
2013Su13, 2002GrZY, 2001GrZU, 1999Gr33, 1999Se17,
1997Ch53, 1997ChZS, 1997GrZY, 1995Bu17, 1994Ar23,
1994Bo28, 1994NiZZ, 1992Li26, 1981Di14, 1969Dz06,
1969Le09, 1969LeZW, 1967LoZZ, 1964Va20, 1962Wa28,
1960Vo05, 1955St04, 1950Ha52, 1949SeZU, 1947En03,
1947Ha02]

225Ac 4.477(5) 5.935(1) 100% 5.3(10) ⇥ 10�10% 14C [2003Ku44, 2001Ga33, 1993Bo26, 1967Ba51, 1967Dz02,
2024Ga01, 2023Br08, 2023Mo25, 2012Po14, 2002Ku25,
2000Ar23, 1999GrZW, 1994Gr20, 1994NiZZ, 1993BoZN,
1993Bu26, 1993GrZQ, 1992BoZT, 1991Ko12, 1990Ko14,
1990Li46, 1978AgZX, 1978LiZN, 1977LiYX, 1975PeZO,
1972Dz14, 1970Dz12, 1969ArZV, 1969Dz06, 1969LeZW,
1967Dz03, 1966Dz17, 1964Va20, 1962Dz08, 1962Wa28,
1960Dz16, 1956Hu96, 1950Ha52, 1949SeZU, 1947En03,
1947Ha02]

229Pa 4.163(3) 5.835(4) 0.48(5)% [1987Ah05, 1963Su10, 1973Ag01, 1964Ge08, 1964Su03,
1958Hi78, 1949Hy01]

233Np 3.950(51) 5.627(51) <0.003% [1958Le73]
237Am 3.621(59) 6.146(5)** 0.025(3)% [1975Ah05, 1972PoZS, 1952Hi63]
241Bk 3.03(17)# 6.986(18)#
245Es 2.45(17)# 7.909(3) 54(7)% [2019Br06, 1989Ha27, 1989HaZG, 1986HaZM, 1985He22,

1985MaZK, 1973Es01, 1967Mi06, 1964GhZZ]
249Md 2.01(17)# 8.441(18) 75(5)% [2019Br06, 2005He27, 2023Ni02, 2021Go26, 2009He20,

2008Ga25, 2005KuZZ, 2001He35, 1991FuZZ, 1990FuZW,
1985He22, 1973Es01]

253Lr 1.64(17) 8.932(7)*** 98.7+1.0
�3.0% 1.3+1.0

�3.0% [2017BrXX, 2001He35, 2022Hu21, 2010He11, 2009He20,
2005KuZZ, 2000Ho27, 1986He28, 1985He22]

253mLr 1.64(17)-x 8.932(7)+x*** 92(5)% 8(5)% [2017BrXX, 2001He35, 2022Hu21, 2010He11, 2009He20,
2005KuZZ, 2000Ho27, 1986He28, 1985He22]

257Db 1.36(17) 9.206(20) ⇡ 100% < 6% [2010He11, 2009He20, 2005KuZZ, 2001He35, 2023Ni02,
2021NiZW, 2008Ga25, 2006Fo02, 2004HeZZ, 1999He07,
1999He11, 1999HeZX, 1992An16, 1986He28, 1985He25]

257mDb 1.36(17)-x 9.206(20)+x ⇡ 100% <13% [2010He11, 2009He20, 2005KuZZ, 2001He35, 2008Ga25,
2004HeZZ, 1999He07, 1999He11, 1999HeZX]

261Bh 0.76(18) 10.500(72) 100% <5% [2010He11, 2006Fo02, 1989Mu09, 1988MuZX, 1986MuZX]
265Mt 0.23(44)# 11.12(40)#

* Weighted average of 4.5(14) ⇥ 10�10% [2001Ga33] and 6.0(13) ⇥ 10�10% [1993Bo26].
** Deduced from a energies, 6.196(30) MeV in [2021Wa16].
*** Deduced from a energies, 8.918(20) MeV in [2021Wa16].

Table 3
direct a emission from 213Bi, Jp = 9/2�, T1/2 =45.61(4) m**, BRa = 2.140(10) %.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(209Tl)*** coincident g-rays*** R0 (fm)@ HF

5.666(4) 5.560(4) 9.23(12)% 0.181(3)% 3/2+ 0.3238 0.3238 ⇡ 1.48 ⇡ 53
5.990(4) 5.878(4) 100% 1.96(1)% 1/2+ 0.0 —– ⇡ 1.48 ⇡ 155

* All values from [2013Ma13], except where noted.
** Weighted average of 45.62(6) m [2013Su13] and 45.59(6) m [1973Po16].
*** [2015Ch30].
@ R0 = 1.485(11) fm for 211Bi, ⇡ 1.48 fm used for 213Bi
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Table 4
direct a emission from 217At, Jp = 9/2�, T1/2 =32.8(3) ms, BRa = 99.32(24) %**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(213Bi) coincident g-rays R0 (fm) HF

6.4407(16) 6.3220(16) 0.005(1)% 0.0050(1)% 0.7589(23) 0.7589 1.55090(15) 36+10
�6

6.6065(16) 6.4847(16) 0.021(2)% 0.021(2)% 0.5931(23) 0.2579, 0.3355, 0.5931 1.55090(15) 39(4)
6.9418(16) 6.8138(16) 0.036(3)% 0.036(3)% 7/2� 0.2579(23) 0.2579 1.55090(15) 413(35)
7.1996(16) 7.0669(16) 100% 99.94(4)% 9/2� 0.0 —– 1.55090(15) 1.184(17)

* All values from [1997Ch19], except where noted.
** [1997Ch53].

Table 5
direct a emission from 221Fr, Jp = 5/2�, T1/2 = 4.806(6) m**, BRa = 100 %.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(217At)*** coincident g-rays*** R0 (fm) HF

5.601(25) 5.500(25)@ 4.0(11) ⇥10�4% 3.3(9)⇥10�4%@ 0.857(25)@ 1.55234(95) 100+50
�30

5.632(40) 5.530(40)@ 1.1(3)⇥10�3% 9(2) ⇥10�4%@ 0.826(40)@ 1.55234(95) 52+35
�22

5.794(3) 5.690(3) 0.002(1)% 0.002(1)% 5/2� 0.6644 0.1002, 0.1178, 0.2180 1.55234(95) 150+150
�50

0.2819, 0.3821, 0.4463,
0.5623

5.803(4) 5.698(4) ⇡ 0.001% ⇡ 0.001% 0.655 1.55234(95) ⇡ 340
5.883(3) 5.777(3) 0.07(1)% 0.06(1)% 7/2� 0.5770 0.1002, 0.1178, 0.2180, 1.55234(95) 13.5+2.7

�2.0
0.359, 0.5770

5.890(4) 5.784(4) 0.006(2)% 0.005(2)% (7/2,9/2 0.5688 0.1002, 0.4690, 0.5684 1.55234(95) 180+120
�50

5.9212(25) 5.8140(25) 0.005(2)% 0.004(2)% (9/2+) 0.5377 0.1002, 0.4378, 0.5375 1.55234(95) 310+310
�110

6.0352(25) 5.9260(25) 0.04(1)% 0.03(1)% (5/2,7/2,9/2)� 0.4242 0.1002, 0.3240 1.55234(95) 140+70
�40

6.049(20) 5.940(20) 0.20(4)% 0.17(3)% 13/2� 0.4104 0.4104 1.55234(95) 29+6
�5

6.076(25) 5.967(25) 0.10(1)% 0.08(1)% (7/2)� 0.3821 0.1002, 02819, 0.3821 1.55234(95) 83+12
�10

6.091(20) 5.981(20) 0.59(4)% 0.49(3)% 3/2� 0.3681 0.0538, 0.096, 0.1002, 1.55234(95) 15.6(10)
0.1178, 0.150, 0.2180

6.149(3) 6.038(3) 0.004(2)% 0.003(2)% (13/2+) 0.3100 1.55234(95) 5+9
�2 ⇥ 103

6.189(20) 6.077(20) 0.18(4)% 0.15(3)% 3/2� 0.2718 0.0538, 0.1002, 0.1178, 1.55234(95) 138+35
�23

0.2180
6.2399(20) 6.1270(20) 18.1(3)% 15.1(2)% 5/2� 0.2180 0.1002, 0.1178, 0.2180 1.55234(95) 2.36(6)
6.3584(20) 6.2433(20) 1.61(10)% 1.34(10)% 7/2� 0.1002 0.1002 1.55234(95) 86(7)
6.4582(20) 6.3413(20) 100(1)% 83.4(8)% 9/2� 0.0 —– 1.55234(95) 3.62(11)

* All values from [1968Le07], except where noted. Values of Ea are adjusted by +1.5 keV from [1991Ry01].
** [2017Su13].
*** [1995Sh01].
@ [2002Gr36].

4



Table 6
direct a emission from 225Ac* (1 of 2), Jp = (3/2�), T1/2 = 9.9176(18) d**, BRa = 100 %.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(221Fr)@ coincident g-rays@ HFa

4.990(5) 4.901(5) 0.004(1)% 0.0020(5)% 0.945(5)@@@ 1.3+0.4
�0.3

5.158(5) 5.066(5) 0.006(2)% 0.003(1)% 0.777(5)@@@ 9+5
�3

5.183(4) 5.091(4) 0.012(2)% 0.006(1)% 0.7493 0.0106, 0.0367, 0.0462, 0.1199, 0.0629, 0.0735, 6.8+1.4
�1.0

0.0996, 0.6035, 0.6495
5.223(5) 5.13(5) 0.004(2)% 0.0020(8)% 0.7142 0.0462, 0.1199, 0.5683 33+22

�10
5.253(5) 5.16(5) 0.004(2)% 0.0020(8)% 0.681(5)@@@ 52+35

�15
5.295(5) 5.201(5) 0.004(1)% 0.0020(5)% 0.6375 0.0106, 0.0367, 0.0629, 0.0643, 0.0714, 0.0735, 93+31

�19
0.0746, 0.0996, 0.1008, 0.1084, 0.1262, 0.1336,
0.1349, 0.1979, 0.4033, 0.691, 0.6371

5.305(3) 5.211(3) 0.006(6)% 0.003(3)% (5/2) 0.6306 0.0106, 0.0367, 0.0385, 0.0543, 0.0643, 0.0714, ⇡ 68
0.0746, 0.0874, 0.0949, 0.1008, 0.1084, 0.1573,
0.1958, 0.435, 0.5221, 0.5297, 0.5312, 0.5914,
0.5942

5.333(4) 5.238(4) 0.006(2)% 0.0030(8)% 0.6023 0.0106, 0.0367, 0.5656 100+40
�20

5.366(4) 5.271(4) 0.017(4)% 0.0090(22)% (5/2+,7/2) 0.5708 0.0106, 0.0367, 0.0385, 0.0491, 0.0543, 0.0578, 50+16
�10

0.0629, 0.0643, 0.0714, 0.0735, 0.0746, 0.0874,
0.0949, 0.0996, 0.1008, 0.1036, 0.1084, 0.1115,
0.1452, 0.1501, 0.1526, 0.1539, 0.1573, 0.1958,
0.2169, 0.2282, 0.2535,0.3174, 0.375, 0.4624,
0.4695, 0.571

5.382(3) 5.286(3) 0.45(2)% 0.23(1)% (3/2�,5/2) 0.5520 0.0106, 0.0367, 0.0385, 0.0462, 0.0491, 0.0543, 2.50(11)
0.0578, 0.0629, 0.0643, 0.0714, 0.0735, 0.0739,
0.0746, 0.0874, 0.0949, 0.0996, 0.0998, 0.1008,
0.1036, 0.1084, 0.1115, 0.1199, 0.1452, 0.1501,
0.1526, 0.1539, 0.1573, 0.1958, 0.2169, 0.2282,
0.2535, 0.2986, 0.3174, 0.3566, 0.4062, 0.4501,
0.4524, 0.5125, 0.5153, 0.5261, 0.552

5.418(3) 5.322(3) 0.13(2)% 0.068(8)% (5/2+) 0.5177 0.0106, 0.0367, 0.0385, 0.0491, 0.0543, 0.0629, 13.2+1.8
�1.4

0.0714, 0.0735, 0.0746, 0.0874, 0.0949, 0.0996,
0.1008, 0.1084, 0.1115, 0.1501, 0.1573, 0.1958,
0.3218, 0.3683, 0.4179, 0.4811, 0.4926, 0.5179

5.489(4) 5.391(4) 0.002(1)% 0.0010(5)% 0.446(4)@@@ 2.2+2.2
�0.8 ⇥ 103

5.509(4) 5.411(4) 0.004(1)% 0.0020(5)% 0.426(4)@@@ 1.4+0.5
�0.3 ⇥ 103

5.525(4) 5.427(4) 0.016(6)% 0.008(3)% 0.4111 0.0106, 0.0367, 0.1376, 0.236 430+260
�120

5.535(4) 5.437(4) 0.14(4)% 0.07(2)% (7/2�) 0.4007 0.0106, 0.0367, 0.0385, 0.0543, 0.0643, 0.0714, 56+23
�13

0.0746, 0.0874, 0.0949, 0.1008, 0.1084, 0.1128,
0.1573, 0.1798, 0.1872, 0.1958, 0.2047, 0.2496,
0.3622

5.543(3) 5.444(3) 0.25(2)% 0.13(1)% (5/2,7/2)+ 0.3932 0.0106, 0.0367, 0.0385, 0.0462, 0.0491, 0.0543, 33.2(26)
0.0578, 0.0629, 0.0643, 0.0714, 0.0735, 0.0739,
0.0746, 0.0788, 0.0874, 0.0949, 0.0996, 0.0998,
0.1008, 0.1036, 0.1084, 0.1115, 0.114, 0.1199,
0.1238, 0.1248, 0.1292, 0.1396, 0.1452, 0.1501,
0.1526, 0.1539, 0.1573, 0.1691, 0.1707, 0.1783,
0.1861, 0.1880, 0.1958, 0.1974, 0.1984, 0.2169,
0.2247, 0.2282, 0.2407, 0.2432, 0.248, 0.2535,
0.2793, 0.3549

5.588(4) 5.489(4) 0.004(1)% 0.0020(7)% 0.346(4)@@@ 3.9+2.1
�1.0 ⇥ 103

5.596(4) 5.497(4) 0.006(2)% 0.003(1)% 0.338(4)@@@ 2.8+1.4
�0.7 ⇥ 103

5.626(5) 5.526(5) 0.019(4)% 0.010(2)% 0.308(5)@@@ 1.2+0.3
�0.2 ⇥ 103

5.640(5) 5.540(5) 0.08(2)% 0.04(1)% (9/2)+ 0.2946 0.0385, 0.256 360+120
�70

5.646(4) 5.546(4)*** 0.06% 0.03%*** (9/2�) 0.2881 0.0106, 0.0367, 0.0385, 0.0643, 0.0714, 0.0746, 520
0.1008, 0.1084, 0.1798, 0.1872, 0.2496

5.655(4) 5.554(4)*** 0.030% 0.015%*** (7/2)+ 0.2792 0.0106, 0.0367, 0.0385, 0.0491, 0.0643, 0.0714, 1.2 ⇥ 10�3

0.0746, 0.1008, 0.1084, 0.1115, 0.1292, 0.1501,
0.1707, 0.1783, 0.2407, 0.2793

* All values from [1967Dz02], unless otherwise noted.
** Weighted average of 9.914(4) d [2024Ga01], 9.9150(63)) d [2023Br08] 9.9179(30) d [2020Ko06] and 9.920(3) d [2012Po14].
*** [1967Ba51], values adjusted by +1.3 keV as suggested in [1991Ry01].
@ 2003Ku44
@@ Likely a multlplet feeding the (3/2)� 99.6 keV, (3/2)+ 99.8 keV and (5/2)� 100.9 keV states
@@@ Deduced from a energies.
a R0 (= 1.53983(27) fm.
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Table 7
direct a emission from 225Ac* (2 of 2), Jp = (3/2�), T1/2 = 9.9176(18) d**, BRa = 100 %.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(221Fr)@ coincident g-rays@ HFa

5.664(2) 5.563(2)*** 0.066% 0.034%*** (7/2, 9/2)� 0.2735 0.0106, 0.0367, 0.236 550
5.678(3) 5.577(3) 2.3(2)% 1.2(1)% (5/2)+ 0.2535 0.0106, 0.0367, 0.0385, 0.0491, 0.0543, 0.0578, 19.8(17)

0.0629, 0.0714, 0.0735, 0.0746, 0.0874, 0.0949,
0.0996, 0.1008, 0.1036, 0.1084, 0.1115, 0.1452,
0.1501, 0.1526, 0.1539, 0.1573, 0.1958, 0.2169,
0.2282, 0.2535

5.700(4) 5.599(4)*** 0.1% 0.04%*** (5/2)+ 0.2345 0.0106, 0.0367, 0.0629, 0.0643, 0.0714, 0.0735, 740
0.0746, 0.0996, 0.1008, 0.1084, 0.1262, 0.1336,
0.1349, 0.1979

5.710(3) 5.608(3) 2.1(2)% 1.1(1)% (3/2,5/2)+ 0.2246 0.0106, 0.0367, 0.0385, 0.0462, 0.0643, 0.0739, 30.4(28)
0.0746, 0.0788, 0.0998, 0.1008, 0.1199, 0.1238,
0.1248, 0.1861, 0.1880, 0.1984, 0.2247

5.739(3) 5.637(3) 8.7(6)% 4.5(3)% (5/2, 7/2)� 0.1958 0.0106, 0.0367, 0.0385, 0.0543, 0.0714, 0.0746, 10.4(7)
0.0874, 0.0949, 0.1008, 0.1084, 0.1573, 0.1958

5.784(3) 5.681(3) 2.7(4)% 1.4(2)% (7/2)+ 0.1500 0.0106, 0.0367, 0.0385, 0.0491, 0.0714, 0.1084, 57+10
�7

0.1115, 0.1501
5.827(3) 5.723(3) 5.6(10)% 2.9(5)% (7/2)� 0.1083 0.0106, 0.0367, 0.0714, 0.1084 45+9

�7
5.835(3) 5.731(3)@@ 19.4(6)% 10.0(1)% (3/2)� 0.0996 0.0106, 0.0367, 0.0629, 0.0735, 0.0996 14.37(17)
5.897(3) 5.792(3) 51.7(35)% 26.7(10)% (3/2)� 0.0366 0.0106, 0.0367 11.0(4)
5.910(2) 5.805(2)*** 0.6% 0.3%*** (1/2)� 0.0259 1.1 ⇥ 103

5.935(2) 5.829(2) 100(3)% 51.6(15)% 5/2� 0.0 —– 8.59(32)

* All values from [1967Dz02], unless otherwise noted.
** Weighted average of 9.914(4) d [2024Ga01], 9.9150(63)) d [2023Br08] 9.9179(30) d [2020Ko06] and 9.920(3) d [2012Po14].
*** [1967Ba51], values adjusted by +1.3 keV as suggested in [1991Ry01] (due to energy changes in calibration sources).
@ 2003Ku44
@@ Likely a multlplet feeding the (3/2)� 99.6 keV, (3/2)+ 99.8 keV and (5/2)� 100.9 keV states
@@@ Deduced from a energies.
a R0 (= 1.53983(27) fm.

Table 8
direct a emission from 229Pa, Jp = (5/2+), T1/2 = 1.50(5) d*, BRa = 0.48(5) %*.

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs) Jp
f * Edaughter(225Ac)* coincident g-rays* R0 (fm) HF

5.415 5.310 0.14% 0.02% 0.422*** 1.53293(31) 52
5.509 5.413 0.41% 0.07% 0.328*** 1.53293(31) 59
5.518 5.422 0.19% 0.03% 0.319*** 1.53293(31) 140
5.576 5.479 4.7% 0.82% (9/2+) 0.2569 0.0678, 0.0751, 0.1119, 0.1520, 1.53293(31) 13

0.1584, 0.1799
5.599 5.501 1.9% 0.34% (9/2�) 0.2355 0.1584 1.53293(31) 41
5.615 5.517 1.6% 0.29% 0.222*** 1.53293(31) 57
5.634 5.536 24.1% 4.22% (7/2+) 0.1999 0.0348, 0.0401, 0.0647, 0.0751, 1.53293(31) 5.1

0.0790, 0.0806, 0.0949, 0.1208,
0.1228, 0.1352, 0.1699

5.664 5.565 10.68% 1.87% (7/2�) 0.1708 0.936, 0.1409 1.53293(31) 16
5.679 5.580 100% 17.52% (5/2+) 0.1557 0.0348, 0.0401, 0.0806, 0.1156, 1.53293(31) 2.1

0.1208, 0.1557
5.690 5.591 12.6% 2.21% (9/2+) 0.1449 0.0678 1.53293(31) 19
5.715 5.615 36.4% 6.38% (5/2�) 0.1208 0.0401, 0.0806, 0.1208 1.53293(31) 8.9
5.730 5.630 26.6% 4.66% (7/2�) 0.1051 0.0771 1.53293(31) 15
5.771 5.670 50.7% 8.88% (5/2+) 0.0647 0.0348, 0.0647 1.53293(31) 13
5.796 5.695 4.1% 0.72% (3/2+) 0.0401 0.0401 1.53293(31) 210
5.837 5.735 1.4% 0.24% (3/2�) 0.0 —– 1.53293(31) 1000

* [1987Ah05].
** [1963Su10]. Ea values are adjusted by 5.2 keV as suggested in [1991Ry01] (due to energy changes in calibration sources).
*** Deduced from a energies.
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Table 9
directa emission from 237Am, Jp = 5/2�, T1/2 = 73.0(10) m, BRa = 0.025(3)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(233Np) coincident g-rays R0 (fm) HF

6.146(5) 6.042(5) 0.025(3)% (5/2+) 0.0 —– 1.4954(46) 0.85+0.17
�0.14

* All values taken from [1975Ah05].

Table 10
directa emission from 245Es*, Jp = (3/2�), T1/2 = 66(6) s, BRa = 54(7)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(241Bk) coincident g-rays R0 (fm) HF

7.781(6) 7.654(6) 4(1)% 2(1)% 0.128 1.502(36) 30+40
�20

7.827(5) 7.699(5) 16(5)% 7(2)% 0.082 1.502(36) 2.3+3.2
�1.4

7.858(1) 7.730(1) 100(11)% 43(6)% 0.051 1.502(36) 18+27
�12

7.909(3) 7.780(3) 6(1)% 3(1)% (7/2+) 0.0 1.502(36) 70+100
�50

* All values taken from [1989Ha27], unless otherwise noted.
** [2019Br06].

Table 11
directa emission from 249Md*, Jp = (7/2�), T1/2 = 26(1) s**, BRa = 75(5)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(245Es) coincident g-rays R0 (fm) HF

8.157(10) 8.026(10) 75(5)%** x 0.2004, 0.2232, 0.2532 1.493(14) 1.1+0.4
�0.3

* All values taken from [1989Ha27], unless otherwise noted.
** [2019Br06].

Table 12
directa emission from 253Lr, Jp = (7/2�)*, T1/2 = 520+29

�32 ms**, BRa = 98.7+1.0
�3.0%***.

Ea (c.m.) Ea (lab) Ia (rel)* Ia (abs) Jp
f * Edaughter(217At) coincident g-rays R0 (fm) HF

8.842(20) 8.660(20)* 4(1)% 4(1)% (11/2�) 1.478(29) 16+18
�9

8.932(7) 8.791(7)@ 100% 94.6+1.0
�3.0 (7/2�) 0.0 —– 1.478(29) 0.7+0.8

�0.4

* [2022Hu21].
** [2017BrXX].
*** [2001He35].
@ Weighted average of 8.788(10) MeV [2017BrXX] and 8.794(10) MeV [2001He35]

Table 13
directa emission from 253mLr, Ex. = unk., Jp = (1/2�)*, T1/2 = 2.00+0.16

�0.19 s**, BRa = 92(5)%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f

@ Edaughter(217At) coincident g-rays R0 (fm) HF

8.858(7) 8.718(7)@ 94.6+1.0
�3.0 (1/2�) 1.478(29) 3.0+3.0

�1.6

* [2022Hu21].
** [2017BrXX].
*** [2001He35].
@ Weighted average of 8.713(10) MeV [2017BrXX] and 8.722(10) MeV [2001He35]
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Table 14
directa emission from 257Db, Jp = (9/2+), T1/2 = 1.6(2) s*, BRa = ⇡ 100 %.

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs) Jp
f *** Edaughter(217At)*** coincident g-rays R0 (fm) HF

9.014(20) 8.874(20)@ weak@ (9/2+) 0.201 1.465(39)
9.089(15) 8.948(15) ⇡ 50%*** (1/2�) 0.126 0.102 1.465(39) ⇡ 2.1
9.215(10) 9.072(10) ⇡ 50%*** (7/2�) 0.0 —– 1.465(39) ⇡ 5

* Weighted average of 2.3(2) s [2009He20] and 1.50+0.19
�0.15 s [2001He35].

** Weighted average of values from [2010He11], [2009He20], [2005KuZZ] and [2001He35].
*** [2001He35].
@ [2009He20].

Table 15
directa emission from 257mDb, E. = unk., Jp = (1/2�), T1/2 = 670(60) ms*, BRa = ⇡ 100 %.

Ea (c.m.) Ea (lab)** Ia (abs) Jp
f *** Edaughter(217At)*** coincident g-rays R0 (fm) HF

9.308(10) 9.163(10)** ⇡ 100% (7/2�) 0.0 —– 1.465(39) 1.9+3.1
�1.2

* [2009He20].
** Weighted average of values from [2010He11], [2009He20], [2005KuZZ] and [2001He35].

Table 16
directa emission from 261Bh, Jp = (5/2�), T1/2 = 11.8+3.9

�2.4 ms, BRa = 100 %.

Ea (c.m.) Ea (lab)** Ia (abs) Jp
f Edaughter(257Db) coincident g-rays R0 (fm) HF

⇡ 10.2 ⇡10.0 100% (5/2�) > 0.350 1.461(22) ⇡1.8

* All values from [2010He11].
** [1989Mu09] report three a transitions with energies of 10.03, 10.10 and 10.40. The later two are shown to be a peaks summed with conversion electrons

in [2010He11].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +24 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

208Hg 0+ 135(10) s -7.36(30)# 3.480(30) 4.70(20)# [2020Ca25]
212Pb 0+ 10.622(7) h -6.00(20)# 0.569(2) 6.785(3) [2017Ko16]
216Po 0+ 145(2) ms -4.092(11) -0.474(4) —– [1963Di05]
220Rn 0+ 55.61(4) s -3.764(14) -0.870(4) —— [1966Hu20]
224Ra 0+ 3.6313(14) d -2.923(11) -1.408(0) —– [2021Be13]
228Th 0+ 698.3(6) d -2.124(3) -2.153(4) —– [2014Un01]

232U 0+ 68.81(38) y -1.337(7) -2.75(10)# —– [1979Ag04]
236Pu 0+ 2.862(8) y* -0.480(50) -3.14(12)# —– [1957Ho66, 1984Na30]

Qe p Qe a
240Cm 0+ 26.8(3) d 0.214(14) -4.153(2) 5.921(50) [1949Se01]

240mCm x 55(12) ns 0.214(14)+x -4.153(2)+x 5.921(50)+x [1976Si01]
244Cf 0+ 19.4(6) m 0.764(15) -2.993(3) 7.543(14) [1967Si08]

248Fm 0+ 35.1(8) s 1.600(50)# -1.501(17) 8.759(17)# [2011Ga19]
252No 0+ 2.42(6) s 2.400(90) -0.376(17) 10.148(53) [2007Su19]
256Rf 0+ 6.66(10) ms** 2.480(80) 0.121(23) 11.330(93) [2023Is03, 2020Ku23, 1997He29, 2012Gr12]

256mRf x 10.4+8.4
�3.2 s 2.480(80)+x 0.121(23)+x 11.330(93)+x [2009SaZV]

260Sg 0+ 4.95(33) ms 2.88(10)# 0.892(75)# 12.376(85)# [2009He20]
260mSg x 180+150

�60 ms 2.88(10)# 0.892(75)# 12.376(85)# [2009SaZV]
264Hs*** 0.90+0.40

�0.20 ms 3.61(18)# 2.079(99)# 13.466(98)# [2009SaZV]
268Ds 4.50(38)# 3.702(316)# 15.265(350)#

* Weighted average of 2.851(8) y [1957Ho66] and 1046.9(31) d [1984Na30] (365.2424 d = 1 y).
** Weighted average of 6.7(2) ms [2023Is01], 6.90(23) ms [2020Ku23], 6.2(2) ms [1997He29] and 6.9(2) ms [2012Gr12].
*** Possibly an isomer.
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +24 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF BRcluster type Experimental

208Hg 9.91(30)# 1.93(20)#
212Pb 8.760(42) 3.292(31)
216Po 7.136(6) 6.906(1) 100% [1977Ku15, 1971Gr17, 1962Wa28, 2021Az03, 2017Na22,

2003Da24, 1963Di05, 1942Wa04, 1911Mo01]
220Rn 7.073(3) 6.405 100% [1971Gr17, 1962Wa28, 2003Da24, 1989Po03, 1966Hu20,

1963Gi17, 1961Ro14, 1956Ma28, 1955Sc81]
224Ra 6.845(2) 5.789 100% 5.6(10)⇥10�9%* 14C [1992Ar02, 1991Ho15, 1985Pr01, 1977Ku15, 1962Ba19,

1971Gr17, 2021Be13, 2004Sc04, 1991Ho24, 1991HoZX,
1984Bo15, 1984AlZP, 1982Sa36, 1971Jo14, 1969Pe17,
1962Wa28, 1953As31, 1953AsZZ, 1938Le07]

228Th 6.368(2) 5.520 100% 1.13(22)⇥10�11% 20O [1993Bo20, 1977Ku15, 1971Gr17, 1993BoZN, 1992BoZT
1990Sa38, 1984Ge07, 1982Sa36, 1972DaYV, 1971Jo14,
1970Ba20, 1957St92, 1954Ne01, 1953As31, 1953AsZZ,
1951Be42]

232U 6.104(2) 5.414 100% 2.7(6)⇥10�12% 8.78(49)⇥10�10%** 24Ne [2000Bo46, 1991Bo20, 1990Bo16, 1977Ku15, 1972Go33,
1966Ba49, 1987BaZS, 1985Ba18, 1979Ag04, 1974KaZM,
1971So15, 1968Ba25, 1966Ba15, 1965Be15, 1964Ch05,
1963Le17, 1957Hy90, 1955As28, 1955Go32, 1954Se26,

1953AsZZ
236Pu 5.431(2) 5.867 100% 1.25(3) ⇥ 10�7%*** 2.7(7) ⇥ 10�12%@ 28Mg [1995Hu21, 1994Ar08, 1988SeZY, 1984Ry02, 1952Gh27

1997De11, 1990Og01, 1989Wa29, 1984Na30, 1957Ho66,
1956Cr69, 1956Hu96, 1952Du04, 1949Ja01]

240Cm 4.955(2) 6.398(1) ⇡ 100% 3.9(8)⇥10�6% [1971Bb10, 1967Ba42, 1952Gh27, 1960Gl01, 1952Hi11,
1949Se01]

240mCm 4.955(2)-x 6.398(1)+x obs [1976Sl01]
244Cf 4.501(5) 7.329(2)# 75(6)% [2018Ko05, 1967Si08, 1967Fi04, 1956Ch43]

248Fm 3.970(21) 7.995(8) 93+7
�17% 0.097(48)% [1993An10, 1967Nu01, 2024PoXY, 2011Ga19, 2010KeZY,

2006Ni09, 1980Ho25, 1970Dr05, 1966Ak01]
252No 3.384(21) 8.549(5) 65.3(5)% 33.9(3)% [2012Su22, 2007Su19, 1977Be09, 2024PoXY, 2015Sv02,

2015SvZZ, 2012Sv02, 2012SvZZ, 2006Le29, 2003Be18,
2002He01, 1994Wi17, 1967Gh01, 1967Mi03]

256Rf 3.014(25) 8.926(15) 0.29+0.13
�0.10% 99.71+0.10

�0.13% [2020Ku23, 1997He29, 2010St14, 1986He28, 2023Is03,
2021Te08, 2020Mo11, 2019MoZV, 2018Mo20, 2016KhZZ,
2016Sv02, 2013Ri07, 2012Gr12, 2011Ro20, 1994Hu18,
1994Wi17, 1985So03, 1984Og03, 1976FlZN, 1975Og01,
1975Og04]

256mRf 3.014(25)-x 8.926(15)+x ⇡ 100% [2009SaZV]
260Sg 2.732(60) 9.901(10) 29(3)% 71(3)% [2009He20, 2009SaZV, 1985Mu11, 1985Ho29, 1984De07,

1984Og03]
260mSg 2.732(60)-x 9.901(10)+x ⇡ 100% [2009SaZV]

264Hs 2.22(31)# 10.591(20) 80+20
�40% 20+46

�17% [2011Sa41, 2009SaZV, 1987Mu15, 1987MuZX, 1986Mu10,
1984Og03]

268Ds 1.43(59)# 11.66(30)#

* Weighted average of 6.5(10) ⇥ 10�9% [1991Ho15] and 4.3(12) ⇥ 10�9% [1985Pr01].
** Weighted average of 8.88(71) ⇥ 10�10% [1991Bo20] and 8.68(93) ⇥ 10�10% [1990Bo16].
*** Weighted average of SF partial T1/2 of 3.5(1) ⇥ 109 y [1952Gh27], 2.09(6) ⇥ 109 y [1988SeZY] and 1.13(13) ⇥ 109 y [1995Hu21].
@ [1995Hu21].

Table 3
direct a emission from 216Po, Jp = 0+, T1/2 = 145(2) ms*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(212Pb) coincident g-rays R0 (fm) HF

6.097 5.984** 1.91(24) ⇥ 10�3%@ 1.91(24) ⇥ 10�3% (2+)@@ 0.8049@@ 0.8049@@ 1.54117(28) 35+6
�4

6.9062(5) 6.7783(5)*** 100% 99.99809(24)% 0+ —– 1.54117(28) 1.006(14)

* [1963Di05].
** [1962Wa28].
*** [1971Gr17], modified by 0.2 keV as reccommended by [1991Ry01].
@ Weighted average of 1.8(3) ⇥ 10�3% [1977Ku15] and 2.1(4) ⇥ 10�3% [1962Wa28].
@@ [2020Au03].
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Table 4
direct a emission from 220Rn, Jp = 0+, T1/2 = 55.61(4)s*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter( 216Po) coincident g-rays R0 (fm) HF

5.853 5.747** 0.07(2)%** 0.07(2)% 2+@ 0.5498@ 0.5498@ 1.55548(10) 5.2+2.1
�1.2

6.40474(10) 6.28829(10)*** 100% 99.93(2)% 0+ 0.0 —– 1.55548(10) 1.0018(7)

* [1966Hu20].
** [1962Wa28].
*** [1971Gr17]. Ea is reduced by -0.21 keV as reccomended in [1991Ry01].
@ [2007Wu02].

Table 5
direct a emission from 224Ra, Jp = 0+, T1/2 = 3.6313(14) d**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(220Rn) coincident g-rays R0 (fm) HF

5.1257(10) 5.0342(10) 3.1(5) ⇥ 10�3% 2.9(5) ⇥ 10�3% 0.6630(10) 0.2410, 0.4220 1.542177(86) 7.7+1.6
�1.1

5.1433(20) 5.0515(20) 7.7(11)⇥ 10�3% 7.3(10 ⇥ 10�3% (1�,2+) 0.6454(20) 0.2410, 0.4042, 0.8456 1.542177(86) 3.9+0.6
�0.5

5.2550(10) 5.1612(10) 7.3(8) ⇥ 10�3% 6.9(8)⇥ 10�3% 0.5337(10) 0.2927 1.542177(86) 18.7+2.5
�2.0

5.5477(9) 5.4486(9)*** 5.3(2)% 5.00(16)% 2+ 0.24098(1) 0.2410 1.542177(86) 1.088(35)
5.78874(20) 5.68537(20)@ 100% 94.96(16)% 0+ 0.0 —– 1.542177(86) 0.9976(17)

* All values from [1977Ku15], except where noted. Ea (c. m.) values determined from level energies fed by a decay relative to the value to the ground state.
** [2021Be13].
*** Value of 5.4472(5) MeV reported in [1971Gr17], modified by +1.6 keV in [1991Ry01].
@ Value of 5.68556(20) MeV reported in [1971Gr17], modified by -0.19 keV in [1991Ry01].

Table 6
direct 14C emission from 224Ra, Jp = 0+, T1/2 = 3.6313(14) d*, BR14C = 5.6(10) ⇥ 10�9%**.

E14C(c.m.) E14C(lab) I14C(abs) Jp
f Edaughter(210Pb) coincident g-rays

30.54 28.63 5.6(10) ⇥ 10�9%* 0+ 0.0 —–

* [2021Be13].
** Weighted average of 6.5(10) ⇥ 10�9% [1991Ho15] and 4.3(12) ⇥ 10�9% [1985Pr01].
*** [1992Ar02].

Table 7
direct a emission from 228Th, Jp = 0+, T1/2 = 698.3(6) d*, BRa = 100%.

Ea (c.m.) Ea (lab)*** Ia (rel) Ia (abs) Jp
f Edaughter(224Ra) coincident g-rays R0 (fm) HF

4.5271(10) 4.4477(10) ⇡ 4 ⇥ 10�6% ⇡ 3 ⇥ 10�6% (2+) 0.9929(10) 0.08437, 0.16641, 0.7422, 1.53389(32) ⇡ 10.8
0.9929

4.6036(3) 4.5228(3) 2.3(4)% ⇥ 10�5% 1.7(3) ⇥ 10�5% 0+ 0.9164(2) .08437, 0.13161, 0.21598, 1.53389(32) 7.0+1.5
�1.1

0.7006, 0.8320
5.0407(3) 4.9523(3) 3.3(6) ⇥ 10�5% 2.4(4) ⇥ 10�5% 6+ 0.4793(2) 0.08437, 0.16641, 0.2285 1.53389(32) 4.6+9

�7 ⇥ 103

5.0872(3) 4.9979(3) 1.4(3) ⇥ 10�5% 9.80(23) ⇥ 10�6% 5� 0.4328(2) 0.08437, 0.1420, 0.16641, 1.53389(32) 2.19(5) ⇥ 104

0.1822, 0.20593
5.22966(23) 5.13791(23) 0.05(8)% 0.036(6)% 3� 0.29033(5) 0.08437, 0.20593 1.53389(32) 44+9

�6
5.26921(22) 5.17677(22) 0.290(16)% 0.210(11)% 4+ 0.25078(4) 0.08437, 0.16641 1.53389(32) 13.0(7)
5.30401(22) 5.21096(22) 0.55(3)% 0.395(17)% 1� 0.21598(5) 0.08437, 0.13161, 0.21598 1.53389(32) 11.1(5)
5.43562(22) 5.34026(22) 37.3(21)% 27.0(14)% 2+ 0.08437(3) 0.08437 1.53389(32) 0.92(5)
5.51999(22) 5.42315(22)** 100.0(19)% 72.4(1)% 0+ 0.0 —– 1.53389(32) 1.0117(17)

* [2014Un01].
** Taken from [1971Gr17], modified by -0.18 keV by [1991Ry01].
*** All values from [1977Ku15], except where noted. Ea (c. m.) values determined from level energies fed by a decay relative to the value to the ground state.
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Table 8
direct a emission from 232U*, Jp = 0+, T1/2 = 68.81(38) y**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(228Th) coincident g-rays R0 (fm) HF

4.539(1) 4.461(1) 4.7(23) ⇥ 10�5% 3.2(16) ⇥ 10�5% 2+ 0.874(1) 0.0578, 0.1291, 0.2095, 1.52885(29) 3.3+3.4
�1.1

0.2702, 0.3279, 0.3381,
0.478, 0.547, 0.817

4.5822(5) 4.5032(5) 3.1(6) ⇥ 10�5% 2.1(4) ⇥ 10�5% 0+ 0.8313(5) 0.0578 , 0.2702, 0.3279, 1.52885(29) 10.7+2.6
�1.8

0.5036, 0.7734, 0.831
4.8944(3) 4.8100(3) 7.9(4) ⇥ 10�5% 5.4(3) ⇥ 10�5% 5� 0.5191(3) 0.0578, 0.1291, 0.1410, 1.52885(29) 700(40)

0.1910, 0.3323
5.0176(5) 4.9310(5) 7.0(3) ⇥ 10�5% 4.8(2) ⇥ 10�5% 3� 0.3959(5) 0.0578, 0.1291, 0.2095, 1.52885(29) 5.2(2) ⇥ 103

0.3381
5.0356(3) 4.9487(3) 7.5(6) ⇥ 10�5% 5.1(4) ⇥ 10�5% 6+ 0.3779(2) 0.0578, 0.1291, 0.1910 1.52885(29) 6.4(5) ⇥ 103

5.0856(2) 4.9979(2) 8.2(25) ⇥ 10�3% 5.6(17) ⇥ 10�3% 1� 0.3279(2) 0.0578 , 0.2702, 0.3279 1.52885(29) 80+40
�20

5.2266(2) 5.1364(2) 0.47(2)% 0.32 (1)% 4+ 0.1869(7) 0.0578, 0.1291 1.52885(29) 16.3(6)
5.35568(15) 5.26334(15) 45.8(6)% 31.3(4)% 2+ 0.05778(5) 0.0578 1.52885(29) 0.996(14)
5.41346(14) 5.32012(14)*** 100% 68.4(4)% 0+ 0.0 —– 1.52885(29) 0.993(8)

* All values from [1977Ku15], except where noted. Ea (lab) values are deduced from level energies and the Ea value to the ground state of 228Th.
** [1979Ag04].
*** Value from [1972Go33], modified by -0.18 keV as recommended by [1991Ry01].

Table 9
direct a emission from 236Pu*, Jp = 0+, T1/2 = 2.862(8) y**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(232U) coincident g-rays R0 (fm) HF

4.89917(16) 4.81613(16) 2.12(3)⇥10�5% 1.47(2)⇥10�5% (2+) 0.9678(14) 0.0476, 0.1090, 0.3385, 1.51022(22) 6.99(19)
0.4045, 0.4723, 0.5156,
0.5632, 0.5814, 0.8113,
0.9202

4.93948(13) 4.85576(13) 2.02(3)⇥10�5%) 1.40(2)⇥10�5% 0.92749(10) 0.0476, 0.3640, 0.5156, 1.51022(22) 13.89(21)
0.5632, 0.8799, 0.9277***

5.00013(13) 4.91538(13) 1.68(2)⇥10�5% 1.17(1)⇥10�5% 2+ 0.86684(10) 0.0476, 0.1090, 0.7101, 1.51022(22) 42.8(4)
0.8193, 0.8669

5.03344(22) 4.94813(22) 1.44(3)⇥10�7% 9.96(2)⇥10�8% 4+ 0.83353(20) 0.0476, 0.1090, 0.6770 1.51022(22) 8.40(3)⇥103

5.12016(13) 5.03136(13) 3.63(5)⇥10�6% 2.52(3)⇥10�6% 5� 0.74681(10) 0.0476, 0.1090, 0.166, 1.51022(22) 1.23(2)⇥103

0.4239, 0.5903
5.13233(13) 5.04534(13) 3.54(6)⇥10�4% 2.45(4)⇥10�4% 2+ 0.73464(10) 0.0476, 0.1090, 0.5780, 1.51022(22) 15.16(25)

0.6870, 0.7345
5.17553(9) 5.08781(9) 3.41(6)⇥10�4% 2.36(3)⇥10�4% 0+ 0.69144(4) 0.0476, 0.6439 1.51022(22) 29.8(4)
5.30382(8) 5.21392(8) 3.89(5)⇥10�4% 2.70(3)⇥10�4% 1- 0.56315(2) 0.0476, 0.5156, 0.5632 1.51022(22) 164.7(19)
5.32636(14) 5.23608(14) 1.92(3)⇥10�4% 1.33(2)⇥10�4% 8+ 0.54061(11) 0.0476, 0.1090, 0.1661, 1.51022(22) 459(7)

0.2180
5.54436(10) 5.45039(10) 2.55(4)⇥10�3% 1.77(3)⇥10�3% 6+ 0.32261(5) 0.0476, 0.1090, 0.1661 1.51022(22) 668(12)
5.71035(8) 5.61356(8) 0.328(5)% 0.227(3)% 4+ 0.15662(3) 0.0476, 0.1090 1.51022(22) 44.2(6)
5.81940(8) 5.72077(8) 44.0(7)% 30.51(47)% 2+ 0.04757(2) 0.0476 1.51022(22) 1.270(20)
5.86697(8) 5.76753(8) 100.0(9)% 69.26(45)% 0+ 0.0 —– 1.51022(22) 0.997(7)

* All values from [1994Ar08], except where noted. Ea (lab) values are deduced from level energies and the Ea value to the ground state of 232U. Ia (abs) values
were deduced from g intensities.

** Weighted average of 2.851(8) y [1957Ho66] and 1046.9(31) d [1984Na30] (365.2424 d = 1 y).
*** tentative g transition assignment.
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Table 10
direct a emission from 240Cm*, Jp = 0+, T1/2 = 26.8(3) d**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(236Pu)@ coincident g-rays@ R0 (fm) HF

6.091 5.989 0.020% 0.014% 6+ 0.3058(1) 0.0446, 0.1028, 0.1584 1.4947(17) 160
6.251 6.147 0.073% 0.052% 4+ 0.14745(9) 0.0446, 0.1028 1.4947(17) 270
6.3536 6.2477*** 40.6% 28.9% 2+ 0.04463(9) 0.0446 1.4947(17) 1.5
6.3971 6.2905*** 100% 71.1% 0+ 0.0 —– 1.4947(17) 0.98

* All values from [1967Ba42], except where noted.
** [1949Se01].
*** Values from [1971BB10], Ea (lab) values are modified by +0.4 keV as recommended in [1991Ry01].
@ [2022Zh25].

Table 11
direct a emission from 244Cf*, Jp = 0+, T1/2 = 19.4(6) m, BRa = 75(6)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(236Pu) coincident g-rays R0 (fm) HF

7.296(4) 7.176(4) 30(3)% 17(2)% (2+) 0.038(6) 1.498(60) 2.4+0.6
�0.4

7.334(4) 7.214(4) 100% 58(5)% 0+ 0.0 —– 1.498(60) 1.01(10)

* All values from [1967Si08], except where noted. Ea (lab) values are adjusted by +1.9 keV as reccommended in [1991Ry01].
** [2018Ko05].

Table 12
direct a emission from 248Fm*, Jp = 0+, T1/2 = 35.1(8) s**, BRa = 93+7

�17%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(244Cf) coincident g-rays R0 (fm) HF

7.958(20) 7.830(20) 25% 19+1
�2 0.041(28) 1.4945(65) 3.1

7.999(20) 7.870(20) 100% 74+6
�14 0+ 0.0 —– 1.4945(65) 1.07

* All values from [1967Nu01], except where noted.
** [2011Ga19].
*** [1993An10].

Table 13
direct a emission from 252No, Jp = 0+, T1/2 = 2.42(6) s*, BRa = 65.3(5)%**.

Ea (c.m.) Ea (lab)*** Ia (rel)*** Ia (abs) Jp
f Edaughter(248Fm) coincident g-rays R0 (fm) HF

8.507(8) 8.372(8) ⇡33% ⇡16% (2+) 0.044(10) 1.4787(75) ⇡ 2.3
8.551(6) 8.415(6) 100% ⇡49% 0+ 0.0 —– 1.4787(75) ⇡ 1.04

* [2007Su19].
** [2012Su22].
*** [1977Be09].

Table 14
direct a emission from 256Rf, Jp = 0+, T1/2 = 6.66(10) ms*, BRa = 0.29+0.13

�0.10%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(248Fm) coincident g-rays R0 (fm) HF

8.930(8) 8.790(8)*** 0.29+0.13
�0.10%** 0+ 0.0 —– 1.466(26) 1.1+1.0

�0.4

* Weighted average of 6.7(2) ms [2023Is01], 6.90(23) ms [2020Ku23], 6.2(2) ms [1997He29] and 6.9(2) ms [2012Gr12].
** [2020Ku23].
*** Weighted average of 8.786(10) MeV [2010St14], 8.790(20) MeV [1997He29] and 8.812(23) MeV [1986He28].
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Table 15
direct a emission from 256mRf*, Ex. = unk., T1/2 = 10.4+8.4

�3.2 s, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab)*** Ia (rel)*** Ia (abs) Jp
f Edaughter(248Fm) coincident g-rays R0 (fm) HF

8.604(40) 8.470(40) ⇡ 25% ⇡ 80% 0.315(57)+x 1.466(26) ⇡ 2.5
8.919(40) 8.780(40) 100% ⇡ 20% x 1.466(26) ⇡ 6

* All values from [2009SaZV].

Table 16
direct a emission from 260Sg*, Jp = 0+, T1/2 = 4.95(33) ms, BRa = 29(3)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(256Rf) coincident g-rays R0 (fm) HF

9.872(30) 9.720(30)** 20(12)%** 5.8(35)% (2+) 0.028(32) 1.4562(75) 4+7
�2

9.900(10) 9.748(10) 100% 24.1(16)% 0+ 0.0 —– 1.4562(75) 1.0+0.3
�0.2

* All values from [2009He20], except where noted.
** [1985Mu11].

Table 17
direct a emission from 260mSg*, Ex. = unk., T1/2 = 180+150

�60 ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(256Rf) coincident g-rays R0 (fm) HF

8.897(80) 8.760(80) 25% ⇡ 20% 0.76(10)+x 1.4562(75) ⇡ 0.06**
9.659(60) 9.510(60) 100% ⇡ 80% x 1.4562(75) ⇡ 2.5

* All values from [2009SaZV].
** The unphysically low HF value indicates that there is an issue with the interpretation of the data.

Table 18
direct a emission from 264Hs*, T1/2 = 0.90+0.40

�0.20 ms**, BRa = 80+20
�40%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(248Fm) coincident g-rays R0 (fm) HF***

10.499(40) 10.340(40) 50% 24% 0.468(57)+x 1.485(24) 3.1
10.773(40) 10.610(40) 100% 48% 0.194(57)+x 1.485(24) 7
10.967(40) 10.800(40) 17% 13% x 1.485(24) 110

* All values from [2011Sa41], except where noted. Based on the HF values, it is doubtful that these transitions are from the 0+ ground state.
** [2009SaZV].
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +24 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a BRb - a BRe F Experimental

210Tl* (5+) 1.30(3) m -3.95(10)# 5.481(12) 9.274(33) [1964We06]
214Bi 1� 19.71(2) m -1.018(11) 3.269(11) 11.102(11) 3.03 ⇥ 10�3% [1991Ma68, 1965Le08,

1975HaZA, 1933RuXX]
218At (3�) 1.27(6) s -0.256(12) 2.883(12)) 6.217(12) [2019Cu02]

Qe p Qe a
222Fr* 2� 14.2(3) m 0.0606(8) -7.694(16) 5.597(8) [1973AfZV]
226Ac (1�) 29.37(12) h 0.642(3) -6.800(12) 5.512(4) [1987Mi10]
230Pa 2� 17.4(4) d** 1.311(3) -5.805(12) 6.081(4) [1948St42, 1949Os01]

234Np (0+) 4.4(1) d 1.810(8) -4.824(8) 6.667(8) [1955Pr29]
238Am 1+ 98(3) m 2.260(60) -3.739(59) 7.852(59) [1972Ah04]

238mAm x 60(15) µs 2.260(60)+x -3.739(59)+x 7.852(59)+x [1967Bo23]
242Bk 7.0(13) m 2.95(14)# -2.47(14)# 9.16(13)# [1979Wi03]

242m1Bk x 9.5(20) ns 2.95(14)#+x -2.47(14)#+x 9.16(13)#+x [1972Wo07]
242m2Bk y 600(100) ns 2.95(14)#+y -2.47(14)#+y 9.16(13)#+y [1972Wo07]

246Es 7.7(5) m 3.730(90) -1.284(90) 10.590(90) ⇡ 3⇥10�3% [2001Sh09, 1980Ga07,
1980GaZZ]

250Md 52(6) s 4.330(90) -0.065(96)# 11.884(91) ⇡0.02% [1973Es01, 1980Ga07,
1991FuZZ, 1980GaZZ]

254Lr (4+) 18.1(13) s*** 4.920(90) 1.184(97)# 13.149(92) [2008An16, 2008Ga25]
258Db (0�) 2.17(36) s 5.160(90) 1.55(10)# 14.359(92) [2019Vo03]

258mDb 0.051(14) 4.41(21) s 5.214(91) 1.60(10)# 14.410(93) [2019Vo03]
262Bh@ y 87(14) ms@@ 5.88(10)+y 2.66(14)#+y 15.483(94)+y [2009He20, 2006Fo02, 1989Mu09]

262mBh@ x 11(2) ms@@@ 5.88(10)+x 2.66(14)#+x 15.483(94)+x [2009He20, 2006Fo02, 1989Mu09]
266Mt y 0.7+0.4

�0.2 ms 6.53(10)+y 3.99(26)#+y 16.879(99)+y [1999He11]
266Mt x 1.2+1.0

�0.4 ms 6.53(10)+x 3.99(26)#+x 16.879(99)+x [1999He11]

* 100% b� emitter.
** Weighted average of 17.0(5) d [1948St42] and 17.7(5) d [1949Os01].
*** Weighted average of 18.4(18) s [2008An16] and 17.8+1.9

�1.6 s [2008Ga25].
@ The relative ordering of these states is unclear (i.e. which level is the ground state and which is the excited isomer).
@@ Weighted average of 83(14) ms [2009He20], 84+21

�16 ms [2006Fo02] and 102(26) ms [1989Mu09].
@@@ Weighted average of 22(4) ms [2009He20], 9.6+3.6

�2.4 ms [2006Fo02] and 8.0(21) ms [1989Mu09].
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +24 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

210Tl 7.93(15)# 2.52(30)#
214Bi 5.286(13) 5.621(3) 0.0210(13)% [1960Wa14, 1948Ch22, 1934Le011992Po07, 1939Du01]
218At 5.072(13) 6.876(3) 99.9% [2019Cu02, 1964Hy02, 1949Wa05, 1990Mo08, 1989Bu09,

1958Wa16, 1952Hi60]
222Fr 5.382(9) 5.853(14)

226Ac 4.973(4) 5.506(8) 6(2)⇥10�3% [1975VaZD, 1987Mi10
230Pa 4.701(4) 5.439(1) 3.2(1)⇥10�3% [1966Ba14, 1965Br32, 1964Mc21]

234Np 4.253(9) 5.356(9)
238Am 3.959(59) 6.042(58) 1.0(4)⇥10�4% [1972Ah04, 1972AhZS]

238mAm 3.959(59)-x 6.042(58)+x ⇡100% [1967Bo23]
242Bk 3.24(14) 6.91(15) <1% <0.03% [1979Wi03

242m1Bk 3.24(14)-x 6.91(15)+x 100% [1972Wo07]
242m2Bk 3.24(14)-y 6.91(15)+y 100% [1972Wo07, 1972Ga42]

246Es 2.855(90) 7.64(10) 9.9(18)% [1989Ha27, 1967Mi06, 1986HaZM, 1973Es01]
250Md 2.409(91) 8.155(28) 7(1)% [2008An16, 1985He22, 1973Es01, 2009Ne02, 2008Ga25]

254Lr 2.002(92) 8.822(8) 72(2)% [2019Vo13, 2008An16, 2022Ka45, 2009Ne22, 2008Ga25,
2006Fo02, 2001Ga20, 1986He28, 1985He22, 1982HeZL]

258Db 1.648(92) 9.437(10) ⇡96% [2019Vo03, 2022Ka45, 2016He15, 2009He20, 2006Fo02,
1999He11, 1985He22]

258mDb 1.597(93) 9.488(17) ⇡57% [2019Vo03, 2016He15, 2009He20, 2008Ga25, 2006Fo02,
2001Ga20, 1985He22]

262Bh 1.042(95)-y 10.319(15)+y 100% [2009He20, 2006Fo02, 1989Mu09, 2008Ne08, 1997Ho14,
1988Mu15, 1988MuZX, 1986MuZX, 1984Og03, 1983OgZX,
1981Mu06]

262mBh 1.042(95)-x 10.319(15)+x 100% [2009He20, 2006Fo02, 1989Mu09, 2008Ne08, 1997Ho14,
1988Mu15, 1988MuZX, 1986MuZX, 1984Og03, 1983OgZX,
1981Mu06]

266Mt* 0.517(99)-y 10.996(25)+y 100%* <25% [2009Ne02, 1999He11, 1997Ho14, 1989Mu16, 1989MuZY,
1988Mu15, 1984Mu07, 1984Og03, 1982Mu15]

266mMt* 0.517(99)-x 10.996(25)+x 100%* <25% [2009Ne02, 1999He11, 1997Ho14, 1989Mu16, 1989MuZY,
1988Mu15, 1984Mu07, 1984Og03, 1982Mu15]

* 266Mt has a very complex a-decay scheme with a-a correlations to known 262Bh and 262mBh a’s. The observed Ea are a broad distribution from 10.5 to
11.7 MeV.

Table 3
direct a emission from 214Bi*, Jp = 1�, T1/2 = 19.71(2) m**, BRa = 0.0210(13)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(210Tl) coincident g-rays R0 (fm)*** HF

5.039(3) 4.945(3) 0.46(9)% 5.3(11)⇥10�5% 0.582(4) 1.495(21) 48+32
�20

5.123(3) 5.027(3) 0.39(7)% 4.41(88)⇥10�5% 0.498(4) 1.495(21) 180+110
�70

5.287(3) 5.188(3) 1.13(11)% 1.28(15)⇥10�4% 0.334(4) 1.495(21) 490+300
�190

5.372(3) 5.272(3) 10.76(19)% 1.22(8)⇥10�3% 0.249(4) 1.495(21) 150+90
�50

5.556(3) 5.452(3) 100% 1.13(7)⇥10�2% 0.065(4) 1.495(21) 140+80
�50

5.621(3) 5.516(3) 72.73(69)% 8.23(51)⇥10�3% (5+) 0.0 —– 1.495(21) 400+230
�150

* All values from [1960Wa14], except where noted. Ea (lab) values have been adjusted by +3.8 keV as recomended by [1991Ry01].
** [1991Ma68].
*** Interpolated between 1.449(21) fm (210Pb) and 1.54117(28) fm (216Po).
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Table 4
b�-delayed a emission from 214Bi*, Jp = 1�, T1/2 = 19.71(2) m**, BRb��a = 3.03 ⇥ 10�3%.

Ea (c.m.) Ea (lab.) Ia (rel)%*** Ia (abs)% Eemitter (212Po) Edaughter(208Pb)

8.445(6) 8.287(6) 5.5% 1.20⇥10�4% 0.610 0.0
8.591(6) 8.430(6) 2.7% 6.00⇥10�5% 1.536 0.0
9.120(8) 8.950(8) 0.9% 2.00⇥10�5% 1.286 0.780
9.253(6) 9.080(6) 100.0% 2.20⇥10�3 1.419 0.0
9.498(6) 9.320(6) 2.3% 5.10⇥10�5% 1.663 0.0
9.557(8) 9.378(8) 0.9% 2.00⇥10�5% 1.722 0.0
9.681(6) 9.500(6) 4.5% 1.00⇥10�4% 1.847 0.0
9.854(8) 9.670(8) 0.5% 1.00⇥10�5% 2.020 0.0
9.989(6) 9.802(6) 5.5% 1.20⇥10�4% 2.154 0.0

10.096(6) 9.907(6) 3.2% 7.00⇥10�5% 2.261 0.0
10.274(6) 10.082(6) 6.4% 1.40⇥10�4% 2.440 0.0
10.343(8) 10.150(8) 1.0% 2.10⇥10�5% 2.509 0.0
10.529(6) 10.332(6) 3.6% 8.00⇥10�5% 2.694 0.0

10.705(10) 10.505(10) 0.9% 2.00⇥10�5% 2.871 0.0

* All values taken from [1965Le08], except where noted.
** [1991Ma68].

Table 5
direct a emission from 218At*, Jp = (3�), T1/2 = 1.27(6) s**, BRa = 99.9%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(214Bi) coincident g-rays R0 (fm)@@ HF

6.779(7) 6.655(7) 7.5% 6.9(1)% (4�) 0.102(9) 1.54833(30) 21.2(11)
6.819(5) 6.694(5) 100% 92.2% (3�) 0.063 0.010, 0.0533 1.54833(30) 2.2(2)
6.882(5) 6.756(5)@ 1.0% 0.9% 1� 0.0 —– 1.54833(30) �390

* All values from [1960Wa14], except where noted.
** [2019Cu02].
*** [1949Wa05].
@ Va;ue from [1964Hy02], adjusted by -1.2 keV as recommended in [1991Ry01].
@@ Interpolated between 1.54117(28) fm (216Po) and 1.55548(10) fm (220Rn).

Table 6
direct a emission from 226Ac*, Jp = (1�), T1/2 = 29.37(12) h**, BRa = 6(2)⇥10�3%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(222Fr) coincident g-rays R0 (fm)*** HF

5.496(5) 5.399(5) 6(2)⇥10�3% 2� 0.0 —– 1.53803(33) 51+26
�13

* All values from [1975VaZD], except where noted.
** [1987Mi10].
*** Interpolated between 1.542177(86) fm (224Ra) and 1.53389(32) fm (228Th).
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Table 7
direct a emission from 230Pa*, Jp = 2�, T1/2 = 17.4(4) d**, BRa = 3.2(1)⇥10�3%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(226Ac) coincident g-rays R0 (fm)*** HF

4.850(2) 4.766(2) 0.9(5)% 2.8(14)⇥10�5 0.589(2) 1.53137(43) 7+8
�3

4.883(5) 4.798(5)@ 0.09-0.22% 2.8-7.0⇥10�6 0.556(5) 1.53137(43) 47-118
5.021(3) 4.934(3) 1.7(9)% 5.6(29)⇥10�5 0.418(3) 1.53137(43) 50+0.5

�0.2
5.061(2) 4.973(2) 3.0(10)% 9.7(31)⇥10�5 0.378(2) 1.53137(43) 49+22

�12
5.150(3) 5.060(3) 1.7(9)% 5.6(29)⇥10�5 0.290(3) 1.53137(43) 310+320

�110
5.174(2) 5.084(2) 3.04%0.96% 9.7(31)⇥10�5 0.265(2) 1.53137(43) 250+110

�60
5.210(3) 5.119(3) 2.6(9)% 8.3(30)⇥10�5 0.230(3) 1.53137(43) 480+260

�130
5.244(2) 5.153(2) 1.7(5)% 5.6(16)⇥10�5 0.195(2) 1.53137(43) 1.2(4)⇥103

5.275(3) 5.183(3) 2.2(9)% 7.0(3)⇥10�5 0.165(3) 1.53137(43) 1.4+1.0
�0.4⇥103

5.3089(15) 5.2166(15) 2.17%0.52% 7.0(2)⇥10�5 0.1304(17) 1.53137(43) 2.3+0.7
�0.4⇥103

5.3616(7) 5.2684(7) 15.2(29)% 4.9(9)⇥10�4 0.0777(10) 1.53137(43) 660+110
�100

5.3690(7) 5.2756(7) 13.0(28)% 41.2(9)⇥10�4 0.0703(10) 1.53137(43) 850+200
�140

5.3810(15) 5.2874(15) 13.0(39)% 4.2(12)⇥10�4 0.058317 1.53137(43) 1.0+0.4
�0.3⇥103

5.3943(7) 5.3005(7) 74(16)% 2.4(5)⇥10�3 0.0450(10) 1.53137(43) 210+50
�40

5.4060(7) 5.3120(7) 57(15)% 1.8(5)⇥10�3 0.0333(10) 1.53137(43) 320+110
�70

5.4205(7) 5.3262(7) 78(17)% 2.5(5)⇥10�3 0.0188(10) 1.53137(43) 280+70
�50

5.4342(10) 5.3397(10) 65(23)% 2.1(7)⇥10�3 0.005112 1.53137(43) 410+220
�110

5.4393(7) 5.3447(7) 100(13)% 0.0032(4) 0.0 —– 1.53137(43) 280+50
�40

* All values from [1966Ba14], except where noted.
** Weighted average of 17.0(5) d [1948St42] and 17.7(5) d [1949Os01].
*** Interpolated between 1.53389(32) fm (228Th) and 1.52885(29) fm (232U).
@ Tentative assignment.

Table 8
direct a emission from 238Am*, Jp = 1+, T1/2 = 98(3) m, BRa = 1.0(4)⇥10�4%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(234Np) coincident g-rays R0 (fm)*** HF

⇡6.04 ⇡5.94 1.0(4)⇥10�4% (0+) 1.5024(17) 110+80
�30

* All values from [1972Ah04],
** Interpolated between 1.51022(22) fm (236Pu) and 1.4947(17) fm (240Cm).

Table 9
direct a emission from 246Es*, T1/2 = 7.7(5) m, BRa = 9.9(18)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(242Bk) coincident g-rays R0 (fm)*** HF

7.492(4) 7.370(4)** 9.9(18)% 1.496(60) 4+12
�3

* All values from [1967Mi08], except where noted.
** [1989Ha27].
*** Interpolated between 1.498(60) fm (244Cf) and 1.4945(65) fm (248Fm).

Table 10
direct a emission from 250Md, T1/2 = 52(6) s*, BRa = 7(1)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(246Es) coincident g-rays R0 (fm)@ HF

7.877(20) 7.751(20)*** 100%@ ⇡5.3% 0.1523** 1.4866(99) ⇡3.1
7.964(20) 7.837(20)*** ⇡33%@ ⇡1.8% 1.4866(99) ⇡19

* [1973Es01].
** [2008An16].
*** [1985He22].
@ Average of 7.751(20) MeV ⇡80%, 7.837(20) MeV ⇡20% [1985He22] and 7.751(20) MeV ⇡70%, 7.837(20) MeV ⇡30% [1973Es01].
Interpolated between 1.4945(65) fm (248Fm) and 1.4787(75) fm (252No).

5



Table 11
direct a emission from 254Lr*, T1/2 = 18.1(13) s**, BRa = 72(2)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(250Md) coincident g-rays R0 (fm)@ HF

8.520(10) 8.386(10) 100(29)% 24(7)% 0.307 0.0963, 0.2091, 0.3068 1.472(27) 1.8+1.9
�1.0

8.539(15) 8.405(15) 38(12)% 9(1)% 0.284 0.0753, 0.2091 1.472(27) 5+5
�3

8.572(15) 8.437(15) 88(49)% 21(10)% 0.252 0.0428, 0.2091 1.472(27) 3+4
�2

8.616(15) 8.480(15) 42(28)% 10(6)% 0.209 0.2091 1.472(27) 9+16
�6

8.641(10) 8.505(10) 33(23)% 8(5)% 0.184 0.1633 1.472(27) 13+29
�9

* All values from [2019Vo03], except where noted.
** Weighted average of 18.4(18) s [2008An16] and 17.8+1.9

�1.6 s [2008Ga25].
*** [2008An16].
@ Interpolated between 1.4787(75) fm (252No) and 1.466(26) fm (256Rf).

Table 12
direct a emission from 258Db*, T1/2 = 2.17(36) s, BRa = ⇡96%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(254Lr) coincident g-rays R0 (fm)** HF

9.203(15) 9.060(15) ⇡10% ⇡7.4% 0.235 1.461(27) ⇡40
9.217(10) 9.074(10) ⇡11% ⇡8% 0.221 0.221 1.461(27) ⇡40
9.236(10) 9.093(10) ⇡11% ⇡8% 0.199 0.043, 0.156, 0.199 1.461(27) ⇡50
9.330(15) 9.185(15) ⇡100% ⇡73% 0.108 1.461(27) ⇡10

* All values from [2019Vo03], except where noted.
** Interpolated between 1.466(26) fm (256Rf) and 1.4562(75) fm (260Sg).

Table 13
direct a emission from 258mDb*, Ex. = 51(14) keV, T1/2 = 4.41(21) s, BRa = ⇡57%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(254Lr) coincident g-rays R0 (fm)** HF

9.149(15) 9.007(15) ⇡38% ⇡6% 0.338 1.461(27) ⇡120
9.182(15) 9.040(15) ⇡44% ⇡7% 0.304 1.461(27) ⇡130
9.213(10) 9.070(10) ⇡75% ⇡12% 0.274 0.043, 0.096, 0.134 1.461(27) ⇡90
9.265(15) 9.121(15) ⇡56% ⇡9% 0.221 0.221 1.461(27) ⇡180
9.288(10) 9.144(10) ⇡100% ⇡16% 0.199 0.043, 0.156, 0.199 1.461(27) ⇡110
9.309(15) 9.165(15) ⇡42% ⇡6.7% 0.178 0.043, 0.134 1.461(27) ⇡310

* All values from [2019Vo03], except where noted.
** Interpolated between 1.466(26) fm (256Rf) and 1.4562(75) fm (260Sg).

Table 14
direct a emission from 262Bh*, Ex. = y, T1/2 = 87(14) ms**, BRa = 100%.

Ea (c.m.) Ea (lab)*** Ia (rel)@ Ia (abs) Jp
f Edaughter(258Db) coincident g-rays R0 (fm)@@ HF

9.843(15) 9.693(15) ⇡82% ⇡31% y+0.345 1.471(25) ⇡7
9.878(25) 9.727(25)@@@ ⇡14% ⇡5% y+0.311 1.471(25) ⇡50
9.961(25) 9.809(25)@@@ ⇡5% ⇡2% y+0.227 1.471(25) ⇡220
10.089(15) 9.935(15) ⇡64% ⇡24% y+0.100 1.471(25) ⇡40
10.189(15) 10.033(15) ⇡100% ⇡38% y+0.0 1.471(25) ⇡40

* Which level is the ground state and which is the excited isomer is unknown.
** Weighted average of 83(14) ms [2009He20], 84+21

�16 ms [2006Fo02] and 102(26) ms [1989Mu09].
*** Weighted average of values from [1989Mu09] (9.740(25) MeV; 4 counts, 9.910(25) MeV; 4 counts, 10.060(25) MeV; 7 counts), [2006Fo02] (9.657(25)

MeV; 2 counts, 9.727(25) MeV; 1 count, 9.809(25) MeV; 3 counts, 9.936(25) MeV; 4 counts, 10.075(25) MeV; 5 counts) and [2009He20] (9.689(15) MeV; 12
counts, 9.943(15) MeV; 6 counts, 10.008(15) MeV; 10 counts).

@ Counts from [2009He20, 2006Fo02, 1989Mu09] summed to determine relative intensities.
@@ Interpolated between 1.4562(75) fm (260Sg) and 1.485(24) fm (264Hs).
@@@ Only observed in [2006Fo02].
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Table 15
direct a emission from 262mBh*, Ex. = x, T1/2 = 11(2) ms, BRa = 100%.

Ea (c.m.) Ea (lab)@ Ia (rel) Ia (abs) Jp
f Edaughter(258Db) coincident g-rays R0 (fm)@@ HF

9.978(15) 9.826(15)@@@ ⇡24% ⇡13% x+0.549 1.471(25) ⇡ 5
10.371(15) 10.213(15) ⇡60% ⇡33% x+0.156 1.471(25) ⇡18
10.528(15) 10.367(15) ⇡100% ⇡54% x+0.0 1.471(25) ⇡27

* Which level is the ground state and which is the excited isomer is unknown.
** Weighted average of 22(4) ms [2009He20], 9.6+3.6

�2.4 ms [2006Fo02] and 8.0(21) ms [1989Mu09].
*** Weighted average of values from [1989Mu09] 10.240(25) MeV; 6 counts, 10.370(25) MeV; 8 counts), [2006Fo02] (10.231(25) MeV; 1 count, 10.348(25)

MeV; 7 counts) and [2009He20] (9.86215) MeV; 6 counts, 10.197(15) MeV; 8 counts, 10.373(15) MeV; 10 counts).
@ Counts from [2009He20, 2006Fo02, 1989Mu09] summed to determine relative intensities.
@@ Interpolated between 1.4562(75) fm (260Sg) and 1.485(24) fm (264Hs).
@@@ Only observed in [2009He20].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +49/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 209Hg, 213Pb, 217Po, 221Rn, 225Ra, 237Pu, 241Cm, 245Cf, and249Fm are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

209Hg* (9/2+) 35+9
�6 s -6.38(43)# 5.040(150)# 7.72(26)# [1998Zh19]

213Pb* (9/2+) 10.2(3) m -4.987(28) 2.028(8) 8.196(9) [1964Bu05]
217Po (9/2+) 1.52(3) s** -2.847(19) 1.489(8) 8.870(9) [2003Ku25, 2004Li28]
221Rn (7/2+) 25(2) m -2.311(15) 1.194(7) 7.831(8) [1956Mo15]
225Ra 1/2+ 14.8(2) d -1.828(12) 0.356(5) 6.471(6) [1950Ha52]
229Th 5/2+ 7894(40) y*** -1.104(12) -0.311(4) —– [1989Go19, 2014Va04, 2018Es07]

233U 5/2+ 1.5903(13)⇥105y -0.570(2) –1.030(5) —– [2009Po15]
Qe p Qe a

237Pu 7/2� 45.31(3) d@ 0.220(1) -4.642(1) 5.177(2) [1994Ta25, 1981Ba15]
237m1Pu 2.90(20)@@ 94.8 ns@@@ 2.92(20) -1.74(20) 8.08(20) [1971Ru03, 1974Ba82]
237m2Pu 3.20(25)a 1.12(8) µs 3.40(25) -1.44(25) 8.38(25) [1971Ru03]

241Cm (1/2+) 32.8(2) d 0.767(1) -3.713(1) 6.405(2) [1974Po08]
241mCm 2.45(20)b 15.3(10) ns 3.22(20) -1.26(20) 8.86(20) [1972Vy07, 1971Br39, 1971Re11]

245Cf (1/2+) 46.4(3) m 1.571(3) -2.356(2) 8.026(3) [1996Ma72]
249Fm (7/2+) 99(6) sc 2.340(30)# -1.008(8) 9.280(6)# [2004He28, 2006Ni09]
253No (9/2�) 1.56(2) m 3.190(30)# 0.253(9) 10.759(31)# [2009He23]
257Rf (1/2+) 5.5(4) s 3.200(50)# 0.754(13) 12.268(33)# [2010St14]

257mRf 0.074(16) (11/2�) 4.9(7) s 3.274(52)# 0.828(21) 12.342(37)# [2010St14]
261Sg (3/2+) 184(5) ms 3.700(11)# 1.567(20)# 12.915(48)# [2010St14]
265Hs 1.9(2) ms 4.51(24)# 2.83(28)# 14.17(11)# [2009He20]

265mHs xd 300+200
�100 µs 4.51(24)#+x 2.83(28)#+x 14.17(11)#+x [2009He20]

269Ds 170160
70 µs 5.54(31)# 4.58(30)# 16.02(24)# [1999He07]

* 100% b� emitter.
** Weighted average of 1.53(3) s [2003Ku25] and 1.48(5) s [2004Li28].
*** Weighted average of 7880(120) y [1989Go19], 7917(48) y [2014Va04] and 7825(87) y [2018Es07].
@ Weighted average of 45.66(4) d [1994Ta25], and 45.12(3) d [1981Ba15].
@@ [1971Br39].
@@@ Weighted average of 82(8) ns [1971Ru03], and 110(9) ns [1974Ba82].
a [1973Va16] reports 300(150) keV above 237m1Pu.
b Weighted average of 2.30(20) MeV [1971Br39], and 2.60(20) MeV [1972Vy07].
c Weighted average of 96(9) s [2004He28], and 117(15) s [2006Ni09].
d The ordering of the two isomers is uncertain.
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +49/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF BRcluster type Experimental

209Hg 9.99(34)# 1.79(34)#
2131977Vy02Pb 8.94(20)# 2.98(15)

217Po 7.280(13) 6.662(2) ⇡ 100% [2004Li28, 2003Ku25, 1997Li23, 1977Vy02, 1956Mo15]
221Rn 7.193(15) 6.148(2)* 22(1)% [2004Li28, 1997Li23, 1977Vy02, 1956Mo15]
225Ra 7.045(11) 5.097(5) 2.6(8)⇥10�3% [2000Li37]
229Th 6.598(3) 5.168(1) 100% [2000Ga52, 1987He28, 1970Ba20, 2018Es07, 2014Va04,

1998Ga48, 1995Vo07, 1987AhZV, 1986He06, 1986He12,
1983Ra01, 1981Di14, 1971Bb10, 1970BaZZ, 1969Ba57,
1968Ba46, 1964Hy02, 1961Ko11, 1961Tr08, 1959Go87,
1950Ha52, 1949SeZU, 1947Ha02]

233U 6.316(8) 4.909(1) 100% 7.2(12)⇥10�11% 24Ne [2003Ba78, 1991Pr01, 1967Ba43, 2024Gr01, 2020Si22,
2009Po15, 1998Ya17, 1992El01, 1986Ba65, 1985AlZQ,
1984Re05, 1979Ce04, 1977Ca04, 1976Kr03, 1976Va02,
1968 Ba25, 1968Ke15, 1967Ga15, 1967Mo28, 1967Tr07,
1966Ba43, 1964Ba42, 1961An08, 1961Po10, 1960Dz07,
1959Do63, 1958Cl49, 1953AsZZ, 1950Ha52, 1949SeZU,
1947Ha02]

237Pu 5.575(50) 5.748(2) 4.2(4)⇥10�3% [1979El05, 1957Ho68, 1957Th10]
237m1Pu 2.38(21) 8.65(20) obs [1978De07, 1974Ba82, 1971Br39, 1971Ru03, 1982Ra04

1979Gu03, 1973Va16, 1972Vi10, 1971Te07, 1970Bu02,
1970Po01, 1970RuZS, 1969Me11, 1979VaZX]

237m2Pu 2.38(26) 8.95(25) obs [1973Va16, 1979Gu03, 1974Ba82, 1972Vi10, 1971Ru03,
1971Te07, 1970Po01]

241Cm 5.097(14) 6.185(1) 1.0(1)% [1975Ah05, 1974Po08, 1971Bb10, 1969Ba57, 1967Ba42,
1965Ba51, 1952Hi11]

241mCm 2.65(20) 8.64(20) obs [1972Vy07, 1971Br39, 1971Re11, 1974SpZS, 1972Ga42,
1970Po01]

245Cf 4.618(15) 7.258(2) 36.0(26)% [1996Ma72, 2004He28, 1968Ku12, 1967Fi04, 1956Ch43]
249Fm 4.069(53) 7.709(6) 15.6(1)% [2012He09, 2011Lo06, 2006Ni09, 2004He28, 1967Mi03,

1966Ak01, 1959Pe27]
253No 3.397(92) 8.415(4) 55(3)% [2012He09, 2011An13, 2011Lo06, 2006Lo12, 2015KaZX,

2008DoZZ, 2006Po10, 2004He04, 2004He28, 1997He29,
1971GhZV, 1967Gh01, 1967Mi03]

257Rf 3.169(84) 9.083(8) 79.3(17)% 1.3(3)% [2022Ha04, 2010St14, 1997He29, 2016He08, 2009He20,
2008Dr05, 2002HeZS, 2001He35, 1985He06, 1985So03,
1974BeYN, 1969Gh01]

257mRf 3.095(86) 9.157(18) 81.0(25)% 14(9)% [2022Ha04, 2010St14, 1997He29, 1985So03, 2016He08,
2009He20, 2008Dr05, 2002HeZS, 2001He35, 1985He06,
1974BeYN, 1969Gh01]

261Sg 2.957(95)# 9.714(15) 98.1(5)% 0.6(2)% [2010St14, 2010Be16, 2007St12, 2004He23, 1985Mu11,
1984De07, 1984Mu17, 1984Og03, 1983DeZH]

265Hs 2.35(18)# 10.470(15) ⇡100% < 1% [2009He20, 2000HoZZ, 2011Sa41, 1999He11, 1987Mu15,
1984DeZO, 1984Mu17]

265mHs 2.35(18)#-x 10.470(15)+x ⇡100% [2009He20, 2011Sa41, 1999He11, 1984DeZO,
269Ds 1.61(24)# 11.510(30) 100% [199He07, 2002Ho11, 1995Ho03]

* Deduced from a energy, 6.163(3) in [2021Wa16].

Table 3
direct a emission from 217Po, Jp = (9/2+), T1/2 = 1.52(3) s*, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(213Pb) coincident g-rays R0 (fm) HF

6.664(3) 6.541(3)** ⇡ 100% (9/2+) 0.0 —– 1.53953(24) 1.63(5)

* Weighted average of 1.53(3) s [2003Ku25] and 1.48(5) s [2004Li28].
** Weighted average of 6.543(4) MeV [2003Ku25] and 6.539(4) MeV (adjusted to 6.537(4) MeV in [1991Ry01]) [1977Vy02].
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Table 4
direct a emission from 221Rn*, Jp = (7/2+), T1/2 = 25(2) m**, BRa = 22(1)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(217Po)*** coincident g-rays*** R0 (fm) HF

5.882(2) 5.776(2) 9% 1.5% (11/2+) 0.265 0.265 1.55206(14) 12
5.893(2) 5.786(2) 15% 2.6% (7/2+) 0.254 0.254 1.55206(14) 8.1
6.148(2) 6.037(2) 100% 17.6% (9/2+) 0.0 —– 1.55206(14) 17

* All values from [1977Vy02], except where noted. Ea (lab) values are adjusted by -1.7 keV in [1991Ry01]. [1977Vy02] lists uncertainties as 3 keV, which
was reduced to 2 keV in [1997Li23].

** [1956Mo15].
*** [2018Ko01].

Table 5
direct a emission from 225Ra*, Jp = 1/2+, T1/2 = 14.2(8) d**, BRa = 2.6(8)⇥10�3%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(221Rn) coincident g-rays R0 (fm) HF

5.066(5) 4.976(5) 30(17)% 6(3)⇥10�4% (3/2+) 0.030(10)
5.097(5) 5.006(5) 100(25)% 2.0(5)⇥10�3%7/2+ 0.0 —–

* All values from [2000Li37], except where noted.
** [1950Ha52].

Table 6
direct a emission from 229Th, Jp = 5/2+, T1/2 = 7894(40) y*, BRa = 100% (1 of 3).

Ea (c.m.)** Ea (lab)*** Ia (rel) Ia (abs) Jp
f

@@ Edaughter coincident g-rays (keV)@@ HF@@@

(225Ra)@@

4.5044(10) 4.426** 0.011% 0.006% (5/2+,7/2+) 0.6632 11.1, 17.3, 23.6, 25.4, 28.7, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 49.7, 16
51.0, 53.8, 55.2, 56.5, 59.3, 63.7, 65.0, 68.1, 68.8, 75.2, 77.6, 78.5,
86.3, 89.1, 94.7, 94.8, 98.9, 100.8, 107.1, 109.1, 110.3, 115.9, 118.1,
120.1, 123.2, 124.6, 126.1, 126.5, 131.9, 134.2, 137.0, 139.8, 142.0,
142.9, 147.7, 148.2, 149.9, 151.6, 154.3, 156.4, 166.9, 167.5, 171.2,
174.1, 179.8, 185.6, 190.6, 193.5, 194.9, 200.8, 204.7, 210.3, 210.9,
217.4, 218.2, 221.2, 225.3, 228.6, 234.8, 236.3, 242.6, 252.4, 296.2,
303.8, 310.1, 313.3, 317.8, 349.4, 327.9, 341.1, 414.6, 419.9, 483.7,
513.5, 543.0, 551.7, 594.4

4.5587(10) 4.478@ 0.016% 0.0091% 0.6089 11.1, 17.3, 23.6, 25.4, 31.4, 37.8, 42.4, 42.8, 44.0, 55.2, 68.8, 75.2, 26
86.3, 94.7, 102.5, 107.1, 118.1, 124.6, 149.9, 169.2, 182.1, 193.5,
216.0, 225.3, 281.3, 327.9, 459.1, 565.7

4.5631(10) 4.484(2) 0.070% 0.0396% (5/2+) 0.6045 11.2, 17.3, 22.0, 23.6, 25.4, 29.9, 31.4, 33.1, 37.8, 42.4, 42.8, 44.0, 6.5
51.0, 55.2, 59.3, 63.7, 65.0, 68.1, 68.8, 75.2, 77.6, 86.3, 89.1, 94.7,
94.8, 102.5, 107.1, 109.1, 110.3, 114.8, 115.9, 118.1, 120.1, 123.2,
124.6, 126.1, 131.9, 134.2, 137.0, 139.8, 142.9, 147.7, 148.2, 149.9,
151.6, 154.3, 156.4, 166.9, 154.3, 167.5, 169.2, 171.2, 174.1, 179.8,
182.1, 183.0, 185.6, 189.3, 190.6, 193.5, 194.9, 200.8, 204.7, 210.9,
216.0, 217.4, 218.2, 225.3, 228.6, 234.8, 236.3, 242.6, 250.1, 267.4,
276.9, 298.7, 320.8, 327.9, 349.4, 328.2, 336.7, 344.4, 358.0, 361.0,
366.5, 368.1, 377.4, 379.4, 403.3, 408.5, 424.8, 452.6, 453.3, 454.8,
478.0, 492.9, 503.6, 523.5, 535.1, 549.8, 561.8, 573.0, 579.2, 592.5

4.5748(10) 4.4949** 0.048% 0.027% (3/2�,5/2�) 0.5928 11.1, 17.3, 22.0, 23.6, 25.4, 29.9, 31.4, 33.1, 37.8, 42.4, 42.8, 44.0, 11.6
51.0, 55.2, 59.3, 63.7, 65.0, 68.1,68.8, 75.2, 77.6, 86.3, 89.1, 94.7,
94.8, 110.3, 107.1, 109.1, 114.8, 118.1, 120.1, 123.2, 124.6, 126.1,
131.9, 134.2, 137.0, 139.8, 142.9, 148.2, 149.9, 151.6, 154.3, 171.2,
174.1, 179.8, 183.0, 185.6, 189.3, 190.6, 194.9, 200.8, 217.4, 218.2,
228.6, 234.8, 250.1, 267.4, 298.7, 320.8, 349.4, 328.2, 358.0, 366.5,
377.4, 403.3, 408.5, 453.3, 452.6, 478.0, 523.5, 549.8, 592.5

4.6323(10) 4.5514** 0.026% 0.0145% (5/2+) 0.5353 11.1, 17.3, 23.6, 25.4, 28.7, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 49.7, 57
53.8, 55.2, 56.5, 59.3, 63.7, 65.0, 68.1, 68.8, 75.2, 77.6, 78.5, 86.3,
51.0, 89.1, 94.7, 94.8, 98.9, 100.8, 110.3, 107.1, 109.1, 115.9,
118.1, 120.1, 123.2, 124.6, 126.1, 126.5, 131.9, 134.2, 137.0, 142.0,
142.9, 147.7, 148.2, 149.9, 151.6, 154.3, 156.4, 166.9, 167.5, 171.2,
174.1, 179.8, 193.5, 194.9, 200.8, 204.7, 210.3, 210.9, 213.5, 218.2,
221.2, 225.3, 236.3, 242.6, 252.4, 296.2, 465, 503.6, 535.1
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Table 7
direct a emission from 229Th, Jp = 5/2+, T1/2 = 7894(40) y*, BRa = 100% (continued, 2 of 3).

Ea (c.m.)** Ea (lab)*** Ia (rel) Ia (abs) Jp
f

@@ Edaughter coincident g-rays (keV)@@ HF@@@

(225Ra)@@

4.6804(10) 4.5986** 0.092% 0.0519% 0.4872 11.1, 17.3, 23.6, 25.4, 28.7, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 49.7, 35
51.0, 53.8, 55.2, 56.5, 59.3, 63.7, 65.0, 68.1, 68.2, 68.8, 75.2, 77.6,
78.5, 86.3, 89.1, 94.7, 94.8, 97.0, 98.9, 100.8, 110.3, 107.1, 109.1,
115.9, 118.1, 120.1, 123.2, 124.6, 126.1, 126.5, 131.9, 134.2, 137.0,
142.0, 142.9, 147.7, 148.2, 149.9, 151.6, 154.3, 156.4, 163.2, 166.9, 1
67.5, 169.2, 171.2, 174.1, 179.8, 193.5, 194.9, 200.8, 204.7, 210.3,
210.9, 218.2, 221.2, 225.3, 236.3, 242.6, 252.4, 278.7, 289.6, 296.2

4.6808(10) 4.600(2) 0.037% 0.021% (5/2+) 0.4868 11.1, 17.3, 23.6, 25.4, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 51.0, 55.2, 87
59.3, 65.0, 68.1, 68.8, 77.6, 86.3, 89.1, 94.7, 94.8, 110.3, 107.1, 118.1,
124.6, 137.0, 148.2, 149.9, 154.3, 179.8, 307.3, 336.7, 366.5, 375.1,
386.4, 417.4, 444.1, 461.4, 487.3

4.6895(10) 4.608(2) 0.089% 0.05% (5/2+) 0.4781 11.1, 17.3, 22.0, 23.6, 25.4, 29.9, 31.4, 33.0, 37.8, 42.4, 42.8, 44.0, 42
51.0, 55.2, 59.3, 63.7, 65.0, 68.1, 68.8, 75.2, 77.6, 86.3, 89.1, 94.7,
94.8, 110.3, 107.1, 118.1, 123.2, 124.6, 131.9, 137.0, 139.8, 142.9,
148.2, 149.9, 154.3, 174.1, 179.8, 185.6, 190.6, 200.8, 217.4, 218.2,
228.6, 234.8, 250.1, 267.4, 298.7, 328.2, 358.0, 366.5, 377.4, 408.5,
453.3,452.6, 478.0

4.7211(10) 4.639** 0.082% 0.046% (7/2+,9/2�) 0.4465 11.1, 17.3, 22.0, 23.6, 25.4, 28.7, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 76
51.0, 59.3, 63.7, 65.0, 68.1, 68.8, 75.2, 77.6, 86.3, 89.1, 94.7,
94.8, 107.1, 110.3, 118.1, 123.2, 124.6, 131.9, 137.0, 139.8, 142.9,
148.2, 149.9,154.3, 174.1, 174.7, 179.8, 186.1, 190.6, 200.8, 218.2,
217.4, 219.8, 228.6, 234.8, 250.1, 267.4, 334.7, 345.8

4.7508(10) ⇡4.667@ 0.002% 0.00113% 0.4168 11.1, 17.3, 23.6, 25.4, 31.4, 37.8, 42.4, 42.8, 44.0, 55.2, 68.8, 75.2, 5⇥103

86.3, 89.1, 94.7, 102.5, 107.1, 118.1, 124.6, 149.9, 169.2, 182.1,
193.5, 216.0, 225.3, 327.9, 347.4

4.7641(10) 4.681** 0.021% 0.012% (3/2+,5/2+) 0.4035 11.1, 17.3, 25.4, 31.4, 37.8, 42.4, 42.8, 44.0, 49.7, 68.8, 75.2, 86.3, 580
109.1, 120.1, 126.1, 151.6, 183.0, 194.9, 403.3

4.7681(10) 4.685** 0.008% 0.0046% (3/2�) 0.3995 11.1, 17.3, 23.6, 25.4, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 51.0, 55.2, 1.6⇥103

59.3, 65.0, 68.1, 68.8, 77.6, 86.3, 89.1, 94.7, 94.8, 110.3, 107.1,
118.1, 124.6, 137.0, 148.2, 149.9, 154.3, 179.8, 219.8, 329,9, 344.4,
399.9

4.7731(10) 4.690(2) 0.80% 0.45% (5/2)+ 0.3945 11.1, 17.3, 23.6, 25.4, 28.7, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 49.7, 18
51.0, 53.8, 55.2, 56.5, 59.3, 63.7, 65.0, 68.1, 68.8, 72.8, 75.2, 77.6,
78.5, 86.3, 89.1, 94.7, 94.8, 98.9, 100.8, 110.3, 107.1, 109.1, 115.9,
118.1, 120.1, 123.2, 124.6, 126.1, 126.5, 131.9, 134.2, 137.0, 142.0,
142.9, 147.7, 148.2, 149.9, 151.6, 154.3, 156.4, 158.4, 166.9, 167.5,
171.2, 174.1, 179.8, 193.5, 194.9, 200.8, 204.7, 210.3, 210.9, 218.2,
221.2, 225.3, 236.3, 242.6, 252.4, 282.6, 293.8, 296.2, 351.7, 395.3

4.7734(10) 4.690(2) 0.019% 0.0104% (3/2�,5/2�) 0.3942 17.3, 22.0, 23.6, 25.4, 31.4, 33.0 37.8, 42.8, 44.0, 51.0, 55.2, 65.0, 780
75.2, 77.6, 89.1, 94.7, 94.8, 101.6, 107.1, 10.3, 118.1, 124.6, 134.2,
139.8, 149.9, 169.2, 182.1, 190.6, 193.5, 217.4, 225.3, 228.6, 234.8,
244.4, 250.1, 267.4, 324.6, 368.9

4.7774(10) 4.695(2) 0.21% 0.12% (11/2+) 0.3902 11.1, 17.3, 23.6, 25.4, 28.7, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 49.7, 72
51.0, 53.8, 55.2, 56.5, 59.3, 63.7, 65.0, 68.1, 68.2, 68.8, 75.2, 77.6,
78.5, 86.3, 89.1, 94.7, 94.8, 98.9, 100.8, 110.3, 107.1, 109.1, 115.9,
118.1, 120.1, 123.2, 124.6, 126.1, 126.5, 131.9, 134.2, 137.0, 142.0,
142.9, 147.7, 148.2, 149.9, 151.6, 154.3, 156.4, 163.2, 166.9, 167.5,
169.2, 171.2, 174.1, 179.8, 193.5, 194.9,200.8, 204.7, 210.3, 210.9,
218.2, 221.2, 225.3, 236.3, 242.6, 252.4, 278.7, 289.6, 296.2

4.8182(10) ⇡4.737@ 0.019% 0.0107% (3/2,5/2+) 0.3494 11.1, 17.3, 23.6, 25.4, 31.4, 37.8, 42.8, 44.0, 51.0, 55.2, 65.0, 68.8 860
77.6, 89.1, 86.3, 94.7, 94.8, 107.1, 110.3, 118.1, 124.6, 139.8, 149.9,
190.6, 217.4, 228.6, 234.8, 317.8, 349.4

4.8322(10) ⇡4.748@ 0.010% 0.0054% (1/2+,3/2,5/2) 0.3354 17.3, 23.6, 125.4, 31.4, 37.8, 42.8, 44.0, 51.0, 55.2, 65.0, 77.6, 89.1, 3.8⇥103

94.7, 94.8, 107.1, 110.3, 118.1, 124.6, 139.8, 149.9, 1185.6, 90.6,
217.4, 228.6, 234.8, 303.8, 310.1

4.8404(10) ⇡4.754@ 0.23% 0.13% (3/2+,5/2+) 0.3277 11.1, 17.3, 23.6, 25.4, 31.4, 37.8, 42.4, 42.8, 44.0, 55.2, 68.8, 75.2, 180
86.3, 94.7, 102.5, 107.1, 118.1, 124.6, 149.9, 169.2, 182.1,
193.5, 216.0, 225.3, 327.9
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Table 8
direct a emission from 229Th, Jp = 5/2+, T1/2 = 7894(40) y*, BRa = 100% (continued, 3 of 3).

Ea (c.m.)** Ea (lab)*** Ia (rel) Ia (abs) Jp
f

@@ Edaughter coincident g-rays (keV)@@ HF@@@

(225Ra)@@

4.8458(10) 4.760(2) 3.19% 1.79% (9/2+) 0.3218 11.1, 17.3, 23.6, 25.4, 28.7, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 49.7, 14
51.0, 53.8, 55.2, 56.5, 59.3, 63.7, 65.0, 68.1, 68.8, 75.2, 77.6, 78.5,
86.3, 89.1, 94.7, 94.8, 98.9, 100.8, 107.1, 109.1, 110.3, 115.9, 118.1,
120.1, 123.2, 124.6, 126.1, 126.5, 131.9, 134.2, 137.0, 142.0, 142.9,
147.7, 148.2, 149.9, 151.6, 154.3, 156.4, 166.9, 167.5, 171.2, 174.1,
179.8, 193.5, 194.9, 200.8, 204.7, 210.3, 210.9, 218.2, 221.2, 225.3,
236.3, 242.6, 252.4, 296.2

4.8833(10) 4.798(2) 2.67% 1.5% 7/2+ 0.2843 11.1, 17.3, 23.6, 25.4, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 51.0, 55.2, 30
59.3, 63.7, 65.0, 68.1, 68.8, 75.2, 77.6, 86.3, 89.1, 94.7, 94.8, 104.3,
110.3, 107.1, 109.1, 118.1, 120.1, 124.6, 126.1, 134.2, 137.0, 148.2,
149.9, 151.6, 154.3, 172.9, 179.8, 183.9, 194.9, 215.1, 259.1

4.8954(10) ⇡4.809@ 0.75% 0.42% (7/2�,9/2�) 0.2722 11.1, 17.3, 23.6, 25.4, 28.7, 11.1, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 129
51.0, 55.2, 59.3, 63.7, 65.0, 68.1, 68.8, 75.2, 77.6, 86.3, 89.1, 94.7,
94.8, 98.9, 110.3, 118.1, 123.2, 124.6, 124.9, 131.9, 134.2, 137.0,
148.2, 149.9, 154.3, 171.8, 174.1, 179.8, 200.8, 218.2

4.8997(10) 4.815(2) 16.55% 9.3% 7/2+ 0.2679 11.1, 17.3, 23.6, 25.4, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 51.0, 55.2, 6.2
56.5, 59.3, 65.0, 68.1, 68.8, 75.2, 77.6, 86.3, 89.1, 94.7, 94.8, 107.1,
110.3, 115.9, 118.1, 124.6, 137.0, 147.7, 148.2, 149.9, 154.3, 156.4,
166.9, 167.5, 179.8, 193.5, 204.7, 210.9, 225.3, 236.3, 242.6

4.9074(10) 4.822** 0.05% 0.026% (5/2)� 0.2602 11.1. 17.3, 23.6, 25.4, 31.4, 37.8, 42.8, 44.0, 51.0, 55.2, 65.0, 77.6, 2.5⇥103

89.1, 94.7, 94.8, 107.1, 110.3, 118.1, 124.6, 139.8, 149.9, 190.6,
217.4, 228.6, 234.8

4.919(10) ⇡4.833@ 0.45% 0.253% (3/2+,5/2,7/2+) 0.2486 11.1, 17.3, 23.6, 25.4, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 51.0, 55.2, 310
59.3, 65.0, 68.1, 68.8, 77.6, 86.3, 89.1, 94.7, 94.8, 98.9, 110.3,
107.1, 118.1, 124.6, 137.0, 148.2, 149.9, 154.3, 179.8

4.9241(10) 4.838(2) 8.90% 5% 7/2+ 0.2435 11.1, 17.3, 23.6, 25.4, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 51.0, 55.2, 17
59.3, 63.7, 65.0, 68.1, 68.8, 75.2, 77.6, 86.3, 89.1, 94.7, 94.8, 110.3,
107.1, 118.1, 123.2, 124.6, 131.9, 137.0, 142.9, 148.2, 149.9, 154.3,
174.1, 179.8, 200.8, 218.2

4.9313(10) 4.845(2) 100.00% 56.2% 5/2+ 0.2363 11.1, 17.3, 23.6, 25.4, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 51.0, 55.2, 1.7
56.5, 59.3, 65.0, 68.1, 68.8, 77.6, 86.3, 89.1, 94.7, 94.8, 110.3,
107.1, 115.9, 118.1, 124.6, 137.0, 148.2, 149.9, 154.3, 166.9, 179.8,
193.5, 204.7,210.9, 236.3

4.9407(10) ⇡4.852@ 0.053% 0.03% (11/2+) 0.2269 25.4, 31.4, 37.8, 44.0, 75.2, 126.5 3.6⇥103

4.9425(10) 4.856** 0.023% 0.013% 3/2� 0.2251 17.3, 23.6, 25.4, 31.4, 42.8, 55.2, 75.2, 94.7, 107.1, 118.1, 124.6, 8.5⇥103

149.9, 169.2, 182.1, 193.5, 225.3
4.947(10) 4.860(2) 0.50% 0.28% (7/2+,9/2+) 0.2206 11.1, 17.3, 25.4, 31.4, 37.8, 42.4, 42.8, 44.0, 49.7, 68.8, 75.2, 86.3, 420

101,6, 109.1, 120.1, 126.1, 151.6, 194.9
4.9513(10) ⇡4.865@ 0.073% 0.041% (13/2+) 0.2163 25.4, 31.4, 37.8, 44.0, 75.2, 115.9 3.1⇥103

4.9641(10) ⇡4.878@ 0.14% 0.077% (9/2�) 0.2035 25.4, 31.4, 37.8, 44.0, 134.2 2.0⇥103

4.9879(10) 4.901(2) 18.15% 10.2% 5/2+ 0.1797 11.1, 17.3, 23.6, 25.4, 29.9, 31.4, 37.8, 42.4, 42.8, 44.0, 51.0, 55.2, 21
59.3, 65.0, 68.1, 68.8, 75.2, 77.6, 86.3, 89.1, 94.7, 94.8, 110.3, 107.1,
118.1, 124.6, 137.0, 148.2, 149.9, 154.3, 179.8

5.0182(10) 4.930(2) 0.28% 0.16% 3/2+ 0.1499 17.3, 23.6, 25.4, 31.4, 42.8, 55.2, 94.7, 107.1, 118.1, 124.6, 149.9 2.1⇥103

5.056(10) 4.968(2) 10.62% 5.97% 7/2+ 0.1116 11.1, 17.3, 25.4, 31.4, 37.8, 44.0, 42.4, 42.8, 68.8, 75.2, 86.3 99
5.0671(10) 4.979(2) 5.64% 3.17% (9/2)+ 0.1005 25.4, 31.4, 37.8, 44.0, 75.2 220
5.0982(10) 5.009(2) 0.16% 0.09% (7/2)� 0.0694 25.4, 31.4, 37.8, 44.0 1.2⇥104

5.1124(10) 5.023(2) 0.02% 0.009% (1/2�) 0.0552 23.6, 31.4, 55.2 1.5⇥105

5.1249(10) 5.036(2) 0.43% 0.24% 3/2+ 0.0427 17.3, 25.4, 42.8 6.6⇥103

5.136(10) 5.046** 0.36% 0.2% 3/2� 0.0316 31.4 9.1⇥103

5.1422(10) 5.053(2) 11.74% 6.6% 5/2+ 0.254 25.4 310
5.1676(10) 5.077(2) 0.089% 0.05% 1/2+ 0.0 —– 5.8⇥104

* Weighted average of 7880(120) y [1989Go19], 7917(48) y [2014Va04] and 7825(87) y [2018Es07].
** Deduced from g energies [2000Ga52] and Qa = 5167.6(10) keV [2021Wa16].
*** [1987He28]
@ [1970Ba20].
@@ [2000Ga52]. The 100% peak decaying from Edaughter (i.e. the state that the a populated) is marked in bolditalic, and peaks 10% or larger of the

aforementioned peak are marked in bold.
@@@ R0 (fm) = 1.53355(71) fm

6



Table 9
direct a emission from 233U, Jp = 5/2+, T1/2 = 1.5903(13)⇥105 y*, BRa = 100% (1 of 2).

Ea (c.m.)** Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter
@ coincident g-rays (keV)@@ HF@@@

(229Th)

4.1596 4.0882 1.7⇥10�5% 1.44⇥10�5% (5/2+,7/2,9/2+) 0.7491 25.3, 29.2, 42.4, 42.6, 54.7, 67.9, 71.8, 74.6, 76.3, 86.3, 88.7, 97.1, 13.5
117.2, 119.0, 146.3, 148.2, 514.7, 652.8, 707.4, 740.6, 749.8

4.2437 4.1708 1.1⇥10�6% 9.3⇥10�7% (1/2,3/2)� 0.6650 29.2, 135.3, 164.5, 500.4, 665.0 1.1⇥103

4.2518 4.1788 7.0⇥10�6% 6.1⇥10�6% (5/2+,7/2,9/2+) 0.6569 25.3, 29.2, 37.8, 42.4, 42.6, 53.6, 54.7, 66.1, 67.9, 71.8, 83.0, 96.2, 200
97.1, 120.8, 125.4, 177.9, 315.9, 381.5, 406.6, 436.2, 494.5, 478.6,
531.5, 559.9, 584.9, 614.6, 627.7, 657.3

4.2713 4.1979 1.2⇥10�5% 1.03⇥10�5% (5/2+,7/2,9/2+) 0.6375 25.3, 29.2, 42.4, 42.6, 54.7 67.9, 71.8, 74.6, 76.3, 86.3, 87.3, 88.7, 1.7⇥103

97.1, 117.2, 119.0, 146.3, 148.2, 212.3, 402.4, 425.3, 480.7, 540.7,
608.2, 637.3

4.2879 4..2143 8.4⇥10�6% 7.3⇥10�6% (5/2+,7/2) 0.6208 25.3, 29.2, 42.4, 42.6, 54.7, 67.9, 71.8, 74.6, 97.1, 117.2, 146.3, 330
474.4, 523.6, 578.6, 591.6, 620.6

4.3035 4.2296 1.0⇥10�5% 8.7⇥10�6% 5/2+,7/2+ 0.6052 29.2, 42.4, 42.6, 71.8, 76.3, 119.0, 148.2, 456.9, 533.5, 563.0, 576.1, 370
605.2

4.3236 4.2494 9.5⇥10�6% 8.3⇥10�6% (5/2+,7/2,9/2+) 0.5851 29.2, 42.4, 42.6, 53.6, 71.8, 76.3, 119.0, 148.2, 459.7, 513.2, 542.4, 570
584.9

4.3394 4.2649 1.8⇥10�5% 1.58⇥10�5% 3/2+,5/2+ 0.5693 25.3, 29.2, 32.7, 42.4, 42.6, 43.7, 51.0, 52.6, 53.6, 54.7, 63.8, 67.9, 350
68.9, 71.8, 74.6, 76.3, 83.0, 85.2, 86.3, 87.3, 88.7, 89.4, 91.0, 96.2,
97.1, 97.4, 101.7, 103.8, 111.9, 114.2, 117.2, 119.0, 125.4, 131.2,
135.3, 139.7, 146.3, 148.2, 156.2, 162.5, 164.5, 165.6, 172.3, 174.2,
188.0, 208.2, 212.3, 216.1, 217.1, 223.4, 226.2, 248.7, 255.9, 261.9,
278.1, 291.4, 307.3, 313,5, 320.6, 404.3, 423.1, 569.3

4.3724 4.2973 3.0⇥10�6% 2.6⇥10�6% (1/2�) 0.5363 29.2, 135.3, 164.5, 371.3, 536.4 4.5⇥103

4.384 4.309*** 9.2⇥10�4% 8.0⇥10�4% (5/2,7/2)� 05265 29.2, 42.4, 42.6, 52.6, 68.9, 71.8, 74.6, 76.3, 86.3, 88.7, 97.4, 117.2, 18
119.0, 135.3, 142.7, 145.3, 146.3, 148.2, 164.5, 167.1, 188.0, 217.1,
261.9, 291.5, 309.6, 317.2, 359.4, 455.1, 484.8

4.3953 4.3198 5.6⇥10�5% 4.9⇥10�5% (5/2+,7/2,9/2+) 0.5134 25.3, 29.2, 42.4, 42.6, 53.6,54.7, 67.9, 71.8, 83.0, 96.2, 97.1, 125.4, 370
387.6, 416.2, 441.5, 471.1, 513.2

4.4301 4.3540 5.7⇥10�5% 5.0⇥10�5% (7/2+,9/2+) 0.4787 25.3, 29.2, 37.8, 42.4, 42.6, 53.6, 54.7, 66.1, 67.9, 71.8, 83.0, 96.2, 680
97.1, 120.8, 125.4, 315.9, 381.5, 406.6, 436.2, 494.5, 478.6

4.4433 4.3670 1.4⇥10�4% 1.19⇥10�4% (5/2�,7/3,9/2+) 0.4654 25.3, 29.2, 42.4, 42.6, 53.6, 54.7, 63.8, 65.6, 67.9, 71.8, 74.6, 76.3 360
83.0, 89.4, 91.0, 96.2, 97.1, 101.7, 111.9, 117.2, 119.0, 125.4, 131.2,
146.3, 148.2, 154.8, 162.5, 165.6, 177.9, 205.9, 208.2, 260.5, 273.7,
291.9, 303.0, 393.6, 423.1, 465.4

4.4719 4.3952 8.3⇥10�4% 7.2⇥10�4% (7/2�) 0.4368 25.3,29.2, 32.7, 42.4, 42.6, 51.0, 52.6, 53.6, 54.7, 63.8, 67.9, 68.9, 101
71.8, 74.6, 76.3, 77.1, 83.0, 85.2, 86.3, 87.3, 88.7, 89.4, 91.0, 96.2,
97.1, 97.4, 101.7, 103.8, 111.9, 114.2, 116.3, 117.2, 119.0, 125.4,
131.2, 135.3, 139.7, 142.7, 146.3, 148.2, 156.2, 162.5, 164.5, 165.6,
172.3, 174.2, 188.0, 208.2, 212.3, 216.1, 217.1, 223.4, 224.4, 248.7,
261.9, 272.4, 278.1, 291.4, 311.9, 317.2, 320.6, 339.2, 359.4

4.481 4.404*** 3.3⇥10�4% 2.90⇥10�4% (5/2+ 0.4280 25.3, 29.2, 32.6, 42.4, 42.6, 43.7, 53.6, 54.7, 63.8, 65.6, 67.9, 71.8, 290
74.6, 76.3, 83.0, 87.3, 89.4, 91.0, 96.2, 97.1, 101.7, 111.9, 117.2,
119.0, 125.0, 125.4, 131.2, 139.3, 142.0, 146.3, 148.2, 154.8, 165.6,
177.9, 205.9, 208.2, 212.3, 226.2, 255.9, 259.3, 260.5, 273.7, 288.5,
303.0

4.4828 4.4059 6.2⇥10�4% 5.40⇥10�4% (9/2+) 0.4259 25.3, 29.2, 37.8, 42.4, 42.6, 53.6, 54.7, 63.8, 66.1, 67.9, 70.3, 71.8, 160
74.6, 76.3, 78.2, 83.0, 89.4, 91.0, 96.2, 97.1, 101.7, 111.9, 116.3,
117.2, 119.0, 120.8, 123.9, 125.4, 131.2, 144.4, 146.3, 148.2, 153.1,
165.6, 184.1, 188.7, 208.2, 230.1, 328.5, 354.1, 383.5, 390.6

4.488 4.411*** 4.6⇥10�4% 4.0⇥10�4%*** 0.421*** 240
4.5262 4.4485 6.6⇥10�5% 5.70⇥10�5% (7/2�,9/2,11/2+) 0.3825 25.3, 29.2, 42.4, 42.6, 71.8, 76.3, 101.7, 119.0, 131.2, 148.2, 209.1, 3.3⇥103

310.7
4.535 4.457*** 3.1⇥10�3% 2.70⇥10�3% (7/2+) 0.3748 25.3, 29.2, 32.6, 42.4, 42.6, 43.7, 53.6, 54.7, 67.9, 71.8, 74.6, 76.3, 81

86.3, 87.3, 88.7, 97.1, 117.2, 119.0, 139.3, 142.0, 146.3, 148.2,
212.3, 226.2, 259.3, 288.5, 255.9, 303.0, 374.7

4.543 4.465*** 5.2⇥10�3% 4.50⇥10�3% 7/2+ 0.3658 25.3, 29.2, 42.4, 42.6, 53.6, 54.7, 67.9, 71.8, 74.6, 76.3, 83.0, 96.2, 66
97.1, 101.7, 117.2, 119.0, 125.4, 131.2, 146.3, 148.2,192.3, 219.4,
240.4, 268.7, 294.0, 323.3, 336.6, 365.8

4.5491 4.4710 6.9⇥10�4% 6.00⇥10�4% (7/2+) 0.3596 29.2, 42.4, 97.4, 135.3, 164.5, 261.9, 142.7, 317.2, 359.4 470
4.561 4.483*** 1.6⇥10�3% 1.40⇥10�3% (5/2+) 0.3478 25.3, 29.2, 42.4, 42.6, 43.7, 44.8, 53.6, 54.7, 63.8, 65.6, 67.9, 71.8, 250

74.6, 76.3, 83.0, 87.3, 89.4, 91.0, 92.2, 96.2, 97.1, 101.7, 111.9,
117.2, 119.0, 125.4, 131.2, 146.3, 148.2, 154.8, 165.6, 177.9, 205.9,
208.2, 212.3, 226.2, 255.9, 260.5, 273.7, 303.0
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Table 10
direct a emission from 233U, Jp = 5/2+, T1/2 = 1.5903(13)⇥105 y*, BRa = 100% (continued, 2 of 2).

Ea (c.m.)** Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter
@ coincident g-rays (keV)@@ HF@@@

(229Th)

4.582 4.503*** 01.2⇥10�3% 1.02⇥10�3% (15/2+) 0.3278 29.2, 37.8, 42.4, 42.6, 53.6, 54.7, 66.1, 71.8, 78.2, 83.0, 96.2, 120.8, 480
125.4, 144.4, 164.5

4.586 4.507*** 0.024% 0.0205% (5/2)+ 0.3205 25.3, 29.2, 32.7, 42.4, 42.6, 51.0, 52.6, 53.6, 54.7, 63.8, 67.9, 68.9, 27
71.8, 74.6, 76.3, 83.0, 85.2, 86.3, 88.7, 89.4, 91.0, 96.2, 97.1, 101.7,
103.8, 111.9, 114.2, 117.2, 119.0, 125.4, 131.2, 135.3, 139.7, 146.3,
148.2, 156.2, 162.5, 164.5, 165.6, 172.3, 174.2, 188.0, 208.2, 216.1,
217.1, 223.4, 248.7, 278.1, 291.4, 320.6

4.592 4.513*** 0.023% 0.020% (5/2)+ 0.3172 29.2, 42.6, 52.6, 68.9, 71.8, 74.6, 76.3, 100.0, 117.2, 119.0, 135.3, 30
145.3, 146.3, 148.2, 152.6, 164.5, 169.1, 170.8, 188.0, 217.1, 245.3,
274.7, 288.0, 317.2

4.6057 4.5267 5.7⇥10�3% 5.0⇥10�3% (7/2+) 0.3030 25.3, 29.2, 42.4, 42.6, 53.6, 54.7, 63.8, 65.6, 67.9, 71.8, 74.6, 76.3, 150
83.0, 89.4, 91.0, 96.2, 97.1, 101.7, 111.9, 117.2, 119.0, 125.4, 129.3,
131.2, 146.3, 148.2, 154.8, 165.6, 177.9, 205.9, 208.2, 260.5, 273.7,
303.0

4.617 4.538*** 4.6⇥10�3% 4.0⇥10�3%*** 0.292*** 230
4.6202 4.5409 9.2⇥10�4% 8.00⇥10�4% 0.2885 25.3, 29.2, 32.6, 42.4, 42.6, 43.7, 54.7, 67.9, 71.8, 74.6, 87.3, 97.1, 1.2⇥103

117.2, 135.3, 142.0, 146.3, 164.5, 212.3, 226.2, 259.3, 255.9, 261.9,
288.5

4.6208 4.5415 1.1⇥10�3% 1.0⇥10�3% (7/2�) 0.2879 25.3, 29.2, 42.4, 42.6, 51.0, 53.6, 54.7, 63.8, 67.9, 71.8, 74.6, 76.3, 980
83.0, 89.4, 91.0, 96.2, 97.1, 101.7, 111.9, 114.2, 117.2, 119.0, 125.4,
131.2, 139.7, 146.3, 148.2, 162.5, 165.6, 208.2, 216.1

4.645 4.565*** 3.3⇥10�3% 2.9⇥10�3% (1/2+) 0.2619 29.2, 97.4, 135.3, 164.5, 261.9 530
4.652 4.572*** 1.1⇥10�3% 1.0⇥10�3% (3/2,5/2+,7/2+) 0.2560 29.2, 42.4, 42.6, 43.6, 53.6, 71.8, 83.0, 87.3, 96.2, 125.4, 212.1, 1.7⇥103

226.2, 255.9
4.6671 4.5870 1.8⇥10�3% 1.57⇥10�3% 13/2+ 0.2416 25.3, 29.2, 37.8, 42.4, 42.6, 53.6, 54.7, 66.1, 67.9, 71.8, 78.2, 83.0, 1.4⇥103

96.2, 97.1, 116.3, 120.8, 125.4, 144.4
4.670 4.590 ⇡3.4⇥10�3% ⇡3.0⇥10�3% (7/2�) 0.2374 25.0, 25.3, 29.2, 42.4, 42.6, 53.6, 63.8, 71.8, 74.6, 76.3, 83.0, 87.3, ⇡770

89.4, 91.0, 96.2, 101.7, 111.9, 117.2, 119.0, 125.4, 131.2, 146.3,
148.2, 165.6, 208.2

4.6734 4.5931 8.0⇥10�4% 7.00⇥10�4% (5/2�,7/2�) 0.2351 29.2, 42.6, 71.8, 74.6, 76.3, 86.3, 88.7, 117.2, 119.0, 146.3, 148.2 3.4⇥103

4.692 4.611*** 0.013% 0.0115% (5/2�) 0.2172 29.2, 42.6, 52.6, 68.9, 71.8, 76.3, 119.0, 135.3, 145.3, 148.2, 164.5, 280
188.0, 217.1

4.696 4.615*** 5.7⇥10�4% 5.00⇥10�4% (5/2+) 0.2123 25.3, 29.2, 42.4, 42.6, 53.6, 54.7, 67.9, 71.8, 87.3, 96.2, 212.3 7.0⇥103

4.707 4.626*** <4.6⇥10�3% <4⇥10�3*** 11/2� 0.2024 >1.0⇥103

4.715 4.634*** 0.016% 0.0137% (11/2+) 0.1957 25.3, 29.2, 42.4, 42.6, 53.6, 54.7, 67.9, 70.3, 71.8, 97.1, 123.9, 153.1 340
4.722 4.641*** 3.4⇥10�3% 3⇥10�3%*** 0.1870*** 25.3, 29.2, 42.4, 42.6, 54.7, 67.9, 71.8, 92.9, 97.1 1.8⇥103

4.7352 4.6539 8.0⇥10�4% 7.00⇥10�4% (9/2�) 0.1735 25.3, 29.2, 42.4, 42.6, 71.8, 76.3, 101.7, 119.0, 131.2, 148.2 9.5⇥103

4.737 4.656*** ⇡6⇥10�3% ⇡5⇥10�3%*** 0.171*** ⇡1.4⇥103

4.7442 4.6627 4.8⇥10�3% 4.2⇥10�3% (3/2�) 0.1645 29.2, 135.3, 164.5 1.8⇥103

4.745 4.664*** 0.074% 0.064%*** 11/2+ 0.1633 25.3, 29.2, 37.8, 42.4, 42.6, 53.6, 54.7, 66.1, 71.8, 83.0, 96.2, 97.1, 123
120.8, 125.4

4.7606 4.6788 1.0⇥10�3% 9.00⇥10�4% (7/2�) 0.1482 29.2, 42.6, 71.8, 76.3, 119.0, 148.2 1.1⇥104

4.763 4.681*** 7.5⇥10�3% 6.50⇥10�3% (5/2�) 0.1464 29.2, 42.6, 71.8, 74.6, 117.2, 146.3 1.6⇥103

4.769 4.687*** 3.2⇥10�3% 2.8⇥10�3%*** 0.140*** 25.3, 29.2, 42.4, 42.6, 43.7, 54.7, 65.6, 67.9, 71.8, 97.1, 120.8 4.1⇥103

4.783 4.701*** 0.12% 0.107% (9/2)+ 0.1254 29.2, 42.4, 42.6, 53.6, 71.8, 83.0, 96.2, 125.4 136
4.812 4.729*** 1.94% 1.69% 9/2+ 0.0971 25.3, 29.2, 42.4, 42.6, 54.7, 67.9, 71.8, 97.1 13.6
4.834 4.751*** 0.011% 0.01%*** 0.075*** 54.7 3.3⇥103

4.837 4.754*** 0.47% 0.41% (7/2+) 0.0718 29.2, 42.6, 71.8 84
4.841 4.758*** 0.018% 0.016%*** 0.067*** 25.3, 42.4, 67.9 2.3⇥103

4.867 4.783*** 11.49% 10% 7/2+ 0.0424 42.4 5.5
4.880 4.796*** 0.57% 0.5.% (5/2+) 0.0292 29.2 135
4.888 4.804*** 0.059% 0.051%*** 0.0204*** 1.5⇥103

4.9087 4.8244 100.00% 87% 5/2+ 0.0 —– 1.22

* [2009Po15].
** Deduced from g energies [2003Ba78] and Qa = 4908.7(12) keV [2021Wa16], except where noted.
*** Measured a energies from[1967Ba43]. Ia (abs) indicates the transition was not observed in [2000Ga52].
@ [2008Br17].
@@ g’s from [2003Ba78]. The 100% peak decaying from Edaughter (i.e. the state that the a populated) is marked in bolditalic, and peaks 10% or larger of the

aforementioned peak are marked in bold.
@@@ R0 (fm) = 1.52555(39) fm
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Table 11
direct a emission from 237Pu*, Jp = 7/2�, T1/2 = 45.31(3) d**, BRa = 4.2(4)⇥10�3%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(233U***) coincident g-rays (keV) R0 (fm) HF

5.186(3) 5.099(3) ⇡1.1% ⇡2.1⇥10�3% 0.5615(20) 40.4, 51.5, 92.0, 228.6, 1.50884(18) ⇡17
241, 280.4, 320.8, 521.1

5.244(2) 5.155(2) 14.7% 0.027% 0.50362(10) 40.4, 51.5, 92.0, 181.8, 1.50884(18) 3.1
205.0, 228.6, 258.5, 280.4,
298.9, 320.8, 411.1, 463.1,
503.9

5.350(2) 5.260(2) ⇡1.6% ⇡2.9⇥10�3% 0.39755(21) 32.9, 40.4, 43.7, 51.5, 1.50884(18) ⇡130
54.8, 63.1, 76.7, 92.0,
114.7, 198.6, 228.6, 258.5,
261.7, 280.4, 298.9, 305.4,
313.3, 320.8

5.394(2) 5.303(2) 28.0% 0.051% 0.35378(12) 32.9, 40.4, 51.5, 54.8, 1.50884(18) 14
63.1, 92.0, 114.7, 198.6,
228.6, 258.5, 261.7, 280.4,
298.9, 313.3, 320.8

5.427(2) 5.335(2) 100% 0.18% 5/2� 0.32077(5) 40.4, 51.5, 92.0, 228.6, 1.50884(18) 5.9
280.4, 320.8

5.449(2) 5.357(2) 39.5% 0.072% 5/2� 0.29882(1) 40.4, 258.5, 298.9 1.50884(18) 20
5.592(2) 5.498(2) ⇡16.3% ⇡0.030% (11/2+) 0.15523(8) 40.4, 51.5, 63.1, 114.7 1.50884(18) ⇡330
5.656(2) 5.560(2) 16.6% 0.030% 9/2+ 0.09215(4) 40.4, 51.5, 92.0 1.50884(18) 730
5.707(2) 5.611(2) 8.3% 0.015% 7/2+ 0.04035(1) 40.4 1.50884(18) 2.8⇥103

5.748(2) 5.651(2) 4.8% 8.8⇥10�3% 5/2+ 0.0 —– 1.50884(18) 8.0⇥103

* All values from [1979El05], except where noted.
** Weighted average of 45.66(4) d [1994Ta25], and 45.12(3) d [1981Ba15].
*** [2020Si28].

Table 12
direct a emission from 241Cm*, Jp = (1/2+), T1/2 = 32.8(2) d**, BRa = 1.0(1)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(237Pu***) coincident g-rays (keV)*** R0 (fm) HF

5.783(3) 5.687(3) 0.32(8)% 2.2(5)⇥10�3% 5/2+ 0.4042 9.9, 45.7, 55.6, 68.8, 1.49798(88) 33+11
�7

79.1, 123.8, 124.7, 179.9,
203.0, 248.7, 280.2

5.816(3) 5.719(3) 0.12(6)% 8(4)⇥10�4% 3/2+ 0.3704 9.9, 214.9, 224.9 1.49798(88) 140+150
�50

5.882(3) 5.784(3) ⇡0.10% ⇡7⇥10�4 9/2+ 0.304 1.49798(88) ⇡360
5.962(3) 5.863(3) 0.20(8)% 1.4(5)⇥10�3% 7/2+ 0.2243 9.9, 68.8 1.49798(88) 480+290

�130
5.984(3) 5.885(3) 17(2)% 0.118(13)% 5/2+ 0.2012 9.9, 45.7, 55.6 1.49798(88) 7.5+1.0

�0.8
6.014(3) 5.914(3) 0.17(7)% 1.2(5)⇥10�3% 13/2� 0.175 1.49798(88) 1.0+0.8

�0.3⇥103

6.029(3) 5.929(3) 26.3(27)% 0.0181(19)% 3/2+ 0.1555 9.9 1.49798(88) 8.4+1.5
�1.1

6.039(3) 5.939(3) 100(10)% 0.689(70)% 1/2+ 0.1455 1.49798(88) 2.5(3)
6.079(3) 5.978(3) 0.41(11)% 2.8(8)⇥10�3% 112� 0.106 1.49798(88) 1.0+0.4

�0.2⇥103

6.138(3) 6.036(3) 0.17(6)% 1.2(4)⇥10�3% 9/2� 0.0477 47.7 1.49798(88) 4.5+2.4
�1.2⇥103

6.185(3) 6.082(3) 0.22(8)% 1.5(5)⇥10�3% 7/2� 0.0 —– 1.49798(88) 6.2+3.4
�1.7⇥103

* All values from [1975Ah05], except where noted.
** [1974Po08].
*** [2006Ba41].

Table 13
direct a emission from 245Cf*, Jp = (1/2+), T1/2 = 46.4(3) m, BRa = 36.0(26)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(241Cm) coincident g-rays (keV) R0 (fm) HF

7.101 6.985 0.34% 0.11% 9/2+ 0.160 1.497(31) 150
7.140 7.023 0.34% 0.11% 7/2+ 0.122 1.497(31) 220
7.182 7.065 0.74% 0.24% 5/2+ 0.080 1.497(31) 150
7.208 7.090 7.6% 2.5% 5/2+ 0.0561 50.6, 56.1 1.497(31) 18
7.261(2) 7.142(5)** 100% 33.0% 1/2+ 0.0 —– 1.497(31) 2.22.4

1.2

* All values from [1996Ma72], except where noted.
** [2004He28].
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Table 14
direct a emission from 249Fm*, Jp = (7/2+), T1/2 = 99(6) s**, BRa = 15.6(1)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(245Cf) coincident g-rays (keV) R0 (fm) HF

7.652 7.529 15.6(1)% (1/2+) 0.047 0.047 1.4867(57) 0.73+12
�10

* All values from [2012He09], except where noted.
** Weighted average of 96(9) s [2004He28], and 117(15) s [2006Ni09].

Table 15
direct a emission from 253No*, Jp = (9/2�), T1/2 = 1.56(2) m, BRa = 55(3)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(249Fm) coincident g-rays (keV)*** R0 (fm) HF

7.742(15) 7.620(15)** 0.26(6)%** 0.14(3)%** (7/2�) 0.6695** 669.5** 1.4730(54) 22+8
�6

8.132(5) 8.003(5) 100(1)% 53(3)% (9/2�) 0.279 58, 71, 129, 150, 221, 279 1.4730(54) 1.4(2)
8.200(10) 8.070(10) 4.4(6)% 2.3(4)% (5/2�+) 0.211 211 1.4730(54) 56+14

�11
8.281(20) 8.150(20) obs (11/2+) 0.129 58, 71, 129 1.4730(54)
8.352(20) 8.220(20) obs (9/2+) 0.058 58 1.4730(54)
8.413(20) 8.280(20) obs (7/2+) 0.0 —– 1.4730(54)

* All values from [2006Lo12], except where noted.
** [2012He09].
*** [2011An13].

Table 16
direct a emission from 257Rf*, Jp = (1/2+), T1/2 = 5.5(4) s, BRa = 79.3(17)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(253No) coincident g-rays (keV) R0 (fm) HF

8.584(15) 8.450(15) 0.510 1.468(22)
8.637(11) 8.503(11)*** 0.450 0.167, 0.283 1.468(22)
8.823(15) 8.686(15) 0.258 0.091, 0.167 1.468(22)
8.923(5) 8.784(5)** (5/2+) 0.167 0.167 1.468(22)
9.092(15) 8.950(15) (9/2�) 0.0 —– 1.468(22)

* All values from [2010St14], except where noted.
** Weighted average of 8.778(10) MeV [2010St14] and 8.785(5) MeV [2022Ha04].
*** Weighted average of 8.510(15) MeV [2010St14] and 8.497(15) MeV [2022Ha04].

Table 17
direct a emission from 257mRf*, Ex. = 74(16) keV, Jp = (11/2�), T1/2 = 4.9(7) s**, BRa = 81.0(25)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(253No) coincident g-rays (keV) R0 (fm) HF

8.417(5) 8.286(5) 3.1(9)% 1.8(2)% 0.750 1.468(22) 3.5+2.8
�1.7

9.107(5) 8.965(5) 100(36)% 58(15)% 0.063 1.468(22) 15+13
�8

9.166(5) 9.023(5) 8.1(27)% 4.7(11)% (9/2�) 0.0 —– 1.468(22) 280+240
�150

* All values from [2022Ha04], except where noted.
** [2010St14].

Table 18
direct a emission from 261Sg*, Jp = (3/2+), T1/2 = 184(5) ms, BRa = 98.1(5)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(257Rf) coincident g-rays R0 (fm) HF

9.556(10) 9.410(10) 98.1(5)% (1/2+) 0.157 0.107, 0.157 1.459(22) 1.2+0.9
�0.5

* All values from [2010St14].
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Table 19
direct a emission from 265Hs*, T1/2 = 1.9(2) ms, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(253No) coincident g-rays (keV) R0 (fm) HF

10.440(15) 10.282(15)
10.470(15) 10.312(15)
10.588(15) 10.428(15)
10.735(15) 10.573(15)

* All values from [2009He20], From the text of this reference: ”a lines were modified by energy summing with conversion electrons; therefore line intensities
could not be deduced unambiguously.”

Table 20
direct a emission from 265Hs*, Ex. = unk., T1/2 = 300+200

�100) µs, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(253No) coincident g-rays (keV) R0 (fm) HF

10.700(15) 10.538(15) ⇡100% 1.483(18) 0.7+0.6
�0.4

* All values from [2009He20].

Table 21
direct a emission from 269Ds*, T1/2 = 170160

70 µs, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(217Po)*** coincident g-rays*** R0 (fm) HF

11.280(20) 11.112(20) 100% 0.0? 1.450(27) 1.1+1.5
�1.2

* All values from [1999He07].

References used in the Tables

[1] 1947Ha02 F. Hagemann, L. I. Katzin, M. H. Studier, A. Ghiorso, G. T. Seaborg, Phys. Rev. 72, 252 (1947).
https://doi.org/10.1103/PhysRev.72.252

[2] 1949SeZU G. T. Seaborg, The Transuranium Elements: Research Papers, Book 2, Vol. 14B, paper 22. 3, G. T. Seaborg ed., p.
1572 (1949).

[3] 1950Ha52 F. Hagemann, L. I. Katzin, M. H. Studier, G. T. Seaborg, A. Ghiorso, Phys. Rev. 79, 435 (1950).
https://doi.org/10.1103/PhysRev.79.435

[4] 1952Hi11 G. H. Higgins, K. Street, Jr., Phys. Rev. 86, 252 (1952). https://doi.org/10.1103/PhysRev.86.252

[5] 1953AsZZ F. Asaro, Thesis, Univ. California (1953); UCRL-2180 (1953).

[6] 1956Ch43 A. Chetham-Strode, Jr. , G. R. Choppin, B. G. Harvey, Phys. Rev. 102, 747 (1956).
https://doi.org/10.1103/PhysRev.102.747

[7] 1956Mo15 F. F. Momyer, Jr. , E. K. Hyde, Phys. Rev. 101, 136 (1956). https://doi.org/10.1103/PhysRev.101.136

[8] 1957Ho68 D. C. Hoffman, J. Inorg. Nuclear Chem. 4, 383 (1957). https://doi.org/10.1016/0022-1902(57)80032-3

[9] 1957Th10 T. D. Thomas, R. Vandenbosch, R. A. Glass, G. T. Seaborg, Phys. Rev. 106, 1228 (1957).
https://doi.org/10.1103/PhysRev.106.1228

[10] 1958Cl49 F. L. Clark, H. J. Spencer-Palmer, R. N. Woodward, J. S. African Chem. Inst. 11, 82 (1958).

[11] 1959Do63 Y. P. Dokuchaev, I. S. Osipov, Atomnaya Energ. 6, 73 (1959); J. Nuclear Energy 11A, 194 (1959).

[12] 1959Go87 L. L. Goldin, G. I. Novikova, N. I. Pirogova, E. F. Tretyakov, Zhur. Eksptl. i Teoret. Fiz. 37, 1155 (1959); Soviet
Phys. JETP 10, 822 (1960).

[13] 1959Pe27 V. P. Perelygin, E. D. Donets, G. N. Flerov, Zhur. Eksptl. i Teoret. Fiz. 37, 1558 (1959); Soviet Phys. JETP 10,
1106 (1960).

[14] 1960Dz07 B. S. Dzhelepov, R. B. Ivanov, V. G. Nedovesov, Y. T. Puzynovich, Izvest. Akad. Nauk SSSR, Ser. Fiz. 24, 258
(1960); Columbia Tech. Transl. 24, 247 (1961).

11



[15] 1961An08 T. Andersen, K. M. Bisgard, P. G. Hansen, Nucl. Phys. 27, 673 (1961). https://doi.org/10.1016/0029-
5582(61)90311-X

[16] 1961Ko11 G. E. Kocharov, G. A. Korolev, Izv. Akad. Nauk SSSR, Ser. Fiz. 25, 237 (1961); Columbia Tech. Transl. 25, 227
(1962).

[17] 1961Po10 D. S. Popplewell, J. Nuclear Energy, Pts. A and B 14, 50 (1961). https://doi.org/10.1016/0368-3230(61)90073-8

[18] 1961Tr08 E. F. Tretyakov, N. I. Pirogova, L. L. Goldin, Izvest. Akad. Nauk SSSR, Ser. Fiz. 25, 274 (1961); Columbia Tech.
Transl. 25, 260 (1962).

[19] 1964Ba42 I. A. Baranov, A. N. Silantev, Izv. Akad. Nauk SSSR, Ser. Fiz. 28, 237 (1964); Bull. Acad. Sci. USSR, Phys. Ser.
28, 154 (1965).

[20] 1965Ba51 S. A. Baranov, I. G. Aliev, Program and Theses, Proc. 15th All-Union Conf. Nucl. Spectroscopy and Nucl. Struct.
, Minsk, p. 112 (1965).

[21] 1964Hy02 E. K. Hyde, I. Perlman, G. T. Seaborg, The Nuclear Properties of the Heavy Elements, Vol. II, Prentice-Hall, Inc.
, Englewood Cliffs, N. J. (1964).

[22] 1966Ak01 G. N. Akapev, A. G. Demin, V. A. Druin, E. G. Imaev, I. V. Kolesov, Y. V. Lobanov, L. P. Pashchenko, At. Energ.
USSR 21, 243 (1966); Soviet J. At. Energy 21, 908 (1966).

[23] 1966Ba43 A. Barone, G. Greco, P. R. Speranza, R. A. Ricci, P. Blasi, P. R. Maurenzig, P. Sona, Nuovo Cimento 46B, 134
(1966). https://doi.org/10.1007/BF02710646

[24] 1967Ba42 S. A. Baranov, I. G. Aliev, L. V. Chistyakov, Yadern. Fiz. 5, 241 (1967); Soviet J. Nucl. Phys. 5, 169 (1967).

[25] 1967Ba43 S. A. Baranov, M. K. Gadzhiev, V. M. Kulakov, V. M. Shatinskii, Yadern. Fiz. 5, 518 (1967); Soviet J. Nucl. Phys.
5, 365 (1967).

[26] 1967Ga15 R. Gaeta, J. L. Butragueno, J. L. Monleon, Anales Real Soc. Espan. Fis. Quim (Madrid) 63A, 165 (1967).

[27] 1967Gh01 A. Ghiorso, T. Sikkeland, M. J. Nurmia, Phys. Rev. Letters 18, 401 (1967).
https://doi.org/10.1103/PhysRevLett.18.401

[28] 1967Mi03 V. L. Mikheev, V. I. Ilyushchenko, M. B. Miller, S. M. Polikanov, G. N. Flerov, Y. P. Kharitonov, At. Energ. USSR
22, 90 (1967); Soviet J. At. Energy 22, 93 (1967).

[29] 1967Mo28 J. L. Monleon, R. Gaeta, Anales Real Soc. Espan. Fis. Quim. (Madrid) 63A, 387 (1967).

[30] 1967Tr07 O. A. Trojan, K. G. McNeill, N. R. Steenberg, Nucl. Phys. A100, 609 (1967). https://doi.org/10.1016/0375-
9474(67)90125-X

[31] 1968Ba46 S. A. Baranov, V. M. Shatinskii, V. M. Kulakov, V. M. Shubko, Contrib. Intern. Conf. Nucl. Struct. , Dubna, p. 184
(1968).

[32] 1968Ke15 R. L. G. Keith, J. Nucl. Energy 22, 471 (1968). https://doi.org/10.1016/0022-3107(68)90094-4

[33] 1968Ku12 W. Kusch, Z. Szeglowski, JINR-E6-3992 (1968).

[34] 1969Ba57 S. A. Baranov, V. M. Shatinskii, V. M. Kulakov, Yadern. Fiz. 10, 1110 (1969); Soviet J. Nucl. Phys. 10, 632 (1970).

[35] 1969Gh01 A. Ghiorso, M. Nurmia, J. Harris, K. Eskola, P. Eskola, Phys. Rev. Letters 22, 1317 (1969).
https://doi.org/10.1103/PhysRevLett.22.1317

[36] 1969Me11 V. Metag, R. Repnow, P. Von Brentano, J. D. Fox, Z. Physik 226, 1 (1969). https://doi.org/10.1007/BF01392778

[37] 1970Ba20 S. A. Baranov, V. M. Shatinskii, V. M. Kulakov, Y. F. Rodionov, Yad. Fiz. 11, 925 (1970); Sov. J. Nucl. Phys. 11,
515 (1970).

[38] 1970BaZZ S. A. Baranov, V. M. Shatinskii, V. M. Kulakov, Program and Theses, Proc. 20th Ann. Conf. Nucl. Spectrosc.
Struct. At. Nuclei, Pt. 1, Leningrad, p. 169 (1970).

[39] 1970Bu02 S. C. Burnett, H. C. Britt, B. H. Erkkila, W. E. Stein, Phys. Lett. 31B, 523 (1970). https://doi.org/10.1016/0370-
2693(70).90080-8

[40] 1970Po01 S. M. Polikanov, G. Sletten, Nucl. Phys. A151, 656 (1970). https://doi.org/10.1016/0375-9474(70)90403-3

[41] 1970RuZS P. A. Russo, R. Vandenbosch, M. Mehta, J. R. Tesmer, K. L. Wolf, RLO-1388-130 (1970).

[42] 1971Bb10 S. A. Baranov, V. M. Shatinskii, V. M. Kulakov, Yad. Fiz. 14, 1101 (1971); Sov. J. Nucl. Phys. 14, 614 (1972).

[43] 1971Br39 H. C. Britt, S. C. Burnett, B. H. Erkkila, J. E. Lynn, W. E. Stein, Phys. Rev. C4, 1444 (1971).
https://doi.org/10.1103/PhysRevC.4.1444

12



[44] 1971GhZV A. Ghiorso, M. Nurmia, J. Harris, K. Eskola, P. Eskola, UCRL-20426, p. 47 (1971).

[45] 1971Re11 R. Repnow, V. Metag, P. von Brentano, Z. Phys. 243, 418 (1971). https://doi.org/10.1007/BF01396616

[46] 1971Ru03 P. A. Russo, R. Vandenbosch, M. Mehta, J. R. Tesmer, K. L. Wolf, Phys. Rev. C 3, 1595 (1971).
https://doi.org/10.1103/PhysRevC.3.1595

[47] 1971Te07 J. K. Temperley, J. A. Morrissey, S. L. Bacharach, Nucl. Phys. A175, 433 (1971). https://doi.org/10.1016/0375-
9474(71)90295-8

[48] 1972Ga42Y. P. Gangrskii, Nguen Kong Khan, D. D. Pulatov, At. Energ. 33, 829 (1972).; Sov. At. Energy 33, 948 (1973).

[49] 1972Vi10 N. Vilcov, G. Griffith, I. Vilcov, R. B. Leachman, Rev. Roum. Phys. 17, 1031 (1972).

[50] 1972Vy07 I. Vylkov, N. Vylkov, Y. P. Gangrskii, M. Marinescu, A. A. Pleve, D. Poenaru, I. F. Kharisov, Yad. Fiz. 16, 454
(1972); Sov. J. Nucl. Phys. 16, 253 (1973).

[51] 1973Va16 R. Vandenbosch, P. A. Russo, G. Sletten, M. Mehta, Phys. Rev. C 8, 1080 (1973).
https://doi.org/10.1103/PhysRevC.8.1080

[52] 1974Ba82 S. L. Bacharach, P. S. Hoeper, J. A. Morrissey, J. K. Temperley, Phys. Rev. C 10, 2636 (1974).
https://doi.org/10.1103/PhysRevC.10.2636

[53] 1974BeYN C. E. Bemis, Jr. , J. R. Tarrant, R. J. Silva, L. C. Hunt, D. C. Hensley, P. F. Dittner, O. L. Keller, Jr. , R. L. Hahn,
C. D. Goodman, ORNL-4937, p. 47 (1974).

[54] 1974Po08 F. T. Porter, I. Ahmad, M. S. Freedman, J. Milsted, A. M. Friedman, Phys. Rev. C 10, 803 (1974).
https://doi.org/10.1103/PhysRevC.10.803

[55] 1974SpZS H. J. Specht, E. Konecny, J. Weber, C. Kozhuharov, Proc. Symp. Phys. and Chem. Fission, Rochester, N. Y. , 3rd,
(1973), IAEA, Vienna, Vol. 1, p. 285 (1974).

[56] 1975Ah05 I. Ahmad, F. T. Porter, M. S. Freedman, R. K. Sjoblom, J. Lerner, R. F. Barnes, J. Milsted, P. R. Fields, Phys. Rev.
C12, 541 (1975). https://doi.org/10.1103/PhysRevC.12.541

[57] 1976Kr03 L. A. Kroger, C. W. Reich, Nucl. Phys. A259, 29 (1976). https://doi.org/10.1016/0375-9474(76)90494-2

[58] 1976Va02 R. Vaninbroukx, P. De Bievre, Y. Le Duigou, A. Spernol, W. van der Eijk, V. Verdingh, Phys. Rev. C 13, 315
(1976). https://doi.org/10.1103/PhysRevC.13.315

[59] 1977Ca04 M. J. Canty, R. D. Connor, D. A. Dohan, B. Pople, J. Phys. (London) G3, 421 (1977). https://doi.org/10.1088/0305-
4616/3/3/017

[60] 1977Vy02 T. Vylov, N. A. Golovkov, B. S. Dzhelepov, R. B. Ivanov, M. A. Mikhailova, Y. V. Norseev, V. G. Chumin, Izv.
Akad. Nauk SSSR, Ser. Fiz. 41, 1635 (1977); Bull. Acad. Sci. USSR, Phys. Ser. 41, No. 8, 85 (1977).

[61] 1978De07 H. Delagrange, A. Fleury, J. M. Alexander, Phys. Rev. C 17, 1706 (1978).
https://doi.org/10.1103/PhysRevC.17.1706

[62] 1979Ce04 A. Cesana, G. Sandrelli, V. Sangiust, M. Terrani, Energ. Nucl. (Milan) 26, 526 (1979).

[63] 1979El05 Y. A. Ellis, J. F. Emery, K. S. Toth, Phys. Rev. C 20, 799 (1979). https://doi.org/10.1103/PhysRevC.20.799

[64] 1979Gu03 W. Gunther, K. Huber, U. Kneissl, H. Krieger, H. J. Maier, Phys. Rev. C 19, 433 (1979).
https://doi.org/10.1103/PhysRevC.19.433

[65] 1979VaZX V. M. Vakhtel, S. G. Kadmensky, S. D. Kurgalin, Program and Thesis, Proc. 29th Ann. Conf. Nucl. Spectrosc.
Struct. At. Nuclei, Riga, p. 184 (1979).

[66] 1981Ba15 H. Baba, T. Suzuki, K. Hata, J. Inorg. Nucl. Chem. 43, 1059 (1981). https://doi.org/10.1016/0022-1902(81)80177-7

[67] 1981Di14 J. K. Dickens, J. W. McConnell, Radiochem. Radioanal. Lett. 47, 331 (1981).

[68] 1982Ra04 M. H. Rafailovich, E. Dafni, G. Schatz, S. Y. Zhu, K. Dybdal, S. Vajda, C. Alonso-Arias, G. D. Sprouse, Phys.
Rev. Lett. 48, 982 (1982); Erattum Phys. Rev. Lett. 49, 244 (1982). https://doi.org/10.1103/PhysRevLett.48.982

[69] 1983DeZH A. G. Demin, S. P. Tretyakova, V. K. Utenkov, I. V. Shirokovsky, JINR-D7-83-576 (1983).

[70] 1983Ra01 S. S. Rattan, A. V. Reddy, V. S. Mallapurkar, R. J. Singh, S. Prakash, M. V. Ramaniah, Phys. Rev. C 27, 327 (1983).
https://doi.org/10.1103/PhysRevC.27.327

[71] 1984De07A. G. Demin, S. P. Tretyakova, V. K. Utyonkov, I. V. Shirokovsky, Z. Phys. A315, 197 (1984).
https://doi.org/10.1007/BF01419379

[72] 1984DeZO A. G. Demin, M. Yussonua, Yu. P. Kharitonov, S. P. Tretyakova, V. K. Utenkov, I. V. Shirokovsky, O. Constan-

13



tinescu, Yu. S. Korotkin, H. Bruchertseifer, V. G. Subbotin, Kh. Esteves, A. V. Rykhlyuk, V. M. Plotko, Yu. Ts. Oganesyan,
JINR-P7-84-233 (1984).

[73] 1984Mu17 G. Munzenberg, P. Armbruster, H. Folger, F. P. Hessberger, S. Hofmann, J. Keller, K. Poppensieker, W. Reisdorf,
K. -H. Schmidt, H. -J. Schott, M. E. Leino, R. Hingmann, Z. Phys. A317, 235 (1984).

[74] 1984Og03 Yu. Ts. Oganessian, M. Hussonnois, A. G. Demin, Yu. P. Kharitonov, H. Bruchertseifer, O. Constantinescu, Yu. S.
Korotkin, S. P. Tretyakova, V. K. Utyonkov, I. V. Shirokovsky, J. Estevez, Radiochim. Acta 37, 113 (1984).

[75] 1985Mu11 G. Munzenberg, S. Hofmann, H. Folger, F. P. Hessberger, J. Keller, K. Poppensieker, B. Quint, W. Reisdorf, K.
-H. Schmidt, H. J. Schott, P. Armbruster, M. E. Leino, R. Hingmann, Z. Phys. A322, 227 (1985).

[76] 1984Re05 C. W. Reich, R. G. Helmer, J. D. Baker, R. J. Gehrke, Int. J. Appl. Radiat. Isotop. 35, 185 (1984).
https://doi.org/10.1016/0020-708X(84)90232-1

[77] 1985AlZQ D. V. Aleksandrov, Yu. A. Glukhov, E. Yu. Nikolsky, B. G. Novatsky, A. A. Ogloblin, D. N. Stepanov, Program
and Theses, Proc. 35th Ann. Conf. Nucl. Spectrosc. Struct. At. Nuclei, Leningrad, p. 358 (1985).

[78] 1985He06 F. P. Hessberger, G. Munzenberg, S. Hofmann, W. Reisdorf, K. H. Schmidt, H. J. Schmidt, P. Armbruster, R.
Hingmann, B. Thuma, D. Vermeulen, Z. Phys. A321, 317 (1985).

[79] 1985So03 L. P. Somerville, M. J. Nurmia, J. M. Nitschke, A. Ghiorso, E. K. Hulet, R. W. Lougheed, Phys. Rev. C 31, 1801
(1985). https://doi.org/10.1103/PhysRevC.31.1801

[80] 1986Ba65 A. Ya. Balysh, A. A. Gurov, A. V. Demekhin, A. G. Zelenkov, I. V. Kondratenko, B. G. Novatsky, G. A. Pik-Pichak,
V. A. Pchelin, Yu. F. Rodionov, L. V. Chistyakov, V. M. Shubko, Zh. Eksp. Teor. Fiz. 91, 37 (1986).

[81] 1986He06 R. G. Helmer, C. W. Reich, M. A. Lee, I. Ahmad, Int. J. Appl. Radiat. Isotop. 37, 139 (1986).
https://doi.org/10.1016/0883-2889(86)90062-6

[82] 1986He12 R. G. Helmer, C. W. Reich, Nucl. Instrum. Methods Phys. Res. A242, 475 (1986). https://doi.org/10.1016/0168-
9002(86)90449-3

[83] 1987AhZV I. Ahmad, R. R. Chasman, R. Holzmann, R. V. F. Janssens, W. C. Ma, B. Dichter, T. L. Khoo, M. W. Drigert,
ANL-87-13, p. 110 (1987).

[84] 1987He28 R. G. Helmer, M. A. Lee, C. W. Reich, I. Ahmad, Nucl. Phys. A474, 77 (1987). https://doi.org/10.1016/0375-
9474(87)90195-3

[85] 1987Mu15 G. Munzenberg, P. Armbruster, G. Berthes, H. Folger, F. P. Hessberger, S. Hofmann, J. Keller, K. Poppensieker,
A. B. Quint, W. Reisdorf, K. -H. Schmidt, H. -J. Schott, K. Summerer, I. Zychor, M. E. Leino, R. Hingmann, U. Gollerthan, E.
Hanelt, Z. Phys. A328, 49 (1987).

[86] 1989Go19 S. J. Goldstein, M. T. Murrell, R. W. Williams, Phys. Rev. C 40, 2793 (1989).
https://doi.org/10.1103/PhysRevC.40.2793

[87] 1991Pr01 C. R. Praharaj, J. A. Sheikh, J. Phys. (London) G17, L33 (1991). https://doi.org/10.1088/0954-3899/17/3/002

[88] 1992El01 O. El Samad, C. Ardisson, M. Hussonnois, G. Ardisson, J. Radioanal. Nucl. Chem. 164, 171 (1992).
https://doi.org/10.1007/BF02163769

[89] 1994Ta25 R. J. Talbot, D. Newton, S. N. Dmitriev, Appl. Radiat. Isot. 45, 743 (1994). https://doi.org/10.1016/0969-
8043(94)90123-6

[90] 1995Ho03 S. Hofmann, V. Ninov, F. P. Hessberger, P. Armbruster, H. Folger, G. Munzenberg, H. J. Schott, A. G. Popeko, A.
V. Yeremin, A. N. Andreyev, S. Saro, R. Janik, M. Leino, Z. Phys. A350, 277 (1995). https://doi.org/10.1007/BF01291181

[91] 1995Vo07 O. V. Vorykhalov, V. V. Koltsov, Bull. Rus. Acad. Sci. Phys. 59, 20 (1995).

[92] 1996Ma72 M. Magara, N. Shinohara, Y. Hatsukawa, K. Tsukada, H. Iimura, S. Usuda, S. -I. Ichikawa, T. Suzuki, Y. Nagame,
Y. Kobayashi, M. Oshima, T. Horiguchi, Radiochim. Acta 72, 39 (1996).

[93] 1997He29 F. P. Hessberger, S. Hofmann, V. Ninov, P. Armbruster, H. Folger, G. Munzenberg, H. J. Schott, A. G. Popeko, A.
V. Yeremin, A. N. Andreyev, S. Saro, Z. Phys. A359, 415 (1997). https://doi.org/10.1007/s002180050422

[94] 1997Li23 C. F. Liang, P. Paris, R. K. Sheline, Phys. Rev. C 56, 2324 (1997). https://doi.org/10.1103/PhysRevC.56.2324

[95] 1998Ga48 J. Gasparro, G. Barci-Funel, G. Ardisson, Radiochim. Acta 83, 1 (1998). https://doi.org/10.1524/ract.1998.83.1.1

[96] 1998Ya17 J. Yang, J. Ni, Nucl. Instrum. Methods Phys. Res. A413, 239 (1998). https://doi.org/10.1016/S0168-
9002(98)00147-8

[97] 1998Zh19 L. Zhang, J. H. Zhao, J. W. Zheng, J. C. Wang, Z. Qin, Y. F. Yang, C. Zhang, G. M. Jin, G. H. Guo, Y. F. Du, T. R.

14



Guo, T. Q. Wang, B. Guo, J. F. Tain, Eur. Phys. J. A 2, 5 (1998). https://doi.org/10.1007/s100500050082

[98] 1999He07 F. P. Hessberger,Acta Phys. Slovaca 49, 43 (1999).

[99] 1999He11 F. P. Hessberger, J. Phys. (London) G25, 877 (1999). https:doi.org/10.1088/0954-3899/25/4/059

[100] 2000Ga52 J. Gasparro, G. Ardisson, V. Barci, R. K. Sheline, Phys. Rev. C 62, 064305 (2000).
https://doi.org/10.1103/PhysRevC.62.064305

[101] 2000HoZZ S. Hofmann, F. P. Hessberger, D. Ackermann, P. Armbruster, H. G. Burkhard, B. Kindler, B. Lommel, R. Mann,
G. Munzenberg, S. Reshitko, H. J. Schott, A. Yu. Lavrentiev, A. G. Popeko, A. V. Yeremin, S. Antalic, P. Cagarda, S. Saro, M.
Leino, GSI 2000-1, p. 7 (2000).

[102] 2000Li37 C. F. Liang, P. Paris, R. K. Sheline, Phys. Rev. C 62, 047303 (2000). https://doi.org/10.1103/PhysRevC.62.047303

[103] 2001He35 F. P. Hessberger, S. Hofmann, D. Ackermann, V. Ninov, M. Leino, G. Munzenberg, S. Saro, A. Lavrentev, A. G.
Popeko, A. V. Yeremin, Ch. Stodel, Eur. Phys. J. A12, 57 (2001). https://doi.org/10.1007/s100500170039

[104] 2002HeZS A. Heinz, R. V. F. Janssens, D. Seweryniak, K. Abu Saleem, I. Ahmad, B. Back, M. P. Carpenter, C. N. Davids,
J. P. Greene, D. J. Henderson, C. Jiang, T. L. Khoo, F. G. Kondev, T. Lauritsen, C. J. Lister, E. F. Moore, R. C. Pardo, T.
Pennington, G. Savard, J. P. Schiffer, R. H. Scott, R. C. Vondrasek, A. Woehr, J. Shergur, P. Collon, M. B. Smith, ANL-02/15
(Physics Division Ann. Rept., 2001), p. 43 (2002).

[105] 2002Ho11 S. Hofmann, F. P. Hessberger, D. Ackermann, G. Munzenberg, S. Antalic, P. Cagarda, B. Kindler, J. Kojouharova,
M. Leino, B. Lommel, R. Mann, A. G. Popeko, S. Reshitko, S. Saro, J. Uusitalo, A. V. Yeremin, Eur. Phys. J. A 14, 147 (2002).
https://doi.org/10.1140/epja/i2001-10119-x

[106] 2003Ba78 V. Barci, G. Ardisson, G. Barci-Funel, B. Weiss, O. El Samad, R. K. Sheline, Phys. Rev. C 68, 034329 (2003).
https://doi.org/10.1103/PhysRevC.68.034329

[107] 2003Ku25 J. Kurpeta, A. Plochocki, A. N. Andreyev, J. Aysto, A. De Smet, H. De Witte, A. -H. Evensen, V. Fedoseyev, S.
Franchoo, M. Gorska, M. Huhta, M. Huyse, Z. Janas, A. Jokinen, M. Karny, E. Kugler, W. Kurcewicz, U. Koster, J. Lettry, A.
Nieminen, K. Partes, M. Ramdhane, H. L. Ravn, K. Rykaczewski, J. Szerypo, K. Van de Vel, P. Van Duppen, L. Weissman, G.
Walter, A. Wohr, and the IS387 and ISOLDE Collaborations, Eur. Phys. J. A 18, 5 (2003). https://doi.org/10.1140/epja/i2003-
10065-7

[108] 2004He04 R. -D. Herzberg, J. Phys. (London) G30, R123 (2004). https://doi.org/10.1088/0954-3899/30/4/R01

[109] 2004He23 F. P. Hessberger, Acta Phys. Hung. N. S. 19, 133 (2004). https://doi.org/10.1556/APH.19.2004.1-2.19

[110] 2004He28 F. P. Hessberger, S. Hofmann, D. Ackermann, P. Cagarda, R. -D. Herzberg, I. Kojouharov, P. Kuusiniemi, M.
Leino, R. Mann, Eur. Phys. J. A 22, 417 (2004). https://doi.org/10.1140/epja/i2003-10238-4

[111] 2004Li28 C. F. Liang, P. Paris, R. K. Sheline, P. Alexa, Czech. J. Phys. 54, 189 (2004). https://doi.org/10.1023/B:CJOP.
0000014401.38668.54

[112] 2006Lo12 A. Lopez-Martens, K. Hauschild, A. V. Yeremin, A. V. Belozerov, Ch. Briancon, M. L. Chelnokov, V. I. Chep-
igin, D. Curien, O. Dorvaux, B. Gall, V. A. Gorshkov, M. Guttormsen, F. Hanappe, A. P. Kabachenko, F. Khalfallah, A.
Korichi, A. C. Larsen, O. N. Malyshev, A. Minkova, Yu. Ts. Oganessian, A. G. Popeko, M. Rousseau, N. Rowley, R. N.
Sagaidak, S. Sharo, A. V. Shutov, S. Siem, A. I. Svirikhin, N. U. H. Syed, Ch. Theisen, Phys. Rev. C 74, 044303 (2006).
https://doi.org/10.1103/PhysRevC.74.044303

[113] 2006Ni09 K. Nishio, H. Ikezoe, M. Asai, K. Tsukada, S. Mitsuoka, K. Tsuruta, K. Satou, C. J. Lin, T. Ohsawa, Phys. Atomic
Nuclei 69, 1399 (2006). https://doi.org/10.1134/S1063778806080187

[114] 2006Po10 A. G. Popeko, A. V. Belozerov, Ch. Briancon, V. I. Chepigin, O. Dorvaux, K. Hauschild, A. P. Kabachenko, A.
Korichi, A. Lopez-Martens, O. N. Malyshev, Yu. Ts. Oganessian, S. Saro, A. V. Shutov, A. I. Svirikhin, A. V. Yeremin, Phys.
Atomic Nuclei 69, 1183 (2006). https://doi.org/10.1134/S1063778806070143

[115] 2007St12 B. Streicher, S. Antalic, S. Saro, M. Venhart, F. P. Hessberger, S. Hofmann, D. Ackermann, B. Kindler, I. Ko-
jouharov, B. Lommel, R. Mann, B. Sulignano, P. Kuusiniemi, Acta Phys. Pol. B38, 1561 (2007).

[116] 2008Br17 E. Browne, J. K. Tuli, Nucl. Data Sheets 109, 2657 (2008). https://doi.org/10.1016/j.nds.2008.10.001

[117] 2008DoZZ O. Dorvaux, A. Lopez-Martens, K. Hauschild, A. V. Yeremin, A. Khouaja, A. V. Belozerov, Ch. Briancon, M. L.
Chelnokov, V. I. Chepigin, D. Curien, P. Desesquelles, B. Gall, V. A. Gorshkov, M. Guttormsen, F. Hanappe, A. P. Kabachenko,
F. Khalfallah, A. Korichi, A. C. Larsen, O. N. Malyshev, A. Minkova, Yu. Ts. Oganessian, A. G. Popeko, M. Rousseau, N.
Rowley, R. N. Sagaidak, S. Sharo, A. V. Shutov, S. Siem, V. I. L. Stuttge, A. I. Svirikhin, N. U. H. Syed, Ch. Theisen, Proc.
Frontiers in Nuclear Structure, and Reactions (FINUSTAR 2), Crete, Greece, 10-14 Sept. 2007, P. Demetriou, R. Julin, S. V.
Harissopulos, Eds. p. 64 (2008); AIP Conf. Proc 1012 (2008). https://doi.org/10.1063/1.2939361

15



[118] 2008Dr05 I. Dragojevic, K. E. Gregorich, Ch. E. Dullmann, M. A. Garcia, J. M. Gates, S. L. Nelson, L. Stavsetra, R.
Sudowe, H. Nitsche, Phys. Rev. C 78, 024605 (2008). https://doi.org/10.1103/PhysRevC.78.024605

[119] 2009He20 F. P. Hessberger, S. Hofmann, B. Streicher, B. Sulignano, S. Antalic, D. Ackermann, S. Heinz, B. Kindler, I.
Kojouharov, P. Kuusiniemi, M. Leino, B. Lommel, R. Mann, A. G. Popeko, S. Saro, J. Uusitalo, A. V. Yeremin, Eur. Phys. J. A
41, 145 (2009). https://doi.org/10.1140/epja/i2009-10826-2

[120] 2009He23 R. -D. Herzberg, S. Moon, S. Eeckhaudt, P. T. Greenlees, P. A. Butler, T. Page, A. V. Afanasjev, N. Amzal, J.
E. Bastin, F. Becker, M. Bender, B. Bruyneel, J. F. C. Cocks, I. G. Darby, O. Dorvaux, K. Eskola, J. Gerl, T. Grahn, C. Gray-
Jones, N. J. Hammond, K. Hauschild, P. -H. Heenen, K. Helariutta, A. Herzberg, F. Hessberger, M. Houry, A. Hurstel, R. D.
Humphreys, G. D. Jones, P. M. Jones, R. Julin, S. Juutinen, H. Kankaanpaa, H. Kettunen, T. L. Khoo, W. Korten, P. Kuusiniemi,
Y. LeCoz, M. Leino, A. -P. Leppanen, C. J. Lister, R. Lucas, M. Muikku, P. Nieminen, M. Nyman, R. D. Page, T. Page, J.
Pakarinen, A. Pritchard, P. Rahkila, P. Reiter, M. Sandzelius, J. Saren, Ch. Schlegel, C. Scholey, Ch. Theisen, W. H. Trzaska, J.
Uusitalo, A. Wiens, H. J. Wollersheim, Eur. Phys. J. A 42, 333 (2009). https://doi.org/10.1140/epja/i2009-10855-9

[121] 2009Po15 S. Pomme, T. Altzitzoglou, R. Van Ammel, G. Sibbens, R. Eykens, S. Richter, J. Camps, K. Kossert, H. Janssen,
E. Garcia-Torano, T. Duran, F. Jaubert, Metrologia 46, 439 (2009). https://doi.org/10.1088/0026-1394/46/5/007

[122] 2010Be16 J. S. Berryman, R. M. Clark, K. E. Gregorich, J. M. Allmond, D. L. Bleuel, M. Cromaz, I. Dragoje-
vic, J. Dvorak, P. A. Ellison, P. Fallon, M. A. Garcia, S. Gros, I. Y. Lee, A. O. Macchiavelli, S. Paschalis, M. Petri, J.
Qian, M. A. Stoyer, M. Wiedeking, Phys. Rev. C 81, 064325 (2010); Publishers Note Phys. Rev. C 82, 029906 (2010).
https://doi.org/10.1103/PhysRevC.81.064325

[123] 2010St14 B. Streicher, F. P. Hessberger, S. Antalic, S. Hofmann, D. Ackermann, S. Heinz, B. Kindler, J. Khuyagbaatar, I.
Kojouharov, P. Kuusiniemi, M. Leino, B. Lommel, R. Mann, S. Saro, B. Sulignano, J. Uusitalo, M. Venhart, Eur. Phys. J. A 45,
275 (2010). https://doi.org/10.1140/epja/i2010-11005-2

[124] 2011An13 S. Antalic, F. P. Hessberger, D. Ackermann, S. Heinz, S. Hofmann, Z. Kalaninova, B. Kindler, J. Khuyagbaatar,
I. Kojouharov, P. Kuusiniemi, M. Leino, B. Lommel, R. Mann, K. Nishio, S. Saro, B. Streicher, B. Sulignano, M. Venhart, Eur.
Phys. J. A 47, 62 (2011). https://doi.org/10.1140/epja/i2011-11062-y

[125] 2011Lo06 A. Lopez-Martens, T. Wiborg-Hagen, K. Hauschild, M. L. Chelnokov, V. I. Chepigin, D. Curien, O. Dorvaux,
G. Drafta, B. Gall, A. Gorgen, M. Guttormsen, A. V. Isaev, I. N. Izosimov, A. P. Kabachenko, D. E. Katrasev, T. Kutsarova,
A. N. Kuznetsov, A. C. Larsen, O. N. Malyshev, A. Minkova, S. Mullins, H. T. Nyhus, D. Pantelica, J. Piot, A. G. Popeko,
S. Saro, N. Scintee, S. Siem, N. U. H. Syed, E. A. Sokol, A. I. Svirikhin, A. V. Yeremin, Nucl. Phys. A852, 15 (2011).
https://doi.org/10.1016/j.nuclphysa.2011.01.012

[126] 2011Sa41 N. Sato, H. Haba, T. Ichikawa, D. Kaji, Y. Kudou, K. Morimoto, K. Morita, K. Ozeki, T. Sumita, A.
Yoneda, E. Ideguchi, H. Koura, A. Ozawa, T. Shinozuka, T. Yamaguchi, A. Yoshida, J. Phys. Soc. Jpn. 80, 094201 (2011).
https://doi.org/10.1143/JPSJ.80.094201

[127] 2012He09 F. P. Hessberger, S. Antalic, D. Ackermann, Z. Kalaninova, S. Heinz, S. Hofmann, B. Streicher, B. Kindler, I.
Kojouharov, P. Kuusiniemi, M. Leino, B. Lommel, R. Mann, K. Nishio, S. Saro, B. Sulignano, M. Venhart, Eur. Phys. J. A 48,
75 (2012). https://doi.org/10.1140/epja/i2012-12075-8

[128] 2014Va04 Z. Varga, A. Nicholl, K. Mayer, Phys. Rev. C 89, 064310 (2014). https://doi.org/10.1103/PhysRevC.89.064310

[129] 2015KaZX D. Kaji, K. Morimoto, Y. Wakabayashi, M. Takeyama, M. Asai, Proc. of the Conf. on Advances in
Radioactive Isotope Science (ARIS2014),Tokyo, Japan, June 1-6, 2014, p. 030106 (2015); JPS Conf. Proc. 6, (2015).
https://doi.org/10.7566/JPSCP.6.030106

[130] 2016He08 F. P. Hessberger, S. Antalic, A. K. Mistry, D. Ackermann, B. Andel, M. Block, Z. Kalaninova, B.
Kindler, I. Kojouharov, M. Laatiaoui, M. Laatiaoui, B. Lommel, J. Piot, M. Vostinar, Eur. Phys. J. A 52, 192 (2016).
https://doi.org/10.1140/epja/i2016-16192-0

[131] 2018Es07 R. M. Essex, J. L. Mann, R. Colle, L. Laureano-Perez, M. E. Bennett, H. Dion, R. Fitzgerald, A. M. Gaffney, A.
Gourgiotis, A. Hubert, K. G. W. Inn, W. S. Kinman, S. P. Lamont, R. Steiner, R. W. Williams, J. Radioanal. Nucl. Chem. 318,
515 (2018). https://doi.org/10.1007/s10967-018-6032-9

[132] 2020Si22 T. Sikorsky, J. Geist, D. Hengstler, S. Kempf, L. Gastaldo, C. Enss, C. Mokry, J. Runke, C. E. Dullmann, P.
Wobrauschek, K. Beeks, V. Rosecker, J. H. Sterba, G. Kazakov, T. Schumm, A. Fleischmann, Phys. Rev. Lett. 125, 142503
(2020). https://doi.org/10.1103/PhysRevLett.125.142503

[133] 2020Si28 B. Singh, J. K. Tuli, E. Browne, Nucl. Data Sheets 170, 499 (2020). https://doi.org/10.1016/j.nds.2020.11.002

[134] 2021Wa16 M. Wang, W. J. Huang, F. G. Kondev, G. Audi, S. Naimi, Chin. Phys. C 45, 030003 (2021).
https://doi.org/10.1088/1674-1137/abddaf

16



[135] 2022Ha04 K. Hauschild, A. Lopez-Martens, R. Chakma, M. L. Chelnokov, V. I. Chepigin, A. V. Isaev, I. N. Izosimov, D.
E. Katrasev, A. A. Kuznetsova, O. N. Malyshev, A. G. Popeko, E. A. Sokol, A. I. Svirikhin, M. S. Tezekbayeva, A. V. Yeremin,
Z. Asfari, O. Dorvaux, B. J. P. Gall, K. Kessaci, D. Ackermann, J. Piot, P. Mosat, B. Andel, Eur. Phys. J. A 58, 6 (2022).
https://doi.org/10.1140/epja/s10050-021-00657-8

[136] 2024Gr01 T. J. Gray, J. M. Allmond, L. G. Evans, B. D. Roach, T. T. King, B. C. Rasco, Nucl. Data Sheets 193, 88 (2024).
https://doi.org/10.1016/j.nds.2024. 01. 003

17



Qεp  =   -0.08   MeV
Qε    =  12.754 MeV
  Q    =   9.619 MeV
            ~100 %

 
510 ms

9.474 MeV

259Db

Odd Z
Tz = +49/2

3/2-
21 y

(5/2+)
1.5 d

5.014 MeV

stable to ß+ decay
  Q    =   5.042 MeV
         1.38 %

3/2-
22 m

5.042 MeV

235Np Qεp  =  -6.585 MeV
Qε    =   4.802 MeV
  Q    =   5.194 MeV
          < 0.00260(13) %

231Pa

5/2+
396 d

227Ac

223Fr

5.291 MeV

(9/2-)
7.7 m

215Bi

(9/2-)
56 s

6.228 MeV

219At

stable to ß+ decay 
 Q    =  5.282 MeV

235U
7/2-

7.0 x 108 y

239Am
Qεp  =  -5.353 MeV
Qε    =   6.047 MeV
  Q    =   5.922 MeV
           0.010(1)) %

(5/2-)
11.9 h

5.766 MeV

239Pu
1/2+

24109 y

243Bk Qεp  = -4.067 MeV
Qε    =  7.676 MeV
  Q    =  6.874 MeV 
             0.15%

(3/2-)
4.5 h

247Es Qεp  =  -2.677 MeV
Qε    =   8.972 MeV
  Q    =   7.464 MeV
          obs

(7/2+)
4.55 m

7.323 MeV

247Cf
(7/2+)
3.1 h

Qεp  =   -1.55# MeV
Qε    =  10.432 MeV
  Q    =   7.963 MeV
        10(1) %

(7/2-)
4.3 m

7.550 MeV

251Md

9/2+
1.8 ms

215Po

 
77 s

211Tl

stable to ß+ decay 
 Q    =  6.342 MeV
          93.6(10) %

stable to ß+ decay 
 Q    =  5.561 MeV
           0.02(1) %

Qεp  =   -0.79   MeV
Qε    =  11.546  MeV
  Q    =   8.556 MeV
            99.7(5)%

(1/2-)
31 s

8.365 MeV

(7/2-)
2.5 s

255Lr
  Ex. = 37(10) keV
       ~ 40%

8.457 MeV

243Cm
5/2+
28 y

9/2+
36 m

211Pb

stable to ß+ decay 
 Q    =  2.14# MeV

5/2+
3.96 s

219Rn

1/2+
4.8 m

207Tl

249Fm
(9/2-)
5.3 h

stable to ß+ decay
  Q    =   5.150 MeV
         100 %
  SF  < 3 x 10-10  %
   23F  1.0     x 10-12  %
   24Ne  1.34(17) x 10-9  %

+4.8
-0.7

9/2+
36 m

211Pb

5.025 MeV

163 ns

  Ex. = 2.5(2) MeV
    SF   obs

6.577 MeV

255No
(1/2+)
3.5 m

3/2+
11.5 d

223Ra

1/2+
18.7 d

227Th

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION
Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +49/2 nuclei.

Last updated 10/21/2024

1



Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +49/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

211Tl* 76.5(178) s -5.69# 4.420(40) 8.162(50) [2017Ca12]
215Bi* (9/2�) 7.7(2) m -2.710(50) 2.171(6) 9.877(6) [1990Ru02]

219At (9/2�) 56(3) s -2.285(16) 1.567(2.9) 8.693(4) [2015Fi07]
223Fr 3/2� 22.00(7) m -2.007(8) 1.149(0) 7.308(3) [1993Ab01]

227Ac 3/2� 21.778+29
�32 y -1.328(2) 0.045(1) 6.382(3) [1967JoZX]

231Pa 3/2� 3.257(13)⇥104 y -0.392(2) -0.382(2) —– [2020Je01]
Qe p Qe a

235Np 5/2+ 396.1(12) d 0.124(1) -6.585(4) 4.802(2) [1970La08]
239Am (5/2�) 11.9(1) h 0.802(2) -5.353(2) 6.047(2) [1972Po04]

239mAm 2.5(2) 163(12) ns 3.3(2) -2.8(2) 8.5(2) [1972Br35]
243Bk (3/2�) 4.5(1) h 1.508(5) -4.067(4) 7.676(5) [1953Hu60]
247Es x (7/2+) 4.55(26) m 2.469(24) -2.677(63) 8.972(19) [1989Ha27]

251Md (7/2�) 4.28(12) m 3.008(24) -1.55(10)# 10.432(24) [2021Go26]
255Lr (1/2�) 31.1(13) s 3.135(23) -0.79(10)# 11.564(23) [2006Ch52]

255mLr 0.037(10) (7/2�) 2.53(5) s 3.172(25) -0.42(14)# 11.601(25) [2008An16]
259Db 510(160) ms 3.620(90)# -0.08(12)# 12.754(58)# [2001Ga20]
263Bh 4.30(32)# 0.95(34)# 13.70(31)#
267Mt 5.13(51)# 2.40(53)# 15.17(51)#

* 100% b� emitter.
** Unclear if this is the ground state.

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +49/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF BRcluster type Experimental

211Tl 8.07(21)# 2.14(30)#
215Bi 5.477(6) 5.282(42)
219At 5.250(4) 6.342(5) 93.6(10)% [2015Fi07, 1989Bu09, 1953Hy83]
223Fr 5.279(2) 5.561(3) 0.02(1)% [2001Li44, 1982AlZL, 1956Pe27, 1955Ad10, 1953Hy83,

1950WaZZ]
227Ac 5.107(2) 5.042(0) 1.3800(36)% [1995Sh03, 1986Ry04, 1970Ki12, 1966Ba19, 1959No41,

1995Ma82, 1981Va28, 1974Mo05, 1972GaZR, 1972HeYM,
1950WaZZ, 1949Pe03]

231Pa 4.727(1) 5.150(1) 100% 3⇥10�10% 1.34(17)⇥10�9% 24Ne 2019Ga34, 1992Pr05, 1983Ba77, 1968Ba25, 1961Ba42,
1.0+4.8

�0.7⇥10�12% 23F 1961Ba42, 2020Je01, 2020Km01, 2009Mo37, 1995Ar33,
1986BaYK, 1986Tr10, 1985Sa40, 1979Te02, 1974De11,
1971Le10, 1970De19, 1970Le11, 1969Ba20, 1969La04,
1969Ro33, 1968Ha22, 1966Ba14, 1960Fo05, 1956Hu96,
1955Hu37]

235Np 4.391(1) 5.194(1) 2.60(13)⇥10�3% [1986AgZV, 1973Br12, 1987Ha07, 1984Wh02, 1970BrZX,
1970La08, 1957Th37, 1956Ho46]

239Am 4.062(2) 5.922(1) 0.010(1)% [1971Go01, 1972Po04, 1960Gl01, 1952Hi63]
239mAm 1.5(2) 8.4(2) obs [1972Br35, 1983Ra36, 1971Br39, 1971Fe09, 1970Vi05,

1969La14]
243Bk 3.403(4) 6.874(4) 0.15% [1966Ah02, 1953Hu60, 1956Ch77]
247Es 2.801(19)# 7.464(20) obs [1989Ha27, 1989HaZG, 1986HaZM, 1985MaZK, 1973Es01,

1967Mi06]
251Md 2.394(20) 7.963(4) 10(1)% [2006Ch52, 2021Go26, 2006An13, 2005ChZQ, 2005He27,

2005He27, 1973Es01, 1971EsZZ, 1971EsZY]
255Lr 2.065(20) 8.556(7) 99.7(5)% [2008An16, 2008Ha31, 2006Ch52, 2006An13, 2005ChZQ,

2004HeZZ, 2002Gu33, 2001Ga20, 1976BeYM, 1976BeZY,
1971Es01]

255mLr 2.028(22) 8.593(12) ⇡40% [2008Ha31, 2006Ch52, 2008An16, 2005ChZQ, 2004HeZZ]
259Db 1.642(59)# 9.619(54) ⇡ 100% [2001Ga20, 2002Gu33]
263Bh 1.16(31)# 10.08(30)#
267Mt 0.64(50)# 10.87(40)
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Table 3

direct a emission from 219At*, Jp = (9/2�), T1/2 = 56(3) s, BRa = 93.6(10)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(215Bi) coincident g-rays (keV) R0 (fm) HF

6.343(5) 6.228(5) 93.6(10)% (9/2�) 0.0 —– 1.54668(15) 1.33(10)

* All values from [2015Fi07].

Table 4

direct a emission from 223Fr*, Jp = 3/2�, T1/2 = 22.00(7) m**, BRa = 0.02(1)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(219At) coincident g-rays (keV) R0 (fm) HF

5.266(5) 5.172(5) ⇡14% ⇡1⇥10�3% (3/2�) 0.296 0.1453, 0.1509 1.54540(11) ⇡2.7
5.388(4) 5.291(4) 100(66)% 7(3)⇥10�3% (3/2�) ⇡0.174 150.9 1.54540(11) 1.7+3.4

�0.7
5.411(4) 5.314(4) 86(55)% 6(3)⇥10�3% (5/2�) 0.1509 0.1509 1.54540(11) 3+7

�1
5.502(3) 5.403(3) 71(46)% 5(2)⇥10�3% (7/2�) 0.0589 0.0589 1.54540(11) 10+18

�4
5.562(3) 5.462(3) 57(29)% 4(2)⇥10�3% (9/2�) 0.0 —– 1.54540(11) 30+70

�10

* All values from [2001Li44], except where noted.
** [1993Ab01].
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Table 5

direct a emission from 227Ac, Jp = 3/2�, T1/2 = 21.778+29
�32 y*, BRa = 1.3800(36)%**.

Ea (c.m.) Ea (lab)*** Ia (rel) Ia (abs) Jp
f

@ Edaughter(223Fr)@ coincident g-rays (keV)@ R0 (fm) HF

4.441(7) 4.363(7) ⇡6⇥10�3%@@ ⇡4.1⇥10�5% 7/2� 0.601@@ 1.53667(29) ⇡7.8
4.502(5) 4.423(5) 0.021% .4⇥10�4% (5/2�) 0.5407 44.7, 55.0, 86.7, 69.3, 88.1, 1.53667(29) 6.6

82.2, 99.6, 101.0, 106.8, 176.1
351.7, 441.0

4.525(4) 4.445(4) 0.11% 6.9⇥10�4% 3/2� 0.5152 44.7, 55.0, 86.7, 99.6, 415.6, 1.53667(29) 2.1
460.2

4.539(7) 4.459(7) 0.011% 6.9⇥10�5% 0.503 1.53667(29) 25
4.593(5) 4.512(5) ⇡6⇥10�3%@@ ⇡4.1⇥10�5% 0.449@@ 1.53667(29) ⇡110
4.663(7) 4.581(7) ⇡6⇥10�3%@@ ⇡4.1⇥10�5% 0.379@@ 1.53667(29) ⇡330
4.671(4) 4.589(4) 0.021%@@ 1.4⇥10�4% 0.371@@ 1.53667(29) 112
4.676(4) 4.594(4) 0.064% 4.1⇥10�4% (9/2+) 0.3655 33.5, 35.0, 44.7, 53.7, 55.0, 1.53667(29) 41

69.3, 70.6, 72.5, 79.5, 86.7,
88.1, 82.2, 90.0, 99.6, 101.0,
106.8, 108.0, 118.7, 121.6, 121.8,
134.5, 137.4, 142.6, 143.0, 147.6,
172.0, 176.1, 176.5, 206.8, 229.7,
242.5, 283.4

4.744@ 4.660@ 0.043% 2.8⇥10�4% (9/2�) 0.2988 69.3, 82.2, 216.6 1.53667(29) 180
4.797@ 4.712@ 0.085% 5.5⇥10�4% (9/2+) 0.2448 44.7, 55.0, 69.3, 72.5, 72.8, 1.53667(29) 210

82.2, 86.7, 90.0, 99.6, 147.6,
162.6, 172.0

4.799@ 4.714@ 0.15% 9.7⇥10�4% (7/2�) 0.2437 69.3, 82.2, 161.4, 230.9, 243.8 1.53667(29) 121
4.800(4) 4.715(4) 0.43% 2.8⇥10�3% (7/2�) 0.2426 33.5, 35.0, 44.7, 53.7, 55.0, 1.53667(29) 43

69.3, 70.6, 72.5, 79.5, 86.7,
88.1, 82.2, 90.0, 99.6, 101.0,
106.8, 108.0, 121.6, 134.5, 143.0,
147.6, 172.0, 176.1, 229.7, 242.5

4.819@ 4.734@ 0.064% 4.1⇥10�4% (7/2+) 0.223 69.3, 82.2, 140.9 1.53667(29) 390
4.823(4) 4.738(4) 0.13% 8.3⇥10�4% 7/2+ 0.2196 69.3, 88.1, 82.2,101.0, 118.7, 1.53667(29) 210

137.4, 206.8
4.854(3) 4.768(3) 2.3% 0.015% 7/2� 0.189 69.3, 88.1, 82.2, 101.0, 106.8, 1.53667(29) 1.1

176.1
4.856@ 4.770@ 0.64% 4.1⇥10�3% 0.1872 69.3, 82.2, 105.0, 174.3 1.53667(29) 67
4.871(4) 4.785(4) 0.17% 1.1⇥10�3% 5/2+ 0.172 44.7, 55.0, 69.3, 72.5, 82.2, 1.53667(29) 320

86.7, 90.0, 99.6, 147.6, 172.0
4.882(3) 4.796(3) 1.72% 0.011% 3/2+ 0.1605 44.7, 55.0, 59.4, 60.6, 86.7, 1.53667(29) 37

88.1, 99.6, 101.0, 147.6, 160.5
4.908(4) 4.822(4) 0.15% 9.7⇥10�4% 3/2+ 0.1345 33.5, 35.0, 44.7, 55.0, 79.5, 1.53667(29) 640

86.7, 88.1, 99.6, 101.0, 121.6,
134.5

4.941@ 4.854@ 1.5% 9.7⇥10�3% 5/2� 0.101 88.1, 101.0 1.53667(29) 106
4.942(2) 4.855(2) 6.4% 0.04.1% 3/2� 0.0996 44.7, 55.0, 86.7, 99.6 1.53667(29) 25
4.960(2) 4.873(2) 13% 0.08.4% 7/2� 0.0822 69.3, 82.2 1.53667(29) 16
4.988@ 4.900@ 0.23% 1.5⇥10�3% 1/2� 0.055 55.0 1.53667(29) 1.3⇥103

5.0293(8) 4.9407(8) 85% 0.55% 5/2� 0.0129 1.53667(29) 6.8
5.04211(14) 4.95326(14) 100% 0.65% 3/2� 0.0 —– 1.53667(29) 6.9

* [1967JoZX].
** [1970Ki12].
*** [1966Ba19], except where noted.
@ [1995Sh03], except where noted.
@@ [1959No41].
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Table 6

direct a emission from 231Pa, Jp = 3/2�, T1/2 = 3.257(13)⇥104 y*, BRa = 100%.

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs) Jp
f

@@ Edaughter
@@ coincident g-rays (keV)@@ R0 (fm) HF

(227Ac)

4.493 4.4156*** 0.0052(8)% 0.0013(2)% (7/2+) 0.6564(4) 16.5, 25.5, 27.4, 30.0, 35.8, 38.2, 1.53103(70) 64+12
�9

40.2, 44.1, 54.6, 57.2, 63.6, 546.5,
546.5, 571.6, 583, 609

4.5878(30) 4.5084(30) 0.012(1)% 0.0030(3)% (3/2+,5/2) 0.5628(1) 16.5, 27.4, 30.0, 38.2, 40.2, 44.1, 1.53103(70) 141+17
�14

54.6, 57.2, 478.4, 486.8, 516.2,
535.6

4.6474(30) 4.5669(30) 0.075(4)% 0.0189(11)% (3/2�,5/2�) 0.5013(1) 16.5, 24.5, 27.4, 30.0, 38.2, 44.1, 1.53103(70) 63(4)
54.6, 57.2, 146.9, 198.9, 226.6,
228.0, 243.1, 245.6, 246.0, 255.8,
273.2, 283.7, 300.1, 302.7, 327.1,
330.1, 354.5, 427.0, 471.3, 501.4

4.6807(30)) 4.5996(30) 0.10(1)% 0.0258(30)% 9/2+ 0.4693(1) 16.5, 25.5, 27.4, 30.0, 35.8, 38.2, 1.53103(70) 79+11
�9

40.2, 44.1, 54.6, 57.2, 63.6,
359.3, 384.7

4.7139(30) 4.6323(30) 0.58(2)% 0.145(4)% 1/2+ 0.4352 16.5, 30.0, 390.4, 407.8, 435.2 1.53103(70) 24.6(8)
4.7256(25) 4.6438(25) 0.53(1)% 0.1335(13)% 5/2+ 0.4256 16.5, 27.4, 30.0, 38.2, 40.2, 1.53103(70) 31.2(6)

44.1, 54.6, 57.2 341.1, 351.5,
379.4, 395.5, 398.1

4.7636(24) 4.6811(24) 6.27(3)% 1.572(4)% 7/2� 0.3872 16.5, 25.5, 27.4, 30.0, 35.8, 38.2, 1.53103(70) 4.94(9)
40.2, 44.1, 54.6, 57.2, 63.6, 96.8,
198.9, 226.6, 243.1, 245.6, 246.0,
255.8, 260.2, 273.2, 277.2, 283.7,
300.1, 302.7, 312.9, 330.1, 340.7,
357.1, 387.0

4.7964(24) 4.7133(24) 4.15(7)% 1.041(18)% 1/2� 0.3545 16.5, 24.5, 27.4, 30.0, 38.2, 40.2, 1.53103(70) 12.6(3)
44.1, 54.6, 57.2, 198.9, 226.6,
243.1, 245.6, 246.0, 255.8, 273.2,
283.7, 300.1, 302.7, 327.1, 330.1,
354.5

4.8195(8) 4.7360(8)@ 34.37(13)% 8.613(10)% 3/2� 0.3304 16.5, 27.4, 30.0, 38.2, 40.2, 44.1, 1.53103(70) 2.23(4)
54.6, 57.2, 198.9, 226.6, 243.1,
245.6, 246.0, 255.8, 273.2, 283.7,
300.1, 302.7, 330.1

4.8451 4.7612*** 0.20(9)% 0.051(22)% (5/2+) 0.3047(1) 16.5, 27.4, 30.0, 38.2, 40.2, 1.53103(70) 600+400
�200

44.1, 54.6, 57.2, 219.9, 230.0,
258.4, 277.4

4.8798(22) 4.7953(22) 6.00(9)% 1.503(22)% (5/2)� 0.2732 16.5, 27.4, 30.0, 40.2, 44.1, 198.9, 1.53103(70) 31.3(7)
226.6, 243.1, 246.0, 273.2

4.9385(21) 4.8530(21) 5.6(6)% 1.40(15)% 13/2+ 0.2108(1) 16.5, 25.5, 27.4, 30.0, 35.8, 38.2, 1.53103(70) 88+11
�9

40.2, 44.1, 54.6, 57.2, 63.6, 100.9
4.9870(21) 4.9006(21) 13.09(9)% 3.281(18)% 0.160(2) 1.53103(70) 80.7(14)
5.0212(21) 4.9343(21) 11.6(12)% 2.9(3)% 9/2� 0.1268 30.0, 40.2, 44.1, 52.7, 96.8 1.53103(70) 150+18

�15
5.0385(14) 4.9513(14)@ 89.1(3)% 22.32(2)% 9/2+ 0.1100 16.5, 25.5, 27.4, 30.0, 35.8, 38.2, 1.53103(70) 25.0(4)

40.2, 44.1, 54.6, 57.2, 63.6
5.0628(20) 4.9751(20) 2.19(10)% 0.550(25)% 7/2+ 0.0845 27.4, 30.0, 38.2, 54.6, 57.2 1.53103(70) 1.47(7)⇥103

5.0737(10) 4.9858(10) 6.87(7)% 1.721(16)% 7/2� 0.0741 30.0, 40.2, 44.1 1.53103(70) 548(11)
5.1021(14) 5.0138(14)@ 100.0(4)% 25.06(9)% 5/2+ 0.0464 16.5, 30.0 1.53103(70) 56.3(10)
5.1170(10) 5.0284(10)@ 92.1(4)% 23.09(6)% 5/2� 0.0300 30.0 1.53103(70) 77.4(13)
5.1186(14) 5.0300(14)@ 11.2(12)% 2.8(3)% 3/2+ 0.0274 27.4 1.53103(70) 660+80

�70
5.1477(15) 5.0586(15)@ 43.24(18)% 10.837(25)% 3/2� 0.0 —– 1.53103(70) 254(7)

* [2020Je01].
** Values from [1961Ba42], except where noted. Values are adjusted by [1991Ry01] to match newer calibration energies.
*** [2019Ga34].
@ Recommended values from [1991Ry01].
@@ [2016Ko07].
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Table 7

direct a emission from 235Np*, Jp = 5/2+, T1/2 = 396.1(12) d**, BRa = 2.60(13)⇥10�3%***.

Ea (c.m.) Ea (lab)*** Ia (rel) Ia (abs) Jp
f Edaughter(231Pa) coincident g-rays (keV)@ R0 (fm) HF

4.892(7) 4.809(7) ⇡0.2% ⇡2.6⇥10�6% (9/2+) 0.304 1.51623(36) ⇡53
4.946(3) 4.862(3) 1.3(3)% 1.8(3)⇥10�5% 7/2+ 0.250 1.51623(36) 17.6+3.2

�2.4
5.010(2) 4.925(2) 22(3)% 3.0(2)⇥10�4% 5/2+ 0.1834 58.5, 61.2, 102.2, 125, 185 1.51623(36) 2.9(2)
5.026(6) 4.940(6) ⇡1.1% ⇡1.6⇥10�5% (11/2�) 0.1693 58.5, 110.8 1.51623(36) ⇡ 70
5.084(4) 4.997(4) 11(4)% 1.6(3)⇥10�4% 9/2+ 0.113 1.51623(36) 17+9

�4
5.094(4) 5.007(4) 45(13)% 6.2(16)⇥10�4% 7/2+ 0.103 1.51623(36) 4.8+1.7

�1.0
5.112(2) 5.025(2) 100(15)% 1.4)2)⇥10�3% 5/2+ 0.0842 84.2 1.51623(36) 2.9+0.6

�0.4
5.138(2) 5.051(2) 3.4(8)% 4.7(8)⇥10�5% 7/2� 0.0585 58.5 1.51623(36) 124+27

�19
5.188(3) 5.100(3) ⇡0.4% ⇡5⇥10�6% 1/2� 0.008 1.51623(36) ⇡2.3⇥103

5.196(4) 5.108(4) 2.8(6)% 3.9(5)⇥10�5% 3/2� 0.0 —– 1.51623(36) 350+60
�50

* All values from [1973Br12], except where noted.
** 1970La08
*** [1986AgZV].

Table 8

direct a emission from 239Am*, Jp = (5/2�), T1/2 = 11.9(1) h**, BRa = 0.010(1)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(235Np) coincident g-rays (keV) R0 (fm) HF

5.777(2) 5.680(2) 2.37(4)% 1.98(20)⇥10�4% (9/2�) 0.1468(7) 1.50108(92) 16(2)
5.832(2) 5.734(2) 16.43(11)% 1.38(14)⇥10�3% (7/2�) 0.0916(3) 1.50108(92) 4.7+0.5

�0.5
5.874(2) 5.776(2) 100.0(5)% 8.37(84)⇥10�3% (5/2�) 0.0490(1) 1.50108(92) 1.30+0.17

�0.15
5.924(4) 5.825(4) 0.39(2)% 3.30(39)⇥10�5% (5/2+) 0.0 —– 1.50108(92) 600+90

�70

* All values from [1971Go01], except where noted.
** [1972Po04].

Table 9

direct a emission from 243Bk*, Jp = (5/2�), T1/2 = 4.5(1) h**, BRa = 0.15%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(239Am) coincident g-rays (keV) R0 (fm) HF

6.289(4) 6.185(4) 15(2)% ⇡5.9⇥10�3 (5/2�) 0.587(6) 1.500(30) 11
6.317(4) 6.213(4) 53.13%4.84% ⇡0.020 (3/2�) 0.558(6) 1.500(30) 4
⇡6.504 ⇡6.397 ⇡0.78% ⇡3⇥10�4 (13/2+) ⇡0.370 1.500(30) ⇡2.3⇥103

6.557(5) 6.449(5) 2.73%0.80% ⇡1.1⇥10�3 (11/2+) 0.317(6) 1.500(30) 21.2⇥103

6.614(4) 6.505(4) 26.95%3.21% ⇡0.010 (9/2+) 0.260(6) 1.500(30) 210
6.655(4) 6.545(4) 75.78%6.94% ⇡0.029 (7/2+) 0.220(6) 1.500(30) 110
6.687(4) 6.577(4) 100.00%8.84% ⇡0.038 (5/2+) 0.187(6) 146.4, 187.1 1.500(30) 120
6.719(5) 6.608(5) ⇡2.73% ⇡1.1⇥10�3 (11/2�) 0.156(6) 1.500(30) ⇡6⇥103

6.781(4) 6.669(4) ⇡4.69% ⇡1.8⇥10�3 (9/2�) 0.094(6) 1.500(30) ⇡7⇥103

6.833(4) 6.721(4) 48.83%4.66% ⇡0.019 (7/2�) 0.041(6) 1.500(30) 1.1⇥103

6.874(4) 6.761(4) 60.16%5.42% ⇡0.023 (5/2�) 0.0 —– 1.500(30) 1.3⇥103

* All values from [1966Ah02], except where noted. Ea (lab) is adjusted by +3.0 keV by [1991Ry01].
** [1953Hu60].
*** [2014Br18].

Table 10

direct a emission from 247Es*, T1/2 = 4.55(26) m, BRa = obs.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(243Bk) coincident g-rays (keV) R0 (fm) HF

7.332(5) 7.213(5) 2.3(8)%
7.395(3) 7.275(3) 14(2)%
7.444(1) 7.323(1) 100(7)%

* All values from [1989Ha27].
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Table 11

direct a emission from 251Md, Jp = (7/2�), T1/2 = 4.28(12) m**, BRa = 10(1)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(247Es) coincident g-rays (keV) R0 (fm) HF

7.672(1) 7.550(1) 10(1)% 0.293+x 243, 293 1.4788(62) 74+16
�14

* All values from [2006Ch52], except where noted.
** [2021Go26].

Table 12

direct a emission from 255Lr*, Jp = (1/2�), T1/2 = 31.1(13) s**, BRa = 99.7(5)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(251Md) coincident g-rays (keV) R0 (fm) HF

8.422(5) 8.290(5) 1.8(6)% 0.7(2)% (11/2�) 0.135 1.467(15) 50+40
�20

8.498(2) 8.365(2) 100(3)% 37.3(8)% 1/2� 0.055 1.467(15) 1.7+0.8
�0.5

8.554(10) 8.420(10) 5.4(8)% 2.0(3)% (7/2�) 0.0 —– 1.467(15) 48+23
�17

* All values from [2006Ch52], except where noted.
** [12008Ha31].

Table 13

direct a emission from 255mLr*, Ex. = 37(10) keV, Jp = (1/2�), T1/2 = 2.53(5) s**, BRa = ⇡40%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(251Md) coincident g-rays (keV) R0 (fm) HF

8.455(10) 8.322(10) 8.1(19)% ⇡7.5(18)% (11/2�) 0.135 1.467(15) ⇡3.2
8.592(2) 8.457(2) 100(3)% ⇡92(3)% (7/2�) 0.0 —– 1.467(15) ⇡0.7

* All values from [2006Ch52], except where noted.
** [2008An16].

Table 14

direct a emission from 259Db, T1/2 = 510(160) ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(255Lr) coincident g-rays (keV) R0 (fm) HF

9.623 9.474 ⇡ 100% 0.0? 1.463(13) 11+6
�5

* All values from [2001Ga20].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +25 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for XX are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

206Pt* 0+ obs 4.950(42)# 5.16(42)# [2012Ku26]
210Hg* 0+ 63.7(116) s -7.98(45)# 3.95(20)# 6.65(36)# [2017Ca12]

214Pb(RaB)* 0+ 27.06(7) m -6.65(20)# 1.018(11) 6.809(23) [2011Vo01]
218Po(RaA) 0+ 3.062(8) m** -4.859(27) 0.256(12) 7.313(11) [1989Ma67, 1986Po17, 1982Va09]

222Rn 0+ 3.82146(16) d -4.581(16) -0.006(8) —– [2015Be07]
226Ra 0+ 1600(5) y*** -3.853(7) -0.642(3) —– [1966Ra13, 1959Ma12]

230Th(Io) 0+ 75584(110) y -2.976(16) -1.311(3) —– [2013Ch53]
234U(UII ) 0+ 245526(260) y@ -2.194(4) -1.810(8) —– [2013Ch53, 2016Va13]

238Pu 0+ 87.71(3) y -1.291(1) -2.260(20) —– [1977Di04]
238m1Pu 2.40(20) 0.60(14) ns@@ 1.11(20) -0.14(20) -4.12(20) [1974MeYP, 1973Li01]
238m2Pu 3.70(20) 5.9(12) ns@@@ 2.41(20) 1.44(20) -2.82(20) [1973Li01, 1970Bu02]

242Cm 0+ 162.80(11) da -0.664(1) -2.95(14)# —– [1982Ag02, 1981Us03]
Qe p Qe a

246Cf 0+ 35.7(5) h 0.120(60) -4.203(1) 6.197(2) [1951Hu39]
246mCf ⇡ 2.5 0+ 45(10) ns ⇡ 2.6 ⇡ -1.8 ⇡ 8.7 [1968Ga04, 1966Ga26]
250Fm 0+ 30.4(15) m 0.85(10)# -2.940(8) 7.680(61)# [2006Ba09]

250mFm x 1.8(1) s 0.85(10)#+x -2.940(8)+x 7.680(61)#+x
254No 0+ 51.2(4) s 1.27(10)# -1.911(10) 9.07(10)# [2006He19]

254mNo 1.295(2) 8� 275(7) ms 2.57(10)# -0.616(10) 10.37(10)# [2010He10]
258Rf 0+ 11.5(12) msb 1.56(10)# -1.192(17) 10.47(10)# [2020Mo11, 2008Ga08]
262Sg 0+ 6.9+3.8

�1.8 ms 2.12(15)# -0.238(69) 11.16(10)# [2001Ho06]
266Hs 0+ 2.97+0.78

�0.51 ms 3.04(17)# 1.06(14)# 12.46(15)# [2012Ac04]
266mHs ⇡1.2 74+354

�34 ms ⇡4.2# ⇡2.3# 12.46(15)# [2015Ac04, 2012Ac04]
270Ds 0+ 200+70

�40 µs 3.97(20)# 2.90(14)# 14.15(17)# [2012Ac04]
270mDs ⇡1.13 9�,10� 3.9+1.3

�0.8 ms ⇡5.10# ⇡4.03# ⇡15.28# [2015Ac04, 2012Ac04]

* 100% b� emitter.
** Weighted average of 3.040(8) m [1989Ma67], 3.093(12) m [1986Po17] and 3.11(2) m [1982Va09].
*** Weighted average of 1599(7) y [1966Ra13] and 1602(8) y [1959Ma12].
@ Weighted average of 245620(260) y [2013Ch53] and 244900(670) [2016Va13].
@@ Weighted average of 0.7(2) ns [1974MeYP] and 0.5(2) ns [1973Li01].
@@@ Weighted average of 5(2) ns [1973Li01] and 6.5(15) ns [1970Bu02].
a Weighted average of 163.00(11) d [1982Ag02] and 161.35(30) d [1981Us03].
b Weighted average of 8.8(11) ms [2020Mo11] and 4.7+1.2

�1.0 ms [2008Ga08].

Table 2
(1 of 2). Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +25 nuclei. Unless otherwise stated, all S and Q-values
are taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF BRcluster type Experimental

206Pt 10.93(58)# 0.87(50)#
210Hg 10.36(45)# 1.52(36)#

214Pb(RaB) 9.256(27) 2.69(20)#
218Po(RaA) 7.662(18) 6.115 99.978(3)% [1971Gr17, 1958Wa16, 1952Hi60, 2023Ch30, 1989Ma67,

1986Po17, 1982Va09, 1949Wa05, 1944Ka01, 1943Ka04,
1933Ro03, 1911Ru02, 1904Ru05]

222Rn 7.700(14) 5.590 100% [1971Gr17, 1958Wa16, 1998Mo14, 1996Wi27, 1989Po03,
1987Er06, 1968Bi08, 1963Ba62, 1956Ma28, 1953Ba29,
1936Br05]

226Ra 7.442(12) 4.871 100% 2.6(6)⇥10�9% 14C 2017Ma22, 1990We01, 1986Ba26, 1985Ho21, 1971Lo19,
1963Ba62, 2001La14, 1986HoZU, 1985Al28, 1984AlZP,
1971DiZI, 1971Gr17, 1969Gr33, 1968Bi08, 1967Ma51,
1966Ra13, 1959Ma12, 1958Wa16, 1953AsZZ, 1953Ba29,
1949Ko01, 1931Cu01, 1949Ro08, 1912Fa01, 1911Cu01]
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Table 3
(2of 2). Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +25 nuclei. Unless otherwise stated, all S and Q-values
are taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF BRcluster type Experimental

230Th(Io) 7.116(12) 4.770(2) 100% 5.6⇥10�11% 24Ne [1985TrZY, 1966Ba14, 1954Ro12, 2013Ch53, 2000Ch56]
1980Me10, 1977Ku25, 1962At01, 1957Cl17, 1956Hu96,
1955St97, 1953Ra13, 1953Va01, 1949Hy03, 1948RoXX,
1931So01, 1930Cu02, 1912Fa01]

234U(UII ) 6.633(1) 4.858(1) 100% 1.64(17)⇥10�9% 9.06(660)⇥10�12 24Ne [2000Ho27, 1991Bo20, 1984Va41, 1967Ba43, 1963Bj03,
1.64(17)⇥10�11 28Mg 2016Va13, 2013Ch53, 1989Ho24, 1989Mo07, 1989Tr11,

1987Sh27, 1986LoZT, 1981Vo02, 1980Ge13, 1980VaZP,
1978ReZX, 1973JaYS, 1973Ta25, 1971Cl03, 1971DeYN,
1971LoZL, 1970Cl11, 1970DeZM, 1970LoZZ, 1970MeZN,
1961Ko11, 1957Ha08, 1955Go57, 1953As40, 1953AsZZ,
1953Va03, 1952Fl20, 1952Gh27, 1952Ki19, 1952Se67,
1949Ba41, 1949Go18, 1940Fl02, 1939Ni03]

238Pu 5.997 5.593 100% 1.86(10)⇥10�7% ⇡5.5⇥10�15% 30Mg 1999Ka70, 1998Ya17, 1989Wa10, 1984Bo41, 1971Gr17,
⇡1.5⇥10�14% 32Si 1970Ba72, 1996Sa24, 1992Sc15, 1989Wa29, 1988SeZY,

1986LoZT, 1984Ah06, 1984He19, 1984Ov01, 1983OvZZ,
1981Ag06, 1980VaZO, 1977Di04, 1976JaZG, 1976Po08,
1972Ha11, 1971Ma68, 1971So15, 1970Cl11, 1969LeZX,
1968Ba25, 1968Jo15, 1963Ei09, 1962Le11, 1961Dr04,
1957Ho71, 1957Ko33, 1956Hi33, 1954As07, 1953AsZZ,
1949JaZX, 1949JaZZ, 1947Ch01, 1946FaZZ, 1943ChZZ]

238m1Pu 3.60(20) 7.99(20) ⇡100% [1973Li01, 1974MeYP]
238m2Pu 2.30(20) 9.29(20) ⇡100% [1973Li01, 1971Br39, 1970Bu02]

242Cm 5.420 6.216 100% 6.07(4)⇥10�6%* 1.0+0.4
�0.2⇥10�14 34Si [2000Og01, 1989Us04, 1982Ra33, 1981Le15, 1979Ch41,

1971Gr17,1967Ar09, 1966Ba07, 1951Ha87, 1998Ya17,
1989Fo10, 1984Zh01, 1982Ag02, 1982UmZZ, 1981Us03,
1981Zh06, 1980Ha28, 1977Di04, 1975Ke02, 1971Bb10,
1971Re11, 1970BaZZ, 1963Bj03, 1963Dz07, 1963Le17,
1962Iv01, 1956Cr69, 1954Gl37, 1954St95, 1953As14,
1953AsZZ, 1952As40, 1950Ha14, 1949MaZZ]

246Cf 5.013(2) 6.862(1) 100% 3.0(3)⇥10�4%** [1977Ba69, 1968Sk01, 1963Fr04, 1956Ch77, 1953Hu85,
1973Da16, 1968Ga02, 1968Ga04, 1966Ma72, 1955Hu31,
1951Hu39]

246mCf ⇡2.5 ⇡9.3 ⇡100% [1968Ga04, 1966Ga26]
250Fm 4.392(31)# 7.557(8) ⇡75%*** 6.9(10)⇥10�3% [2006Fo02, 1989La07, 1981Mu06, 2018Mi11, 2006Ba09,

2006Ni09, 1970Dr05, 1966Ak01, 1957Am47, 1954At35]
250mFm 4.392(31)#-x 7.557(8)+x obs [1980Ga07,1970Dr05]

254No 3.738(33)# 8.226(8) 90(4)% 0.17(2)% [2010He10, 1994Wi17, 1988Tu07, 1985He22, 2020Ku23,
2009Ne02, 2008Ga08, 2006Fo02, 1989TuZZ, 1973Gh03,
1970KoZM, 1967GH01, 1967Mi03, 1966Do04, 1966Za04,
1958Gh40]

254mNo 2.443(33)# 9.521(8) 0.01% 0.020(12)% [2010He10, 2022Br08, 2021Is09, 2021Te08]
258Rf 3.610(47)# 9.196(13) 4.9(16)% 95.1(16)% [2016He15, 2008Ga08, 2019MoZV, 2018Mo20, 1994Hu18,

1994Ni17, 1984Og03, 1969Gh01]
262Sg 3.23(11)# 9.600(15) 6(4)% 94(4)% [2012Ac04, 2011Ac01, 2006Gr24, 2001Ho06]
266Hs 2.54(24)# 10.346(16) 76(9)% 24(9)% [2012Ac04, 2015Ac04, 2011Ac01, 2001Ho06]

266mHs ⇡3.7# ⇡11.5 ⇡100% [2012Ac04, 2015Ac04]
270Ds 1.91(31)# 11.117(28) 100% [2012Ac04, 2001Ho06, 2017Ac02, 2015Ac04, 2011Ac01,

1990Sc11]
270mDs ⇡0.78# ⇡12.24 ⇡70% [2012Ac04, 2001Ho06, 2017Ac02,

2015Ac04, 2011Ac01]

* Weighted average of 6.96(18)⇥106 y [1989Us04), 7.15(15)⇥106 y [1982Ra33], 7.46(6)⇥106 y [1979Ch41] and 7.1(2)⇥106 y [1960Ar09] and7.2(2)⇥106 y
[1951Ha87].

** Weighted average of 2.0(2) ⇥103 y [1968Sk01], 1.34(16) ⇥103 y [1963Fr04] and 2.1(3) ⇥103 y [1953Hu85].
*** The BR for a-decay has not been measured. A 0+ even-even to a 0+ even-even a-decay is expected to be unhindered. Setting the BR to 75% gives a HF

= 1.0. A 100% BR would result in HF = 0.76.

3



Table 4
direct a emission from 218Po, Jp = 0+, T1/2 = 3.062(8) m*, BRa = 99.978(3)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(214Pb)@ coincident g-rays (keV)@ R0 (fm) HF

5.278(2) 5.181(2)** 1.1⇥10�3%** 1.1⇥10�3% (2+) 0.835(1) 835 1.53788(19) 11.7
6.11454(10) 6.00235(10)*** 100% 99.978(3)% 0+ 0.0 —– 1.53788(19) 0.9867(26)

* Weighted average of 3.040(8) m [1989Ma67], 3.093(12) m [1986Po17] and 3.11(2) m [1982Va09].
** [1952Hi60].
*** Value from [1971Gr17] modified by -0.20 keV in [1991Ry01].
@ [2021Zh35].

Table 5
direct a emission from 222Rn, Jp = 0+, T1/2 = 3.82146(16) d*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(218Po) coincident g-rays (keV) R0 (fm) HF

4.915(4) 4.826(4)** ⇡5⇥10�4% ⇡5⇥10�4% 0.676 1.54863(17) ⇡ 30
5.077(1) 4.986(1)** 0.078% 0.078% 2+@ 0.5097@ 509.7 1.54863(17) 2.0
5.59020(30) 5.48948(30)*** 100% 99.9% 0+ 0.0 —– 1.54863(17) 0.99798(4)

* [2015Be07].
** [1958Wa16], modified by -1.2 keV in [1991Ry01].
*** [1971Gr17], modified by -0.18 keV in [1991Ry01].
@ [2019Si39].

Table 6
direct a emission from 226Ra, Jp = 0+, T1/2 = 1600(5) y*, BRa = 100%.

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs) Jp
f

@ Edaughter(222Rn)@@ coincident g-rays (keV)@@ R0 (fm) HF

4.238(2) 4.163(2) 2.9(5)⇥10�4% 2.7(5)⇥10�4 3� 0.6363 186.0, 449.4 1.53945(26) 8.5+2.0
�1.4

4.270(1) 4.194(1) 1.1(1)⇥10�3% 1.0(1)⇥10�3% 1� 0.6007 186.0, 414.6, 600.7 1.53945(26) 4.4+0.5
�0.4

4.421(1) 4.343(1) 6.3(16)⇥10�3% 5.9(15)⇥10�3%% 4+ 0.4482 186.0, 262.3 1.53945(26) 11+4
�2

4.684(1) 4.601(1) 6.30(1)% 5.93(1)% 2+ 0.1860 186.0 1.53945(26) 0.893(15)
4.87054(25) 4.78434(25)*** 100% 94.07(1)% 0+ 0.0 —– 1.53945(26) 0.9979(31)

* Weighted average of 1599(7) y [1966Ra13] and 1602(8) y [1959Ma12].
** Ea values from [1963Ba62], adjusted by +3.3 keV as recommended in [1991Ry01].
*** From [1971Gr17], adjusted by -0.16 keV as recommended in [1991Ry01].
@ [2023Si22].
@@ [1971Lo19].

Table 7
direct a emission from 230Th, Jp = 0+, T1/2 = 75584(110) y*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)** Jp
f

@ Edaughter(226Ra)@ coincident g-rays (keV)@ R0 (fm) HF

4.324 4.249 ⇡6.6⇥10�6 ⇡5⇥10�6 5� 0.4463 67.7, 110.0, 124.8, 143.9, 1.5332(11) 7.4⇥103

186.1, 234.8, 253.7, 253.9
4.353 4.277 ⇡6.6⇥10�6 ⇡5⇥10�6 6+ 0.4165 67.7, 143.9, 204.9 1.5332(11) 1.3⇥104

4.449 4.372 1.3⇥10�3% 1⇥10�3 3� 0.3215 67.7, 110.0, 143.9, 186.1, 1.5332(11) 350
253.7, 253.9

4.520 4.441 0.039% 0.03% 1� 0.2537 67.7, 186.1, 253.7 1.5332(11) 38
4.554 4.475 0.16% 0.12% 4+ 0.2115 67.7, 143.9 1.5332(11) 20
4.7023(15) 4.6205(15) 31.8% 24.3% 2+ 0.0677 67.7 1.5332(11) 1.07
4.7700(15) 4.6870(15) 100% 76.3% 0+ 0.0 —– 1.5332(11) 1.01

* [2013Ch53].
** [1954Ro12]. a’s at 4.249, 4.277 and 4.372 were not observed, their energies were deduced from g-rays following the a decay of 230Th. Energy values are

adjusted by +3.9 keV as recommended in [1991Ry01].
*** [1966Ba14]. Energy values are adjusted by +3.0 keV as recommended in [1991Ry01].
@ [1996Ak02].
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Table 8
direct a emission from 234U, Jp = 0+, T1/2 = 245526(260) y*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@@ Edaughter(230Th)@@ coincident g-rays (keV)@@ R0 (fm) HF

4.079** 4.009 2.8⇥10�5% 2⇥10�5%** 2+ 0.7814 53.2, 120.9, 607.4, 728.1, 781.4 1.52224(19) 2.8
4.225** 4.153 1.7⇥10�5% 1.2⇥10�5%** 0+ 0.6349 53.2, 581.7, 634.9 1.52224(19) 90
4.352** 4.278 5.6⇥10�5% 4⇥10�5%** 1� 0.5081 53.2, 454.9, 508.2 1.52224(19) 300
4.686** 4.605 0.29(1)% 0.206(4)%*** 4+ 0.1741 53.2, 120.9 1.52224(19) 21.5(4)
4.8067(20) 4.7245(20)@ 39.82(8)% 28.42(5)%*** 2+ 0.0532 53.2 1.52224(19) 1.1260(23)
4.8603(20) 4.7772(20)@ 100% 71.38(5)%*** 0+ 0.0 —- 1.52224(19) 1.0454(13)

* Weighted average of 245620(260) y [2013Ch53] and 244900(670) [2016Va13].
** a not observed, inferred from observation of g’s in [1963Bj03]. Ea deduced from level energy and the 4.8603(20) MeV ground state a transition. Ia values

from [1963Bj03].
*** [1984Va41].
@ Values from [1967Ba43]. Ea values adjusted by +0.4 keV as recommended in [1991Ry01].
@@ [2024Mo17].

Table 9
direct a emission from 238Pu, Jp = 0+, T1/2 = 87.71(3) y*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(234U)@@ coincident g-rays (keV)@@ R0 (fm) HF

⇡4.656 ⇡4.578** 2.8⇥10�5 2.0⇥10�5** 43.5, 99.9, 804.4, 904.4 ⇡2.4
⇡4.668 ⇡4.590** 1.7⇥10�5 1.2⇥10�5** 2+ 0.9267 43.5, 99.9, 783.4, 883.4, 926,7 ⇡5.7
4.7411(20) 4.6614(20)** <2.8⇥10�6 <2.0⇥10�6** 2+ 0.8517 43.5, 99.9, 708.3 1.50745(13) > 123
4.7848(20) 4.7044(20)** 7⇥10�5 5⇥10�5** 0+ 0.8099 43.5, 766.4, 810.0 1.50745(13) 9.9
4.8052(20) 4.7244(20)** 3.1⇥10�5 2.2⇥10�5** 1� 0.7863 43.5, 742.8, 786.3 1.50745(13) 33
⇡5.101 ⇡5.015** ⇡5.6⇥10�6 ⇡4.00⇥10�6** 8+ 0.4970 43.5, 99.9, 152.7, 201.0 ⇡1.7⇥104

5.2946(20) 5.2056(20)** 2.5⇥10�3 1.80⇥10�3** 6+ 0.2961 43.5, 99.9, 152.7 1.50745(13) 710
5.4493(20) 5.3577(20)** 0.151(10)% 0.107(7)%@ 4+ 0.1434 43.5, 99.9 1.50745(13) 99(7)
5.54955(40) 5.45628(40)*** 40.63(15)% 28.86(10)%@ 2+ 0.0435 43.5 1.50745(13) 1.387(5)
5.59303(20) 5.49903(20)*** 100% 71.03(7)%@ 0+ 0.0 —– 1.50745(13) 0.9954(10)

* [1977Di04].
** [1970Ba72]. Ea values are adjusted by +0.4 keV as recommended in [1991Ry01].
*** [1971Gr17]. Ea values are adjusted by -0.18 keV as recommended in [1991Ry01].
@ Weighted average of values from [1998Ya17] and [1984Bo41].
@@ [2007Br04].
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Table 10
direct a emission from 242Cm, Jp = 0+, T1/2 = 162.80(11) d*, BRa = 100%.

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs)** Jp
f Edaughter(238Pu)*** coincident g-rays (keV)*** R0 (fm) HF

4.930 4.849 6.5⇥10�7% 4.80⇥10�5% 2+ 1.2643 44.1, 101.9, 1118.3, 1.2202 1.501258(57) 6.4
4.966 4.884 6.9⇥10�7% 5.10⇥10�5% 0+ 1.2287 44.1, 1184.6 1.501258(57) 10.7
5.071 4.987 4.6⇥10�7% 3.40⇥10�5% 4+ 1.1258 44.1, 101.9, 979.8, 1081.7 1.501258(57) 80
5.170 5.084 4.6⇥10�6% 3.40⇥10�4% 2+ 1.0285 44.1, 984.5, 1028.5 1.501258(57) 35
5.216 5.130 2.2⇥10�6% 1.60⇥10�4% 2+ 0.9831 44.1, 101.9, 837.0, 938.9, 1.501258(57) 150

983.0
5.2367 5.150 1.5⇥10�6% 1.10⇥10�4% 1� 0.9628 44.1, 918.7, 982.8 1.501258(57) 290
5.258 5.172 7.0⇥10�5% 5.20⇥10�3% 0+ 0.9414 44.1, 561.0, 605.4, 336.4, 1.501258(57) 8.2

897.3, 941.5
5.440 5.350 2.7⇥10�7% 2.00⇥10�5% 5� 0.7633 44.1, 101.9, 157.4, 459.8, 617.2 1.501258(57) 2.7⇥104

5.543 5.451 1.6⇥10�5% 1.20⇥10�3% 3� 0.6615 44.1, 101.9, 561.0, 605.4 1.501258(57) 1.8⇥103

5.600 5.508 3.2⇥10�4% 2.40E-04% 1� 0.6052 44.1, 561.0, 605.4 1.501258(57) 190
5.693 5.599 2.7⇥10�5% 2.00⇥10�3% 8+ 0.514 1.501258(57) 7.5⇥103

5.906(2) 5.809(2)@ 6.2⇥10�3% 0.0046% 6+ 0.3034 44.1, 101.9, 157.4 1.501258(57) 460
6.067(2) 5.967(2)@ 0.047% 0.035% 4+ 0.1460 44.1, 101.9 1.501258(57) 400
6.17164(12) 6.06963(12)@@ 35% 26% 2+ 0.0441 44.1 1.501258(57) 1.7
6.215656(12) 6.112918(12)@@ 100% 74% 0+ 0.0 —– 1.501258(57) 1.00

* Weighted average of 163.00(11) d [1982Ag02] and 161.35(30) d [1981Us03].
** Ea (lab) deduced from Qa (determined by the ground state to ground state decay) and Edaughter from [1981Le15], except where noted. Note that the a’s

were not measurd in [1981Le15].
*** [1981Le15].
@ [1958Ko87].
@@ [1971Gr17].

Table 11
direct a emission from 246Cf, Jp = 0+, T1/2 = 35.7(5) h*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(242Cm) coincident g-rays (keV)*** R0 (fm) HF

6.576(5) 6.469(5)** ⇡0.06% ⇡0.05%** 0.286 146(5) 1.49528(88) ⇡ 85
6.7249(10) 6.6156(10) ⇡0.19% ⇡0.15% 4+ 0.1366 96(3) 1.49528(88) ⇡130
6.8191(10) 6.7082(10) 26.0(13)% 20.6(10)% 2+ 0.0425 4293) 1.49528(88) 2.53(13)
6.8616(10) 6.7500(10) 100% 79.3(10)% 0+ 0.0 —– 1.49528(88) 1.000(19)

* [1951Hu39].
** Value from [1963Fr04], Ea (lab) modified by +4.4 keV as recommended in [1991ry01]. Ia estimated by evaluator from Fig. 2 in [1963Fr04].
*** [1956Ch77].

Table 12
direct a emission from 250Fm, Jp = 0+, T1/2 = 30.4(15) m*, BRa = ⇡ 75%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(250Fm) coincident g-rays (keV) R0 (fm) HF

7.551(25) 7.430(25)** ⇡ 100% 0+ 0.0 —– 1.4789(48) 1.0***

* [2006Ba09].
** Weighted average of 7.424(35) MeV and 7.435(35) MeV [1981Mu06].
*** The BR for a-decay has not been measured. A 0+ even-even to a 0+ even-even a-decay is expected to be unhindered. Setting the BR to 75% gives a HF

= 1.0. A 100% BR would result in HF = 0.76.

Table 13
direct a emission from 254No, Jp = 0+, T1/2 = 51.2(4) s*, BRa = 90(4)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(250Fm) coincident g-rays (keV) R0 (fm) HF

8.215(20) 8.086(20) 90(4)%** 0.0 —– 1.4672(33) 0.79(4)

* [2006He19].
** [1988Tu07].
*** [1985He22].
@ This HF is < 1, indicating that the BRa is too high. A value of 70% gives a HF = 1.0.
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Table 14
direct a emission from 258Rf, Jp = 0+, T1/2 = 11.5(12) ms*, BRa = 4.9(16)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(254No) coincident g-rays (keV) R0 (fm) HF

9.101(30) 8.960(30)*** ⇡33%*** ⇡1.2% 0.096(34) ⇡0.6
9.197(16) 9.054(16)** 100%*** ⇡3.7% 0+ 0.0 —– ⇡1.2

* Weighted average of 8.8(11) ms [2020Mo11] and 4.7+1.2
�1.0 ms [2008Ga08].

** [2016He15].
*** [2008Ga08], Ia (rel) determined from 3 events at 9.05 MeV and 1 event at 8.96 MeV.

Table 15
direct a emission from 262Sg*, Jp = 0+, T1/2 = 6.9+3.8

�1.8 ms**, BRa = 6(4)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(262Sg) coincident g-rays (keV) R0 (fm) HF

9.60 9.45 94(4)% 0+ 0.0 —– 1.462(37) 1.1+4.1
�0.8

* All values from [2012Ac04], except where noted.
** [2001Ho06].

Table 16
direct a emission from 266Hs, Jp = 0+, T1/2 = 2.97+0.78

�0.51 ms*, BRa = 76(9)%*.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(262Sg) coincident g-rays (keV) R0 (fm) HF

10.335(20) 10.180(20)** 76(9)%* 0+ 0.0 —– 1.481(12) 1.3+0.6
�0.4

* [2012Ac04].
** [2001Ho06].

Table 17
direct a emission from 270mHs, Ex. = ⇡ 1.2 MeV*, T1/2 = 74+354

�34 ms**, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(262Sg) coincident g-rays (keV) R0 (fm) HF

10.60 10.44 ⇡ 100% 332** 1.481(12) 100(50)

* [2015Ac04].
** [2012Ac04].
*** [2001Ho06].

Table 18
direct a emission from 270Ds, Jp = 0+, T1/2 = 200+70

�40 µs*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(266Hs) coincident g-rays (keV) R0 (fm) HF

11.196(50) 11.030(50)** 100% 0+ 0.0 —– 1.472(12) 1.5(5)

* [2012Ac04].
** [2001Ho06[.

Table 19
direct a emission from 270mDs, Ex. = ⇡ 1.2 MeV*, Jp = 9�,10�*, T1/2 = 3.9+1.3

�0.8 ms**, BRa = ⇡ 70%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(266Hs) coincident g-rays (keV) R0 (fm) HF

11.115(20) 10.950(20) ⇡1.21
11.318(20) 11.150(20) ⇡1.01
12.333(50) 12.150(50) ⇡0.01

* [2015Ac04].
** [2012Ac04].
*** [2001Ho06].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +25 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values for 208Au, 212Tl, 220At, 224Fr, 228Ac, 232Pa, and 236N are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a BRe F Experimental

208Au* obs -5.41(50)# 7.360(30)# 1.42(50)# [2010Al24]
212Tl* (5+) 30.9(80) s -4.57(36)# 6.00(20)# 3.476(30) [2016Ca25]
216Bi* (6�,7�) 135(5) s -1.640(20)# 4.092(11) 11.178(11) [2000Ku06]

220At (6�) 3.7(4) m -0.888(23) 3.764(14) 10.349(14) [1989Li04]
224Fr* 1(�) 3.33(10) m -0.696(15) 2.923(11) 8.892(11) [1981Ku02]

228Ac(MsTh) 3+ 6.15(2) h -0.046(1) 2.124(3) 7.824(3) [1985Sk02]
232Pa* 31.4(2) h** 0.500(8) -1.337(7) 6.931(8) [1950Ja51]

Qe p Qe a
236Np 1.55(1)⇥105 y 0.930(50) -6.200(52) 5.506(50) [1981Li30]

240Am 50.8(3) h 1.385(14) -5.090(14) 6.641(14) [1972Ah07]
240mAm 3.0(2) 940(40) µs 4.4(2) -2.1(2) 9.6(2) [1979Be46, 1971Br39]

244Bk 5.02(3) h 2.262(14) -3.750(14) 8.164(14) [2014So17]
244mBk x 820(60) ns 2.262(14)+x -3.750(14)+x 8.164(14)+x [1972Wo07]

248Es 24.5(23) m*** 3.060(50)# -2.479(53)# 9.422(52)# 3.5(18)⇥10�4% [2001Sh09, 1989Ha27, 1956Ch67,
1980Ga07, 1980GaZZ]

252Md 2.3(8) m 3.650(90) -1.333(91) 10.804(91) [1973Es01]
256Lr 28(1) s 3.920(80) -0.384(83) 12.505(83) [2014Sa21]

260Db 1.52(13) s 4.53(22)# 0.53(12)# 13.425(93)# [1977Be36]
264Bh 0.9+0.3

�0.2 s 5.18(33)# 1.56(24)# 14.39(27)# [2004Mo26, 2004Mo27]
268Mt 21+8

�5 ms 6.18(38)# 3.10(35)# 15.94(37)# [2004Mo26, 2004Mo27]
272Rg 3.8+1.4

�0.8 ms 6.69(48)# 4.38(40)# 17.38(38)# [2004Mo26, 2004Mo27]

* 100% b� emitter.
** Weighted average of 32.3(4) h and 31.2(2) h [1950Ja51].
** Weighted average of 23(3) m [2001Sh09], 28(5) m [1989Ha27] and 25(5) m [1956Ch67].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +25 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

208Au 9.06(50)# 1.24(50)#
212Tl 8.45(28)# 1.93(36)#
216Bi 5.757(54) 5.00(20)#
220At 5.595(21) 6.077(18) 8(2)% [1989Bu09, 1989Li04]
224Fr 5.930(14) 4.948(18)

228Ac(MsTh) 5.572(2) 4.721(11)
232Pa 5.158(8) 4.627(8)

236Np 4.830(50) 5.007(51) 0.16(6)%* [1981Li30]
240Am 4.367(14) 5.707(52) 1.9⇥10�4% [1970Go42]

240mAm 1.4(2) 8.7(2) 100% [2015Ba55, 1985Be58, 1979Be46, 1971Br39, 1981Lu06,
1976BeZM, 1973Be04, 1972Wo07]

244Bk 3.757(14) 6.779(4) 6(3)⇥10�3% [1966Ah02, 1956Ch77, 1950Th55]
244mBk 3.757(14)-x 6.779(4)+x ⇡100% [1972Wo07, 1972Ga42, 1972WoZP]

248Es 3.099(54)# 7.160(50)# ⇡0.25% [1989Ha27, 1956Ch67, 2001Sh09, 1970Ah01]
252Md 2.781(92) 7.74(11)#

256Lr 2.354(84) 8.86(12) >80% [2014Sa21, 1971Es01, 2010SaZV, 2008An16, 2004Fo08,
2004Mo14, 2004Mo26, 2002Ho11, 2001HoZY, 1976BeYM,
1976BeZY, 1970Dr08, 1968Do19, 1968Fl08, 1967Fl06]

260Db 1.98(12)# 9.501(42)# 90.4(5)% 9.6(6)% [1977Be36, 2004Fo08, 2004Mo14, 2004Mo26, 2004Mo27,
2002Ho11, 2001HoZY, 1995Ho04, 1976DiZY, 1970FlZY,
1970ZvZZ, 1968Fl09]

264Bh 1.53(20)# 9.86(15)# 86(6)% 14(6)% [2004Mo027, 1995Ho04, 2004Fo08, 2004Mo26, 2004Mo14,
2002Ho11, 2001HoZY]

268Mt 0.80(25)# 10.77(15)# ⇡100% [2004Mo027, 1995Ho04, 2004Fo08, 2004Mo26, 2004Mo14,
2002Ho11, 2001HoZY]

272Rg 0.47(25)# 11.197(13) ⇡100%

* a decay was not observed. It was inferred to have happened from the observation of the a daughter 232Pa arising from 236Np [1981Li30].
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Table 3

direct a emission from 220At*, T1/2 = 3.7(4) m**, BRa = 8(2)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(216Bi) coincident g-rays (keV) R0 (fm)** HF

6.053(6) 5.943(6) 8(2)% (6�,7�) 0.0 —– 1.5433(25) 3.8+18
�11

* All values from [19Bu09], except where noted.
** [1989Li04].
*** Interpolated between 1.53788(19) fm (218Po) and 1.54863(17) fm (222Rn).

Table 4

direct a emission from 240Am*, T1/2 = 50.8(3) h**, BRa = 1.9⇥10�4%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(236Np) coincident g-rays (keV) R0 (fm)*** HF

5.376(3) 5.286(3) 1.42(12)% 2.3⇥10�4% 1.50436(14) 111
5.427(2) 5.337(2) 13.8(5)% 2.3⇥10�3% 1.50436(14) 23
5.469(1) 5.378(1) 100(1)% 0.017% 1.50436(14) 5.5

* All values from [1970Go42], except where noted.
** [1972Ah07].
*** Interpolated between 1.50745(13) fm (238Pu) and 1.501258(57) fm (242Cm).

Table 5

direct a emission from 244Bk*, T1/2 = 5.02(3) h**, BRa = 6(3)⇥10�3%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(240Am) coincident g-rays (keV) R0 (fm)@ HF

6.736(4) 6.626(4) ⇡50% ⇡3⇥10�3% 1.49827(10) ⇡3⇥103

6.779(4) 6.668(4) ⇡50% ⇡3⇥10�3% 0.0? 1.49827(10) ⇡4⇥103

* All values from [1966Ah02], except where noted. Ea (lab) are modified by +1.5 keV as reccommended int [1991Ry01].
** [2014So17].
*** [1956Ch77].
@ Interpolated between 1.501258(57) fm (242Cm) and 1.49528(88) fm (246Cf).

Table 6

direct a emission from 248Es*, T1/2 = 24.5(23) m**, BRa = ⇡0.25%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(244Bk) coincident g-rays (keV) R0 (fm)@ HF

6.960(14) 6.848(14) 14(13)% ⇡0.02% 1.4871(39) ⇡40
6.992(5) 6.879(5) 100(22)% ⇡0.16% 1.4871(39) ⇡7
7.020(5) 6.907(5) 44(21)% ⇡0.07% 1.4871(39) ⇡20

* All values from [1989Ha27], except where noted.
** Weighted average of 23(3) m [2001Sh09], 28(5) m [1989Ha27] and 25(5) m [1956Ch67].
*** [1956Ch67].
@ Interpolated between 1.49528(88) fm (246Cf) and 1.4789(38) fm (250Fm).

Table 7

direct a emission from 256Lr*, T1/2 = 28(1) s, BRa = >80%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(252Md) coincident g-rays (keV) R0 (fm)@ HF

8.462(10) 8.330(10) 17(4)% >4.8% 1.469(18) < 25
8.523(10) 8.390(10) 71(13)% >20% 1.469(18) < 10
8.564(10) 8.430(10) 100(20)% >28% 1.469(18) < 9
8.604(10) 8.470(10) 23(7)% >6.4% 1.469(18) < 50
8.645(10) 8.510(10) 57(10)% >16% 1.469(18) < 29
8.737(10) 8.600(10) 11(3)% >3.2% 1.469(18) < 280
8.767(10) 8.630(10) 9(3)% >2.4% 1.469(18) < 460

* All values from [2014Sa21], except where noted.
** [1971Es01].
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@ Interpolated between 1.4672(33) fm (254No) and 1.470(18) fm (258Rf).

Table 8

direct a emission from 260Db*, T1/2 = 1.52(13) s, BRa = 90.4(6)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(256Lr) coincident g-rays (keV) R0 (fm)** HF

9.182(14) 9.041(14) 100(10)% 43(5) % 1.466(41) 5+18
�4

9.216(14) 9.074(14) 52(8)% 23(3)% 1.466(41) 12+21
�8

9.263(17) 9.120(17) 35(7)% 15(3)% 1.466(41) 20+40
�20

* All values from [1977Be36].
** Interpolated between 1.470(18) fm (258Rf), and 1.462(37) fm (262Sg).

Table 9

direct a emission from 264Bh, T1/2 = 0.9+0.3
�0.2 s*, BRa = 86(6)%.

Ea (c.m.) Ea (lab)** Ia (rel)** Ia (abs) Jp
f Edaughter(260Db) coincident g-rays (keV) R0 (fm)*** HF

9.621(20) 9.475(20) ⇡50% ⇡28% 1.472(39) ⇡30
9.767(20) 9.619(20) 100% ⇡57% 1.472(39) ⇡30

* [2004Mo27, 2004Mo26].
** Values are taken from [1995Ho04], which reported 2 events at 9.619(20) MeV and 1 event at 9,475(20) MeV. [2004Mo27] report 12 events from the a

decay of 264Bh, and 2 fission events. They report: ”Observed decay energy ranges from 8.86 to 9.83 MeV showing broad distribution, although the ’peak’ is located
at 9.7 MeV. ” Figure 2a from this reference roughly supports the assignment of the two peaks reported in [1995Ho04].

*** Interpolated between 1.462(37) fm (262Sg) and 1.481(12) fm (266Hs).

Table 10

direct a emission from 268Mt, T1/2 = 21+8
�5 ms*, BRa = ⇡100%**.

Ea (c.m.) Ea (lab)** Ia (rel)** Ia (abs) Jp
f Edaughter(264Bh) coincident g-rays (keV) R0 (fm)@ HF

10.250(20) 10.097(20) ⇡50% ⇡33% 1.477(17) ⇡6
10.395(20) 10.240(20) 100% ⇡67% 1.477(17) ⇡7

* [2004Mo27, 2004Mo26].
** Only a-decay has been observed.
*** Values are taken from [1995Ho04], which reported 2 events at 10.240(20) MeV and 1 event at 10.097(20) MeV. [2004Mo27] report 14 events from the

a decay of 268Mt, and 2 fission events. They report: ”Observed decay energy ranges from 9..40 to 10.77 MeV showing broad distribution, althogh the ’ peak ’ is
located at 10.4 MeV.” Figure 2a from this reference shows a peak with 7 counts at roughly 10.3 MeV, 1 count at roughly 19,1 MeV and three counts from 10.5-10.8
MeV.

@ Interpolated between 1.481(12) fm (266Hs) and 1.472(12) fm (270Ds).

Table 11

direct a emission from 272Rg, T1/2 = 3.8+1.4
�0.8 ms*, BRa = ⇡100%**.

Ea (c.m.) Ea (lab)** Ia (abs)** Jp
f Edaughter(268Mt) coincident g-rays (keV) R0 (fm)@ HF

10.981(20) 10.820(20) ⇡100% 1.47 ⇡5

* [2004Mo27, 2004Mo26].
** Only a-decay has been observed.
*** Values are taken from [1995Ho04], which reported 2 events at 10.240(20) MeV and 1 event at 10.097(20) MeV. [2004Mo27] report 14 events from the

a decay of 264Bh, and 2 fission events. They report: ”Observed decay energy ranges from 10.20 to 11.56 MeV showing broad distribution, althogh the ’ peak ’ is
located at 11.0 MeV.” Figure 2a from this reference shows a peak with 7 counts at roughly 11 MeV.

@ 1.47 fm is used to calculate HF.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +51/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for all nuclei are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

207Pt* 6.50(50)# 7.99(57)# [2012Ku26]
211Hg* 26.4(81) s 5.69(21)# 8.01(36)# [2017Ca12]
215Pb* (9/2+) 147(12) s -5.69(31)# 2.710(50)# 8.175(64) [2013De20]

219Po (9/2+) 620(59) s -3.64(20)# 2.285(16)# 8.807(17) [2015Fi07]
223Rn* 7/2 24.3(3) m** -3.038(16) 2.007(8) 7.749(9) [1992Ku03, 1986Bo35]
227Ra* 3/2+ 41.2(2) m -2.505(6) 1.328(2) 6.550(3) [1953Bu63]
231Th* 5/2+ 25.52(10 h -1.947(13) 0.392(2) 5.721(2) [1958Ca19]

235U 7/2� 7.04(1)⇥108 y -1.370(14) -0.124(1) —– [2004Sc03]
235mU 2.5(3) 3.6(18) ms 1.1(3) 2.4(3) 7.8(3) [2007Ob02]
239Pu 1/2+ 24085(13) y*** -0.773(1) -0.802(2) —– [1975Al15, 1978Ja20, 1978Se12, 1978Pr07]

239mPu 2.5(10) 7.0(4) µs@ 1.7(10) 1.7(10) 7.8(10) [1970Po01, 1972Wo07, 1977GoYZ, 1980Gu20]

Qe p Qe a
243Cm 5/2+ 29.20(14) y 0.007(2) -4.824(1) 5.446(2) [1986Ti03, 1958Ch38]

243mCm 1.50(30) 42(6) ns 0.151(30) -3.32(30) 6.75(30) [1973Br04, 1972Wo07]
247Cf (7/2+) 3.11(3) h 0.620(15) -3.796(14) 6.509(14) [1984Ah02]

251Fm (9/2�) 5.30(8) h 1.447(15) -2.500(14) 8.044(15) [1973Ah02]
255No (1/2+) 3.52(18) m 1.970(015) -1.380(14) 9.875(15) [2011As02]
259Rf 2.4(4) s@@ 2.52(10)# -0.40(12)# 11.100(73)# [1973Dr10, 1981Be03, 1985So03,

[1994Gr08, 2004Fo08, 2006Gr24]
263Sg 0.9(2) s 3.09(19)# 0.51(24)# 11.92(12)# [1974Gh04

263mSg x 560+160
�100 ms 3.09(19)#+x 0.51(24)#+x 11.92(12)#+x [2006Ni10]

267Hs@@@ 0.80+3.80
�0.37 s 3.89(28)# 1.75(26)# 13.12(19)# [2004Mo40]

267mHs@@@ x 52+13
�8 ms 3.89(28)#+x 1.75(26)#+x 13.12(19)#+x [2004Mo40]

271Ds@@@ 1.63+0.44
�0.29 ms 4.85(34)# 3.55(27)# 14.76(28)# [2015Mo25]

271mDs@@@ x 69+56
�21 ms 4.85(34)#+x 3.55(27)#+x 14.76(28)#+x [2015Mo25]

* 100% b� emitter.
** Weighted average of 25.3(4) m [1992Ku03] and 23.2(4) m [1986Bo35].
*** Weighted average of 24060(16) y [1975Al15], 24131(16) y [1978Ja20], 24101(20) y [1978Se12], 24089(13) y and 24019(21) [1978Pr07].
@ Weighted average of 8(1) µs [1970Po01], 8.1(8) µs [1972Wo07], 7.5(10) µs [1977GoYZ], and 6.5(4) µs [1980Gu20].
@@ Weighted average of 3.2(8) s [1973Dr10], 3.0(1.3) s [1981Be03], 3.4(17) s [1985So03],1.7+0.8

�0.5 s [1994Gr08], 2.2+17
�0.8 s [2004Fo08] and 1.9+1.3

�0.5 s
[2006Gr24].

@@@ Unclear which is the ground state.
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +51/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF BRcluster type Experimental

207Pt 0.71(57)#
211Hg 10.36(45)# 1.32(45)#
215Pb 9.41(20)# 2.31(21)
219Po 7.824(31) 5.914(5) 28.2(20)% [2015Fi07]
223Rn 7.852(18) 5.283(18)
227Ra 7.632(7) 4.363(8)
231Th 7.312(16) 4.213(2)

235U 6.709(4) 4.678(1) 100% 7.2(21)⇥10�9% 8.06(432)⇥10�12% Ne* 2005Ga36, 2004Da24, 1991Bo20, 1981Vo02, 1975Va11, 2020FoZZ,
2018Ma03, 2017Le03, 2006Al28, 2005Ga36, 2004Sc03, 1999Yu01,
1997Tr17, 1989Tr11, 1986BaYK, 1986He12, 1984He12, 1983Ba77,
1983Ol01, 1982Va04, 1982VaZP, 1981VaZV, 1977Ba72, 1974De19,
1974GrZA, 1974Te03, 1973GrYU, 1971Cl03, 1971Ja07, 1971KrZH,
1966Al23, 1966Ba58, 1966Ga03, 1966Ga27, 1965De06, 1965Wh05,
1964Sc27, 1962De15, 1960Ba44, 1960Vo07, 1958Fi10, 1957Cl16,
1957Wu39, 1955St04, 1953Fr37, 1952Fl20, 1952Se67, 1951Gh22,
1951Sa30, 1944ChZX, 1940Fl02]

235mU 4.2(3) 7.2(3) obs [2007Ob02]
239Pu 6.1553(4) 5.2455(2) 100% 3.1(6)⇥10�10% [2000Ho27, 1993Ga28, 1976GuZN, 1968Ba25, 1966Ah02, 2020Yo01,

2016Di11, 1992Bl13, 1986LoZT, 1985Dr09, 1984Iw02, 1982He02,
1981AhZV, 1980RyZX, 1979Ce04, 1978Ja20, 1978Lu10, 1978Ma45,
1978Pr07, 1978Se12, 1977Ja08, 1977MeYY, 1977VaYQ, 1977VaZW,
1976BaZZ, 1975Al15, 1971GuZY, 1970Cl11, 1968Cl02, 1966He11,
1965Ho04, 1965Tr03, 1963Ba09, 1963Le17, 1963Bj03, 1962Ba52,
1962Le11, 1961Dz05, 1959Do64, 1959Ma25, 1957No15, 1955Go57,
1953AsZZ, 1952As28, 1952Se67, 1950Ro09, 1949GaZZ, 1949SeZY,
1949SeZX, 1948Cr12, 1948Je02, 1945RoZZ]

239mPu 3.7(10) 7.7(10) ⇡100% [1980Gu20, 1977GoYZ, 1973Na03, 1972Wo07, 1974Be52, 1974BeYO,
1973Na35, 1972GaZW, 1971Ta17, 1969Me11, 1969VaZX]

243Cm 5.575(1) 6.169(1) 99.71(3)% 5.3(9)⇥10�9 [1987Po19, 1966Ba07, 1963Dz07, 1958Ch38, 1957As70, 1989Ho24,
1986Ti03, 1976BaZZ, 1971Bb10, 1970BaZZ, 1970By01, 1969Ba57,
1963Le07, 1962Iv01, 1953As14, 1953AsZZ, 1951Hu39]

243mCm 4.08(30) 7.67(30) 100% [1973Br04, 1972Wo07, 1974GaZD, 1971Re11, 1970Po01]
247Cf 5.146(62) 6.503(14) 0.035(5)% [1984Ah02]

251Fm 4.56(10)# 7.424(1) 1.80(13)% [1978Ah02, 1973Ah02, 1973AhZZ, 1967Ch17, 1957Am47]
255No 3.93(10)# 8.428(3) 30(5)% [2011As02, 2015Mo25, 2007AsZU, 2006AsZY, 2006Gr24, 2006He20,

2006Ni10, 2005HeZU, 2004Fo08, 2004Mo27,
2004Mo40, 2004Mo43, 1976SiZS, 1971BeYR, 1971BeZZ, 1970Es02,
1970GhZY, 1968Fl08, 1967Dr02, 1967Gh01]

259Rf 3.70(13)# 9.130(71)# 92.1(23)% 7.9(23)%** [1981Be03, 1985So03, 2015Mo25, 2006Gr24, 2006Ni10, 2004Fo08,
1994Gr08, 1983SoZZ, 1976GhZX, 1976GhZV, 1976GhZW, 1974DiZI,
1973Dr10, 1973DrZZ, 1970GhZY, 1970Og05]

263Sg 3.35(17)# 9.403(61)# 87(8)% 13(8)% [2006Ni10, 2006Gr24, 2015Mo25, 2010Ni14, 1997Ho03, 1997Ho13,
1996LaZY, 1994Gr08, 1976GhZV, 1976GhZW]

263mSg 3.35(17)#-x 9.403(61)#+x ⇡ 100% [2006Ni10, 2015Mo25, 2010Ni14, 2004Fo08, 1997Ho03, 1997Ho13,
1996LaZY]

267Hs 2.74(19)# 10.038(13)# 100% [2015Mo15, 2004Mo40, 2011Ho10, 2010Ni14, 2004Fo08, 2004Mo14,
2004Mo27, 2004Mo43, 2003Gi05, 2003MoZT, 1998Ho13, 1997Ho03,
1997Ho13, 1995La20. 1995LaZX, 1995Og02, 1994HoZQ]

267mHs 2.74(19)#-x 10.038(13)#+x 100% [2015Mo15, 2004Mo40, 2011Ho10, 2004Mo14, 2004Mo27, 2004Mo43,
2003MoZT, 1998Ho13 1997Ho03]

271Ds 2.05(21)# 10.870(18)# 100% [2015Mo15, 2004Mo40, 2011Ho10, 2004Fo08, 2004Mo14, 2004Mo27,
2004Mo43, 2003Gi05, 2003MoZT, 1998Ho13 1997Ho03, 1997Ho13,
1995Og02, 1994HoZQ]

271mDs 2.05(21)#-x 10.870(18)#+x 100% [2015Mo15, 2012Zh04, 2004Mo40, 2011Ho10, 2004Mo14, 2004Mo27,
2004Mo43, 2003MoZT, 1998Ho13]

* Unclear which isotope of Ne [1991Bo20].
** Weighted average of 6.3(37)% [1981Be03] and 9(3)% [1985So03].
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Table 3
direct a emission from 219Po*, Jp = (9/2+), T1/2 = 620(59) s, BRa = 28.2(20)%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(215Pb) coincident g-rays (keV) R0 (fm) HF

5.914(5) 5.806(5) 28.2(20)% (9/2+) 0.0 —– 1.5434(12) 1.78(24)

* All values from [2015Fi07].

Table 4
direct a emission from 235U, Jp = 7/2�, T1/2 = 7.04(1)⇥108 y*, BRa = 100%.

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs)** Jp
f

@ Edaughter(231Th)@ coincident g-rays (keV)@ R0 (fm) HF

4.045(5) 3.976(5)*** ⇡0.12% ⇡0.07%*** (7/2�) 0.6324 1.52410(58) ⇡1.3
4.112(5) 4.042(5)*** ⇡0.12% % ⇡0.07%*** 0.5658 1.52410(58) ⇡4.9
4.1513(4) 4.0806(4)*** 0.04(2)% 0.026(12)%*** (11/2�) 0.5302 19.5, 31.6, 42.0, 51.2, 54.3, 74.9, 1.52410(58) 27+24

�9
96.1,109.2, 120.4, 142.4, 143.8, 144.5,
147.0, 150.9, 163.4, 185.7, 192.5, 202.1,
205.4, 291.7, 345.9, 387.8

4.224(2) 4.152(2) 0.52(2)% 0.298(13)% 9.2� 0.4521 19.5, 31.6, 42.0, 51.2, 54.3, 74.9, 1.52410(58) 11.3(5)
96.1, 109.2, 120.4, 143.8, 163.4, 185.7,
205.4, 215.3, 246.8, 266.5, 291.2, 356.0,
410.3

4.2888(48) 4.2158(48) 13.9(1)% 8.02(6)% 7/2� 0.3878 19.5, 31.6, 42.0, 51.2, 54.3, 74.9, 1.52410(58) 1.45(2)
96.1,109.2, 120.4, 143.8, 144.5, 147.0,
150.9, 163.4, 185.7, 192.5, 202.1, 205.4,
291.7, 345.9, 387.8

4.322(5) 4.248(5)*** 0.12(1)% 0.07(1)%*** 7/2+ 0.3515 42.0, 54.3, 96.1, 255.4, 309.6, 351.5 1.52410(58) 330+60
�40

4.340(2) 4.266(2) 0.39(2)% 0.223(12)% (13/2�) 0.337 1.52410(58) 136(8)
4.3571(24) 4.2829(24) 0.19(1)% 0.112(8)% 5/2+ 0.3171 42.0, 76.2, 95.7, 144.5, 221.4, 275.1, 1.52410(58) 394(29)

317.1
4.3979(6) 4.3230(6) 6.1(1)% 3.5(5)% (11/2�) 0.2776 19.5, 31.6, 41.1, 42.0, 51.2, 54.3, 1.52410(58) 26+5

�3
72.7, 74.9, 96.1, 109.2, 115.5, 120.4,
143.8, 163.4, 182.1, 185.7, 205.4

4.4399(4) 4.3643(4) 34.5(2)% 19.94(11)% 9/2� 0.23691 19.5, 31.6, 42.0, 51.2, 54.3, 74.9, 1.52410(58) 9.67(15)
96.1, 109.2, 120.4, 143.8, 163.4, 185.7,
205.4

4.4715(4) 4.3954(4) 100.0(3)% 57.79(19)% (7/2�) 0.2053 19.5, 42.0, 54.3, 96.1, 109.2, 143.8, 1.52410(58) 5.90(9)
163.4, 185.7, 205.4

4.4913(5) 4.4149(5) 5.3(1)% 3.09(5)% 5/2� 0.1857 42.0, 143.8, 185.7 1.52410(58) 157(3)
4.516(2) 4.439(2) 0.40(2)% 0.230(12)% 11/2+ 0.1621 42.0, 120.4 1.52410(58) 3.2(2)⇥103

4.5805(7) 4.5025(7) 2.2(1)% 1.28(3)% 9/2+ 0.0961 42.0, 54.3, 96.1 1.52410(58) 1.82(5)⇥103

4.6349(4) 4.5560(4) 6.6(1)% 3.84(4)% 7/2+ 0.0419 42.0 1.52410(58) 1.54(3)⇥103

4.6770(4) 4.5974(4) 8.3(1)% 4.78(6)% 5/2+ 0.0 —– 1.52410(58) 2.50(5)⇥103

* [2004Sc03].
** weighted average of [2005Ga36] and [2004Da24] except where noted. In addition to those listed, several a transitions were reported by [1966Ga03] (4.579,

4.559, 4.537, 4.552, 4.510, 4.478, 4.424, 4.368, 4.339, 4.184, 4.164, 4.131, 4.091, 3.945, 3.892, 3.825, and 3.769 MeV) and [1960Ba44] (4.578, 4.522, 4.426, 4.368
and 4.339). None of these lines were observed in [2005Ga36] or [2004Da24] despite having much more statistics.

*** [2004Da24].
@ [2022Si29].
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Table 5
direct a emission from 239Pu, Jp = 1/2+, T1/2 = 24085(13) y*, BRa = 100%. (1 of 3)

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs)** Jp
f

@@@ Edaughter(235U)@@@ coincident g-rays (keV)@@@ HF

4.1282(2)b 4.0591(2) 4.8(2)⇥10�8 3.4(2)⇥10�8 b (5/2�) 1.1162(1) 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 25.3(15)
51.6, 69.0, 77.6, 89.6, 116.3, 119.7,
123.2, 129.3, 158.1, 171.4, 994.9,
986.9, 1102.9, 1115.6

4.1870(4)b 4.1170(4) 1.81(4)⇥10�7 1.28(7)⇥10�7 b 1.0574(3) 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 22.5(13)
51.6, 54.0, 69.0, 77.6, 89.6, 96.1,
116.3, 119.7, 129.3, 123.2, 143.4,
158.1, 171.4, 173.7, 179.2, 225.4,
832.5, 886.0, 927.8, 1005.7, 1057.3

4.2518(4)b 4.1807(4) 5.1(2)⇥10�8 3.6(2)⇥10�8 b (5/2+) 0.9926(3) 13.0, 978.9, 992.6 293(17)
4.2760(2)b 4.2045(2) 8.95(14)⇥10�8 6.3(1)⇥10�8 b (3/2)+ 0.9684 13.0, 38.7, 51.6, 916.8, 955.4, 968.4 270(5)
4.3525(2)b 4.2797(2) 2.6(6)⇥10�7 1.8(4)⇥10�7 b 5/2+ 0.8919 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 42(1)

51.6, 69.0, 77.6, 89.6, 116.3, 119.7,
123.2, 129.3, 158.1, 171.4, 720.6,
762.6, 840.3, 879.2, 891.0

4.3792(2)b 4.3059(2) 1.4(6)⇥10�7 9.9(4)⇥10�8 b 3/2+ 0.8652 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 1.26(5)⇥103

51.6, 69.0, 77.6, 89.6, 116.3, 119.7,
123.2, 129.3, 158.1, 171.4, 693.8,
735.9, 783.4, 813.5

4.3991(2)b 4.3255(2) 4.6(7)⇥10�8 3.2(5)⇥10�8 b (7/2+) 0.8454 3.0, 30.0, 38.7, 51.6, 69.0, 763.6 5.7+1.1
�0.8⇥103

4.4005(2)b 4.3269(2) 3.00(9)⇥10�7 2.13(6)⇥10�7 b (1/2)+ 0.8439 13.0, 30.0, 38.7, 47.6, 51.6, 69.0 1.83(3)⇥103

77.6, 116.3, 129.3, 714.7, 843.8
4.4232(2)b 4.3492(2) 3.74(9)⇥10�7 2.64(6)⇥10�7 b 5/2+ 0.8212 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 1.08(3)⇥103

51.6, 54.0, 68.7, 69.0, 77.6, 89.6,
96.1, 98.8, 116.3, 119.7, 129.3,
123.2, 143.4, 158.1, 171.4, 173.7,
179.2, 225.4, 264.0, 341.5, 380.2,
393.1, 428.0, 596.0, 670.8, 769.6,
808.2, 821.3

4.4387(2)b 4.3644(2) 1.24(6)⇥10�7 8.8(4)⇥10�8 b 3/2� 0.8057(1) 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 4.3(2)⇥103

51.6, 69.0, 77.6, 89.6, 116.3, 119.7,
129.3, 123.2, 158.1, 171.4, 172.6,
255.4, 264.0, 297.5, 345.0, 341.5,
375.1, 378.8, 380.2, 393.1, 412.3,
413.7, 426.7, 633.2, 792.6, 805.7

4.4649(2)b 4.3902(2) 8.6(3)⇥10�7 6.1(2)⇥10�7 b 3/2+ 0.7795 13.0, 30.0, 38.7, 51.6, 69.0, 697.8 1.01(3)⇥103

727.9, 766.5, 779.4
4.4660(3)b 4.3913(3) 9.0(2)⇥10�7 6.4(1)⇥10�7 b (11/2)� 0.7784(2) 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 1.01(2)⇥103

51.6, 57.8, 69.0, 77.6, 89.6, 103.1,
116.3, 119.7, 123.2, 129.3, 158.1,
171.4, 606.9, 674.4

4.4751(2)b 4.4002(2) 3.23(6)⇥10�5 2.29(4)⇥10�5 b 1/2+ 0.7693(1) 13.0, 30.0, 38.7, 47.6, 51.6, 69.0 35.8(7)
77.6, 116.3, 129.3, 640.0, 756.4,
769.2

4.4942(2)b 4.4190(2) 4.6(3)⇥10�7 3.2(2)⇥10�7 b (9/2�) 0.7502 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 3.3(2)⇥103

51.6, 68.7, 69.0, 77.6, 89.6, 98.8,
116.3, 119.7, 129.3, 123.2, 158.1,
171.4

4.5242(2)b 4.4485(2) 2.62(8)⇥10�6 1.86(5)⇥10�6 b (9/2)� 0.7202 46.2, 57.8, 103.1, 617.1, 674.1 1.0+0.4
�0.2⇥103

4.5406(2)b 4.4646(2) 1.56(2)⇥10�5 1.11(1)⇥10�5 b 3/2� 0.7038 13.0, 38.7, 51.6, 652.1, 690.8, 219(2)
703.6

* Weighted average of 24060(16) y [1975Al15], 24131(16) y [1978Ja20], 24101(20) y [1978Se12], 24089(13) y and 24019(21) [1978Pr07].
** Values from[1993Ga28], except where noted.
*** Value from [1980RyZX], adjusted by -0.11 keV as recommended by [1991Ry01].
@ Value from [1968Ba25], adjusted by +1.0 keV as recommended by [1991Ry01].
@@ [1966Ah02].
@@@ [2014Br18].
a R0 (fm) = 1.51188(12).
b Deduced from g energies [1976GuZN] and Qa = 5244.43(14) keV, using the levels and transitions from [2014Br18]. Conversion electron strength and

strength from unobserved g’s (in [1976GuZN]) decaying from a given level are taken into account.
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Table 6
direct a emission from 239Pu, Jp = 1/2+, T1/2 = 24085(13) y*, BRa = 100%. (2 of 3)

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs)** Jp
f

@@@ Edaughter(235U)@@@ coincident g-rays (keV)@@@ HF

4.5433(2)b 4.4673(2) 9.6(2)⇥10�6 6.8(1)⇥10�6 b (7/2)� 0.7011 13.0, 30.0, 38.7, 46.2, 51.6, 57.8, 376(6)
68.7, 69.0, 98.8, 103.1, 550.5,
598.0, 619.2, 649.3, 654.9, 701.0

4.5735(2)b 4.4970(2) 6.6(8)⇥10�7 4.7(5)⇥10�7 b (7/2)� 0.6709 46.2, 624.8, 671.0 9.3+1.1
�0.9⇥103

4.5799(2)b 4.5033(2) 8.66(8)⇥10�6 6.13(6)⇥10�6 b (5/2)� 0.6645 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 800(8)
51.6, 69.0, 77.6, 89.6, 116.3, 119.7,
129.3, 123.2, 158.1, 171.4, 493.0,
582.9, 612.8, 618.3, 664.6

4.5854(2)b 4.5087(2) 3.70(4)⇥10�5 2.62(3)⇥10�5 b 1/2� 0.659.0 13.0, 30.0, 38.7, 47.6, 51.6, 69.0 206(3)
77.6, 116.3, 129.3, 264.0, 265.7,
341.5, 380.2, 393.1, 645.9, 658.9

4.6066(2)b 4.5295(2) 4.56(4)⇥10�6 3.23(3)⇥10�6 b 3/2� 0.6378 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 2429(24)
51.6, 69.0, 77.6, 89.6, 116.3, 119.7,
129.3, 123.2, 158.1, 171.4, 211.1,
244.6, 255.4, 264.0, 297.5, 341.5,
345.0, 375.1, 380.2, 393.1, 413.7,
426.7, 586.3, 624.8, 637.8

4.6362(2)b 4.5586(2) 1.7(1)⇥10�5 1.17(7)⇥10�5 b 11/2+ 0.6082 13.0, 30.0, 38.7, 51.6, 68.7, 69.0, 1.1(1)⇥103

115.3, 411.2, 457.6, 526.4
4.709(3) 4.630(3)@@ 1.0(3)⇥10�3% 7(2)⇥10�4% 9/2+ 0.5332 13.0, 30.0, 38.7, 51.6, 65.7, 68.7, 68+27

�15
69.0, 98.1, 115.3, 119.0, 188.2,
242.1, 244.9, 307.9, 336.1, 361.9,
382.8, 430.1, 451.5, 481.7, 487.1

4.7339(2)b 4.6547(2) 1.29(7)⇥10�6 9.1(5)⇥10�7 b (9/2+) 0.5105 46.2, 57.8, 103.1, 406.8, 463.9 7.7(4)⇥104

4.769(3) 4.689(3)@@ 7(3)⇥10�4% 5(2)⇥10�4% 7/2+ 0.4738 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 260+170
�70

51.6, 54.0, 68.7, 69.0, 77.6, 89.6,
96.1, 98.8, 116.3, 119.7, 123.2,
129.3, 143.4, 158.1, 171.4, 173.7,
179.2, 225.4, 249.0, 302.9, 323.8,
341.0, 392.5, 422.6, 428.4, 461.3,
473.9

4.7988(2)b 4.7185(2) 7.2(1)⇥10�5% 5.11(8)⇥10�5% b 7/2+ 0.4456 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 4.0(1)⇥103

51.6, 69.0, 77.6, 89.6, 116.3, 119.7,
129.3, 123.2, 158.1, 171.4, 274.4,
336.4, 399.5, 445.7

4.807(9) 4.727(9) 7.2(11)⇥10�3% 5.1(8)⇥10�3% 5/2+ 0.4267 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 55+10
�8

51.6, 69.0, 77.6, 89.6, 116.3, 119.7,
129.3, 123.2, 158.1, 171.4, 255.4,
297.5, 345.0, 375.1, 413.7, 426.7

4.830(5) 4.749(5)@@ ⇡8⇥10�4% ⇡6⇥10�4% 9/2+ 0.4148 13.0, 30.0, 38.7, 51.6, 65.7, 69.0, ⇡570
115.3, 119.0, 123.6, 188.2, 189.4,
218.0, 244.9, 311.8, 368.6

4.851(9) 4.770(9) 2.1(8)⇥10�3% 1.5(6)⇥10�3% 3/2+ 0.3932 13.0, 30.0, 38.7, 47.6, 51.6, 69.0 320+220
�90

77.6, 116.3, 129.3, 264.0, 341.5,
380.2, 393.1

4.877(9) 4.795(9) 1.7(8)⇥10�3% 1.2(6)⇥10�3% 7/2+ 0.3670 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 600+60
�20

51.6, 54.0, 69.0, 77.6, 89.6, 96.1,
116.3, 119.7, 129.3, 123.2, 143.4,
141.7, 158.1, 171.4, 173.7, 179.2,
195.7, 225.4, 237.8, 285.3, 320.9,
354.0, 367.1

4.910(9) 4.828(9) 03.4(10)⇥10�3% 2.4(7)⇥10�3% 5/2+ 0.3328 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 530+220
�120

51.6, 69.0, 77.6, 89.6, 116.3, 119.7,
129.3, 123.2, 158.1, 161.5, 171.4,
203.6, 281.2, 319.7, 332.8

* Weighted average of 24060(16) y [1975Al15], 24131(16) y [1978Ja20], 24101(20) y [1978Se12], 24089(13) y and 24019(21) [1978Pr07].
** Values from[1993Ga28], except where noted.
*** Value from [1980RyZX], adjusted by -0.11 keV as recommended by [1991Ry01].
@ Value from [1968Ba25], adjusted by +1.0 keV as recommended by [1991Ry01].
@@ [1966Ah02].
@@@ [2014Br18].
a R0 (fm) = 1.51188(12).
b Deduced from g energies [1976GuZN] and Qa = 5244.43(14) keV, using the levels and transitions from [2014Br18]. Conversion electron strength and

strength from unobserved g’s (in [1976GuZN]) decaying from a given level are taken into account.
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Table 7
direct a emission from 239Pu, Jp = 1/2+, T1/2 = 24085(13) y*, BRa = 100%. (3 of 3)

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs)** Jp
f

@@@ Edaughter(235U)@@@ coincident g-rays (keV)@@@ HF

4.950(9) 4.867(9) 2.7(10)⇥10�3% 1.9(7)⇥10�3% 13/2+ 0.2946 13.0, 30.0, 38.7, 51.6, 68.7, 69.0, 1.2+0.7
�0.3⇥103

97.6, 98.8, 115.3, 144.2
4.995(9) 4.911(9) 3.4(13)⇥10�3% 2.4(9)⇥10�3% 15/2� 0.2500 3.0, 30.0, 38.7, 41.9, 46.2, 47.6, 1.9+1.2

�0.5⇥103

51.6, 57.8, 69.0, 77.6, 78.8, 89.6,
103.1, 116.3, 116.3, 119.7, 129.3,
123.2, 146.3, 158.1, 171.4

5.018(9) 4.934(9) 8.5(14)⇥10�3% 6(1)⇥10�3% 9/2+ 0.2254 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 1.14+0.23
�0.16⇥103

51.6, 54.0, 69.0, 77.6, 89.6, 96.1,
116.3, 119.7, 129.3, 123.2, 143.4,
158.1, 171.4, 173.7, 179.2, 225.4

5.046(9) 4.962(9) 0.010(1)% 7(1)⇥10�3%% 11/2+ 0.1971 13.0, 30.0, 38.7, 51.6, 69.0, 115.3 1.5+3
�2⇥103

5.074(9) 4.989(9) 0.018(3)% 0.013(2)% 7/2+ 0.1714 13.0, 30.0, 38.7, 41.9, 46.2, 47.6, 1.2(2)⇥103

51.6, 69.0, 77.6, 89.6, 116.3, 119.7,
123.2, 129.3, 158.1, 171.4

5.094(9) 5.009(9) 0.024(3)% 0.017(2)% 9/2+ 0.1504 13.0, 30.0, 38.7, 51.6, 68.7, 69.0 1.25+0.17
�0133⇥103

98.8
5.117(9) 5.031(9) 0.013(42% 9.4(3)⇥10�3% 5/2+ 0.1293 13.0, 30.0, 38.7, 47.6, 51.6, 69.0 3.1(1)⇥103

77.6, 116.3, 129.3
5.141(9) 5.055(9) 0.066(18)% 0.047(13)% 11/2� 0.1039 46.2, 57.8, 103.1 910+350

�200
5.162(9) 5.076(9) 0.11(1)% 0.078(8)% 7/2+ 0.0817 13.0, 30.0, 38.7, 51.6, 69.0 760+90

�70
5.1927(8) 5.1058(8)@ 16.87(10)% 11.94(7)% 5/2+ 0.0517 13.0, 38.7, 51.6 7.68(5)
5.2319(8) 5.1443(8)@ 24.18(20)% 17.11(14)% 3/2+ 0.0130 13.0 9.40(8)
5.24436(14) 5.15659(14)*** 100.0(2)% 70.77(14)% 1/2+ 0.000076 2.74(1)

* Weighted average of 24060(16) y [1975Al15], 24131(16) y [1978Ja20], 24101(20) y [1978Se12], 24089(13) y and 24019(21) [1978Pr07].
** Values from[1993Ga28], except where noted.
*** Value from [1980RyZX], adjusted by -0.11 keV as recommended by [1991Ry01].
@ Value from [1968Ba25], adjusted by +1.0 keV as recommended by [1991Ry01].
@@ [1966Ah02].
@@@ [2014Br18].
a R0 (fm) = 1.51188(12).
b Deduced from g energies [1976GuZN] and Qa = 5244.43(14) keV, using the levels and transitions from [2014Br18]. Conversion electron strength and

strength from unobserved g’s (in [1976GuZN]) decaying from a given level are taken into account.
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Table 8
direct a emission from 243Cm, Jp = 5/2+, T1/2 = 29.20(14) y*, BRa = 99.97(3)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(239Pu) coincident g-rays (keV)@@ HFa

5.355(3) 5.267(3)*** 0.002% 0.0015%*** 0.813(3) 60
5.405(3) 5.316(3)*** 0.001% 0.001%*** 0.763(3) 180
5.412(3) 5.323(3)*** 0.004% 0.003%*** 0.756(3) 67
5.421(3) 5.332(3)*** 0.004% 0.003%*** 0.747(3) 76
5.615(3) 5.523(3)*** 0.003% 0.002%*** 0.552(3) 1.6⇥103

5.625(3) 5.532(3)*** 0.008% 0.006%*** 0.543(3) 610
5.630(3) 5.537(3)*** 0.003% 0.002%*** 0.538(3) 2.0⇥103

5.661(3) 5.568(3)*** 0.010% 0.007%*** (5/2�) 0.5056(2)@@ 49.4, 57.3, 67.8, 430.0, 448.3, 505.6 850
5.668(3) 5.575(3)*** 0.010% 0.007%*** 0.499(3) 930
5.675(3) 5.582(3)*** ⇡0.012% ⇡0.009%*** 3/2� 0.4921(3)@@ 49.4, 57.3, 434.7, 484.3, 492.3 ⇡790
5.681(3) 5.587(3)*** ⇡0.027% ⇡0.02% (11/2�) 0.487(3) ⇡380
5.687(2) 5.593(2)@ 0.041(10)% 0.03(1)%@ 0.481(3) 270+140

�70
5.703(3) 5.609(3)*** 0.014% 0.01%*** 0.465(3) 1.0⇥103

5.706(3) 5.612(3)*** ⇡0.055% ⇡0.04%*** (11/2+) 0.462(3) ⇡260
5.716(3) 5.622(3)*** 0.082% 0.06%*** 0.452(3) 200
5.780(2) 5.685(2)@@ 2.25(28)% 1.65(20)%@ 9/2+ 0.3874@@ 44.7, 49.4, 57.3, 67.8, 88.1, 102.0, 16.5+2.4

�1.9
106.5, 166.3, 209.8, 228.1, 254.4, 272.9,
277.6, 322.3, 285.5, 311.7

5.8382(9) 5.7421(9) 16.80(97)% 12.3(6)% 7/2+ 0.3301@@ 44.7, 49.4, 57.3, 67.8, 88.1, 106.5, 4.53(24)
166.3, 209.8, 228.1, 254.4, 272.9, 277.6,
322.3, 285.5

5.8820(9) 5.7852(9) 100.0(44)% 73.2(23)% 5/2+ 0.2855@@ 49.4, 57.3, 67.8, 209.8, 228.1, 277.6, 285.5 1.32(4)
6.0921(15) 5.9918(15) 7.79(37)% 5.7(2)% 7/2+ 0.0757@@ 67.8 209(8)
6.158 6.057 6.83% 5% 3/2+ 0.0078@@ 570
6.1677(17) 6.0662(17) 2.05(28)% 1.5(2)% 1/2+ 0.00 —– 1.9+3.1

�2.4⇥103

* [1986Ti03].
** [1958Ch38].
*** From [1966Ba07], Ea (lab) is adjusted by +0.4 keV as recommended by [1991Ry01].
@ Weighted average of values from [1963Dz07] (adjusted by -1.5 keV [1991Ry01]) and [1966Ba07] (adjusted by +0.4 keV [1991Ry01]). Ia (abs) taken from

[1963Dz07].
@@ [2014Br13].
@@@ Recommended by [1991Ry01] based on the adjusted values of [1957As70], [1963Dz07] and [19Ba07].
a R0 (fm) = 1.499719(73).

Table 9
direct a emission from 247Cf*, Jp = (7/2+), T1/2 = 3.11(3) h, BRa = 0.035(5)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(243Cm) coincident g-rays (keV) R0 (fm) HF

6.341(6) 6.238(6) 5(1)% 5(1)% 1.4903(17) 16+5
�3

6.400(5) 6.296(5) 100% 95(3)% 1.4903(17) 1.56+0.31
�0.24

* All values from [1984Ah02].
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Table 10
direct a emission from 251Fm*, Jp = (7/2+), T1/2 = 5.30(8) h, BRa = 1.80(13)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(247Cf) coincident g-rays (keV) R0 (fm) HF

6.687(3) 6.58(3) 0.30(5)% 4.7(8)⇥10�3% (9/2�) 0.738 55.0, 683 1.4730(28) 39+9
�7

6.747(3) 6.639(3) 0.64(7)% 0.010(1)% (7/2�+) 0.678 55.0, 623.0, 678.0 1.4730(28) 34+6
�5

6.790(4) 6.682(4) 0.08(3)% 1.3(5)⇥10�3% (13/2+) 0.634 1.4730(28) 430+340
�140

6.830(3) 6.721(3) 0.51(5)% 7.9(9)⇥10�3% (13/2�) 0.594 1.4730(28) 103+18
�15

6.873(3) 6.763(3) 0.44(7)% 6.68(12)⇥10�3% (11/2+) 0.552 55.0, 496 1.4730(28) 180+50
�30

6.893(2) 6.783(2) 5.52(24)% 0.086(7)% (11/2�) 0.5320 55.0, 67.1, 122.1, 331.0, 410.0, 477.0 1.4730(28) 17.7(21)
6.945(2) 6.834(2) 100% 1.6(1)% (9/2�) 0.4804 55.0, 67.1, 122.1, 358.3, 425.4, 480.4 1.4730(28) 1.63(18)
6.998(2) 6.886(2) 1.95(12)% 0.031(3)% (7/2+) 0.4272 55.0, 372.2 1.4730(28) 141(17)
7.041(2) 6.929(2) 2.07(12)% 0.0320(3)% (5/2+) 0.383 383.2 1.4730(28) 205(24)
7.222(5) 7.107(5) ⇡0.06 ⇡9⇥10�4% (13/2+) 0.202 1.4730(28) ⇡4.2⇥104

7.301(3) 7.185(3) 0.33(3)% 5.2(7)⇥10�3% (11/2+) 0.1221 55.0, 67.1, 122.1 1.4730(28) 1.5+0.3
�0.2⇥104

7.369(3) 7.252(3) 1.07(9)% 0.017(2)% (9/2+) 0.0550 55.0 1.4730(28) 8.6+1.4
�1.1⇥103

7.424(3) 7.306(3) 1.7(2)% 0.027(3)% (7/2+) 0.0 —– 1.4730(28) 8.7(11)⇥103

* All values from [1973Ah02], except where noted.
** [1978Ah02].

Table 11
direct a emission from 255No*, Jp = (1/2+), T1/2 = 3.52(18) m, BRa = 30(5)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(251Fm) coincident g-rays (keV) R0 (fm) HF

7.825(5) 7.702(5) 9(2)% 0.81(22)% (5/2+) 0.604(4) 1.4717(26) 18+9
�5

7.849(6) 7.726(6) 9.1(29)% 0.81(29)% (3/2+) 0.579(5) 1.4717(26) 22+14
�7

7.871(3) 7.748(3) 62(5)% 5.5(10)% (1/2+) 0.5887 163.3, 166.7, 191.9, 195.3, 200.1, 358.5 1.4717(26) 3.0+0.9
�0.6

7.967(4) 7.842(4) 14.4(22)% 1.29(29)% (5/2+) 0.461(3) 1.4717(26) 37+10
�8

8.035(3) 7.909(3) 56(4)% 5.1(9)% (3/2+) 0.3954 191.9, 195.3, 200.1 1.4717(26) 16+5
�3

8.129(4) 8.001(4) 22.8(26)% 2.04(41)% (9/2+) 0.301(3) 1.4717(26) 84+28
�19

8.185(4) 8.057(4) 34.7(31)% 3.11(59)% (7/2+) 0.243(3) 1.4717(26) 87+27
�19

8.229(3) 8.100(3) 100(5)% 9.0(16)% (5/2+) 0.2001 200.1 1.4717(26) 42+12
�9

8.364(4) 8.233(4) 23.1(26)% 2.07(42)% (11/2�) 0.0639 63.9 1.4717(26) 520+170
�110

8.428(6) 8.296(6) 4.0(12)% 0.36(12)% (9/2�) 0.0 —– 1.4717(26) 4.9+3.0
�1.5⇥103

* All values from [2011As02].

Table 12
direct a emission from 259Rf*, Jp = (1/2+), T1/2 = 2.4(4) s**, BRa = 92.1(23)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(255No) coincident g-rays (keV) R0 (fm) HF

8.908(10) 8.770(10) 100% 55% x + 101 keV 1.481(16) 3.1
9.009(10) 8.870(10) 67% 37% x 1.481(16) 9

* All values from [1981Be03], except where noted.
** Weighted average of 3.2(8) s [1973Dr10], 3.0(1.3) s [1981Be03], 3.4(17) s [1985So03],1.7+0.8

�0.5 s [1994Gr08], 2.2+17
�0.8 s [2004Fo08] and 1.9+1.3

�0.5 s [2006Gr24].
*** Weighted average of 6.3(37)% [1981Be03] and 9(3)% [1985So03] for BRSF . a-decay is expected to be the rest of the decay strength.

Table 13
direct a emission from 263Sg*, T1/2 = 0.9(2) s, BRa = 87(8)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(259Rf) coincident g-rays (keV) R0 (fm) HF

9.200(40) 9.060(40) 1.466(30) 0.9+1.0
�0.5

* All values from [1974Gh04], except where noted.
** [2006Gr24].
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Table 14
direct a emission from 263mSg*, Ex. = unk., T1/2 = 560+160

�100 ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(259Rf) coincident g-rays (keV) R0 (fm) HF

9.393 9.250 1.466(30) 1.7

* All values from [2006Ni10].

Table 15
direct a emission from 267Hs*, T1/2 = 0.80+3.80

�0.37 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(263Sg) coincident g-rays (keV) R0 (fm) HF

10.00 9.85 1.470(30) 28

* All values from [2004Mo40].

Table 16
direct a emission from 267mHs*, Ex. = unk., T1/2 = 52+13

�8 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(263Sg) coincident g-rays (keV) R0 (fm) HF

9.88 9.73 1.470(30) 0.9

* All values from [2004Mo40].

Table 17
direct a emission from 271Ds*, T1/2 = 1.63+0.44

�0.29 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(267Hs) coincident g-rays (keV) R0 (fm) HF

10.87 10.71

* All values from [2015Mo25].

Table 18
direct a emission from 271mDs*, Ex. = unk., T1/2 = 69+56

�21 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(267Hs) coincident g-rays (keV) R0 (fm) HF

10.06 9.91 13% 7%
10.61 10.45 63% 36%
10.89 10.73 100% 57%

* All values from [2015Mo25]. Ia is based on the 14 events reported therein.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +51/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for XX are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

209Au* > 300 ns 6.38(43)# 8.35(50)# 8.35(50)# [2010Al24]
213Tl* (1/2+) 23.8(44) s -6.42(30)# 4.987(28) 8.15(15) [2017Ca12]
217Bi* (9/2�) 98.5(8) s -3.53(30)# 2.847(19)# 9.689(19) [2003Ku25]
221At* 2.3(3) m -2.991(24) 2.311(15) 8.655(16) [1989Bu09]
225Fr* 3/2� 4.0(2) m -2.714(16) 1.828(12) 7.105(13) [1983Ny01]

229Ac* (3/2+) 62.7(5) m -1.872(20) 1.104(12) 6.452(12) [1973Ch24]
233Pa* 3/2� 26.975(13) d -1.242(1) 0.570(2) 5.659(3) [2000Us01]
237Np 5/2+ 2.144(7)⇥106 y -0.519(1) -0.220(1) —– [1992Lo03]

237mNp 2.850(40) 40(12) ns 2.331(40) 2.630(40) 8.558(40) [1973Wo03]
241Am 5/2� 432.0(2) y -0.021 -0.767(1) —– [1975Ra35]

241mAm 2.5(1) 1.0(3) µs 2.5(1) 1.7(1) —– [1969La14, 1993Ku16]
Qe p Qe a

245Bk 3/2� 4.90(3) d 0.809(2) -5.354(2) 6.434(2) [1976Ah03]
245mBk x 2(1) ns 0.809(2)+x -5.354(2)+x 6.434(2)+x [1971Re11]

249Es 7/2+ 1.7(1) h 1.450(30)# -4.245(58)# 7.745(30)# [1970Ah01]
253Md 7/2� 6.4+11.6

�3.6 m 1.830(30)# -3.411(59)# 9.026(32)# [1992Ka08]
257Lr 0.6(1) s 2.420(50)# -2.08(13)# 10.895(44)# [1971Es01]

261Db 1.8(6) s 2.99(13)# -1.26(17)# 11.64(11)# [1971Fl02]
265Bh 0.94+0.70

�0.31 s 3.60(28)# -0.16(34)# 12.65(25)# [2004Ga29]
269Mt 4.81(34)# 1.30(49)# 14.08(34)#
273Rg 4.60(42)# 2.11(63)# 15.97(42)#

* 100% b� emitter.
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +51/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

209Au 9.02(57)# 0.95(64)#
213Tl 8.53(30)# 1.60(40)#
217Bi 6.07(20)# 4.521(32)
221At 5.770(23) 5.628(23)
225Fr 5.913(15) 4.613(18)

229Ac 5.539(12) 4.444(17)
233Pa 5.246(1) 4.375(12)

237Np 4.8622(3) 4.957(1) 100% [2002Wo03, 2008De10, 2000Lu01, 2000Sc04, 2000Wo01, 1992Lo03,
1992Mo03, 1990Bo44, 1990Lo04, 1988Wo01, 1981Ba68, 1979Go12,
1976BaZZ, 1976Sk01, 1975PeZI, 1970Cl11, 1969Va06, 1969HoZY,
1968Ba25, 1968Ob02, 1961Ba44, 1960Br12, 1955St04, 1949Ma01,
1949SeZU, 1948Ma16, 1948Wa04]

237mNp -2.102(40) 7.807(40) 0.19% [1977Mi09, 1973Wo03]
241Am 4.4800(2) 5.6378(1) 100% 3.6(6)⇥10�10% [1971Gr17, 1970Go26, 1968Go26, 1963Ba65, 1964Ba26, 2021Ta23,

2020Yo01, 2016Di11, 2010Mo01, 1998Ya17, 1994Bl12, 1993Ku16,
1992El10, 1986Pa17, 1978Ge06, 1978Ge17, 1978Ov01, 1977VaZW,
1975Ra35, 1974Po16, 1972Jo07. 1971Cl02, 1970Ga27, 1969KaZR,
1968Ka09, 1968St02, 1966Ko06, 1966Le13, 1965Ar09, 1964Ka29,
1964Wo03, 1963Ba35, 1963Pa06, 1962Ba51, 1962Le11, 1961Dr03,
1957Ha10, 1957Ro20, 1956Go43, 1955Go57, 1954As05, 1953AsZZ,
1952As04, 1952As40, 1952Be47, 1952Ha68]

241mAm 2.0(1) 8.1(1) 100% [1969La14, 1993Ku16
245Bk 3.927(1) 6.455(1) 0.12(1)% [1974Po08, 1976Ah03, 1975Ba25, 1966Ah01, 1966Ah02, 1956Ch77,

1956Ma32, 1951Hu39]
245mBk 3.927(1)-x 6.455(1)+x obs [1971Re11, 1972Ga42, 1970ReZN]

249Es 3.352(31)# 6.936(30) 0.7(1)% [1989Ha27, 1970Ah01, 1989HaZG, 1976Ah07, 1956Ha80]
253Md 2.933(32)# 7.573(8) ⇡0.7% [2012He09, 2005He27, 2011An13, 1992Ka08]

257Lr 2.447(45)# 9.068(31)# ⇡ 100%*** [1997He29, 1971Es01, 2010AsZY, 2009Qi04, 2009QiZZ, 2004Ga29,
1976BeYM, 1971EsZX]

261Db 2.13(23)# 9.22(10)# �82% obs [1998La30, 1971Fl02, 1971Gh01, 2013AsZZ, 2004Ga29, 1971Dr01,
1971FlZV]

265Bh 1.68(37)# 9.66(21)# 100% [2004Ga29]
269Mt 0.96(43)# 10.48(20)#
273Rg 0.49(58)# 11.16(25)#

* Deduced from the weighted average of the partial half=life for SF of 1.29(3)⇥1014 y [1968Go26] and 1.15(2)⇥1014 y [1970Go96] (reported as lF =
6.04(13)⇥10�15 y.

** Weighted average of 1.50(60) µs [1969La14] and 0.9(3) µs [1993Ku16].
*** [1971Es01] report an upper limit for electron capture of 15%.
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Table 3
direct a emission from 237Np*, Jp = 5/2+, T1/2 = 2.144(7)⇥106 y, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f ** Edaughter(233Pa)** coincident g-rays (keV)** HF

4.5926(19) 4.5151(19) 0.073(8)% 0.035(4)% 9/2+ 0.3659 6.7, 17.4, 22.6, 29.4, 46.5, 54.4, 57.1, 63.9, 70.5, 58+8
�6

86.5, 108.7, 106.1, 109.1, 117.7, 141.7, 153,4,
155.2, 186,7, 202.9, 212.3, 257.1, 262.4, 279.7

4.6283(22) 4.5502(22) 0.023(6)% 0.011(3)% 0.3280(26)* 360+140
�80

4.6511(26) 4.5726(26) 0.101(48)% 0.048(23)% (7/2�) 0.3060(1) 8.2, 17.4, 29.4, 46.5, 49.0, 57.1, 86.5, 88.0, 120+110
�40

94.7, 115.4, 131.1, 153.5, 162.5, 170.9, 186.8,
195.0, 201.7, 219.8, 248.9, 250.5, 257.4

4.6572(14) 4.5786(14) 0.775(48)% 0.369(23)% 7/2+ 0.3005 5.7, 8.2, 17.4, 22.6, 29.4, 36.2, 46.5, 57.1, 62.6, 17.1(11)
63.9, 70.5, 86.5, 88.0, 94.7, 115.4, 131.1, 134.7,
143.2, 151.4, 180.9, 191.4, 195.0, 196.9, 201.7,
214.0, 229.9, 237.9

4.6781(18) 4.5991(18) 0.779(19)% 0.371(9)% (7/2+) 0.2797 5.7, 17.4, 22.6, 29.4, 46.5, 57.1, 63.9, 70.5, 24.2(6)
86.5, 170.6, 176.1, 193.2, 209.2, 222.6

4.6990(21) 4.6197(21) 0.067(17)% 0.032(8)% 5/2� 0.2572 8.2, 17.4, 29.4, 46.5, 57.1, 86.5, 88.0, 94.7, 410+140
�80 ⇥103

115.4, 131.1, 153.5, 162.5, 170.9, 186.8, 195.0,
201.7, 250.5, 257.4

4.7197(10) 4.6400(10) 13.50(7)% 6.43(3)% 5/2+ 0.2379 8.2, 17.4, 29.4, 36.2, 46.5, 57.1, 86.5, 88.0, 94.7, 2.82(4)
115.4, 131.1, 134.7, 143.2, 151.4, 180.9, 195.0,
201.7, 237.9

4.7451(9) 4.6650(9) 7.301(51)% 3.478(24)% 5/2+ 0.2123 6.7, 17.4, 29.4, 46.5, 57.1, 63.9, 70.5, 86.5, 108.7, 2.97(10)
117.7, 141.7, 155.2, 212.3

4.7609(18) 4.6805(18) 0.042(8)% 0.020(4)% 0.1955(23)* 1.8+0.5
�0.3⇥103

4.7789(8) 4.6982(8) 1.123(21)% 0.535(10)% 0.1775(16)* 92(4)
4.7917(7) 4.7108(7) 2.464(27)% 1.174(13)% (11/2�) 0.1633 22.6, 29.4, 54.4, 57.1, 86.5, 106.1 52.9(8)
4.8483(8) 4.7665(8) 19.56(61)% 9.32(29)% 9/2+ 0.1091 22.6, 29.4, 57.1, 86.5 16.0(5)
4.8533(8) 4.7714(8) 48.59(61)% 23.15(29)% 7/2+ 0.1037 17.4, 29.4, 46.5, 57.1, 86.5 7.02(11)
4.8702(9) 4.7880(9) 100.0(2)% 47.64(6)% 5/2+ 0.0865 29.4, 57.1, 86.5 4.49(5)
4.8860(10) 4.8035(10) 4.228(36)% 2.014(17)% 5/2� 0.0705 5.7, 63.9, 70.5 136.9(18)
4.8995(10) 4.8168(10) 5.101(36)% 2.430(17)% 7/2� 0.0571 57.1 119.7(15)
4.9073(36) 4.8245(36) 0.029(23)% 0.014(11)% 0.0490(39)* 3+10

�1 ⇥104

4.9321(49) 4.8489(49) 0.013(8)% 0.006(4)% 0.0242(51)* 1.0+1.9
�0.4⇥103

4.9499(14) 4.8664(14) 1.11(8)% 0.53(4)% 1/2� 0.0067 6.7 1.41(13)⇥103

4.9564(14) 4.8727(14) 5.02(8)% 2.39(4)% 3/2� 0.00 —– 348(10)

* All values from [2002Wo03], except where noted.
** [2020Si28].
*** R0 = 1.51670(40) fm.
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Table 4
direct a emission from 241Am*, Jp = 5/2�@, T1/2 = 432.0(2) y**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(237Np)@ coincident g-rays (keV)@ HF@@

4.881 4.800 1.0⇥10�4% 8.6⇥10�5% 7/2� 0.756 26.3, 27.9, 33.2, 42.7, 43.4, 55.6, 59.5, 69.8, 48
75.9, 99.0, 103.0, 125.3, 597.5, 653.0, 680.1,
696.6, 722.0, 755.9

4.916 4.834 8⇥10�4% 7⇥10�4% 5/2� 0.722 26.3, 27.9, 33.2, 42.7, 43.4, 55.6, 59.5, 69.8, 10.1
75.9, 99.0, 103.0, 125.3, 164.6, 208.0, 234.4,
267.5, 454.7, 563.1, 619.0, 662.4, 677.7, 722.0

5.089 5.004 1.2⇥10�4% 1⇥10�4% (5/2�) 0.546 26.3, 27.9, 33.2, 42.7, 43.4, 59.5, 69.8, 75.9, 1.1⇥103

103.0, 164.6, 208.0, 234.4, 267.5, 278.0, 512.5,
545.5

5.154 5.068 1.6⇥10�4% 1.4⇥10�4% (9/2�) 0.486 26.3, 27.9, 33.2, 42.7, 43.4, 55.6, 59.5, 67.5, 2.0⇥103

69.8, 75.9, 99.0, 103.0, 123.0, 125.3, 150.0,
161.5, 165.8, 221.5, 249.0,250.8, 264.9, 291.3

5.175 5.089 ⇡5⇥10�4% ⇡4⇥10�4% 7/2+ 0.460 33.2, 42.7, 75.9, 383.8, 426.5, 459.7 ⇡1.3⇥103

5.182 5.096 ⇡5⇥10�4% ⇡4.⇥10�4% 9/2+ 0.453 33.2, 42.7, 54.0, 75.9, 97.1 115.5, 260.8, 1.3⇥103

322.5, 376.7, 419.3, 452.6
5.200 5.114 05⇥10�4% 4⇥10�4% (11/2�) 0.434 26.3, 27.9, 33.2, 42.7, 43.4, 54.0, 55.6, 59.5, 1.5⇥103

69.8, 75.9, 97.1, 99.0, 103.0, 109.7, 125.3,
146.6, 165.8, 175.1, 221.5, 249.0, 264.9,
275.8, 291.3, 304.2, 358.3

5.243 5.156 08⇥10�4% 7⇥10�4% 0.396 26.3, 27.9, 33.2, 42.7, 43.4, 55.6, 59.5, 67.5, 1.5⇥103

69.8, 75.9, 99.0, 103.0, 115.0, 123.0, 125.3,
150.0, 169.6, 204.0

5.265 5.178 3⇥10�4% 3⇥10�4% 3/2+ 0.371 33.2, 337.7, 370.9 4.9⇥103

5.270 5.182 1.0⇥10�3% 9⇥10�4% 5/2+ 0.369 26.3, 33,2, 42.7, 59.5, 75.9, 292.8, 309.1, 1.7⇥103

335.4, 368.6
5.282 5.194 7⇥10�4% 6⇥10�4% (5/2�) 0.360 26.3, 33,2, 59.5, 300.1 2.9⇥103

5.311 5.223 1.5⇥10�3% 1.3⇥10�3% (7/2�) 0.324 26.3, 27.9, 33.2, 42.7, 43.4, 55.6, 59.5, 69.8, 2.2⇥103

75.9, 99.0, 103.0, 125.3, 165.8, 221.5, 249.0,
264.9, 291.3

5.333 5.244 2.8⇥10�3% 2.4⇥10�3% 13/2� 0.305 26.3, 27.9, 33.2, 42.7, 43.4, 54.0, 55.6, 59.5, 1.6⇥103

69.8, 75.9, 97.1, 99.0, 103.0, 125.3, 146.6,
175.1

5.368 5.279 6⇥10�4% 5⇥10�4% 3/2� 0.268 26.3, 27.9, 33.2, 42.7, 43.4, 59.5, 69.8, 75.9, 1.3⇥104

103.0, 164.6, 208.0, 234.4, 267.5
5.412 5.322 0.017% 0.015% 11/2� 0.226 26.3, 27.9, 33.2, 42.7, 43.4, 55.6, 59.5, 67.5, 760

69.8, 75.9, 99.0, 103.0, 123.0, 125.3, 150.0
5.480 5.389 1.55% 1.33% 9/2� 0.159 26.3, 27.9, 33.2, 42.7, 43.4, 55.6, 59.5, 69.8, 22

75.9, 99.0, 103.0, 125.3
5.508 5.417 ⇡0.01% ⇡0.01% 11/2+ 0.130 33.2, 42.7, 54.0, 75.9, 97.1 ⇡4.2⇥103

5.53466(13) 5.44280(13)*** 14.8% 12.7% 7/2� 0.103 26.3, 27.9, 33.2, 42.7, 43.4, 59.5, 69.8, 75.9, 4.8
103.0

5.561 5.469 <0.05% <0.04% 9/2+ 0.076 33.2, 42.7, 75.9 >2.2⇥103

5.57814(12) 5.48556(12)*** 100% 86% 5/2� 0.060 26.3, 33,2, 59.5 1.25
5.606 5.513 0.14% 0.12% 7/2+ 0.033 33.2 1.3⇥103

5.639 5.545 0.29% 0.25% 5/2+ 0.0 —– 940

* All values from [1963Ba65, 1964Ba26], except where noted.
** [1975Ra35].
*** [1971Gr17].
@ [2006Ba41].
@@ R0 = 1.508784(84) fm.
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Table 5
direct a emission from 245Bk*, Jp = 3/2�, T1/2 = 4.90(3) d**, BRa = 0.12(1)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(241Am) coincident g-rays (keV)*** R0(fm) HF

5.905(4) 5.809(4) 4.2(5)% 0.1(2)% 7/2� 0.549(6) 41.2, 77.0, 455.9, 471.8, 510.0 1.49673(49) 18(3)
5.951(4) 5.854(4) 19.1(10)% 0.49(5)% 5/2� 0.503(6) 32.6, 41.2, 164.8, 205.9, 298.6, 1.49673(49) 7.0(9)

410.8, 463.3, 504.5
5.963(4) 5.866(4) 100(3)% 2.6(2)% 0.491(6) 1.49673(49) 1.5(2)
6.079(5) 5.980(5) 4.1(1)% 0.11(1)% 0.375(6) 1.49673(49) 153(19)
6.135(4) 6.035(4) 2.6(4)% 0.07(1)% 11/2+ 0.319(6) 41.2, 116.4, 162.4 1.49673(49) 470+110

�80
6.183(4) 6.082(4) 29(2)% 0.74(7)% 0.271(6) 1.49673(49) 72(9)
6.220(4) 6.118(4) 70.7(28)% 1.82(16)% 7/2+ 0.235(6) 139.9 1.49673(49) 44(6)
6.248(4) 6.146(4) 85.1(31)% 2.20(19)% 5/2+ 0.206(6) 41.2, 164.8, 205.9 1.49673(49) 51(6)
6.296(4) 6.193(4) 5.6(5)% 0.14(2)% 11/2� 0.159(6) 41.2, 116.4 1.49673(49) 1.3(2)⇥103

6.362(4) 6.258(4) 7.0(5)% 0.18(2)% 9/2� 0.093(6) 1.49673(49) 2.2(3)⇥103

6.414(4) 6.309(4) 69.8(26)% 1.80(16)% 7/2� 0.041(6) 41.2 1.49673(49) 390(50)
6.454(4) 6.349(4) 72.1(29)% 1.86(17)% 5/2� 0.0 —– 1.49673(49) 590(60)

* All values from [1974Po08], except where noted. Ea values are adjusted by +1.0 keV as recomended in [1991Ry01].
** [1976Ah03].
*** [2015Ne16].

Table 6
direct a emission from 249Es*, T1/2 = 1.7(1) h**, BRa = 0.7(1)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(245Bk) coincident g-rays (keV) R0(fm) HF

6.826(12) 6.716(12) 8(5)% 0.05(4)% 0.061(12) 1.4820(36) 16+47
�8

6.887(2) 6.776(2) 100% 0.65(10)% 0.0? —– 1.4820(36) 2.3+0.6
�0.5

* All values from [1989Ha27], except where noted.
** [1970Ah01].

Table 7
direct a emission from 253Md*, T1/2 = 6.4+11.6

�3.6 m**, BRa = ⇡0.7%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(249Es) coincident g-rays (keV) R0(fm) HF

7.217(15) 7.103(15) x 390.8(4)
7.237(15) 7.123(15) 7/2� ⇡0.421 304.2(4), 353.2(4)

* All values from [2012He09], except where noted.
** [1992Ka08].
*** [2005He27].

Table 8
direct a emission from 257Lr*, T1/2 = 0.6(1) s, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(253Md) coincident g-rays (keV) R0(fm) HF

8.773 8.636**
8.949(20) 8.870(20) 23(3)% 19(2)% 0.061(28) 1.473(10) 5.2+2.4

�1.9
9.010(20) 8.870(20) 100% 81(2)% 0.0 —– 1.473(10) 1.8+0.7

�0.6

* All values from [1971Es01], except where noted. This reference reports an upper limit for electron capture of 15%.
** Tentative assignment by [1997He29].
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Table 9
direct a emission from 261Db*, T1/2 = 1.8(6) s**, BRa = >82 %.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(257Lr) coincident g-rays (keV) R0(fm) HF

9.07 8.93 >82 % 1.477(25) 1.7

* All values from [1971Gh01], except where noted.
** [1971Fl02].
*** [1998La30] determined the BRF to be  18%

Table 10
direct a emission from 265Bh*, T1/2 = 0.94+0.70

�0.31 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(249Es) coincident g-rays (keV) R0(fm) HF

9.392(50) 9.240(50) 100% 0.0? 1.470(17) 1.2+0.8
�0.6

* All values from [2004Ga29].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +26 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

212Hg* 0+ obs 4.57(36)# 6.69(42)# [2017Ca12]
216Pb* 0+ 99.4(117) s -7.36(36)# 1.64(20)# 6.82(28)# [2017Ca12]
220Po* 0+ obs -5.70(30)# 0.888(23) 7.144(21) [1998Pf02]
224Rn* 0+ 108(3) m** -5.266(24) 0.696(15) 5.824(17) [1964Ba02, 1973AfZY]
228Ra* 0+ 5.75(3) y -4.444(7) 0.046(1) 4.946(11) [1962Ma58]

Qe p Qe a
232Th 0+ 1.401(7) ⇥1010 y -3.708(13) —– —– [1963Le17]

236U 0+ 2.3415(14)⇥107 y -2.889 —– —– [1972Fl03]
236mU 2.750(10) 115(4) ns*** -0.139 —– —– [1989Sc30, 1978Gu02, 1975Ch09]
240Pu 0+ 6564(11) y -2.191(17) —– —– [1984St05]

240mPu x 3.8(3) ns -2.191(17)+x —– —– [1970Bu02]
244Cm 18.099(15) y -1.427(1) —– —– [1968Be26]

244mCm 3.0(4) 0+ > 100 ns 1.6(4) -3.5(4) 6.7(4) [1973Br38]
248Cf 0+ 333.5(28) d -0.890(50) —– —– [1973Hu01]

252Fm 0+ 25.39(4) h -0.480(50) —– —– [1984Ah02]
256No 0+ 2.91(5) s 0.37(12)# -3.266(8)# 8.104(51)# [1990Ho03]
260Rf 0+ 20.2(7) ms@ 0.87(24)# -2.22(20)# 9.267(24)# [1985So03]
264Sg 0+ 37+27

�11 ms 1.52(37)# -1.26(32)# 10.081(31)# [2006Gr24]
268Hs 0+ 0.38+1.8

�0.17 s 2.26(49)# -0.13(40)# 11.28(38)# [2010Ni14]
272Ds 2.60(65)# 1.10(51)# 12.95(57)#
276Cn 2.97(80)# 1.41(61)# 14.45(70)#

* 100% b� emitter.
** Weighted average of 114(6) m [1964Ba02] and 107(3) m [1973AfZY].
*** Weighted average of 115(5) ns [1978Gu02] and 116(7) ns [1975Ch09].
@ Weighted average of 20.0(12) ms, 21.0(11) ms and 19.0(14) ms [1985So03].
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +26 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

212Hg 1.10(50)#
216Pb 9.81(36)# 2.07(36)#
220Po 8.35(20)# 5.33(20)#
224Rn 8.272(17) 4.757(20)
228Ra 8.031(6) 4.070(10)
232Th 7.605(13) 4.082(1) 100% 1.15(41)⇥10�9%* [1995Bo18, 1989Sa01, 1997MiZP, 1996Bo08, 1995Si05, 1983Mi30,

1983Ro23, 1982Sa36, 1975Em03, 1973HaZR, 1967Sp12, 1963Le21,
1962Ko12, 1961Ko11, 1960Fa07, 1959Ko58, 1958Fl44, 1957Ha08,
1956Ma43, 1956Pi42, 1956Se17, 1955Po45, 1953We52, 1952Se67,
1939Li16, 1938Ko01

236U 7.133(14) 4.573(1) 100% 9.64(52)⇥10�8% [2014Ma14, 2002Ge02, 1981Vo02, 1961Ko11, 1960Ko04, 1994Tr12,
1990BaZH, 1989Ho24, 1988TrZU, 1983Be66, 1982BeYI, 1972Fl03,
1971Co35, 1952Fl20, 1949JaZZ]

236mU 4.383(17) 7.323(10) 11(4)% [1989Sc30, 1978Gu02, 1975Ch09, 1977Bo09, 1976An11, 1972Br04,
1972ClZY, 1972DeZR, 1972Pe01, 1972PiZR, 1971Be62, 1971Bo61,
1971Br38, 1971Br39, 1971Fe09, 1970El03, 1970Re05, 1970Vi05,
1970Wo06, 1969La14]

240Pu 6.475(1) 5.2558(1) 100% 5.796(39)⇥10�6% [2018Be29, 2010Si30, 1977Ba69, 2016Ob01, 2013Sa65, 2007Ah05,
2007Bu19, 1997De11, 1992Bl13, 1991Iv01, 1990An33, 1989Au01,
1989Dy01, 1989Wa29, 1988SeZY, 1984Ah06, 1984An25, 1984Be19,
1984Ru04, 1984St06, 1979BuZC, 1978Ja11, 1972Go33, 1972Sc01,
1971Cl03, 1971To07, 1969Le05, 1968Ba25, 1968Oe02, 1967Fi13,
1963Ma50, 1963Le17, 1962Le11, 1962Wa13, 1959Do64, 1956Ko67,
1954Ba14, 1954Ch74, 1954Fa11, 1954Se94, 1953AsZZ, 1953Ki72,
1952As28, 1951We21, 1951In03, 1945RoZZ]

240mPu 6.475(1)-x 5.2558(1)+x obs [1970Bu02, 1986De04, 1978Go10, 1974We03, 1973Na03, 1971Br39,
1971BrZK, 1970El03, 1970Vi05, 1969La14, 1969Me11, 1969VaZX]

244Cm 6.012(1) 5.90160(3) 100% 1.37(4)⇥10�4% [2002Da21, 1998Ga19, 1971Gr17, 1972Ha80, 1970Ba11, 1966Ba07,
1965Me02, 2023Na03, 2008Ve05, 2004Na01, 2004Na44, 1999Pe03,
1998Ya17, 1997Ka59, 1996Sa24, 1993Pa29, 1983Ca02, 1983Sc06,
1983Sc07, 1981Zh06, 1974Al26, 1973Da34, 1973Go46, 1972Al07,
1972AlYR, 1972AlYX, 1972FlZS, 1972Ke29, 1971Bb10, 1970Al07,
1969Ba57, 1969ScZZ, 1968Be26, 1967Ar09, 1965Ak02, 1965Ar09,
1963Bj03, 1963Dz07, 1963Ma56, 1963Ma56, 1962Iv01, 1962No09,
1961Ca01, 1956Hu96, 1955Hi68, 1954Fr19, 1953AsZZ, 1952Gh27]

244mCm 3.0(4) 8.9(4) obs [1973Br38, 1971Br39, 1969MeZX, 1971BrKG]
248Cf 5.541(7) 6.361(5) 100% 2.86(25)⇥10�3% [1984Ah02, 1973Hu01, 1996IvZZ, 1973HuYZ, 1968Sk01, 1963Fr15,

1954Gh12]
252Fm 4.984(7) 7.154(1) 100% 2.3(2)⇥10�3% [1984Ah02, 1977Be36, 1967Ch17, 1962Dr02, 1956Fr07]
256No 4.308(9) 8.582(5) 100% 5.3+0.6

�0.3⇥10�3% [2016AsZX, 1990Ho03, 2021Ke10, 1967Dr02, 1967Fl05, 1967Gh01,
1966Ku15, 1964Do10, 1963Do12]

260Rf 3.99(21)# 8.90(20)# 100% [2008Ga08, 1985So03, 2009GoZT, 1987HuZW, 1986Hu01, 1985TeZX,
1983SoZZ, 1977Dr10, 1977DrZU, 1976Dr06, 1970Og05, 1964Fl04]

264Sg 3.62(33)# 9.21(20)# < 36% ⇡100% [2006Gr24, 2006Ni10, 2010Ni14, 1998Ik02, 1998IkZZ]
268Hs 3.09(40)# 9.76(10)# obs [2010Ni14, 2009Dv01]
272Ds 2.31(54)# 10.69(30)#
276Cn 2.32(67)# 11.85(66)#

* [1995Bo01].
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Table 3
direct a emission from 232Th*, Jp = 0+, T1/2 = 1.401(7) ⇥1910 y, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(228Ra) coincident g-rays (keV) R0(fm) HF

3.874(2) 3.807(2)*** 0.060(12)% 0.046(9)% 4+ 0.2047 140.8 1.5370(14) 24+6
�4

4.0164(20) 3.9472(20) 30(3)% 23(2)% 2+ 0.0638 63.8 1.5370(14) 0.95(8)
4.0827(14) 4.0123(14) 100% 77(3)% 0+ 0.0 —– 1.5370(14) 1.04(4)

* All values from [1989Sa01], except where noted.
** [1963Le17].
*** Ea deduced from g energies coincident with a’s.

Table 4
direct a emission from 236U, Jp = 0+, T1/2 = 2.3415(14)⇥107 y*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(232Th)@ coincident g-rays (keV)@ R0(fm) HF

4.237(2) 4.166(2)** 0.00027(8)% 0.00020(6)%@ 6+ 0.3335 171.2(2) 1.52595(66) 780+340
�190

4.409(2) 4.334(2)** 0.166(7)% 0.123(5)%@@ 4+ 0.1623 112.8(1) 1.52595(66) 32.3(18)
4.521(2) 4.445(2)** 34.61(10)% 25.68(5)%@@ 2+ 0.0495 49.5(1) 1.52595(66) 1.18(4)
4.5710(21) 4.4935(21)*** 100% 74.20(15)%@@ 0+ 0.0 —– 1.52595(66) 0.9675(21)

* [1972Fl03].
** Value deduced from Qa and g energies from [2002Ge02].
*** Value taken from [1991Ry01], based on adjusted values from [1960Ko04] (4.888(3) keV adjusted to 4.495(3) keV) and [1961Ko11] (4.888(3) keV adjusted

to 4.492(3) keV).
@ [2002Ge02].
@@ [2014Ma14].

Table 5
direct a emission from 240Pu, Jp = 0+, T1/2 = 6564(11) y*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)*** Jp
f Edaughter(236U)@ coincident g-rays (keV)@ R0(fm) HF

4.568(1) 4.492(1) 4.4(7)⇥10�5% 3.2(5)⇥10�5% 1� 0.688 45.2, 104.2, 538.1 1.51631(11) 39+7
�5

4.734(1) 4.655(1) 2.4(10)⇥10�6% 1.72(7)⇥10�6% 8+ 0.522 45.2, 104.2, 160.3, 212.5 1.51631(11) 1.29(5)⇥104

4.9458(5) 4.8634(5)** 1.3(1)⇥10�3% 9.7(9)⇥10�4% 6+ 0.310 45.2, 104.2, 160.3 1.51631(11) 720(70)
5.1064(5) 5.0213(5)** 0.117(6)% 0.085(44)% 4+ 0.149 45.2, 104.2 1.51631(11) 97(5)
5.21036(25) 5.12352(25)** 37.43(10)% 27.21(7)% 2+ 0.045 45.2 1.51631(11) 1.296(4)
5.25573(15) 5.16813(15)** 100% 72.70(7)% 0+ 0.0 —– 1.51631(11) 1.0023(20)

* Value taken from the evaluation of [1984St05].
** Values from [1977Ba69] adjusted by -0.17 keV as reccomened in [1991Ry01].
*** [2010Si30].
@ [2022Zh25].
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Table 6
direct a emission from 244Cm, Jp = 0+, T1/2 = 18.099(15) y*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)*** Jp
f Edaughter(240Pu)@@ coincident g-rays (keV)@@ R0(fm) HF

5.002 4.920** 1.7⇥10�4% 1.3⇥10�4%** 2+ 0.900 42.8, 98.9, 251.7, 303.0, 1.498180(88) 2.2
507.2, 554.6, 606.1, 758.6,
857.5, 900.4

5.043 4.960** 3.9⇥10�4% 3.0⇥10�4%** 0+ 0.860 42.8, 263.4, 554.6 1.498180(88) 1.8
5.302 5.215** 1.3⇥10�4% 1.0⇥10�4%** 1� 0.597 42,8, 554.6 1.498180(88) 280
5.607(3) 5.515(3)*** 4.9(6)⇥10�3% 3.8(5)⇥10�3%⇤⇤⇤ 6+ 0.294 42.8, 98.9, 152.6 1.498180(88) 480(70)
5.758(2) 5.664(2)*** 0.026(1)% 0.020(1)%@ 4+ 0.142 42.8, 98.9 1.498180(88) 654(33)
5.85820(3) 5.76216(3)@@ 29.55(8)% 22.80(5)%@ 2+ 0.0428 42.8 1.498180(88) 1.989(5)
5.90152(5) 5.80477(5)@@ 100.0(2)% 77.16(11)%@ 0+ 0.0 —– 1.498180(88) 0.9952(17)

* [1968Be26].
** [1966Ba07].
*** [1998Ga19].
@ [2002Da21].
@@ Value taken from [1971Gr17], modifies by -0.17 keV as recommended in [1991Ry01].
@@ [2008Si25].

Table 7
direct a emission from 248Cf*, Jp = 0+, T1/2 = 333.5(28) d**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)*** Jp
f Edaughter( 236U)@ coincident g-rays (keV)@ R0(fm) HF

6.218(7) 6.118(7) 0.5(3)% 0.4(2)% 4+ 0.142 43.0, 99.3 1.4851(24) 40+40
�10

6.319(5) 6.217(5) 24.5(13)% 19.6(10)% 2+ 0.043 43.0 1.4851(24) 2.52(13)
6.361(5) 6.258(5) 100% 80(1)% 0+ 0.0 —– 1.4851(24) 1.001(15)

* All values from [1984Ah02], except where noted.
** [1973Hu01].

Table 8
direct a emission from 252Fm, Jp = 0+, T1/2 = 25.39(4) h, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(248Cf coincident g-rays (keV) R0(fm) HF

6.868(3) 6.759(3) 0.027(6)% 0.023(5)% 6+ 0.285 1.46703(81) 230+60
�40

7.015(2) 6.904(2) 1.15(5)% 0.97(4)% 4+ 0.137 98.3(1) 1.46703(81) 23.3(10)
7.111(2) 6.998(2) 17.9(3)% 15.0(2)% 2+ 0.042 41.5(1) 1.46703(81) 3.78(9)
7.153(2) 7.039(2) 100.0(8)% 84.0(5)% 0+ 0.0 —– 1.46703(81) 1.003(6)

* All values from [1984Ah02].

Table 9
direct a emission from 256No, Jp = 0+, T1/2 = 2.91(5) s*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(252Fm coincident g-rays (keV) R0(fm) HF

8.535(6) 8.402(6)** ⇡11% ⇡10%*** 2+ 0.0421(13) 42.1(13) 1.4762(10) 6.4+0.9
�0.7

8.582(6) 8.448(6) 100% ⇡90%*** 0+ 0.0 —– 1.4762(10) 0.96+0.14
�0.11

* All values from [1990Ho03], except where noted.
** [2016AsZX] report a fine structure peak in coincidence with a 42.1(13) keV g .
** Estmated by the evaluator based on Fig. 2 of [2016AsZX].

Table 10
direct a emission from 268Hs, Jp = 0+, T1/2 = 0.38+1.8 +�0.17 s, BRa = obs**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(264Sg) coincident g-rays (keV) R0(fm) HF**

9.622(16) 9.479(16) 0+ 0.0 —– 1.458(48) 1.0+5.0
�0.5

* All values from [2010Ni14].

5



** Only a decay observed. 100% branching is used to calculate HF.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +26 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a BRb -F Experimental

214Tl* 11(2) s -5.31(45)# 6.65(20)# 9.53(28)# [2016Ca25]
218Bi* 33(1) s -2.41(30)# 4.859(27) 11.154(27) [2004De16]
222At* 54910) s -1.530(40)) 4.581(16) 10.351(16) [1989Bu09]
226Fr* 1� 49(1) s -1.227(12)) 3.853(7) 8.904(6) [1986Bo35]

230Ac* (1+) 122(3) s -0.678(19) 2.976(16) 7.925(16) 1.19(40)⇥10�6% [2001Yu03]
234Pa*(UX2) 4+ 6.658(23) h -0.274(3) 2.194(4) 7.232(4) [1954Zi02]

238Np* 2+ 2.1024(5) d 0.147(1) 1.291(1) 7.065(2) [2006Re09]
238mNp* x 250(130) ns 0.147(1)+x 1.291(1)+x 7.065(2)+x [1970Vi05]
242Am* 1� 16.02(2) h -0.751(1) 0.664(1) 7.060(2) [2005Ma90]

242m1Am 0.049 5� 141.9(17) y -0.702(1) 0.713(1) 7.109(2) 1979Ze05]
242m2Am 2.20(8) (2,3) 13.9(2) ms** 1.45(8) 2.86(8) 9.26(8) [1996Ba52, 1976Be55, 1975Va21, 1965Fl04,

1968Er01, 1976We03,1967Fl03]

Qe p Qe a
246Bk 2(�) 1.8092) d 1.350(60) -5.222(60) 6.825(60) [1976Ah03]
250Es (6+) 8.6(1) h 2.06(10)# -3.91(10)# 8.18(10)# [1977Fr03]

254Md 10(3) m 2.55(10)# -2.85(10)# 9.86(10)# [1970Fi12]
258Lr 3.91(22) s*** 3.30(14)# -1.50(10)# 11.46(10)# [2014Ha04, 1992Gr02, 1976BeZY, 1971Es01]

262Db 33.8+4.4
�3.5 s 3.86(27)# -0.59(25)# 12.35(19)# [2014Ha04]

266Bh 10.0+2.6
�1.7 s 4.49(29)# 0.43(28)# 13.29(28)# [2020Ha27]

270Mt 0.48+0.66
�0.38 s 5.60(31)# 1.94(42)# 14.67(31)# [2012Mo25]

274Rg 12+16
�5 ms 5.42(44)# 2.54(47)# 17.08(33)# [2012Mo25]

278Nh 1.4+1.9
�0.5 ms 6.19(49)# 3.33(52)# 17.41(45)# [2012Mo25]

* 100% b� emitter.
** Weighted average of 10.2(9) ms [1975Va21], 14.0(4) ms [1965Fl04], 14.0(2) ms [1968Er01], 13.9(5) ms [1976We03], and 14.0(7) ms [1967Fl03].
*** Weighted average of 3.54+0.46

�0.36 s [2014Ha04], 3.92+0.35
�0.31 s [1992Gr02], 4.35(59) s [1976BeZY] and 4.2(6) s [1971Es01].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +26 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

214Tl 9.02(36)# 1.36(45)#
218Bi 6.33(30)# 4.33(20)#
222At 6.110(25) 5.312(31)#
226Fr 6.303(13) 4.143(17)

230Ac 6.013(22) 3.893(17)
234Pa(UX2) 5.682(4) 4.076(16)

238Np 5.225(1) 4.691(4)
238mNp 5.225(1)-x 4.691(4)+x ⇡100% [1970Vi05]
242Am 4.776 5.589

242m1Am 4.727 5.638 0.45(1)% [1990Ho02, 1979Ba67, 1979Ze05, 2005Ma90, 1983WeZU,
1979BaYF, 1961As03, 1959Ba22]

242m2Am 2,58(8) 7.79(8) 100% [1976Be55, 1975Va21, 1965Fl04,1968Er01, 1976We03,1967Fl03,
1996Ba52, 1993Ku16, 1992Ba67, 1992BaZW, 1985AcZZ, 1981Lu06,
1981VaZQ, 1983WeZT, 1979Va25, 1973Be04, 1973Be05, 1970Da05,
1969Ga24, 1968Er01, 1967Ca04, 1967Ga14, 1966Br23, 1966Ma24,
1965Li05, 1963Fl08, 1963Pe27, 1962Po09]

246Bk 4.327(60) 6.074(60)
250Es 3.79(10)# 6.83(12)#

254Md 3.18(10)# 7.80(14)#
258Lr 2.75(10)# 8.904(19) 97.4(18)% [2014Ha04, 1976BeZY, 1971Es01, 2020Ha27, 1992Gr02, 1971EsZX]

262Db 2.35(16)# 9.05(10)# 48(4)% 52(4)% [2014Ha04, 2020Ha27, 2012Mo25, 2010MoZV, 2007Mo43, 1999Dr09,
1993Zi06, 1992Ga31, 1992Go28, 1992Sc30, 1990JoZX, 1989Kr17,
1989ScZW, 1989YaZZ, 1988Gr30, 1979Dr07, 1977Be43, 1977BeWH,
1971Gh01]

266Bh 1.98(21)# 9.426(77)# ⇡ 100% [2020Ha27, 2012Mo25, 2010MoZV, 2009MoZU, 2007Mo43, 2006MoZV,
2006Qi03, 2005MoZS, 2004Mo42, 2000Wi15]

270Mt 1.07(23)# 11.31(7)* ⇡100% [2012Mo25, 2007Mo43, 2007MoZY, 2006MoZW, 2006MoZV, 2004Mo42]
274Rg 0.96(25)# 11.478(86) ⇡100% [2012Mo25, 2007Mo43, 2007MoZY, 2006MoZW, 2006MoZV, 2004Mo42]
278Nh 0.59(27)# 11.993(79) ⇡100% [2012Mo25, 2007Mo43, 2007MoZY, 2006MoZW, 2006MoZV, 2004Mo42]

2



* Qa taken from highest energy a observed in [2012Mo25], 10.18(10)# in [2021Wa16].

Table 3

direct a emission from 242mAm, Ex. = 2.20(8) MeV, Jp = 5�, T1/2 = 141.9(17) y*, BRa = 0.45(1)%*.

Ea (c.m.) Ea (lab)*** Ia (rel) Ia (abs)*** Jp
f

@ Edaughter(238Np@ coincident g-rays (keV)@ HF@@

5.0583 4.9747** 2⇥10�3% 9⇥10�6%** 0.581** 2.3⇥103

5.116(5) 5.031(5) 0.02(1)% 9.0(45)⇥10�5% 0.524 26.4, 35.9, 43.8, 44.0, 62.3, 79.7, 139.1 600+600
�200

358.3, 417.6, 461.6, 497.5
5.157(3) 5.072(3) 0.28(8)% 1.1(3)⇥10�3% 0.484*** 80+33

�18
5.1672 5.0818** 0.03% 1.4⇥10�4%** 0.470** 820
5.179(4) 5.093(4) 0.24(8)% 9.5(32)⇥10�4% (6+) 0.460 140+70

�40
24.4, 26.4, 35.0, 35.9, 43.1, 49.4, 53.7, 1.79(5)

59.3, 60.2, 62.3, 66.9, 73.7, 86.7, 92.5,
95.2, 96.8, 109.6, 111.2, 117.2, 121.7,
136.0, 152.7, 153.9, 163.3, 206.4

5.2309(9) 5.1444(9) 6.3(2)% 0.025(1)% 6� 0.408 35.0, 43.3, 59.3, 76.0, 95.2, 121.7, 11.0(5)
122.8, 132.6, 152.7, 153.9, 174.8, 196.5,
232.4

5.2397 5.1531** 0.02% 9⇥10�5%** 0.399** 3.5⇥103

5.2605 5.1735** 0.04% 1.80⇥10�4%** (6�) 0.377 24.4, 26.4, 32.7, 35.9, 43.3, 43.8, 46.8, 2.4⇥103

49.4, 60.2, 62.3, 73.7, 76.0, 79.5, 79.7,
86.7, 95.7, 109.6, 117.8, 122.8, 136.0,
152.7, 153.2, 156.4, 182.9, 189.1, 196.5,
215.5, 232.4, 270.6

5.29598 5.20848 100.0(8)% 0.401(3)% 5� 0.342 24.4, 26.4, 35.0, 35.9, 43.1, 49.4, 53.7, 1.79(5)
59.3, 60.2, 62.3, 66.9, 73.7, 86.7, 92.5,
95.2, 96.8, 109.6, 111.2, 121.7, 136.0,
152.7, 153.9, 163.3, 206.4

5.3021 5.2145** 0.03% 1.35⇥10�4%** 0.334** 6.1⇥103

5.336622 5.2484(22) 1.1(1)% 4.5(5)⇥10�3% (1)� 0.299 46.8, 95.7, 116.9, 156.4, 182.9 290+40
�30

5.3380 5.2498** 0.04% 1.80⇥10�4%** (6�) 0.297 35.0, 43.8, 44.0, 59.3, 79.7, 95.2, 121.7, 7.5⇥103

131.5, 139.1, 190.9
5.360(3) 5.271(3) 1.2(1)% 5.0(5)⇥10�3% 4+ 0.276 35.0, 59.3, 95.2, 121.7, 153.9 369(35)
5.405(3) 5.316(3) 0.7(1)% 2.7(5)⇥10�3% 5� 0.233 24.4, 26.4, 35.0, 35.9, 43.1, 49.4, 53.7, 1.2+3

�2⇥103

59.3, 60.2, 62.3, 73.7, 86.7, 92.5, 95.2,
96.8, 109.6, 111.2, 121.7, 136.0,
152.7

5.421(5) 5.331(5) 0.17(11)% 6.8(45)⇥10�4% 3� 0.216 24.4, 26.4, 32.7, 35.9, 46.8, 49.4, 60.2, 6+13
�3 ⇥103

62.3, 73.7, 79.5, 86.7, 95.7, 109.6, 136.0
153.2, 156.4, 182.9, 189.1, 215.5

5.4593(18) 5.3691(18) 1.2(2)% 5.0(9)⇥10�3% 4� 0.179 24.4, 26.4, 35.9, 43.1, 49.4, 60.2, 62.3, 1.4+0.3
�0.2⇥103

73.7, 86.7, 92.5, 109.6, 136.0, 152.7
5.5034(21) 5.4124(21) 1.1(2)% 4.5(9)⇥10�3% 3� 0.136 24.4, 26.4, 35.9, 49.4, 60.2, 62.3, 73.7, 2.8+0.8

�0.5⇥103

86.7, 109.6, 136.0
5.5497 5.4580** 0.16% 6.30⇥10�4%** 3+ 0.087 24.4, 26.4, 60.2, 86.7 2.7⇥103

5.6098 5.5171** 7⇥10�3% 2.70⇥10�5%** 3+ 0.026 26.4 2.0⇥106

* [1979Ze05].
** Values taken from [1979Ba67], modifies by -0.2 keV s recommended in [1991Ry01].
*** Values taken from [1990Ho02], except where noted.
@ [2015Br06].
@@ R0(fm) = 1.50725(14). Deduced from Iinterpolated between 1.51631(11) fm (240Pu) and 1.498180(88) fm (244Cm).
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Table 4

direct a emission from 258Lr, T1/2 = 3.91(22) s*, BRa = 97.4(18)%**.

Ea (c.m.) Ea (lab)*** Ia (rel) Ia (abs)*** Jp
f Edaughter(254Md) coincident g-rays (keV) R0(fm)@ HF

8.685(20) 8.550(20) 47(9)% 21(4)% 0.105(22) + x 1.484(14) 6.4+3.4
�2.5

8.730(10) 8.595(10) 100(9)% 46(3)% 0.060(14) + x 1.484(14) 4.1+1.8
�1.3

8.757(10) 8.621(10) 45(7)% 20(3)% 0.033(14)+ x 1.484(14) 11+6
�14

8.790(10) 8.654(10) 18.1(44)% 8.3(19)% x 1.484(14) 35+20
�13

* Weighted average of 3.54+0.46
�0.36 s [2014Ha04], 3.92+0.35

�0.31 s [1992Gr02], 4.35(59) s [1976BeZY] and 4.2(6) s [1971Es01].
** [2014Ha04].
*** Weighted average of values from [1976BeZY] and [11971Es01]. Both papers report 4 closely spaced a transitions which were fit in their spectra as a

multiplet. The reported values are 8.648(10) MeV 10(2)%, 8.614(10) MeV 35(5)%, 8.589(10) MeV 45(7)% 8.510(20) MeV 10(5)% [1976BeZY] and 8.68(2) MeV
7(2)%, 8.65(2) MeV 16(3)%, 8.62(2) 47(3)%, 8.59(2) 30(4)% [1971Es01].

@ Interpolated between 1.4762(10) fm (256No) and 1.492(14) fm ((260Rf).

Table 5

direct a emission from 262Db*, T1/2 = 33.8+4.4
�3.5 s, BRa = 48(4)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(258Lr) coincident g-rays (keV) R0(fm)** HF

8.591(40) 8.460(40) 100(7)% 33.6(37)% x+0.224(57) 1.482(27) 4+4
�2

8.815(40) 8.680(40) 43(8)% 14.4(27)% x 1.482(27) 40+50
�30

* All values from [2014Ha01].
** Interpolated between 1.492(14) fm ((260Rf) and 1.471(23) fm (264)Sg

Table 6

direct a emission from 266Bh*, T1/2 = 10.0+2.6
�1.7 s, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(262Db) coincident g-rays (keV) R0(fm) HF

8.75-9.54 8.62-9.40

* All values from [2020Ha27].

Table 7

direct a emission from 270Mt*, T1/2 = 0.48+0.66
�0.38 s, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(266Bh) coincident g-rays (keV) R0(fm) HF

10.18(7) 10.03(7) 0.23(10)+x
10.41(7) 10.26(7) x

* All values from [2012Mo25].

Table 8

direct a emission from 274Rg*, T1/2 = 12+16
�5 ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(262Db) coincident g-rays (keV) R0(fm) HF

10.81(6) 10.65(6)
11.32(7) 11.15(7)
11.48(7) 11.31(7)

* All values from [2012Mo25], based on 3 decay chains.
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Table 9

direct a emission from 278Nh*, T1/2 = 1.4+1.9
�0.5 ms, BRa = ⇡ 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(262Db) coincident g-rays (keV) R0(fm) HF

11.69(4) 11.52(4)
11.85(4) 11.68(4)
11.99(6) 11.82(6)

* All values from [2012Mo25], based on 3 decay chains.
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(1/2)
30 ms

Qεp  =   -1.58# MeV
Qε    =  9.901# MeV
Q     =   8.646#  MeV
       ~ 100 %
 

(3/2)
14.4 s

(11/2)
8.5 s

265Sg

E  = 8.84 MeV

E  = 5.631 MeV

Qεp  =   1.99# MeV
Qε    = 14.38# MeV
Q      = 11.37   MeV
        100 %

(11/2)
0.18 ms

E  = 11.10 MeV

273Ds

Qεp  =   0.41# MeV
Qε    = 11.69# MeV
Q     =   9.27# MeV
       100 %

(9/2)
12.5 s

E  = 9.200 MeV

E  = 8.69 MeV

Qεp  = -2.527 MeV
Qε    =  8.812 MeV
Q     = 8.646# MeV
             ~ 100 %

(3/2+)
25.5 s

E  = 8.222 MeV

257No

(11/2)
68 s

 

5/2+
4.0 m

237U
1/2+
62 h

 

233Th
1/2+

21.8 m

Even Z
Tz = +53/2

5/2+
14.3 y

E  = 4.897 MeV

Stable to ß+ decay
Q     =   6.943 MeV
       100%
   SF  4.31(59) x 10-7 %

249Cf
9/2-

350.6 y

 

E  = 5.811 MeV

Qεp  =  -3.978 MeV
Qε    =  7.074 MeV
Q     =    7.198 MeV
       12(1) %

1/2+
72 h

 

E  = 6.943 MeV

217Pb
19.9 s

42 s

Stable to ß+ decay
Q    = 5.089# MeV

225Rn
7/2-

4.66 m

Stable to ß+ decay
 Q     =  1.64# MeV

221Po

229Ra

217Bi
(9/2-)
99 s

Stable to ß+ decay
Q    = 4.335 MeV
       

Stable to ß+ decay
Q    = 3.603 MeV

219At
2.3 m

Stable to ß+ decay
Q    = 3.745 MeV

 
23 µs

7/2+
8445 y

253Fm

253Es
7/2+

20.5 d

Qεp  =  -0.57# MeV
Qε    = 10.81# MeV
Q     =    9.05# MeV
        100 %

 

223Fr
3/2-

4.0 m

229Ac
(3/2+)
63 m

Stable to ß+ decay
Q    = 4.234 MeV

 
13.2 ns

245Cm

(1/2)
2.8 s

269Hs

E  = 9.08 MeV

 Ex. = unk.
     100%

233Pa
3/2-
27 d

 Ex. = unk.
     100%

E  = 10.93 MeV

 Ex. = unk.
     100%

237Np
5/2+

2.1x106 y

241Am
3/2-
433 y

 
31 ns

241Pu

 
Ex. = 2.90(15) MeV
 SF   obs
Stable to ß+ decay
Q    = 5.140 MeV
        2.45(8)x10-3 %
   SF ~2.4x10-14 %

Ex. = 2.90 +x MeV
 SF   obs

 
Ex. = unk.
 SF   obs
Stable to ß+ decay
Q    = 5.624 MeV
        100 %
   SF 6.0(9)x10-7 %

(3/2)
1.9 s

261Rf

 Ex. = unk.
      27(6)%
SF 73(6)%

E  = 8.514 MeV

E  = 8.280 MeV

277Cn
Qεp  =   2.50# MeV
Qε    = 15.12# MeV
Q      = 11.620 MeV
        100 %

E  = 11.07 MeV

 
0.61 ms

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSIONFig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +53/2 nuclei.

Last updated 3/14/2025
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +53/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

217Pb 19.9(53) s -6.40(50)# 3.53(30)# 8.23(30)# [2017Ca12]
221Po 42+58

�28 s -4.43(30)# 2.991(24) 8.799(27) [2010Ch19]
225Rn 7/2� 4.66(4) m -3.77(30)# 2.714(16) 7.506(18) [1977Bu03]
229Ra 5/2+ 4.0(2) m -3.106(16) 1.872(20) 6.496(19) [1975Ra03]
233Th 1/2+ 21.83(4) m -2.576(13) 1.242(1) 5.797(12) [1998Us01]

237U 1/2+ 162.04(5) h -2.137(13) 0.519(1) 5.656(2) [1958Ca16]
241Pu 5/2+ 14.327(19) y** -1.36(10) 0.0208(2) 5.839(2) [2013Cr05, 2009Dr05]

241m1Pu 2.90(15) 23(1) µs 1.54(18) 2.92(15) 8.74(15) [1970Ga10]
241m2Pu 2.90(15) + x 31(4) ns*** 1.54(18) + x 2.92(15) + x 8.74(15) + x [2013Cr05, 2009Dr05]

Qe p Qe a
245Cm 7/2+ 8445(20) y -0.896(2) —– —– [1982Po14]

245mCm x 13.2(18) ns -0.896(2)+x —– —– [1972Wo07]
249Cf 9/2� 350.6(21) y -0.1236(4) —– —– [1973St15]

253Fm 1/2+ 72(3) h 0.335(1) -3.978(3) 7.074(2) [1967Ah02]
257No (3/2+) 25.5(5) s 1.255(6) -2.527(7) 8.812(6) [2005As05]

261Rf@ (11/2)@@@ 68(3) s 1.76(21)# -1.58(21)# 9.901(66)# [2008Du09]
261mRf@ x (3/2)@@@ 1.9(4) s 1.76(21)#+x -1.58(21)#+x 9.901(66)#+x 2011Ha13]

265Sg@ (3/2)@@@ 14.4+3.7
�2.5 s 2.41(26)# -0.57(39)# 10.81(24)# [2012Ha05]

265mSg@ x (11/2)@@@ 8.5+2.6
�1.6 s 2.41(26)#+x -0.57(39)#+x 10.81(24)#+x [2012Ha05]

269Hs@ (9/2)@@@ 12.5+6.7
�2.8 s@@ 3.02(40)# 0.41(49)# 11.69(26)# [2024Og02, 2013Su04]

269mHs@ x (1/2) 2.8+13.6
�1.3 s 3.02(40)#+x 0.41(49)#+x 11.69(26)#+x [2024Og02]

273Ds@ (11/2) 0.18+0.11
�0.05 ms 3.50(45)# 1.99(53)# 14.38(40)# [2024Og02]

273mDs@ x (1/2) 30+140
�15 ms 3.50(45)#+x 1.99(53)#+x 14.38(40)#+X [2024Og02]

277Cn 0.61+0.46
�0.18 ms 3.93(49)# 2.50(57)# 15.12(45)# [2013Su04]

* 100% b� emitter.
** Weighted average of 14.329(29) y [2013Cr05] and 14.325(24) y [2009Dr05].
*** Weighted average of 30(5) ns [1969La14] and 34(7) ns [1981Gu04].
@ The relative ordering of the two isomers is unclear.
@@ Weighted average of 13+10

�9 s [2024Og02] and 12+9
�4 s [2013Su04].

@@@ [2024Og02].
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +53/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

217Pb 9.90(42)# 1.64(42)#
221Po 8.475(30)# 5.089(30)#
225Rn 8.466(25) 4.335(23)
229Ra 8.111(17) 3.603(19)
233Th 7.712(13) 3.745(16)

237U 7.233(14) 4.234(1)
241Pu 6.650(17) 5.140 2.45(8)⇥10�3% ⇡2.4⇥10�14%* [1968Ah01, 1985Dr09, 1976GuZN, 1965Ba26, 2009Dr05, 1985He02,

1985HeZY, 1985Wi04, 1984WiZW, 1979VaZF, 1977VaYR, 1971Cl03,
1971GuZY, 1966Be24, 1963Iv01, 1962Dz09, 1961Sm03, 1960Br15,
1953AsZZ, 1950Th54, 1949SeZU]

241m1Pu 3.75(15) 8.04(15) obs [1981Gu04, 1970Ga10, 1970Do01, 1970GaZV]
241m2Pu 3.75(15) - x 8.04(15) + x obs [1981Gu04, 1969La14]

245Cm 6.164(1) 5.624 100% 6.0(9)⇥10�7% [1985Dr10, 1975Ba65, 1966Fr03, 2009KoZV, 2008KoZP, 1998Wh01,
1994Sh31, 1991Po17, 1982Po14, 1980Di13, 1975BaXK, 1971Ma32,
1969Me01,1966Ba07, 1963Bo48, 1963Dz07, 1961Ca01, 1955Br02,
1954Fr19, 1954Hu50]

245mCm 6.164(1)-x 5.624+x obs [1972Wo07, 1971Br39, 1971BrZU]
249Cf 5.697(50) 6.293 100% 4.31(59)⇥10�7% [2015Ah03, 1997Ar31, 1987Ta26, 1996Ko29, 1996Lo73, 1991Po17,

1986Ah02, 1977Ba67, 1976Ba68, 1973AhZM, 1973Ba80, 1973St15,
1971Bb10, 1971Sc14, 1971ScZW, 1970BaZZ, 1969Ba57, 1969Ba59,
1969Me01, 1969Mi08, 1967Ko03, 1966Ah02]

253Fm 5.238(50) 7.198(1) 12(1)% [1967Ah02, 1959Si88, 1957Am59]
257No 4.50(12)# 8.477(6) ⇡100% [2005As05, 2012Ha05, 2000La34, 1994Og01, 1970Es02, 1967Gh01]

261Rf** 4.245(14)# 8.646(65)# ⇡ 100% [2011Ha13, 1970Gh01, 2013Mu08, 2012Ha05, 2008Du09, 2006Ni10,
2008Dv02, 2008Ga08, 2002Ho11, 2000La34, 1998Tu01, 1996Ho13,
1996La12, 1970GhZY]

261mRf** 4.245(14)#-x 8.646(65)#+x 27(6)% 73(6)% [2011Ha13, 2008Dv02, 2013Mu08, 2013Su04, 2012Ha05, 2008Dv02,
2002Ho11]

265Sg** 3.76(27)# 9.05(12)# 100% [2024Og02, 2013Su04, 2012Ha05, 2009Mo09, 2002Ho11, 2012Tu01,
2010Gr04, 2009Dv01, 2009Mo34, 2007MoZZ, 2007Mo09, 2006Dv01,
2006MoZV, 2005MoZQ, 2005MoZT, 2004MoZU, 2004Vo24, 2003Du27,
2003Tu06, 2002Du21, 2001HoZY, 1998Tu01, 1998TuZZ, 1997Sc48,
1997Sc49, 1996No13, 1995NoZW, 1995NoZZ, 1995Og02, 1994LaZX,
1994LaZZ, 1994Lo27, 1994Og04]

265mSg** 3.76(27)#-x 9.05(12)#+x 100% [2024Og02, 2012Tu01, 2010Gr04, 2009Mo09, 2009Mo34, 2007MoZZ,
2007Mo09, 2006MoZV, 2005MoZQ, 2005MoZT, 2004MoZU, 2003Du27,
2003Tu06, 2002Du21, 2002TuZY, 2002TuZZ, 1998Tu01, 1998TuZZ]

269Hs** 3.50(40)# 9.27(17)# 100% [2024Og02, 2013Su04, 2008Mo09, 2002Ho11, 2012Ha05, 2012Tu01,
2010Gr04, 2009Mo34, 2007MoZZ, 2007Mo09, 2006MoZV, 2005MoZQ,
2005MoZT, 2004MoZU, 2004Vo24, 2003Tu06, 2002Du21, 2002TuZY,
2002TuZZ, 2001HoZY]

269mHs** 3.50(40)#-x 9.27(17)#+x 100% [2024Og02, 2012Tu01, 2010Gr04, 2009Mo34, 2008Mo09, 2007MoZZ, 2007Mo09,
2006Dv01, 2006MoZV, 2005MoZQ, 2005MoZT, 2004MoZU, 2003Tu06,
2002Du21, 2002TuZY, 2002TuZZ]

273Ds** 2.49(51)# 11.37(54) 100% [2024Og02, 2013Su04, 2008Mo09, 2002Ho11, 2009Mo34, 2007MoZZ,
2007Mo09, 2006MoZV, 2005MoZQ, 2005MoZT, 2004MoZU, 2001HoZY,
1996La12, 1996LaZY]

273mDs** 2.49(51)#-x 11.37(54)+x 100% [2024Og02, 2013Su04, 2008Mo09, 2002Ho11, 2009Mo34, 2007MoZZ,
2007Mo09, 2006MoZV, 2005MoZQ, 2005MoZT, 2004MoZU]

277Cn 2.34(65)# 11.620(58) 100% [2013Su04, 2008Mo09, 2002Ho11, 2009Mo34, 2007MoZZ, 2007Mo09,
2006MoZV, 2005MoZQ, 2005MoZT, 2004MoZU, 2001HoZY]

* [1985Dr09].
** The relative ordering of the two isomers is unclear.
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Table 3
direct a emission from 241Pu*, Jp = 5/2+, T1/2 = 14.327(19) y**, BRa =2.45(8)⇥10�3%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(237U)@ coincident g-rays (keV)@ R0(fm) HF

4.772(6) 4.693(6) ⇡0.04% ⇡7.34⇥10�7% (11/2�) 0.3670 11.4, 44.9, 56.3, 71.6, 77.1, 93, 1.51540(43) ⇡131
103.7, 114.0, 148.6, 160.0

4.823(5) 4.743(5) ⇡0.08% ⇡1.7⇥10�6%% 13/2+ 0.3173 155 1.51540(43) ⇡127
4.865(5) 4.784(5) 0.24(12)% 4.9(25)⇥10�6% (7/2)� 0.2740 11.4, 44.9, 56.3, 71.6, 77.1, 103.7, 1.51540(43) 90+90

�30
114.0, 148.6, 160.0

4.879(3) 4.798(3) 1.68(12)% 3.42(3)⇥10�5% 9/2+ 0.2609 11.4, 44.9, 56.3, 56.8, 71.6, 77.1, 1.51540(43) 15.8(13)
101, 103.7, 121.2, 148.6, 160.0

4.936(3) 4.854(3) 14.54(26)% 3.0(1)⇥10�4% 7/2+ 0.2042 11.4, 44.2, 44.9, 56.3, 71.6, 77.1, 1.51540(43) 4.5(2)
103.7, 148.6, 160.0

4.980(3) 4.897(3) 100.0(6)% 2.0(7)⇥10�3% 5/2+ 0.160 11.4, 44.9, 56.3, 71.6, 77.1, 103.7, 1.51540(43) 1.31(5)
148.6, 160.0

5.057(3) 4.973(3) 1.56(12)% 3.(3)⇥10�5% 7/2+ 0.0829 11.4, 71.6 1.51540(43) 274(23)
5.084(4) 5.000(4) 0.49(6)% 1.0(1)⇥10�5% 5/2+ 0.0563 11.4, 44.9, 56.3 1.51540(43) 1.14(2)⇥103

5.128(3) 5.043(3) 1.23%*** 2.5(1)⇥10�5% 3/2+ 0.0114 11.4 1.51540(43) 1.0⇥103

5.141(5) 5.056(5) 0.42%*** 8.6(3)⇥10�6% 1/2+ 0.0 —– 1.51540(43) 3.5⇥103

* All values from [1968Ah01], except where noted. Ea values are adjusted by +0.6 keV as recomended in [1991Ry01].
** Weighted average of 14.329(29) y [2013Cr05] and 14.325(24) y [2009Dr05].
*** Values from [1965Ba26]. [1968Ah01] reports 1.8(1)% for the sum of the two intensities.
@ [2006Ba41].

Table 4
direct a emission from 245Cm*, Jp = 7/2+, T1/2 = 8445(20) y**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(241Pu)@ coincident g-rays (keV)@ R0(fm) HF

⇡5.236 ⇡5.151 5⇥10�3% 5⇥10�3% (13/2+) 0.3843 1.49615(36) �960
⇡5.245 ⇡5.159@@ 4⇥10�3% 4⇥10�3% 0.3761 1.49615(36) �1.35⇥103

5.3213 5.2344 0.35% 0.32% 11/2+ 0.3012 42.0, 53.8, 65.5, 69.2, 79.3, 1.49615(36) 50
95.8, 126.1, 133.1, 136.1, 139.9,
175.1, 190.0, 205.4, 232.0

5.361 5.273@@@ 0.08% 0.07% 0.2602 1.49615(36) 410
5.3923(12) 5.3043(12)*** 5.5(4)% 5.1(4)%*** 5/2+ 0.2284 42.0, 52.0, 53.8, 61.3, 65.5, 1.49615(36) 8.8(7)

95.8, 170.9, 181.0, 223.0
5.4501(11) 5.3611(11)*** 100% 92.7(9)%*** 7/2+ 0.1751 42.0, 53.8, 79.3, 95.8, 133.1, 1.49615(36) 1.083(14)

175.1
⇡5.459 ⇡5.370 11/2+ 0.1613 42.0, 53.8, 65.5, 95.8
5.5263 5.4361 0.04% 0.04% 9/2+ 0.0958 42.0, 53.8, 95.8 1.49615(36) 7⇥103

5.5796 5.4885 0.90% 0.83% 7/2+ 0.0420 42.0 1.49615(36) 700
5.6208(5) 5.5290(5)*** 0.76(22)% 0.7(2)%*** 5/2+ 0.0 —– 1.49615(36) 1.4+0.6

�0.3⇥103

* All values from [1975Ba65], except where noted. Ea values are adjusted by -0.2 keV as recommended in [1991Ry01].
** [1982Po14].
*** Value recommended in [1991Ry01], based on adjusted values from [1975Ba65] and [1966Fr03].
@ ensdf
@@ Typo in [1975Ba65] lists this transition as 5.119 MeV going to 376 keV level.
@@@ Possibly contamination from 243Am [1975Ba65].
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Table 5
direct a emission from 249Cf*, Jp = 9/2�, T1/2 = 350.6(21) y**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(245Cm)*** coincident g-rays (keV)*** HF@

5.1909(5) 5.1075(5)*** 4.0(16)⇥10�6% 3.3(13)⇥10�6%*** 1.1026(5) 1102.6 2.3+1.5
�0.7⇥103

5.2388(8) 5.1546(8)*** 2.4(16)⇥10�6% 2.0(13)⇥10�6%⇤⇤⇤ 1.0547(8) 1054.7 8+15
�3 ⇥103

5.3217(10) 5.2362(10) 1.8(4)⇥10�3% 1.5(3)⇥10�3% 0.9714 54.8, 198.1, 66.8, 121.6, 252.9 30+9
�6

718.5, 849.9, 916.6, 971.3
5.3869(5) 5.3004(5)*** 9.0(16)⇥10�6% 7.4(13)⇥10�6% (3/2+) 0.9066(5) 906.6 1.9(4)⇥104

5.3935(5) 5.3069(5)*** 9.7(35)⇥10�5% 8.0(29)⇥10�5%*** 0.9000(5) 42.9, 54.8, 54.9, 65.9, 66.8, 121.6, 1.9+1.1
�0.5⇥103

198.1, 229.2, 241.0, 252.9, 295.7
483.5

5.4029(5) 5.3161(5)*** 3.0(3)⇥10�5% 2.5(2)⇥10�5%*** (9/2+) 0.8906(5) 890.6 7.0(6)⇥103

5.4407(10) 5.3533(10) 2.4(4)⇥10�3% 2.0(3)⇥10�3% (11/2+) 0.8526(1) 54.8, 66.8, 121.6, 731.0, 798.0 149+28
�21

5.4443(5) 5.3568(5)*** 1.2(2)⇥10�4% 1.0(2)⇥10�4%*** 0.8492(5) 54.8, 198.1, 252.9, 596.1, 849.3 3.1+0.8
�0.6⇥103

5.4524(5) 5.3648(5)*** 9.0(16)⇥10�6% 7.4(14)⇥10�6%*** 0.8411(5) 841.1 4.8+1.2
�0.8⇥104

5.5083(5) 5.4198(5)*** 1.7(2)⇥10�4% 1.4(2)⇥10�4%*** (9/2+) 0.7852(1) 54.8, 66.8, 121.6, 663.7 5.5+1.0
�0.8⇥103

5.5192(5) 5.4305(5)*** 2.4(12)⇥10�5% 2.0(10)⇥10�5%*** 0.7743(5) 54.8, 66.8, 121.6, 652.7 5+5
�2⇥104

5.5215(5) 5.4328(5) 0.0125(9)% 0.0103(7)% (11/2�) 0.7719(1) 42.9, 54.8, 54.9, 65.9, 66.8, 121.6, 90(7)
198.1, 229.2, 241.0, 252.9, 295.7
356.1, 421.0, 650.3, 717.1

5.5571(5) 5.4678(5)*** 9.7(35)⇥10�5% 8.0(29)⇥10�5%*** 0.7364(5) 54.8, 198.1, 252.9, 483.5 1.9+1.1
�0.5⇥104

5.5918(5) 5.5020(5) 0.053(2)% 0.044(2)% (9/2�) 0.7018 42.9, 54.8, 66.8, 121.6, 198.1, 55.2(32)
241.0, 252.9, 295.7, 405.9, 580.3,
647.0, 701.8

5.6193(10) 5.5290(10) 2.7(4)⇥10�3% 2.2(3)⇥10�3%* 0.6742(10)* 1.6+0.3
�0.2⇥103

5.6501(5) 5.5593(5) 0.140(6)% 0.115(5)% (7/2�) 0.6436 37.6, 42.9, 54.8, 54.9, 66.8, 92.5, 46(3)
121.6, 198.1, 229.2, 241.0, 252.9,
255.6, 266.7, 295.7, 333.4, 388.2
390.8, 588.8, 643.6

5.7081(5) 5.6164(5) 0.027(1)% 0.022(1)% (11/2+) 0.5547 42.9, 54.8, 198.1, 241.0, 252.9, 780(50)
259.0, 295.7

5.7392(10) 5.6470(10) 3.2(5)⇥10�3% 2.6(4)⇥10�3%* 0.5543(10)* 6.7+1.3
�1.0⇥103

5.7852(5) 5.6922(5) 0.35(1)% 0.29(1)% 13/2� 0.5088 37.6, 42.9, 54.7, 54.8, 54.9, 65.9, 108(5)
66.9, 92.5, 121.6, 198.1, 229.2,
241.0, 252.9, 266.7, 295.7, 321.3,
333.4, 388.2

5.7977(10) 5.7046(10) 0.058(4)% 0.048(3)%* 0.4958(10)* 770(60)
5.8509(5) 5.7569(5) 5.68(9)% 4.68(7)% 11/2� 0.4429 37.6, 42.9, 54.7, 54.8, 54.9, 66.8, 15.5(6)

92.5, 121.6, 198.1, 229.2, 241.0,
252.9, 266.7, 295.7, 321.3, 333.4,
388.2

5.8768(5) 5.7824(5) 0.42(1)% 0.35(1)% 11/2+ 0.4165 42.9, 54.8, 54.9, 65.9, 66.8, 121.6, 290(13)
198.1, 229.2, 241.0, 252.9, 295.7

5.9054(5) 5.8105(5) 100% 82.4(3)% 9/2� 0.3882 37.6, 42.9, 54.8, 54.9, 66.8, 92.5, 1.76(6)
121.6, 198.1, 229.2, 241.0, 252.9,
266.7, 295.7, 333.4, 388.2

5.9430(5) 5.8475(5) 1.75(4)% 1.44(3)% 9/2+ 0.3506 42.9, 54.8, 54.9, 66.8, 121.6, 198.1, 161(7)
229.2, 241.0, 252.9, 295.7

5.9979(5) 5.9015(5) 3.85(6)% 3.17(5)% 7/2+ 0.2957 42.9, 54.8, 198.1, 241.0, 252.9, 143(5)
295.7

6.0408(5) 5.9438(5) 3.99(6)% 3.29(5)% 5/2+ 0.2529 54.8, 198.1, 252.9 232(9)
6.0937(5) 5.9958(5) 0.049(4)% 0.040(3)% 13/2+ 0.2003 3.6(3)⇥104

6.1719(5) 6.0728(5) 0.41(1)% 0.34(1)% 11/2+ 0.1216 54.8, 66.8, 121.6 1.07(5)⇥104

6.2387(5) 6.1385(5) 1.602(74)% 1.320(3) 79/2+ 0.0548 54.8 6.0(2)⇥103

6.2935(5) 6.1924(5) 2.96(6)% 2.44(5)% 7/2+ 0.0 —– 6.01(24)⇥103

* All values from [2015Ah03], except where noted.
** [1973St15].
*** [1997Ar31].
@ R0 = 1.4839(14) fm.
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Table 6
direct a emission from 253Fm*, Jp = 1/2+, T1/2 = 72(3) h, BRa = 12(1)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(249Cf)** coincident g-rays (keV)** HF***

⇡6.591 ⇡6.487 ⇡0.7% ⇡0.036% ⇡0.606 ⇡31
6.646(5) 6.541(5) 3.5(9)% 0.18(5)% 0.5506 134, 145.0, 271.8 11+5

�3
6.737(4) 6.630(4) 6.1(12)% 0.31(7)% 5/2+ 0.460 17+6

�4
6.757(4) 6.650(4) 5.6(9)% 0.29(5)% 3/2+ 0.4376 43.0, 55.1, 58.0, 62.5, 135.4, 23+7

�5
145.0, 191.6, 234.6, 375.1,
379.5, 437.6

6.780(3) 6.673(3) 54.3(25)% 2.80.3% 1/2+ 0.4168 145.0, 271.8 3.0(3)
6.956(3) 6.846(3) 19.7(13)% 1.0(1)% 9/2+ 0.243.1 43.0, 55.1, 145.0 47+8

�6
⇡6.977 ⇡6.867 ⇡2.1% ⇡0.11% 15/2�** 0.221.7 62.5, 159.3 ⇡550
7.013(4) 6.902(4) 23.0(13)% 1.2(1)% 7/2+ 0.1880 43.0, 145.0 70(8)
7.055(3) 6.943(3) 100(4)% 5.1(4)% 5/2+ 0.1450 145.0 24.3(24)
7.136(4) 7.023(4) 15.7(10)% 0.80(8)% 11/2� 0.0625 62.5 340+60

�50
7.197(4) 7.083(4) 3.0(5)% 0.16(3)% 9/2� 0.0 —– 3.2+0.9

�0.6⇥103

* All values from [1967Ah02], except where noted. Ea is adjusted by -8.8 keV as recommended in [1991Ry01].
** [2024Ne04].
*** R0 = 1.47787(78) fm.

Table 7
direct a emission from 257No*, Jp = (3/2+), T1/2 = 25.5(5) s, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(253Fm) coincident g-rays (keV) R0 (fm) HF

8.318 8.188** <4.8% <4% (5/2+) 0.1587 22.3, 136.4 1.477(13) >28
8.352(6) 8.222(6) 100(2)% 83(2)% 3/2+ 0.1241 22.3, 24.8, 47.1, 77.0, 101.8, 124.1 1.477(13) 1.8+7

�5
8.455(7) 8.323(7) 20.5(25)% 17(2)% (3/2+) 0.0223 22.3 1.477(13) 19+8

�5

* All values from [2005As05].
** Deduced from g energies.

Table 8
direct a emission from 261Rf, Jp = (11/2)*, T1/2 = 68(3) s**, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(257No) coincident g-rays (keV) R0 (fm) HF

8.409(20) 8.280(20)*** ⇡100% 1.486(14) 1.6+0.7
�0.5

* [2024Og02].
** [2008Du09].
*** [1970Gh01].

Table 9
direct a emission from 261mRf, Ex. = unk., Jp = (3/2)*, T1/2 =1.9(4) s**, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(257No) coincident g-rays (keV) R0 (fm) HF

8.647(30) 8.514(30)*** ⇡100% 1.486(14) 1.0+0.7
�0.5

* [2024Og02].
** [2011Ha13].
*** Weighted average of 8.520(50) MeV [2011Ha13], 8.510(60) MeV [2012Ha05] and 8.510(50) MeV [2008Dv02],
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Table 10
direct a emission from 265Sg, Jp = (3/2)*, T1/2 = 14.4+3.7

�2.5 s**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(261Rf) coincident g-rays (keV) R0 (fm) HF

8.823(50) 8.690(50)** 100% 3/2* x 1.457(60) 0.7+2.6
�0.6

* [2024Og02].
** [2012Ha05].

Table 11
direct a emission from 265mSg, Ex. = unk., Jp = (11/2)*, T1/2 = 8.5+2.6

�1.6 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(261Rf) coincident g-rays (keV) R0 (fm) HF

8.975(50) 8.840(50)** 100% (11/2)* 0.0* —– 1.457(60) 1+5
�1

* [2024Og02].
** [2012Ha05].

Table 12
direct a emission from 269Hs*, Jp = (9/2), T1/2 = 12.5+6.7

�2.8 s**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(265Sg) coincident g-rays (keV) R0 (fm) HF

9.339(40) 9.200(40) 100% (9/2) x 1.465(38) 6+10
�5

* All values from [2024Og02], except where noted.
** Weighted average of 13+10

�9 s [2024Og02] and 12+9
�4 s [2013Su04].

Table 13
direct a emission from 269Hs*, Ex. = unk., Jp = (1/2), T1/2 = 2.8+13.6

�1.3 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(265Sg) coincident g-rays (keV) R0 (fm) HF

9.22(15) 9.08(15) 100% (1/2) x 1.465(38) 0.6+34
�3.1

* All values from [2024Og02].

Table 14
direct a emission from 273Ds*, Jp = (11/2), T1/2 = 0.18+0.11

�0.05 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(269Hs) coincident g-rays (keV) R0 (fm) HF

11.265(70) 11.100(70) 100% (11/2) x

* All values from [2024Og02].

Table 15
direct a emission from 273mDs*, Ex. = unk., Jp = (1/2), T1/2 = 30+140

�15 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(269Hs) coincident g-rays (keV) R0 (fm) HF

11.093(20) 10.930(20) 100% (1/2) x

* All values from [2024Og02].
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Table 16
direct a emission from 277Cn, T1/2 = 0.61+0.46

�0.18 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(261Rf) coincident g-rays (keV) R0 (fm) HF

11.232(80) 11.070(80) 100%

* All values from [2013Su04].
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +53/2 nuclei.

Last updated 3/14/25

1



Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +53/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. All Jp values are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

219Bi* (9/2�) 22(7) s -4.30(45)# 3.64(20)# 9.74(30)# [2012Be28]
223At* 50(7) s -3,65(20)# 3.038(16) 8.502(21) [1989Bu09]
227Fr* 1/2+ 148(2)s -3.203(15) 2.505(6) 7.047(10) [1981Vo03]

231Ac* 1/2+ 7.5(2) m -2.454(17) 1.947(13) 6.341(13) [1973Ch24]
235Pa* (3/2�) 24.5(2) m** -1.729(19) 1.370(14) 6.228(14) [1986Mi10, 1968Tr07]

239Np* 5/2+ 2.3565(4) d -1.262(2) 0.723(1) 6.147(2) [1990Ab06]

Qe p Qe a
243Am 5/2� 7349(12) y*** -0.580(3) —– —– [2020Ma63, 2007Ag02, 1980Ag05]

243mAm 2.30(30) 5.8(7) µs@ 1,72(30) 5.23(36) 8.90(30) [1973Br04, 1972Wo07, 1970Po01]
247Bk 3/2� 1380(250) y -0.044(6) —– —– [1965Mi08]
251Es 3/2� 33(1) h 0.377(6) -5.729(6) 6.554(7) [1970Ah01]

255Md (7/2�) 27(2) m 1.042(7) -4.441(6) 8.282(7) [1970Fi12]
259Lr (1/2�) 6.22(28) s@@ 1.770(70)# -3.128(71)# 9.625(71)# [1992Ha22, 1992Gr02]

263Db 27+10
�7 s 2.35(23)# -2.28(26)# 10.61(17)# [1992Kr01]

267Bh 13+6
�3 s@@@ 2.96(37)# -1.26(39)# 11.58(30)# [2009Mo12, 2000Ei05, 2000Wi15]

271Mt 3.41(41)# -0.42(45)# 12.87(42)#
275Rg 3.73(56)# 0.86(58)# 15.28(53)#
279Nh 4.44(72)# 1.65(72)# 15.37(69)#

* 100% b� emitter.
** Weighted average of 24.6(2) m [1986Mi10] and 24.2(3) m [1968Tr07].
*** Weighted average of 7345(14) y [2020Ma63], 7357(23) y [2007Ag02] and 7358(42) y [1980Ag05].
@ Weighted average of 5.0(10) µs [1972Wo07] and 6.5(10) µs [1970Po01].
@@ Weighted average of 6.14(36) s [1992Ha22] and 6.34(46) s [1992Gr02].
@@@ Deduced from times of 12 decay chains from [2009Mo12] (1 event), [2000Ei05] (6 events), and [2000Wi15] (5 events).

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +53/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

219Bi 6.60(36)# 3.87(36)#
223At 6.347(42) 4.68(20)
227Fr 6.354(12) 3.830(15)

231Ac 6.042(17) 3.655(14)
235Pa 5.613(14) 4.101(19)

239Np 5.286(1) 4.597(14)
243Am 4.831(1) 5.439(1) 100% 3.76(20)⇥10�9% [2002Da21, 2002Sa53, 2023Ko26, 2020Ma63, 2018Ca05, 2007Ag02,

1998Ya17, 1996Sa23, 1996Sa23, 1996Wo05, 1992Ga01, 1991Po14,
1986AmZY, 1984Va41, 1980Ag05, 1979Po20, 1977St35, 1974Po17,
1969Al14, 1969En02, 1968Ba22, 1968Ba25, 1968Va09, 1967Fa01,
1966Gv01, 1964Ba26, 1963Ba65, 1960Be10, 1959Ba22, 1958Wa69,
1956Hu96, 1955St98, 1954As05, 1953AsZZ, 1953Di27]

243mAm 2.53(30) 7.74(30) 100% [1973Br04, 1972Wo07, 1970Po01, 1980Bj02, 1973Be04, 1973Na35,
1971Re11, 1970ReZN]

247Bk 4.416(5) 5.890(5) ⇡ 100% [1969Fr01, 1965Mi08, 1956Ch77]
251Es 3.948(5) 6.597(1) 0.5(2)% [1979Ah03, 1970Ah01, 1956Ha80]

255Md 3.349(6) 7.906(2) 8.1(8)%* [2000Ah02, 1971Ho16, 1970Fi12, 1965Si14, 2005He27, 1958Ph40]
259Lr 2.92(12)# 8.584(71)# 77.9(17)% 22.1(17)%** [1992Ha22, 1992Gr02, 2020Ha27, 1971Es01, 1971EsZX, 1970GhZY]

263Db 2.57(28)# 8.83(15)# 42(15)%*** 56+13
�15%*** [2003Kr20, 1992Kr01, 2002KrZY, 1995GrZV, 1992GaZU, 1991KrZS,

1987GrZN]
267Bh 2.14(36)# 9.23(20)# 100% [2020Ha27, 2009Mo12, 2000Ei05, 2000Wi15]
271Mt 1.30(41)# 9.91(20)#
275Rg 1.09(59)# 11.87(30)#
279Nh 0.67(74)# 11.64(75)#

* Weighted average of 10.0(14)% [1971Ho16], 7(1)% [1970Fi12] and 9(2)% [1965Si14].
** Weighted average of 20(3)% [1992Ha22] and 23(2)% [1992Gr02].
*** [1992Kr01] report BRa = 43(15)% and BRSF = 57+13

�15%, neglecting BRe , which was assumed to be small. [2003Kr20] report a BRe =3+4
�1%. The BR for

a and SF are adjusted by the evaluator to reflect this.
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Table 3

direct a emission from 243Am*, Jp = 5/2�, T1/2 = 7349(12) y**, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(239Np)*** coincident g-rays (keV)*** R0 (fm) HF

4.7760 4.6974 4.4(5)⇥10�3% 3.8(4)⇥10�3% (5/2�) 0.6623 31.1, 43.1, 43.5, 74.7, 86.7, 1.50633(42) 3.3(4)
117.6, 544.5, 587.6, 631.1

5.0185 4.9359 3.0(3)⇥10�3% 2.6(3)⇥10�3% 0.427 1.50633(42) 215+29
�23

5.0335 4.9506 3.2(3)⇥10�3% 2.8(3)⇥10�3% 0.411 1.50633(42) 255+31
�25

5.0843 5.0006 3.6(5)⇥10�3% 3.1(4)⇥10�3% (9/2+) 0.3591 1.50633(42) 510(50)
5.0959 5.0120 6.0(5)⇥10�3% 5.2(4)⇥10�3% (9/2+) 0.3473 1.50633(42) 366(28)
5.1209 5.0366 9.5(6)⇥10�3% 8.2(5)⇥10�3% (13/2�) 0.3174 195 1.50633(42) 365(23)
5.1763 5.0911 0.0129(7)% 0.0112(6)% 0.267 1.50633(42) 567(31)
5.1989 5.1133 0.0219(12)% 0.0190(10)% (11/2�) 0.2413 71.2, 169 1.50633(42) 489(26)
5.2651 5.1784 1.606(8)% 1.391(7)% 9/2� 0.1731 31.1, 43.1, 43.5, 50.6, 55.4, 1.50633(42) 18.04(21)

74.7, 86.7, 98.5, 117.6, 141.9
5.3204 5.2328 13.30(3)% 11.52(2)% 7/2� 0.1177 31.1, 43.1, 43.5, 74.7, 86.7, 1.50633(42) 4.82(5)

117.6
5.3636 5.2753 100.% 86.6(7)% 5/2� 0.0747 31.1, 43.5, 74.7 1.50633(42) 1.149(15)
5.4073 5.3183 0.219(3)% 0.19(3)% 7/2+ 0.0311 31.1 1.50633(42) 980+190

�140
5.4385 5.3490 0.28(4)% 0.24(3)% 5/2+ 0.0 —– 1.50633(42) 1.20+0.17

�0.14⇥103

* All values from [2002Da21], except where noted. Ea uncertainties are in units of the last significant decimal figure [2022Da21].
** Weighted average of 7345(14) y [2020Ma63], 7357(23) y [2007Ag02] and 7358(42) y [1980Ag05].
*** [2014Br18].

Table 4

direct a emission from 247Bk*, Jp = 3/2�, T1/2 = 1380(250) y**, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(243Am)*** coincident g-rays (keV)*** R0 (fm) HF

5.546(5) 5.456(5) 3.3(5)% 1.5(2)% (7/2�) 0.345(1) 1.4896(15) 11+4
�3

5.592(5) 5.501(5) 16(2)% 7(1)% (5/2�) 0.300(2) 1.4896(15) 4.5+1.7
�1.3

5.622(5) 5.531(5) 100(6)% 45(2)% 3/2� 0.265(10) 265 1.4896(15) 1.1(3)
5.702(5) 5.610(5) ⇡0.9% ⇡0.4% (11/2+) 0.1894(6) 1.4896(15) ⇡300
5.747(5) 5.654(5) 12.2(14)% 5.5(6)% (9/2+) 0.1434(2) 25.2, 34, 41.8, 42,2, 67, 84.0, 1.4896(15) 45+15

�12
101.3, 109.2

5.782(5) 5.688(5) 29(3)% 13(1)% 7/2+ 0.1092(2) 25.2, 41.8, 42.2, 67, 84.0, 109.2 1.4896(15) 30(6)
5.804(5) 5.710(5) 38(3)% 17(1)% 5/2+ 0.0840(1) 41.8, 42.2, 84.0 1.4896(15) 31(6)
5.849(5) 5.754(5) 9.6(10)% 4.3(4)% 7/2� 0.0422(2) 42.2 1.4896(15) 210(50)
5.889(5) 5.794(5) 12.2(12)% 5.5(5)% 5/2� 0.0 —– 1.4896(15) 280(60)

* All values from [1969Fr01], except where noted. Ea is adjusted by +1.0 keV as recommended in [1991Ry01].
** [1965Mi08].
*** [2014Ne14].

Table 5

direct a emission from 251Es*, Jp = 3/2�, T1/2 = 33(1) h**, BRa = 0.5(2)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(247Bk)@ coincident g-rays (keV)@ R0 (fm) HF

6.514(3) 6.410(3) 4.1(7)% 0.017(7)% (9/2)+ 0.0828 40.8, 42.0 1.47482(56) 33+28
�11

6.526(3) 6.422(3) 3.7(7)% 0.015(7)% (7/2�) 0.0716 1.47482(56) 40+40
�10

6.556(3) 6.452(3) 4.1(9)% 0.017(7)% 7/2+ 0.0408 40.8 1.47482(56) 50+50
�20

6.567(3) 6.462(3) 11.6(13)% 0.047(19)% (5/2�) 0.0299 29.9 1.47482(56) 21+16
�7

6.597(3) 6.492(3) 100(3)% 0.41(16)% 3/2� 0.0 —– 1.47482(56) 3.3+2.4
�1.0

* All values from [1979Ah03], except where noted. Ea is adjusted by +0.8 keV as recommended in [1991Ry01].
** [1970Ah01].
*** Deduced from Ia /IKx = 0.008(2) [1970Ah01] and IKx/Ie =0.64(5) [2005Ah09].
@ [2015Ne04].
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Table 6

direct a emission from 255Md*, Jp = (7/2�), T1/2 = 27(2) m**, BRa = 8.1(8)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 251Es) coincident g-rays (keV) R0 (fm) HF

7.390(5) 7.274(5) 5.4(5)% 0.041(6)% 0.515 1.4825(13) 21+5
�4

7.444(4) 7.327(4) 100% 0.75(8)% 7/2� 0.4614 405.5, 453.1 1.4825(13) 1.9+0.4
�0.3

7.837(8) 7.714(8) 1.1(2)% 8(2)⇥103 0.068 1.4825(13) 5.1+2.0
�1.3⇥103

7.876(8) 7.752(8) 1.1(2)% 8(2)⇥103 0.030 1.4825(13) 7.0+2.7
�1.7⇥103

* All values from [2000Ah02], except where noted.
** [[1970Fi12].
*** Weighted average of 10.0(14)% [1971Ho16], 7(1)% [1970Fi12] and 9(2)% [1965Si14].

Table 7

direct a emission from 259Lr*, Jp = (1/2�), T1/2 = 6.22(28) s*, BRa = 77.9(17)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(255Md) coincident g-rays (keV) R0 (fm) HF

8.571(10) 8.439(10) 77.9(17)%** 1.485(19) 1.3+0.8
�0.5

* Weighted average of 6.14(36) s [1992Ha22] and 6.34(46) s [1992Gr02].
** Weighted average of 20(3)% [1992Ha22] and 23(2)% [1992Gr02] for BRSF . a decay is the only other expected channel.

Table 8

direct a emission from 263Db*, Jp = (1/2�), T1/2 = 27+10
�7 s, BRa = 42(15)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(259Lr) coincident g-rays (keV) R0 (fm) HF

8.484(27) 8.355(27) 42(15)%** 1.475(18) 0.9+1.2
�0.6

* All values from [1992Kr01], except where noted.
** [1992Kr01] report BRa = 43(15)% and BRSF = 57+13

�15%, neglecting BRe , which was assumed to be small. [2003Kr20] report a BRe =3+4
�1%. The BR for a

and SF are adjusted by the evaluator to reflect this.
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Table 9

direct a emission from 267Bh*, T1/2 = 13+6
�3 s**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(263Db) coincident g-rays (keV) R0 (fm) HF

8.86 8.73 22% 17% 1.451(72) 2+12
�2

8.97 8.84 100% 75% 1.451(72) 1.0+5.2
�0.9

9.05 8.91 11% 8% 1.451(72) 20+54
�20

* 12 decay chains were assigned to the decay of 267Bh [2009Mo12, 2000Ei05, 2000Wi15] along with 4 tentative assignments in [2009Mo12], of which 3 have
significantly longer decay times than the others. The events with Ea , decay time and ref. listed below. The events are grouped by energy into 3 peaks; 8.73 MeV (2
events), 8.84 MeV (9 events) and 8.91 (1 event). Note that [2020Ha27] discusses that these events may be due to 266Bh as the energies are very similair.

Ea (MeV) decay t(s) Ref.
8.84 11.95 [2009Mo12]
8.81 24.5 [2000Ei05]
8.85 34.4 [2000Ei05]
8.72 2.9 [2000Ei05]
8.84 26.7 [2000Ei05]
8.91 10.5 [2000Ei05]
8.81 18.4 [2000Ei05]
8.83 5.26 [2000Wi15]
8.87 24.67 [2000Wi15]
8.87 45.15 [2000Wi15]
8.73 2.71 [2000Wi15]
8.84 21.83 [2000Wi15]
8.76 (tentative) 112.2 [2009Mo12]
8.71(tentative) 5.38 [2009Mo12]
8.75 (tentative) 155.57 [2009Mo12]
8.84 (tentative) 176.77 [2009Mo12]

** Deduced from the decay times listed above.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +27 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

218Pb* 0+ 13(7) s -8.08(50)# 2.41(30)# 6.92(36)# [2016Ca25]
222Po* 0+ 145+694

�66 s -6.46(30)# 1.530(40) 7.029(48) [2010Ch15]
226Rn* 0+ 7.4(1) m -5.91(30)# 1.227(12) 5.549(19) [1986Bo35]
230Ra* 0+ 93(2) m -4.970(12) 0.678(19) 4.750(12) [1978Gi07]

234Th(UX1)* 0+ 24.101(25) d -4.228(14) 0.274(3) 4.530(16) [1948Kn23]
Qe p Qe a

238U(U1) 0+ 4.4683(24)⇥109 y -3.586(16) —– —– [1971Ja07]
238mU 2.5575(5) 0+ 298(18) ns -1.028(16) —– —– [1992St05]
242Pu 0+ 3.77(7)⇥105 y** -2.70(20) —– —– [1976Bu23, 1976Os05, 1969Be06]

242m1Pu x 3.5(6) ns -2.70(20)+x —– —– [1974MeYP]
242m2Pu y 50(30) ns -2.70(20)+y —– —– [1969La14, 1970Po01]

246Cm 0+ 4756(20) y*** -2.377(18)# —– —– [2007Ko01, 1977Po20, 1971Ma32,
1971Mc19, 1969Me01]

250Cf 0+ 13.08(9) y -1.782(3) —– —– [1969Me01]
254Fm 0+ 194.4(1) m 0.653(12) -5.689(4) 5.526(3) [1967Fi03]
258No 0+ 1.2(2) ms -0.21(10)# —– —– [1989Hu09]
262Rf 0+ 2.1(2) s 0.29(30)# -3.35(30)# 8.28(22)# [1996La11]
266Sg 0+ 0.28+0.19

�0.08 s 0.88(37)# -2.36(44)# 9.09(32)# [2013Og03]
270Hs 0+ 7.6+4.9

�2.2 s 0.88(39)# -1.87(44)# 9.95(38)# [2013Og03]
274Ds 1.95(54)# 0.14(54)# 12.54(49)#
278Cn 2.32(59)# 0.46(59)# 13.17(58)#

* 100% b� emitter.
** Weighted average of 3.702(14)⇥105 y [1976Bu23], 3.763(9)⇥105 y [1976Os05] and 3.869(164)⇥105 y [1969Be06].
*** Weighted average of 4706(40) y [2007Ko01], 4852(76) y [1977Po20], 4820(20) y [1971Ma32], 4655(40) y [1971Mc19] and 4718(22) y 1969Me01].
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +27 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

218Pb 10.32(50)# 1.43(50)#
222Po 9.00(30)# 4.43(30)#
226Rn 8.84(30)# 3.836(41)
230Ra 8.441(11) 3.344(15)

234Th(UX1) 7.984(13) 3.672(11)
238U(U1) 7.509(13) 6.828(2) 100% 5.45(7)⇥10�5%* [2014Po02, 2000Ho27, 1961Ko11, 1960Vo05, 1957Ha08, 2005Yo12,

2004Ab03, 2003Gu18, 2000Ga05, 1987Al28, 1985Iv01, 1984Ro21,
1984Va35, 1983Be66, 1982De22, 1980Po09, 1980PoZX, 1978Ka40,
1978Ri07, 1978ThZW, 1976Th12, 1975Wa37, 1972Ni19, 1971Kl14,
1971Le11, 1971Sa08, 1971Sw03, 1971Th17, 1970Ga27, 1968Ro15,
1968Ar14, 1967Is04, 1967Sp12, 1966Ra25, 1964Fl07, 1964Me14,
1960Sh19, 1960Vo05, 1960Yo07, 1959Ge30, 1959Ha04, 1959Ko58,
1959Ku81, 1959St45, 1957Bo98, 1957Cl16, 1952Za01, 1944ChZX,
1940Fl02, 1918So01, 1912Ge01]

238mU 4.951(13) 4.270(2) 2.5(5)% [1992St05, 1989Ma54, 1989Ma57, 1989MaZF, 1988Ma52, 1988MaZF,
1984Ka10, 1984Ka17, 1983Dr14, 1983Ka11, 1980Me15, 1977VoZU,
1977ArZZ, 1975Ru03, 1974WoZK, 1971Ta17, 1970Po01, 1970Re05,
1970Wo06, 1969La14]

242Pu 6.89(10) 4.984(1) 100% 5.59(7)⇥10�4% [2013Sa65, 2011Be01, 1986Va33, 1968Ba25, 1956Hu96, 1956Ko67,
1953AsZZ, 2018Be29, 2016Ob01, 1998Se17, 1998VeZW, 1997De11,
1997SeZW, 1988SeZY, 1982Al13, 1979Ag03, 1978MeZL, 1976Bu23,
1976Os05, 1973Dy01, 1973VoZB, 1972Sc01, 1970Du02, 1969Be06,
1968Bo54, 1968HaZX, 1967Ga20, 1963Ma50, 1961Dr04, 1956Bu64,
1956Cr69, 1956Me37, 1950Th54]

242m1Pu 6.89(10)-x 4.984(1)+x obs [1974MeYP]
242m2Pu 6.89(10)-y 4.984(1)+y obs [1969La14, 1970Po01]

246Cm 6.572(2) 5.475(1) 99.97(27)% 0.02627(13)%** [2007Ko01, 1984Sh31, 1971Ma32, 1969Me01, 1966Ba07, 1963Be48,
1963Dz07, 2008KoZP, 2008Ve05, 1981Gi02, 1977Po20, 1974UnZV,
1973Pl04, 1973PlZW, 1973St04, 1972Pr19, 1972Da34, 1971BeYS,
1971Mc19, 1970Th06, 1967Ch12, 1967Sc32, 1961Ca01, 1956Bu91,
1955Br02, 1954Fr19]

250Cf 5.965(1) 6.129 99.923(2)% 0.077(2)%*** [2007Ko01, 1986Ry04, 1971Bb10, 1965Me02, 1963Ph01, 2010Ve03,
2010VeZZ, 2008KoZP, 1985Wi10, 1977Fl07, 1970Ba18, 1970BaZX,
1970BaZZ, 1969Ba57, 1969Me01, 1963Br35, 1963Le17, 1962Br45,
1962Ph02, 1957Ea01, 1955As42, 1954Gh24, 1954Ma98]

254Fm 5.397(2) 7.307(1) 99.9410(3)% 0.0590(3)% [1984Ah02, 1967Fi03, 1977Gi15, 1974UnZU, 1974UnZX, 1973Ha44,
1963Bj03, 1963Br35, 1963Le13, 1962Br45, 1956Ch81, 1956Jo09,
1955As08]

258No 4.80(10)# 8.15(10)# 100% [1989Hu09, 2009Pe09, 2002PeZW, 1986Hu01, 1969NuZZ]
262Rf 4.45(30)# 8.49(20)# 100% [1996La11, 1994La22, 2013Mu08, 1998Tu01, 1994LaZX, 1994Og04,

1985So03, 1978NiZW]
266Sg 4.05(33)# 8.80(10)# 100% [2013Og03, 2008Dv02, 2006Dv01, 2003Tu05, 2012Tu01, 2006Dv01,

2004Vo24, 2003Du27]
270Hs 3.65(45)# 9.070(38) ⇡ 100% [2013Og03, 2008Dv02, 2006Dv01, 2003Tu05, 2012Tu01,

2004Vo24, 2003Du27, 2002Du21]
274Ds 2.87(58)# 11.66(30)#
278Cn 2.85(64)# 11.22(20)#

* Evaluated value from [2000Ho27], based on previous measurements.
** Deduced from a weighted average of T1/2(SF) = 1.85(2)⇥107 y [1971Ma32] and T1/2(SF) = 1.80(1)⇥107 y [1969Me01].
*** Deduced from a weighted average of a/SF =1260(40) [1965Me02] and a/SF =1330(45) [1963Ph01].
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Table 3
direct a emission from 238U, Jp = 0+, T1/2 = 4.4683(24)⇥109 y*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)@ Jp
f Edaughter(234Th)@@ coincident g-rays (keV)@@ R0 (fm) HF

4.107(5) 4.038(5)** 0.088(1)% 0.068(10)% 4+ 0.163 49.6, 113.5 1.5350(17) 45+8
�6

4.222(5) 4.151(5)*** 29.8(1)% 22.92(10)% 2+ 0.496 49.6 1.5350(17) 1.258(6)
4.270(3) 4.198(3)*** 100% 77.01(10)% 0+ 0.0 —– 1.5350(17) 1.0018(14)

* [1971Ja07].
** Deduced from Ea to the ground state and Elevel .
*** Recommended by [1991Ry01], based on the adjusted values of [1961Ko11], [1960Vo05] and [1957Ha08].
@ [2014Po02].
@@ [2007Br04].

Table 4
direct a emission from 242Pu, Jp = 0+, T1/2 = 3.77(7)⇥105 y*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)@ Jp
f Edaughter(238U)@@ coincident g-rays (keV)@@ R0 (fm) HF

4.6773(14)** 4.6000(14) 8.37(26)⇥10�4% 6.40(20)⇥10�4% 6+ 0.30741(4) 44.9, 103.5, 159.0 1.51448(75) 810(30)
4.8812(14)** 4.8005(14) 0.0388(13)% 0.0297(10)% 4+ 0.1484(4) 44.9, 103.5 1.51448(75) 247(10)
4.9397(15) 4.8581(15)*** 30.74(16)% 23.51(12)% 2+ 0.044915(13) 44.9 1.51448(75) 1.634(32)
4.9847(14) 4.9023(14)*** 100% 76.46(12)% 0+ 0.0 —– 1.51448(75) 1.014(19)

* Weighted average of 3.702(14)⇥105 y [1976Bu23], 3.763(9)⇥105 y [1976Os05] and 3.869(164)⇥105 y [1969Be06].
** Deduced from Ea to the ground state and Elevel .
*** Recommended by [1991Ry01], based on the adjusted values of [1968Ba25], [1956Hu96], [1956Ko67] and [1953AsZZ].
@ Weighted average of values from [2011Be01] and [1986Va33].
@@ [2011Be01].

Table 5
direct a emission from 246Cm, Jp = 0+, T1/2 = 4756(20) y*, BRa = 99.97(27)%@.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)** Jp
f Edaughter(242Pu) coincident g-rays (keV) R0 (fm) HF

5.329(3)** 5.242(3) 0.025(3)% 0.020(2)% 4+ 0.1473 44.5, 102.8 1.49412(62) 500+50
�50

5.4310(9) 5.3427(9)*** 26.43(51)% 20.9(4)% 2+ 0.0445 44.5 1.49412(62) 2.06(4)
5.4747(9) 5.3857(9)*** 100% 79.08(22)% 0+ 0.0 —– 1.49412(62) 1.006(6)

* Weighted average of 4706(40) y [2007Ko01], 4852(76) y [1977Po20], 4820(20) y [1971Ma32], 4655(40) y [1971Mc19] and 4718(22) y 1969Me01].
** [2007Ko01].
*** Recommended by [1991Ry01], based on the adjusted values of [1984Sh31], [1966Ba07], [1963Be48] and [1963Dz07].
@ Deduced from a weighted average of T1/2(SF) = 1.85(2)⇥107 y [1971Ma32] and T1/2(SF) = 1.80(1)⇥107 y [1969Me01].

Table 6
direct a emission from 250Cf, Jp = 0+, T1/2 = 13.08(9) y*, BRa = 99.923(2)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)*** Jp
f Edaughter(246Cm)@@ coincident g-rays (keV)@@ R0 (fm) HF

5.835(3) 5.742(3)*** 0.008(2)% 0.007(2)% 6+ 0.2950 42.9, 99.2, 153.0 1.48260(30) 320+130
�70

5.987(3) 5.891(3)*** 0.343(18)% 0.283(15)% 4+ 0.1420 2.9, 99.2 1.48260(30) 52.9(28)
6.0863(6) 5.9889(6)@ 20.71(16)% 17.11(13)% 2+ 0.0429 42.942.9 1.48260(30) 2.896(30)
6.12827(20) 6.03022(20)@ 100% 82.6(1)% 0+ 0.0 —– 1.48260(30) 0.998(7)

* [1969Me01].
** Deduced from a weighted average of a/SF =1260(40) [1965Me02] and a/SF =1330(45) [1963Ph01].
*** [2007Ko01].
@ Recommended by [1991Ry01], based on the adjusted values of [1971Bb10], and [1986Ry06].
@@ [2024Ne07].
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Table 7
direct a emission from 254Fm, Jp = 0+, T1/2 = 194.4(1) m*, BRa = 99.9410(3)%*.

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs)** Jp
f Edaughter(250Cf) coincident g-rays (keV) R0 (fm) HF

7.008(3) 6.898(3) 0.0078(9)% 0.0066(8)% 6+ 0.2962 42.7, 141.9, 296.2 1.48871(75) 780+110
�90

7.163(2) 7.050(2) 0.96(7)% 0.82(6)% 4+ 0.1419 42.7, 141.9 1.48871(75) 27.6(20)
7.254(2) 7.140(2) 16.7(4)% 14.2(3)% 2+ 0.0427 42.7 1.48871(75) 4.03(9)
7.307(2) 7.192(2) 100% 85.0(5)% 0+ 0.0 —– 1.48871(75) 0.996(6)

* [1967Fi03].
** [1984Ah02].

Table 8
direct a emission from 270Hs*, Jp = 0+, T1/2 = 7.6+4.9

�2.2 s, BRa = ⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(266Sg) coincident g-rays (keV) R0 (fm) HF

9.288(80) 9.150(80) ⇡ 100% 0+ 0.0 —– 1.471(27) 3.4 2.2
�1.0***

* All values from [2013Og03].
** Only a emission has been observed. [2013Og03] also observed events consistent with SF from heavy nuclei. They report an upper limit for SF as 50%.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +27 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values are taken from ENSDF.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

220Bi* 9.5(57) s -3.17(50)# 5.70(30)# 16.93(30)# [2010Al24]
224At* obs -2.20(20)# 5.266(24) 10.203(28) [2012Ch19]
228Fr* 2� 38*1) s -1.859(19) 4.444(7) 8.694(12) [1982Ru04]

232Ac* (1+) 119(5) s -1.343(16) 3.708(13) 7.969(13) [1986Gi08]
236Pa* 1+ -0.921(20) 2.889(14) 7.642(14) [1984Mi02]

240Np* (5+) 61.9(2) m -0.399(17) 2.191(17) 7.626(17) [1982Pa23]
Qe p Qe a

244Am* (6�) 10.01(3) h 0.073(3) -7.220(30)# 4.739(3) [2019Tr05]
248Bk* (6+) 0.740(50) -6.31(11)# 5.899(50) [1973Fi06]

252Es (5�) 471.7(17) d 1.260(50) -5.227(51) 7.472(50) [1977Ah03]
256Md (1�) 78.1(18) m 1.97(12)# -3.92(12)# 9.00(12)# [1993Mo18]

260Lr 180(30) s 2.67(24)# -2.58(16)# 10.37(13)# [1971Es01]
264Db 3.19(43)# -1.70(33)# 11.23(31)#
268Bh 3.91(61)# -0.60(54)# 12.201(53)#
272Mt 4.48(70)# 0.33(62)# 14.26(68)#
276Rg 4.85(83)# 1.33(74)# 15.96(81)#
280Nh 5.59(71)# 2.23(58)# 16.28(68)#

* 100% b� emitter.
** Taken from a decay of 252Es [1973Fi06], might not be the ground state.

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +27 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

220Bi 6.95(50)# 3.66(42)#
224At 6.66(20)# 4.33(30)#
228Fr 6.791(16) 3.248(23)

232Ac 6.351(17) 3.345(15)
236Pa 5.973(19) 3.755(19)

240Np 5.545(17) 4.557(22)
244Am 5.164(3) 5.138(17)
248Bk 4.691(50) 5.827(50)
252Es 4.129(50) 6.739(1) 78(6)% [1973Fi06, 1977Ah03, 1973AhZQ, 1965Mc11, 1956Ha80]

256Md 3.63(12)# 7.74(11)# 9.5(4)%* [2000Ah02, 1993Mo18, 1971Ho16, 1970Fi12, 2019Ah04, 1965Si14,
1955Gh02]

260Lr 3.09(13)# 8.40(14)# 100% [1971Es01]
264Db 2.78(28)# 8.56(20)#
268Bh 2.39(46)# 9.02(30)#
272Mt 1.50(56)# 10.35(30)#
276Rg 1.57(72)# 11.48(40)#
280Nh 1.07(56)# 11.43(75)#

* Weighted average of 9.9(5)% [1971Ho16] and 8.5(8)% [1970Fi12].
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Table 3

direct a emission from 252Es*, Jp = (5�), T1/2 = 471.7(19) d**, BRa = 78(6)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(248Bk) coincident g-rays (keV) R0 (fm)*** HF

6.038(4) 5.942(4) 0.050(19)% 0.031(12)% 8+ 0.700(5) 1.48566(81) 35+22
�10

6.081(4) 5.984(4) 0.062(19)% 0.039(12)% 6� 0.657(5) 1.48566(81) 47+22
�12

6.113(4) 6.016(4) 0.15(4)% 0.09(2)% 7+ 0.625(5) 1.48566(81) 29+11
�6

6.148(3) 6.050(3) 1.27(11)% 0.80(9)% 5� 0.590(4) 377.4, 418.5, 590.0 1.48566(81) 5.1+0.8
�0.6

6.207(5) 6.108(5) 0.15(4)% 0.09(2)% 0.531(6) 529.1 1.48566(81) 87+32
�20

6.254(5) 6.155(5) ⇡0.05% ⇡0.03% 0.483(6) 1.48566(81) ⇡500
6.280(5) 6.180(5) 0.10(4)% 0.06(2)% 0.458(6) 1.48566(81) 300+190

�90
6.314(5) 6.214(5) 0.12(4)% 0.08(2)% 0.424(6) 1.48566(81) 360+170

�90
6.339(3) 6.238(3) 0.71(6)% 0.44(5)% 0.399(4) 399.7 1.48566(81) 83+13

�10
6.365(3) 6.264(3) 0.94(9)% 0.59 (7)% 0.373(4) 193.5, 228.0 1.48566(81) 85+13

�11
6.399(5) 6.297(5) ⇡0.05% ⇡0.03% 0.339(6) 1.48566(81) ⇡2⇥103

6.476(5) 6.373(5) 0.09(4)% 0.05(2)% 0.262(6) 1.48566(81) 3.1+2.4
�1.0⇥103

6.527(5) 6.423(5) 0.56(6)% 0.35(5)% (5�) 0.211(6) 1.48566(81) 840+150
�120

6.564(3) 6.460(3) 0.31(5)% 0.20(3)% (4�) 0.174(4) 1.48566(81) 1.6+0.3
�0.2⇥103

6.586(3) 6.481(3) 2.73(12)% 1.71(15)% 8+ 0.152(4) 70.7, 80.7, 151.3 1.48566(81) 326(34)
6.602(5) 6.497(5) 0.39(5)% 0.24(4)% 0.136(6) 64.4, 70.7 1.48566(81) 2.7(5)⇥103

6.667(3) 6.561(3) 17.0(4)% 10.6(9)% 7+ 0.071(4) 70.7 1.48566(81) 123(12)
6.738(3) 6.631(3) 100% 62.6(7)% (6+) 0.0 —– 1.48566(81) 44(4)

* All values from [1973Fi06], except where noted.
** [1977Ah03].
*** Interpolated between 1.48260(30) fm (250Cf) and 1.48871(75) fm (254Fm).

Table 4

direct a emission from 256Md*, Jp = (1�), T1/2 = 78.1(18) m**, BRa = 9.5(4)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(252Es) coincident g-rays (keV) R0 (fm)@ HF

7.255(5) 7.142(5) 31(2)% 2.1(1)% 0.542(9) 1.483(24) 3.6+3.0
�1.7

7.320(4) 7.206(4) 100(3)% 6.8(3)% 0.477(9) 1.483(24) 2.1+1.7
�1.0

7.362(5) 7.247(5) 3.5(7)% 0.24(5)% 0.436(9) 1.483(24) 90+70
�40

7.763(8) 7.642(8) 3.0(7)% 0.20(5)% 0.035(11) 1.483(24) 3.4+3.0
�1.7⇥103

7.798(8) 7.676(8) 3.5(7)% 0.24(5)% (5�) 0.0 —– 1.483(24) 3.8+3.3
�1.9⇥103

* All values from [2000Ah02], except where noted.
** [1993Mo18].
*** Weighted average of 9.9(5)% [1971Ho16] and 8.5(8)% [1970Fi12].
@ Interpolated between 1.48871(75) fm (254Fm) and 1.477(24) fm (258No).

Table 5

direct a emission from 260Lr*, T1/2 = 180(30) s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(256Md) coincident g-rays (keV) R0 (fm)** HF

8.155(20) 8.030(20) 100% (1�) 0.0 —– 1.479(28) 1.1 1.2
�0.6

* All values from [1971Es01].
** Interpolated between 1.477(24) fm (258No) and 1.480(14) fm (262Rf).
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +53/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

217Pb 19.9(53) s -6.40(50)# 3.53(30)# 8.23(30)# [2017Ca12]
221Po 42+58

�28 s -4.43(30)# 2.991(24) 8.799(27) [2010Ch19]
225Rn 7/2� 4.66(4) m -3.77(30)# 2.714(16) 7.506(18) [1977Bu03]
229Ra 5/2+ 4.0(2) m -3.106(16) 1.872(20) 6.496(19) [1975Ra03]
233Th 1/2+ 21.83(4) m -2.576(13) 1.242(1) 5.797(12) [1998Us01]

237U 1/2+ 162.04(5) h -2.137(13) 0.519(1) 5.656(2) [1958Ca16]
241Pu 5/2+ 14.327(19) y** -1.36(10) 0.0208(2) 5.839(2) [2013Cr05, 2009Dr05]

241m1Pu 2.90(15) 23(1) µs 1.54(18) 2.92(15) 8.74(15) [1970Ga10]
241m2Pu 2.90(15) + x 31(4) ns*** 1.54(18) + x 2.92(15) + x 8.74(15) + x [2013Cr05, 2009Dr05]

Qe p Qe a
245Cm 7/2+ 8445(20) y -0.896(2) —– —– [1982Po14]

245mCm x 13.2(18) ns -0.896(2)+x —– —– [1972Wo07]
249Cf 9/2� 350.6(21) y -0.1236(4) —– —– [1973St15]

253Fm 1/2+ 72(3) h 0.335(1) -3.978(3) 7.074(2) [1967Ah02]
257No (3/2+) 25.5(5) s 1.255(6) -2.527(7) 8.812(6) [2005As05]

261Rf@ (11/2)@@@ 68(3) s 1.76(21)# -1.58(21)# 9.901(66)# [2008Du09]
261mRf@ x (3/2)@@@ 1.9(4) s 1.76(21)#+x -1.58(21)#+x 9.901(66)#+x 2011Ha13]

265Sg@ (3/2)@@@ 14.4+3.7
�2.5 s 2.41(26)# -0.57(39)# 10.81(24)# [2012Ha05]

265mSg@ x (11/2)@@@ 8.5+2.6
�1.6 s 2.41(26)#+x -0.57(39)#+x 10.81(24)#+x [2012Ha05]

269Hs@ (9/2)@@@ 12.5+6.7
�2.8 s@@ 3.02(40)# 0.41(49)# 11.69(26)# [2024Og02, 2013Su04]

269mHs@ x (1/2) 2.8+13.6
�1.3 s 3.02(40)#+x 0.41(49)#+x 11.69(26)#+x [2024Og02]

273Ds@ (11/2) 0.18+0.11
�0.05 ms 3.50(45)# 1.99(53)# 14.38(40)# [2024Og02]

273mDs@ x (1/2) 30+140
�15 ms 3.50(45)#+x 1.99(53)#+x 14.38(40)#+X [2024Og02]

277Cn 0.61+0.46
�0.18 ms 3.93(49)# 2.50(57)# 15.12(45)# [2013Su04]

* 100% b� emitter.
** Weighted average of 14.329(29) y [2013Cr05] and 14.325(24) y [2009Dr05].
*** Weighted average of 30(5) ns [1969La14] and 34(7) ns [1981Gu04].
@ The relative ordering of the two isomers is unclear.
@@ Weighted average of 13+10

�9 s [2024Og02] and 12+9
�4 s [2013Su04].

@@@ [2024Og02].
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +53/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

217Pb 9.90(42)# 1.64(42)#
221Po 8.475(30)# 5.089(30)#
225Rn 8.466(25) 4.335(23)
229Ra 8.111(17) 3.603(19)
233Th 7.712(13) 3.745(16)

237U 7.233(14) 4.234(1)
241Pu 6.650(17) 5.140 2.45(8)⇥10�3% ⇡2.4⇥10�14%* [1968Ah01, 1985Dr09, 1976GuZN, 1965Ba26, 2009Dr05, 1985He02,

1985HeZY, 1985Wi04, 1984WiZW, 1979VaZF, 1977VaYR, 1971Cl03,
1971GuZY, 1966Be24, 1963Iv01, 1962Dz09, 1961Sm03, 1960Br15,
1953AsZZ, 1950Th54, 1949SeZU]

241m1Pu 3.75(15) 8.04(15) obs [1981Gu04, 1970Ga10, 1970Do01, 1970GaZV]
241m2Pu 3.75(15) - x 8.04(15) + x obs [1981Gu04, 1969La14]

245Cm 6.164(1) 5.624 100% 6.0(9)⇥10�7% [1985Dr10, 1975Ba65, 1966Fr03, 2009KoZV, 2008KoZP, 1998Wh01,
1994Sh31, 1991Po17, 1982Po14, 1980Di13, 1975BaXK, 1971Ma32,
1969Me01,1966Ba07, 1963Bo48, 1963Dz07, 1961Ca01, 1955Br02,
1954Fr19, 1954Hu50]

245mCm 6.164(1)-x 5.624+x obs [1972Wo07, 1971Br39, 1971BrZU]
249Cf 5.697(50) 6.293 100% 4.31(59)⇥10�7% [2015Ah03, 1997Ar31, 1987Ta26, 1996Ko29, 1996Lo73, 1991Po17,

1986Ah02, 1977Ba67, 1976Ba68, 1973AhZM, 1973Ba80, 1973St15,
1971Bb10, 1971Sc14, 1971ScZW, 1970BaZZ, 1969Ba57, 1969Ba59,
1969Me01, 1969Mi08, 1967Ko03, 1966Ah02]

253Fm 5.238(50) 7.198(1) 12(1)% [1967Ah02, 1959Si88, 1957Am59]
257No 4.50(12)# 8.477(6) ⇡100% [2005As05, 2012Ha05, 2000La34, 1994Og01, 1970Es02, 1967Gh01]

261Rf** 4.245(14)# 8.646(65)# ⇡ 100% [2011Ha13, 1970Gh01, 2013Mu08, 2012Ha05, 2008Du09, 2006Ni10,
2008Dv02, 2008Ga08, 2002Ho11, 2000La34, 1998Tu01, 1996Ho13,
1996La12, 1970GhZY]

261mRf** 4.245(14)#-x 8.646(65)#+x 27(6)% 73(6)% [2011Ha13, 2008Dv02, 2013Mu08, 2013Su04, 2012Ha05, 2008Dv02,
2002Ho11]

265Sg** 3.76(27)# 9.05(12)# 100% [2024Og02, 2013Su04, 2012Ha05, 2009Mo09, 2002Ho11, 2012Tu01,
2010Gr04, 2009Dv01, 2009Mo34, 2007MoZZ, 2007Mo09, 2006Dv01,
2006MoZV, 2005MoZQ, 2005MoZT, 2004MoZU, 2004Vo24, 2003Du27,
2003Tu06, 2002Du21, 2001HoZY, 1998Tu01, 1998TuZZ, 1997Sc48,
1997Sc49, 1996No13, 1995NoZW, 1995NoZZ, 1995Og02, 1994LaZX,
1994LaZZ, 1994Lo27, 1994Og04]

265mSg** 3.76(27)#-x 9.05(12)#+x 100% [2024Og02, 2012Tu01, 2010Gr04, 2009Mo09, 2009Mo34, 2007MoZZ,
2007Mo09, 2006MoZV, 2005MoZQ, 2005MoZT, 2004MoZU, 2003Du27,
2003Tu06, 2002Du21, 2002TuZY, 2002TuZZ, 1998Tu01, 1998TuZZ]

269Hs** 3.50(40)# 9.27(17)# 100% [2024Og02, 2013Su04, 2008Mo09, 2002Ho11, 2012Ha05, 2012Tu01,
2010Gr04, 2009Mo34, 2007MoZZ, 2007Mo09, 2006MoZV, 2005MoZQ,
2005MoZT, 2004MoZU, 2004Vo24, 2003Tu06, 2002Du21, 2002TuZY,
2002TuZZ, 2001HoZY]

269mHs** 3.50(40)#-x 9.27(17)#+x 100% [2024Og02, 2012Tu01, 2010Gr04, 2009Mo34, 2008Mo09, 2007MoZZ, 2007Mo09,
2006Dv01, 2006MoZV, 2005MoZQ, 2005MoZT, 2004MoZU, 2003Tu06,
2002Du21, 2002TuZY, 2002TuZZ]

273Ds** 2.49(51)# 11.37(54) 100% [2024Og02, 2013Su04, 2008Mo09, 2002Ho11, 2009Mo34, 2007MoZZ,
2007Mo09, 2006MoZV, 2005MoZQ, 2005MoZT, 2004MoZU, 2001HoZY,
1996La12, 1996LaZY]

273mDs** 2.49(51)#-x 11.37(54)+x 100% [2024Og02, 2013Su04, 2008Mo09, 2002Ho11, 2009Mo34, 2007MoZZ,
2007Mo09, 2006MoZV, 2005MoZQ, 2005MoZT, 2004MoZU]

277Cn 2.34(65)# 11.620(58) 100% [2013Su04, 2008Mo09, 2002Ho11, 2009Mo34, 2007MoZZ, 2007Mo09,
2006MoZV, 2005MoZQ, 2005MoZT, 2004MoZU, 2001HoZY]

* [1985Dr09].
** The relative ordering of the two isomers is unclear.
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Table 3
direct a emission from 241Pu*, Jp = 5/2+, T1/2 = 14.327(19) y**, BRa =2.45(8)⇥10�3%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(237U)@ coincident g-rays (keV)@ R0(fm) HF

4.772(6) 4.693(6) ⇡0.04% ⇡7.34⇥10�7% (11/2�) 0.3670 11.4, 44.9, 56.3, 71.6, 77.1, 93, 1.51540(43) ⇡131
103.7, 114.0, 148.6, 160.0

4.823(5) 4.743(5) ⇡0.08% ⇡1.7⇥10�6%% 13/2+ 0.3173 155 1.51540(43) ⇡127
4.865(5) 4.784(5) 0.24(12)% 4.9(25)⇥10�6% (7/2)� 0.2740 11.4, 44.9, 56.3, 71.6, 77.1, 103.7, 1.51540(43) 90+90

�30
114.0, 148.6, 160.0

4.879(3) 4.798(3) 1.68(12)% 3.42(3)⇥10�5% 9/2+ 0.2609 11.4, 44.9, 56.3, 56.8, 71.6, 77.1, 1.51540(43) 15.8(13)
101, 103.7, 121.2, 148.6, 160.0

4.936(3) 4.854(3) 14.54(26)% 3.0(1)⇥10�4% 7/2+ 0.2042 11.4, 44.2, 44.9, 56.3, 71.6, 77.1, 1.51540(43) 4.5(2)
103.7, 148.6, 160.0

4.980(3) 4.897(3) 100.0(6)% 2.0(7)⇥10�3% 5/2+ 0.160 11.4, 44.9, 56.3, 71.6, 77.1, 103.7, 1.51540(43) 1.31(5)
148.6, 160.0

5.057(3) 4.973(3) 1.56(12)% 3.(3)⇥10�5% 7/2+ 0.0829 11.4, 71.6 1.51540(43) 274(23)
5.084(4) 5.000(4) 0.49(6)% 1.0(1)⇥10�5% 5/2+ 0.0563 11.4, 44.9, 56.3 1.51540(43) 1.14(2)⇥103

5.128(3) 5.043(3) 1.23%*** 2.5(1)⇥10�5% 3/2+ 0.0114 11.4 1.51540(43) 1.0⇥103

5.141(5) 5.056(5) 0.42%*** 8.6(3)⇥10�6% 1/2+ 0.0 —– 1.51540(43) 3.5⇥103

* All values from [1968Ah01], except where noted. Ea values are adjusted by +0.6 keV as recomended in [1991Ry01].
** Weighted average of 14.329(29) y [2013Cr05] and 14.325(24) y [2009Dr05].
*** Values from [1965Ba26]. [1968Ah01] reports 1.8(1)% for the sum of the two intensities.
@ [2006Ba41].

Table 4
direct a emission from 245Cm*, Jp = 7/2+, T1/2 = 8445(20) y**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(241Pu)@ coincident g-rays (keV)@ R0(fm) HF

⇡5.236 ⇡5.151 5⇥10�3% 5⇥10�3% (13/2+) 0.3843 1.49615(36) �960
⇡5.245 ⇡5.159@@ 4⇥10�3% 4⇥10�3% 0.3761 1.49615(36) �1.35⇥103

5.3213 5.2344 0.35% 0.32% 11/2+ 0.3012 42.0, 53.8, 65.5, 69.2, 79.3, 1.49615(36) 50
95.8, 126.1, 133.1, 136.1, 139.9,
175.1, 190.0, 205.4, 232.0

5.361 5.273@@@ 0.08% 0.07% 0.2602 1.49615(36) 410
5.3923(12) 5.3043(12)*** 5.5(4)% 5.1(4)%*** 5/2+ 0.2284 42.0, 52.0, 53.8, 61.3, 65.5, 1.49615(36) 8.8(7)

95.8, 170.9, 181.0, 223.0
5.4501(11) 5.3611(11)*** 100% 92.7(9)%*** 7/2+ 0.1751 42.0, 53.8, 79.3, 95.8, 133.1, 1.49615(36) 1.083(14)

175.1
⇡5.459 ⇡5.370 11/2+ 0.1613 42.0, 53.8, 65.5, 95.8
5.5263 5.4361 0.04% 0.04% 9/2+ 0.0958 42.0, 53.8, 95.8 1.49615(36) 7⇥103

5.5796 5.4885 0.90% 0.83% 7/2+ 0.0420 42.0 1.49615(36) 700
5.6208(5) 5.5290(5)*** 0.76(22)% 0.7(2)%*** 5/2+ 0.0 —– 1.49615(36) 1.4+0.6

�0.3⇥103

* All values from [1975Ba65], except where noted. Ea values are adjusted by -0.2 keV as recommended in [1991Ry01].
** [1982Po14].
*** Value recommended in [1991Ry01], based on adjusted values from [1975Ba65] and [1966Fr03].
@ ensdf
@@ Typo in [1975Ba65] lists this transition as 5.119 MeV going to 376 keV level.
@@@ Possibly contamination from 243Am [1975Ba65].
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Table 5
direct a emission from 249Cf*, Jp = 9/2�, T1/2 = 350.6(21) y**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(245Cm)*** coincident g-rays (keV)*** HF@

5.1909(5) 5.1075(5)*** 4.0(16)⇥10�6% 3.3(13)⇥10�6%*** 1.1026(5) 1102.6 2.3+1.5
�0.7⇥103

5.2388(8) 5.1546(8)*** 2.4(16)⇥10�6% 2.0(13)⇥10�6%⇤⇤⇤ 1.0547(8) 1054.7 8+15
�3 ⇥103

5.3217(10) 5.2362(10) 1.8(4)⇥10�3% 1.5(3)⇥10�3% 0.9714 54.8, 198.1, 66.8, 121.6, 252.9 30+9
�6

718.5, 849.9, 916.6, 971.3
5.3869(5) 5.3004(5)*** 9.0(16)⇥10�6% 7.4(13)⇥10�6% (3/2+) 0.9066(5) 906.6 1.9(4)⇥104

5.3935(5) 5.3069(5)*** 9.7(35)⇥10�5% 8.0(29)⇥10�5%*** 0.9000(5) 42.9, 54.8, 54.9, 65.9, 66.8, 121.6, 1.9+1.1
�0.5⇥103

198.1, 229.2, 241.0, 252.9, 295.7
483.5

5.4029(5) 5.3161(5)*** 3.0(3)⇥10�5% 2.5(2)⇥10�5%*** (9/2+) 0.8906(5) 890.6 7.0(6)⇥103

5.4407(10) 5.3533(10) 2.4(4)⇥10�3% 2.0(3)⇥10�3% (11/2+) 0.8526(1) 54.8, 66.8, 121.6, 731.0, 798.0 149+28
�21

5.4443(5) 5.3568(5)*** 1.2(2)⇥10�4% 1.0(2)⇥10�4%*** 0.8492(5) 54.8, 198.1, 252.9, 596.1, 849.3 3.1+0.8
�0.6⇥103

5.4524(5) 5.3648(5)*** 9.0(16)⇥10�6% 7.4(14)⇥10�6%*** 0.8411(5) 841.1 4.8+1.2
�0.8⇥104

5.5083(5) 5.4198(5)*** 1.7(2)⇥10�4% 1.4(2)⇥10�4%*** (9/2+) 0.7852(1) 54.8, 66.8, 121.6, 663.7 5.5+1.0
�0.8⇥103

5.5192(5) 5.4305(5)*** 2.4(12)⇥10�5% 2.0(10)⇥10�5%*** 0.7743(5) 54.8, 66.8, 121.6, 652.7 5+5
�2⇥104

5.5215(5) 5.4328(5) 0.0125(9)% 0.0103(7)% (11/2�) 0.7719(1) 42.9, 54.8, 54.9, 65.9, 66.8, 121.6, 90(7)
198.1, 229.2, 241.0, 252.9, 295.7
356.1, 421.0, 650.3, 717.1

5.5571(5) 5.4678(5)*** 9.7(35)⇥10�5% 8.0(29)⇥10�5%*** 0.7364(5) 54.8, 198.1, 252.9, 483.5 1.9+1.1
�0.5⇥104

5.5918(5) 5.5020(5) 0.053(2)% 0.044(2)% (9/2�) 0.7018 42.9, 54.8, 66.8, 121.6, 198.1, 55.2(32)
241.0, 252.9, 295.7, 405.9, 580.3,
647.0, 701.8

5.6193(10) 5.5290(10) 2.7(4)⇥10�3% 2.2(3)⇥10�3%* 0.6742(10)* 1.6+0.3
�0.2⇥103

5.6501(5) 5.5593(5) 0.140(6)% 0.115(5)% (7/2�) 0.6436 37.6, 42.9, 54.8, 54.9, 66.8, 92.5, 46(3)
121.6, 198.1, 229.2, 241.0, 252.9,
255.6, 266.7, 295.7, 333.4, 388.2
390.8, 588.8, 643.6

5.7081(5) 5.6164(5) 0.027(1)% 0.022(1)% (11/2+) 0.5547 42.9, 54.8, 198.1, 241.0, 252.9, 780(50)
259.0, 295.7

5.7392(10) 5.6470(10) 3.2(5)⇥10�3% 2.6(4)⇥10�3%* 0.5543(10)* 6.7+1.3
�1.0⇥103

5.7852(5) 5.6922(5) 0.35(1)% 0.29(1)% 13/2� 0.5088 37.6, 42.9, 54.7, 54.8, 54.9, 65.9, 108(5)
66.9, 92.5, 121.6, 198.1, 229.2,
241.0, 252.9, 266.7, 295.7, 321.3,
333.4, 388.2

5.7977(10) 5.7046(10) 0.058(4)% 0.048(3)%* 0.4958(10)* 770(60)
5.8509(5) 5.7569(5) 5.68(9)% 4.68(7)% 11/2� 0.4429 37.6, 42.9, 54.7, 54.8, 54.9, 66.8, 15.5(6)

92.5, 121.6, 198.1, 229.2, 241.0,
252.9, 266.7, 295.7, 321.3, 333.4,
388.2

5.8768(5) 5.7824(5) 0.42(1)% 0.35(1)% 11/2+ 0.4165 42.9, 54.8, 54.9, 65.9, 66.8, 121.6, 290(13)
198.1, 229.2, 241.0, 252.9, 295.7

5.9054(5) 5.8105(5) 100% 82.4(3)% 9/2� 0.3882 37.6, 42.9, 54.8, 54.9, 66.8, 92.5, 1.76(6)
121.6, 198.1, 229.2, 241.0, 252.9,
266.7, 295.7, 333.4, 388.2

5.9430(5) 5.8475(5) 1.75(4)% 1.44(3)% 9/2+ 0.3506 42.9, 54.8, 54.9, 66.8, 121.6, 198.1, 161(7)
229.2, 241.0, 252.9, 295.7

5.9979(5) 5.9015(5) 3.85(6)% 3.17(5)% 7/2+ 0.2957 42.9, 54.8, 198.1, 241.0, 252.9, 143(5)
295.7

6.0408(5) 5.9438(5) 3.99(6)% 3.29(5)% 5/2+ 0.2529 54.8, 198.1, 252.9 232(9)
6.0937(5) 5.9958(5) 0.049(4)% 0.040(3)% 13/2+ 0.2003 3.6(3)⇥104

6.1719(5) 6.0728(5) 0.41(1)% 0.34(1)% 11/2+ 0.1216 54.8, 66.8, 121.6 1.07(5)⇥104

6.2387(5) 6.1385(5) 1.602(74)% 1.320(3) 79/2+ 0.0548 54.8 6.0(2)⇥103

6.2935(5) 6.1924(5) 2.96(6)% 2.44(5)% 7/2+ 0.0 —– 6.01(24)⇥103

* All values from [2015Ah03], except where noted.
** [1973St15].
*** [1997Ar31].
@ R0 = 1.4839(14) fm.
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Table 6
direct a emission from 253Fm*, Jp = 1/2+, T1/2 = 72(3) h, BRa = 12(1)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(249Cf)** coincident g-rays (keV)** HF***

⇡6.591 ⇡6.487 ⇡0.7% ⇡0.036% ⇡0.606 ⇡31
6.646(5) 6.541(5) 3.5(9)% 0.18(5)% 0.5506 134, 145.0, 271.8 11+5

�3
6.737(4) 6.630(4) 6.1(12)% 0.31(7)% 5/2+ 0.460 17+6

�4
6.757(4) 6.650(4) 5.6(9)% 0.29(5)% 3/2+ 0.4376 43.0, 55.1, 58.0, 62.5, 135.4, 23+7

�5
145.0, 191.6, 234.6, 375.1,
379.5, 437.6

6.780(3) 6.673(3) 54.3(25)% 2.80.3% 1/2+ 0.4168 145.0, 271.8 3.0(3)
6.956(3) 6.846(3) 19.7(13)% 1.0(1)% 9/2+ 0.243.1 43.0, 55.1, 145.0 47+8

�6
⇡6.977 ⇡6.867 ⇡2.1% ⇡0.11% 15/2�** 0.221.7 62.5, 159.3 ⇡550
7.013(4) 6.902(4) 23.0(13)% 1.2(1)% 7/2+ 0.1880 43.0, 145.0 70(8)
7.055(3) 6.943(3) 100(4)% 5.1(4)% 5/2+ 0.1450 145.0 24.3(24)
7.136(4) 7.023(4) 15.7(10)% 0.80(8)% 11/2� 0.0625 62.5 340+60

�50
7.197(4) 7.083(4) 3.0(5)% 0.16(3)% 9/2� 0.0 —– 3.2+0.9

�0.6⇥103

* All values from [1967Ah02], except where noted. Ea is adjusted by -8.8 keV as recommended in [1991Ry01].
** [2024Ne04].
*** R0 = 1.47787(78) fm.

Table 7
direct a emission from 257No*, Jp = (3/2+), T1/2 = 25.5(5) s, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(253Fm) coincident g-rays (keV) R0 (fm) HF

8.318 8.188** <4.8% <4% (5/2+) 0.1587 22.3, 136.4 1.477(13) >28
8.352(6) 8.222(6) 100(2)% 83(2)% 3/2+ 0.1241 22.3, 24.8, 47.1, 77.0, 101.8, 124.1 1.477(13) 1.8+7

�5
8.455(7) 8.323(7) 20.5(25)% 17(2)% (3/2+) 0.0223 22.3 1.477(13) 19+8

�5

* All values from [2005As05].
** Deduced from g energies.

Table 8
direct a emission from 261Rf, Jp = (11/2)*, T1/2 = 68(3) s**, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(257No) coincident g-rays (keV) R0 (fm) HF

8.409(20) 8.280(20)*** ⇡100% 1.486(14) 1.6+0.7
�0.5

* [2024Og02].
** [2008Du09].
*** [1970Gh01].

Table 9
direct a emission from 261mRf, Ex. = unk., Jp = (3/2)*, T1/2 =1.9(4) s**, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(257No) coincident g-rays (keV) R0 (fm) HF

8.647(30) 8.514(30)*** ⇡100% 1.486(14) 1.0+0.7
�0.5

* [2024Og02].
** [2011Ha13].
*** Weighted average of 8.520(50) MeV [2011Ha13], 8.510(60) MeV [2012Ha05] and 8.510(50) MeV [2008Dv02],
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Table 10
direct a emission from 265Sg, Jp = (3/2)*, T1/2 = 14.4+3.7

�2.5 s**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(261Rf) coincident g-rays (keV) R0 (fm) HF

8.823(50) 8.690(50)** 100% 3/2* x 1.457(60) 0.7+2.6
�0.6

* [2024Og02].
** [2012Ha05].

Table 11
direct a emission from 265mSg, Ex. = unk., Jp = (11/2)*, T1/2 = 8.5+2.6

�1.6 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(261Rf) coincident g-rays (keV) R0 (fm) HF

8.975(50) 8.840(50)** 100% (11/2)* 0.0* —– 1.457(60) 1+5
�1

* [2024Og02].
** [2012Ha05].

Table 12
direct a emission from 269Hs*, Jp = (9/2), T1/2 = 12.5+6.7

�2.8 s**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(265Sg) coincident g-rays (keV) R0 (fm) HF

9.339(40) 9.200(40) 100% (9/2) x 1.465(38) 6+10
�5

* All values from [2024Og02], except where noted.
** Weighted average of 13+10

�9 s [2024Og02] and 12+9
�4 s [2013Su04].

Table 13
direct a emission from 269Hs*, Ex. = unk., Jp = (1/2), T1/2 = 2.8+13.6

�1.3 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(265Sg) coincident g-rays (keV) R0 (fm) HF

9.22(15) 9.08(15) 100% (1/2) x 1.465(38) 0.6+34
�3.1

* All values from [2024Og02].

Table 14
direct a emission from 273Ds*, Jp = (11/2), T1/2 = 0.18+0.11

�0.05 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(269Hs) coincident g-rays (keV) R0 (fm) HF

11.265(70) 11.100(70) 100% (11/2) x

* All values from [2024Og02].

Table 15
direct a emission from 273mDs*, Ex. = unk., Jp = (1/2), T1/2 = 30+140

�15 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(269Hs) coincident g-rays (keV) R0 (fm) HF

11.093(20) 10.930(20) 100% (1/2) x

* All values from [2024Og02].
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Table 16
direct a emission from 277Cn, T1/2 = 0.61+0.46

�0.18 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(261Rf) coincident g-rays (keV) R0 (fm) HF

11.232(80) 11.070(80) 100%

* All values from [2013Su04].
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +53/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. All Jp values are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

219Bi* (9/2�) 22(7) s -4.30(45)# 3.64(20)# 9.74(30)# [2012Be28]
223At* 50(7) s -3,65(20)# 3.038(16) 8.502(21) [1989Bu09]
227Fr* 1/2+ 148(2)s -3.203(15) 2.505(6) 7.047(10) [1981Vo03]

231Ac* 1/2+ 7.5(2) m -2.454(17) 1.947(13) 6.341(13) [1973Ch24]
235Pa* (3/2�) 24.5(2) m** -1.729(19) 1.370(14) 6.228(14) [1986Mi10, 1968Tr07]

239Np* 5/2+ 2.3565(4) d -1.262(2) 0.723(1) 6.147(2) [1990Ab06]

Qe p Qe a
243Am 5/2� 7349(12) y*** -0.580(3) —– —– [2020Ma63, 2007Ag02, 1980Ag05]

243mAm 2.30(30) 5.8(7) µs@ 1,72(30) 5.23(36) 8.90(30) [1973Br04, 1972Wo07, 1970Po01]
247Bk 3/2� 1380(250) y -0.044(6) —– —– [1965Mi08]
251Es 3/2� 33(1) h 0.377(6) -5.729(6) 6.554(7) [1970Ah01]

255Md (7/2�) 27(2) m 1.042(7) -4.441(6) 8.282(7) [1970Fi12]
259Lr (1/2�) 6.22(28) s@@ 1.770(70)# -3.128(71)# 9.625(71)# [1992Ha22, 1992Gr02]

263Db 27+10
�7 s 2.35(23)# -2.28(26)# 10.61(17)# [1992Kr01]

267Bh 13+6
�3 s@@@ 2.96(37)# -1.26(39)# 11.58(30)# [2009Mo12, 2000Ei05, 2000Wi15]

271Mt 3.41(41)# -0.42(45)# 12.87(42)#
275Rg 3.73(56)# 0.86(58)# 15.28(53)#
279Nh 4.44(72)# 1.65(72)# 15.37(69)#

* 100% b� emitter.
** Weighted average of 24.6(2) m [1986Mi10] and 24.2(3) m [1968Tr07].
*** Weighted average of 7345(14) y [2020Ma63], 7357(23) y [2007Ag02] and 7358(42) y [1980Ag05].
@ Weighted average of 5.0(10) µs [1972Wo07] and 6.5(10) µs [1970Po01].
@@ Weighted average of 6.14(36) s [1992Ha22] and 6.34(46) s [1992Gr02].
@@@ Deduced from times of 12 decay chains from [2009Mo12] (1 event), [2000Ei05] (6 events), and [2000Wi15] (5 events).

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +53/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

219Bi 6.60(36)# 3.87(36)#
223At 6.347(42) 4.68(20)
227Fr 6.354(12) 3.830(15)

231Ac 6.042(17) 3.655(14)
235Pa 5.613(14) 4.101(19)

239Np 5.286(1) 4.597(14)
243Am 4.831(1) 5.439(1) 100% 3.76(20)⇥10�9% [2002Da21, 2002Sa53, 2023Ko26, 2020Ma63, 2018Ca05, 2007Ag02,

1998Ya17, 1996Sa23, 1996Sa23, 1996Wo05, 1992Ga01, 1991Po14,
1986AmZY, 1984Va41, 1980Ag05, 1979Po20, 1977St35, 1974Po17,
1969Al14, 1969En02, 1968Ba22, 1968Ba25, 1968Va09, 1967Fa01,
1966Gv01, 1964Ba26, 1963Ba65, 1960Be10, 1959Ba22, 1958Wa69,
1956Hu96, 1955St98, 1954As05, 1953AsZZ, 1953Di27]

243mAm 2.53(30) 7.74(30) 100% [1973Br04, 1972Wo07, 1970Po01, 1980Bj02, 1973Be04, 1973Na35,
1971Re11, 1970ReZN]

247Bk 4.416(5) 5.890(5) ⇡ 100% [1969Fr01, 1965Mi08, 1956Ch77]
251Es 3.948(5) 6.597(1) 0.5(2)% [1979Ah03, 1970Ah01, 1956Ha80]

255Md 3.349(6) 7.906(2) 8.1(8)%* [2000Ah02, 1971Ho16, 1970Fi12, 1965Si14, 2005He27, 1958Ph40]
259Lr 2.92(12)# 8.584(71)# 77.9(17)% 22.1(17)%** [1992Ha22, 1992Gr02, 2020Ha27, 1971Es01, 1971EsZX, 1970GhZY]

263Db 2.57(28)# 8.83(15)# 42(15)%*** 56+13
�15%*** [2003Kr20, 1992Kr01, 2002KrZY, 1995GrZV, 1992GaZU, 1991KrZS,

1987GrZN]
267Bh 2.14(36)# 9.23(20)# 100% [2020Ha27, 2009Mo12, 2000Ei05, 2000Wi15]
271Mt 1.30(41)# 9.91(20)#
275Rg 1.09(59)# 11.87(30)#
279Nh 0.67(74)# 11.64(75)#

* Weighted average of 10.0(14)% [1971Ho16], 7(1)% [1970Fi12] and 9(2)% [1965Si14].
** Weighted average of 20(3)% [1992Ha22] and 23(2)% [1992Gr02].
*** [1992Kr01] report BRa = 43(15)% and BRSF = 57+13

�15%, neglecting BRe , which was assumed to be small. [2003Kr20] report a BRe =3+4
�1%. The BR for

a and SF are adjusted by the evaluator to reflect this.
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Table 3

direct a emission from 243Am*, Jp = 5/2�, T1/2 = 7349(12) y**, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(239Np)*** coincident g-rays (keV)*** R0 (fm) HF

4.7760 4.6974 4.4(5)⇥10�3% 3.8(4)⇥10�3% (5/2�) 0.6623 31.1, 43.1, 43.5, 74.7, 86.7, 1.50633(42) 3.3(4)
117.6, 544.5, 587.6, 631.1

5.0185 4.9359 3.0(3)⇥10�3% 2.6(3)⇥10�3% 0.427 1.50633(42) 215+29
�23

5.0335 4.9506 3.2(3)⇥10�3% 2.8(3)⇥10�3% 0.411 1.50633(42) 255+31
�25

5.0843 5.0006 3.6(5)⇥10�3% 3.1(4)⇥10�3% (9/2+) 0.3591 1.50633(42) 510(50)
5.0959 5.0120 6.0(5)⇥10�3% 5.2(4)⇥10�3% (9/2+) 0.3473 1.50633(42) 366(28)
5.1209 5.0366 9.5(6)⇥10�3% 8.2(5)⇥10�3% (13/2�) 0.3174 195 1.50633(42) 365(23)
5.1763 5.0911 0.0129(7)% 0.0112(6)% 0.267 1.50633(42) 567(31)
5.1989 5.1133 0.0219(12)% 0.0190(10)% (11/2�) 0.2413 71.2, 169 1.50633(42) 489(26)
5.2651 5.1784 1.606(8)% 1.391(7)% 9/2� 0.1731 31.1, 43.1, 43.5, 50.6, 55.4, 1.50633(42) 18.04(21)

74.7, 86.7, 98.5, 117.6, 141.9
5.3204 5.2328 13.30(3)% 11.52(2)% 7/2� 0.1177 31.1, 43.1, 43.5, 74.7, 86.7, 1.50633(42) 4.82(5)

117.6
5.3636 5.2753 100.% 86.6(7)% 5/2� 0.0747 31.1, 43.5, 74.7 1.50633(42) 1.149(15)
5.4073 5.3183 0.219(3)% 0.19(3)% 7/2+ 0.0311 31.1 1.50633(42) 980+190

�140
5.4385 5.3490 0.28(4)% 0.24(3)% 5/2+ 0.0 —– 1.50633(42) 1.20+0.17

�0.14⇥103

* All values from [2002Da21], except where noted. Ea uncertainties are in units of the last significant decimal figure [2022Da21].
** Weighted average of 7345(14) y [2020Ma63], 7357(23) y [2007Ag02] and 7358(42) y [1980Ag05].
*** [2014Br18].

Table 4

direct a emission from 247Bk*, Jp = 3/2�, T1/2 = 1380(250) y**, BRa = ⇡100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(243Am)*** coincident g-rays (keV)*** R0 (fm) HF

5.546(5) 5.456(5) 3.3(5)% 1.5(2)% (7/2�) 0.345(1) 1.4896(15) 11+4
�3

5.592(5) 5.501(5) 16(2)% 7(1)% (5/2�) 0.300(2) 1.4896(15) 4.5+1.7
�1.3

5.622(5) 5.531(5) 100(6)% 45(2)% 3/2� 0.265(10) 265 1.4896(15) 1.1(3)
5.702(5) 5.610(5) ⇡0.9% ⇡0.4% (11/2+) 0.1894(6) 1.4896(15) ⇡300
5.747(5) 5.654(5) 12.2(14)% 5.5(6)% (9/2+) 0.1434(2) 25.2, 34, 41.8, 42,2, 67, 84.0, 1.4896(15) 45+15

�12
101.3, 109.2

5.782(5) 5.688(5) 29(3)% 13(1)% 7/2+ 0.1092(2) 25.2, 41.8, 42.2, 67, 84.0, 109.2 1.4896(15) 30(6)
5.804(5) 5.710(5) 38(3)% 17(1)% 5/2+ 0.0840(1) 41.8, 42.2, 84.0 1.4896(15) 31(6)
5.849(5) 5.754(5) 9.6(10)% 4.3(4)% 7/2� 0.0422(2) 42.2 1.4896(15) 210(50)
5.889(5) 5.794(5) 12.2(12)% 5.5(5)% 5/2� 0.0 —– 1.4896(15) 280(60)

* All values from [1969Fr01], except where noted. Ea is adjusted by +1.0 keV as recommended in [1991Ry01].
** [1965Mi08].
*** [2014Ne14].

Table 5

direct a emission from 251Es*, Jp = 3/2�, T1/2 = 33(1) h**, BRa = 0.5(2)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter(247Bk)@ coincident g-rays (keV)@ R0 (fm) HF

6.514(3) 6.410(3) 4.1(7)% 0.017(7)% (9/2)+ 0.0828 40.8, 42.0 1.47482(56) 33+28
�11

6.526(3) 6.422(3) 3.7(7)% 0.015(7)% (7/2�) 0.0716 1.47482(56) 40+40
�10

6.556(3) 6.452(3) 4.1(9)% 0.017(7)% 7/2+ 0.0408 40.8 1.47482(56) 50+50
�20

6.567(3) 6.462(3) 11.6(13)% 0.047(19)% (5/2�) 0.0299 29.9 1.47482(56) 21+16
�7

6.597(3) 6.492(3) 100(3)% 0.41(16)% 3/2� 0.0 —– 1.47482(56) 3.3+2.4
�1.0

* All values from [1979Ah03], except where noted. Ea is adjusted by +0.8 keV as recommended in [1991Ry01].
** [1970Ah01].
*** Deduced from Ia /IKx = 0.008(2) [1970Ah01] and IKx/Ie =0.64(5) [2005Ah09].
@ [2015Ne04].
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Table 6

direct a emission from 255Md*, Jp = (7/2�), T1/2 = 27(2) m**, BRa = 8.1(8)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter( 251Es) coincident g-rays (keV) R0 (fm) HF

7.390(5) 7.274(5) 5.4(5)% 0.041(6)% 0.515 1.4825(13) 21+5
�4

7.444(4) 7.327(4) 100% 0.75(8)% 7/2� 0.4614 405.5, 453.1 1.4825(13) 1.9+0.4
�0.3

7.837(8) 7.714(8) 1.1(2)% 8(2)⇥103 0.068 1.4825(13) 5.1+2.0
�1.3⇥103

7.876(8) 7.752(8) 1.1(2)% 8(2)⇥103 0.030 1.4825(13) 7.0+2.7
�1.7⇥103

* All values from [2000Ah02], except where noted.
** [[1970Fi12].
*** Weighted average of 10.0(14)% [1971Ho16], 7(1)% [1970Fi12] and 9(2)% [1965Si14].

Table 7

direct a emission from 259Lr*, Jp = (1/2�), T1/2 = 6.22(28) s*, BRa = 77.9(17)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(255Md) coincident g-rays (keV) R0 (fm) HF

8.571(10) 8.439(10) 77.9(17)%** 1.485(19) 1.3+0.8
�0.5

* Weighted average of 6.14(36) s [1992Ha22] and 6.34(46) s [1992Gr02].
** Weighted average of 20(3)% [1992Ha22] and 23(2)% [1992Gr02] for BRSF . a decay is the only other expected channel.

Table 8

direct a emission from 263Db*, Jp = (1/2�), T1/2 = 27+10
�7 s, BRa = 42(15)%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(259Lr) coincident g-rays (keV) R0 (fm) HF

8.484(27) 8.355(27) 42(15)%** 1.475(18) 0.9+1.2
�0.6

* All values from [1992Kr01], except where noted.
** [1992Kr01] report BRa = 43(15)% and BRSF = 57+13

�15%, neglecting BRe , which was assumed to be small. [2003Kr20] report a BRe =3+4
�1%. The BR for a

and SF are adjusted by the evaluator to reflect this.
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Table 9

direct a emission from 267Bh*, T1/2 = 13+6
�3 s**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(263Db) coincident g-rays (keV) R0 (fm) HF

8.86 8.73 22% 17% 1.451(72) 2+12
�2

8.97 8.84 100% 75% 1.451(72) 1.0+5.2
�0.9

9.05 8.91 11% 8% 1.451(72) 20+54
�20

* 12 decay chains were assigned to the decay of 267Bh [2009Mo12, 2000Ei05, 2000Wi15] along with 4 tentative assignments in [2009Mo12], of which 3 have
significantly longer decay times than the others. The events with Ea , decay time and ref. listed below. The events are grouped by energy into 3 peaks; 8.73 MeV (2
events), 8.84 MeV (9 events) and 8.91 (1 event). Note that [2020Ha27] discusses that these events may be due to 266Bh as the energies are very similair.

Ea (MeV) decay t(s) Ref.
8.84 11.95 [2009Mo12]
8.81 24.5 [2000Ei05]
8.85 34.4 [2000Ei05]
8.72 2.9 [2000Ei05]
8.84 26.7 [2000Ei05]
8.91 10.5 [2000Ei05]
8.81 18.4 [2000Ei05]
8.83 5.26 [2000Wi15]
8.87 24.67 [2000Wi15]
8.87 45.15 [2000Wi15]
8.73 2.71 [2000Wi15]
8.84 21.83 [2000Wi15]
8.76 (tentative) 112.2 [2009Mo12]
8.71(tentative) 5.38 [2009Mo12]
8.75 (tentative) 155.57 [2009Mo12]
8.84 (tentative) 176.77 [2009Mo12]

** Deduced from the decay times listed above.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +27 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

218Pb* 0+ 13(7) s -8.08(50)# 2.41(30)# 6.92(36)# [2016Ca25]
222Po* 0+ 145+694

�66 s -6.46(30)# 1.530(40) 7.029(48) [2010Ch15]
226Rn* 0+ 7.4(1) m -5.91(30)# 1.227(12) 5.549(19) [1986Bo35]
230Ra* 0+ 93(2) m -4.970(12) 0.678(19) 4.750(12) [1978Gi07]

234Th(UX1)* 0+ 24.101(25) d -4.228(14) 0.274(3) 4.530(16) [1948Kn23]
Qe p Qe a

238U(U1) 0+ 4.4683(24)⇥109 y -3.586(16) —– —– [1971Ja07]
238mU 2.5575(5) 0+ 298(18) ns -1.028(16) —– —– [1992St05]
242Pu 0+ 3.77(7)⇥105 y** -2.70(20) —– —– [1976Bu23, 1976Os05, 1969Be06]

242m1Pu x 3.5(6) ns -2.70(20)+x —– —– [1974MeYP]
242m2Pu y 50(30) ns -2.70(20)+y —– —– [1969La14, 1970Po01]

246Cm 0+ 4756(20) y*** -2.377(18)# —– —– [2007Ko01, 1977Po20, 1971Ma32,
1971Mc19, 1969Me01]

250Cf 0+ 13.08(9) y -1.782(3) —– —– [1969Me01]
254Fm 0+ 194.4(1) m 0.653(12) -5.689(4) 5.526(3) [1967Fi03]
258No 0+ 1.2(2) ms -0.21(10)# —– —– [1989Hu09]
262Rf 0+ 2.1(2) s 0.29(30)# -3.35(30)# 8.28(22)# [1996La11]
266Sg 0+ 0.28+0.19

�0.08 s 0.88(37)# -2.36(44)# 9.09(32)# [2013Og03]
270Hs 0+ 7.6+4.9

�2.2 s 0.88(39)# -1.87(44)# 9.95(38)# [2013Og03]
274Ds 1.95(54)# 0.14(54)# 12.54(49)#
278Cn 2.32(59)# 0.46(59)# 13.17(58)#

* 100% b� emitter.
** Weighted average of 3.702(14)⇥105 y [1976Bu23], 3.763(9)⇥105 y [1976Os05] and 3.869(164)⇥105 y [1969Be06].
*** Weighted average of 4706(40) y [2007Ko01], 4852(76) y [1977Po20], 4820(20) y [1971Ma32], 4655(40) y [1971Mc19] and 4718(22) y 1969Me01].
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +27 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

218Pb 10.32(50)# 1.43(50)#
222Po 9.00(30)# 4.43(30)#
226Rn 8.84(30)# 3.836(41)
230Ra 8.441(11) 3.344(15)

234Th(UX1) 7.984(13) 3.672(11)
238U(U1) 7.509(13) 6.828(2) 100% 5.45(7)⇥10�5%* [2014Po02, 2000Ho27, 1961Ko11, 1960Vo05, 1957Ha08, 2005Yo12,

2004Ab03, 2003Gu18, 2000Ga05, 1987Al28, 1985Iv01, 1984Ro21,
1984Va35, 1983Be66, 1982De22, 1980Po09, 1980PoZX, 1978Ka40,
1978Ri07, 1978ThZW, 1976Th12, 1975Wa37, 1972Ni19, 1971Kl14,
1971Le11, 1971Sa08, 1971Sw03, 1971Th17, 1970Ga27, 1968Ro15,
1968Ar14, 1967Is04, 1967Sp12, 1966Ra25, 1964Fl07, 1964Me14,
1960Sh19, 1960Vo05, 1960Yo07, 1959Ge30, 1959Ha04, 1959Ko58,
1959Ku81, 1959St45, 1957Bo98, 1957Cl16, 1952Za01, 1944ChZX,
1940Fl02, 1918So01, 1912Ge01]

238mU 4.951(13) 4.270(2) 2.5(5)% [1992St05, 1989Ma54, 1989Ma57, 1989MaZF, 1988Ma52, 1988MaZF,
1984Ka10, 1984Ka17, 1983Dr14, 1983Ka11, 1980Me15, 1977VoZU,
1977ArZZ, 1975Ru03, 1974WoZK, 1971Ta17, 1970Po01, 1970Re05,
1970Wo06, 1969La14]

242Pu 6.89(10) 4.984(1) 100% 5.59(7)⇥10�4% [2013Sa65, 2011Be01, 1986Va33, 1968Ba25, 1956Hu96, 1956Ko67,
1953AsZZ, 2018Be29, 2016Ob01, 1998Se17, 1998VeZW, 1997De11,
1997SeZW, 1988SeZY, 1982Al13, 1979Ag03, 1978MeZL, 1976Bu23,
1976Os05, 1973Dy01, 1973VoZB, 1972Sc01, 1970Du02, 1969Be06,
1968Bo54, 1968HaZX, 1967Ga20, 1963Ma50, 1961Dr04, 1956Bu64,
1956Cr69, 1956Me37, 1950Th54]

242m1Pu 6.89(10)-x 4.984(1)+x obs [1974MeYP]
242m2Pu 6.89(10)-y 4.984(1)+y obs [1969La14, 1970Po01]

246Cm 6.572(2) 5.475(1) 99.97(27)% 0.02627(13)%** [2007Ko01, 1984Sh31, 1971Ma32, 1969Me01, 1966Ba07, 1963Be48,
1963Dz07, 2008KoZP, 2008Ve05, 1981Gi02, 1977Po20, 1974UnZV,
1973Pl04, 1973PlZW, 1973St04, 1972Pr19, 1972Da34, 1971BeYS,
1971Mc19, 1970Th06, 1967Ch12, 1967Sc32, 1961Ca01, 1956Bu91,
1955Br02, 1954Fr19]

250Cf 5.965(1) 6.129 99.923(2)% 0.077(2)%*** [2007Ko01, 1986Ry04, 1971Bb10, 1965Me02, 1963Ph01, 2010Ve03,
2010VeZZ, 2008KoZP, 1985Wi10, 1977Fl07, 1970Ba18, 1970BaZX,
1970BaZZ, 1969Ba57, 1969Me01, 1963Br35, 1963Le17, 1962Br45,
1962Ph02, 1957Ea01, 1955As42, 1954Gh24, 1954Ma98]

254Fm 5.397(2) 7.307(1) 99.9410(3)% 0.0590(3)% [1984Ah02, 1967Fi03, 1977Gi15, 1974UnZU, 1974UnZX, 1973Ha44,
1963Bj03, 1963Br35, 1963Le13, 1962Br45, 1956Ch81, 1956Jo09,
1955As08]

258No 4.80(10)# 8.15(10)# 100% [1989Hu09, 2009Pe09, 2002PeZW, 1986Hu01, 1969NuZZ]
262Rf 4.45(30)# 8.49(20)# 100% [1996La11, 1994La22, 2013Mu08, 1998Tu01, 1994LaZX, 1994Og04,

1985So03, 1978NiZW]
266Sg 4.05(33)# 8.80(10)# 100% [2013Og03, 2008Dv02, 2006Dv01, 2003Tu05, 2012Tu01, 2006Dv01,

2004Vo24, 2003Du27]
270Hs 3.65(45)# 9.070(38) ⇡ 100% [2013Og03, 2008Dv02, 2006Dv01, 2003Tu05, 2012Tu01,

2004Vo24, 2003Du27, 2002Du21]
274Ds 2.87(58)# 11.66(30)#
278Cn 2.85(64)# 11.22(20)#

* Evaluated value from [2000Ho27], based on previous measurements.
** Deduced from a weighted average of T1/2(SF) = 1.85(2)⇥107 y [1971Ma32] and T1/2(SF) = 1.80(1)⇥107 y [1969Me01].
*** Deduced from a weighted average of a/SF =1260(40) [1965Me02] and a/SF =1330(45) [1963Ph01].
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Table 3
direct a emission from 238U, Jp = 0+, T1/2 = 4.4683(24)⇥109 y*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)@ Jp
f Edaughter(234Th)@@ coincident g-rays (keV)@@ R0 (fm) HF

4.107(5) 4.038(5)** 0.088(1)% 0.068(10)% 4+ 0.163 49.6, 113.5 1.5350(17) 45+8
�6

4.222(5) 4.151(5)*** 29.8(1)% 22.92(10)% 2+ 0.496 49.6 1.5350(17) 1.258(6)
4.270(3) 4.198(3)*** 100% 77.01(10)% 0+ 0.0 —– 1.5350(17) 1.0018(14)

* [1971Ja07].
** Deduced from Ea to the ground state and Elevel .
*** Recommended by [1991Ry01], based on the adjusted values of [1961Ko11], [1960Vo05] and [1957Ha08].
@ [2014Po02].
@@ [2007Br04].

Table 4
direct a emission from 242Pu, Jp = 0+, T1/2 = 3.77(7)⇥105 y*, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)@ Jp
f Edaughter(238U)@@ coincident g-rays (keV)@@ R0 (fm) HF

4.6773(14)** 4.6000(14) 8.37(26)⇥10�4% 6.40(20)⇥10�4% 6+ 0.30741(4) 44.9, 103.5, 159.0 1.51448(75) 810(30)
4.8812(14)** 4.8005(14) 0.0388(13)% 0.0297(10)% 4+ 0.1484(4) 44.9, 103.5 1.51448(75) 247(10)
4.9397(15) 4.8581(15)*** 30.74(16)% 23.51(12)% 2+ 0.044915(13) 44.9 1.51448(75) 1.634(32)
4.9847(14) 4.9023(14)*** 100% 76.46(12)% 0+ 0.0 —– 1.51448(75) 1.014(19)

* Weighted average of 3.702(14)⇥105 y [1976Bu23], 3.763(9)⇥105 y [1976Os05] and 3.869(164)⇥105 y [1969Be06].
** Deduced from Ea to the ground state and Elevel .
*** Recommended by [1991Ry01], based on the adjusted values of [1968Ba25], [1956Hu96], [1956Ko67] and [1953AsZZ].
@ Weighted average of values from [2011Be01] and [1986Va33].
@@ [2011Be01].

Table 5
direct a emission from 246Cm, Jp = 0+, T1/2 = 4756(20) y*, BRa = 99.97(27)%@.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)** Jp
f Edaughter(242Pu) coincident g-rays (keV) R0 (fm) HF

5.329(3)** 5.242(3) 0.025(3)% 0.020(2)% 4+ 0.1473 44.5, 102.8 1.49412(62) 500+50
�50

5.4310(9) 5.3427(9)*** 26.43(51)% 20.9(4)% 2+ 0.0445 44.5 1.49412(62) 2.06(4)
5.4747(9) 5.3857(9)*** 100% 79.08(22)% 0+ 0.0 —– 1.49412(62) 1.006(6)

* Weighted average of 4706(40) y [2007Ko01], 4852(76) y [1977Po20], 4820(20) y [1971Ma32], 4655(40) y [1971Mc19] and 4718(22) y 1969Me01].
** [2007Ko01].
*** Recommended by [1991Ry01], based on the adjusted values of [1984Sh31], [1966Ba07], [1963Be48] and [1963Dz07].
@ Deduced from a weighted average of T1/2(SF) = 1.85(2)⇥107 y [1971Ma32] and T1/2(SF) = 1.80(1)⇥107 y [1969Me01].

Table 6
direct a emission from 250Cf, Jp = 0+, T1/2 = 13.08(9) y*, BRa = 99.923(2)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs)*** Jp
f Edaughter(246Cm)@@ coincident g-rays (keV)@@ R0 (fm) HF

5.835(3) 5.742(3)*** 0.008(2)% 0.007(2)% 6+ 0.2950 42.9, 99.2, 153.0 1.48260(30) 320+130
�70

5.987(3) 5.891(3)*** 0.343(18)% 0.283(15)% 4+ 0.1420 2.9, 99.2 1.48260(30) 52.9(28)
6.0863(6) 5.9889(6)@ 20.71(16)% 17.11(13)% 2+ 0.0429 42.942.9 1.48260(30) 2.896(30)
6.12827(20) 6.03022(20)@ 100% 82.6(1)% 0+ 0.0 —– 1.48260(30) 0.998(7)

* [1969Me01].
** Deduced from a weighted average of a/SF =1260(40) [1965Me02] and a/SF =1330(45) [1963Ph01].
*** [2007Ko01].
@ Recommended by [1991Ry01], based on the adjusted values of [1971Bb10], and [1986Ry06].
@@ [2024Ne07].

4



Table 7
direct a emission from 254Fm, Jp = 0+, T1/2 = 194.4(1) m*, BRa = 99.9410(3)%*.

Ea (c.m.) Ea (lab)** Ia (rel) Ia (abs)** Jp
f Edaughter(250Cf) coincident g-rays (keV) R0 (fm) HF

7.008(3) 6.898(3) 0.0078(9)% 0.0066(8)% 6+ 0.2962 42.7, 141.9, 296.2 1.48871(75) 780+110
�90

7.163(2) 7.050(2) 0.96(7)% 0.82(6)% 4+ 0.1419 42.7, 141.9 1.48871(75) 27.6(20)
7.254(2) 7.140(2) 16.7(4)% 14.2(3)% 2+ 0.0427 42.7 1.48871(75) 4.03(9)
7.307(2) 7.192(2) 100% 85.0(5)% 0+ 0.0 —– 1.48871(75) 0.996(6)

* [1967Fi03].
** [1984Ah02].

Table 8
direct a emission from 270Hs*, Jp = 0+, T1/2 = 7.6+4.9

�2.2 s, BRa = ⇡ 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(266Sg) coincident g-rays (keV) R0 (fm) HF

9.288(80) 9.150(80) ⇡ 100% 0+ 0.0 —– 1.471(27) 3.4 2.2
�1.0***

* All values from [2013Og03].
** Only a emission has been observed. [2013Og03] also observed events consistent with SF from heavy nuclei. They report an upper limit for SF as 50%.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +27 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values are taken from ENSDF.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

220Bi* 9.5(57) s -3.17(50)# 5.70(30)# 16.93(30)# [2010Al24]
224At* obs -2.20(20)# 5.266(24) 10.203(28) [2012Ch19]
228Fr* 2� 38*1) s -1.859(19) 4.444(7) 8.694(12) [1982Ru04]

232Ac* (1+) 119(5) s -1.343(16) 3.708(13) 7.969(13) [1986Gi08]
236Pa* 1+ -0.921(20) 2.889(14) 7.642(14) [1984Mi02]

240Np* (5+) 61.9(2) m -0.399(17) 2.191(17) 7.626(17) [1982Pa23]
Qe p Qe a

244Am* (6�) 10.01(3) h 0.073(3) -7.220(30)# 4.739(3) [2019Tr05]
248Bk* (6+) 0.740(50) -6.31(11)# 5.899(50) [1973Fi06]

252Es (5�) 471.7(17) d 1.260(50) -5.227(51) 7.472(50) [1977Ah03]
256Md (1�) 78.1(18) m 1.97(12)# -3.92(12)# 9.00(12)# [1993Mo18]

260Lr 180(30) s 2.67(24)# -2.58(16)# 10.37(13)# [1971Es01]
264Db 3.19(43)# -1.70(33)# 11.23(31)#
268Bh 3.91(61)# -0.60(54)# 12.201(53)#
272Mt 4.48(70)# 0.33(62)# 14.26(68)#
276Rg 4.85(83)# 1.33(74)# 15.96(81)#
280Nh 5.59(71)# 2.23(58)# 16.28(68)#

* 100% b� emitter.
** Taken from a decay of 252Es [1973Fi06], might not be the ground state.

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +27 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

220Bi 6.95(50)# 3.66(42)#
224At 6.66(20)# 4.33(30)#
228Fr 6.791(16) 3.248(23)

232Ac 6.351(17) 3.345(15)
236Pa 5.973(19) 3.755(19)

240Np 5.545(17) 4.557(22)
244Am 5.164(3) 5.138(17)
248Bk 4.691(50) 5.827(50)
252Es 4.129(50) 6.739(1) 78(6)% [1973Fi06, 1977Ah03, 1973AhZQ, 1965Mc11, 1956Ha80]

256Md 3.63(12)# 7.74(11)# 9.5(4)%* [2000Ah02, 1993Mo18, 1971Ho16, 1970Fi12, 2019Ah04, 1965Si14,
1955Gh02]

260Lr 3.09(13)# 8.40(14)# 100% [1971Es01]
264Db 2.78(28)# 8.56(20)#
268Bh 2.39(46)# 9.02(30)#
272Mt 1.50(56)# 10.35(30)#
276Rg 1.57(72)# 11.48(40)#
280Nh 1.07(56)# 11.43(75)#

* Weighted average of 9.9(5)% [1971Ho16] and 8.5(8)% [1970Fi12].
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Table 3

direct a emission from 252Es*, Jp = (5�), T1/2 = 471.7(19) d**, BRa = 78(6)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(248Bk) coincident g-rays (keV) R0 (fm)*** HF

6.038(4) 5.942(4) 0.050(19)% 0.031(12)% 8+ 0.700(5) 1.48566(81) 35+22
�10

6.081(4) 5.984(4) 0.062(19)% 0.039(12)% 6� 0.657(5) 1.48566(81) 47+22
�12

6.113(4) 6.016(4) 0.15(4)% 0.09(2)% 7+ 0.625(5) 1.48566(81) 29+11
�6

6.148(3) 6.050(3) 1.27(11)% 0.80(9)% 5� 0.590(4) 377.4, 418.5, 590.0 1.48566(81) 5.1+0.8
�0.6

6.207(5) 6.108(5) 0.15(4)% 0.09(2)% 0.531(6) 529.1 1.48566(81) 87+32
�20

6.254(5) 6.155(5) ⇡0.05% ⇡0.03% 0.483(6) 1.48566(81) ⇡500
6.280(5) 6.180(5) 0.10(4)% 0.06(2)% 0.458(6) 1.48566(81) 300+190

�90
6.314(5) 6.214(5) 0.12(4)% 0.08(2)% 0.424(6) 1.48566(81) 360+170

�90
6.339(3) 6.238(3) 0.71(6)% 0.44(5)% 0.399(4) 399.7 1.48566(81) 83+13

�10
6.365(3) 6.264(3) 0.94(9)% 0.59 (7)% 0.373(4) 193.5, 228.0 1.48566(81) 85+13

�11
6.399(5) 6.297(5) ⇡0.05% ⇡0.03% 0.339(6) 1.48566(81) ⇡2⇥103

6.476(5) 6.373(5) 0.09(4)% 0.05(2)% 0.262(6) 1.48566(81) 3.1+2.4
�1.0⇥103

6.527(5) 6.423(5) 0.56(6)% 0.35(5)% (5�) 0.211(6) 1.48566(81) 840+150
�120

6.564(3) 6.460(3) 0.31(5)% 0.20(3)% (4�) 0.174(4) 1.48566(81) 1.6+0.3
�0.2⇥103

6.586(3) 6.481(3) 2.73(12)% 1.71(15)% 8+ 0.152(4) 70.7, 80.7, 151.3 1.48566(81) 326(34)
6.602(5) 6.497(5) 0.39(5)% 0.24(4)% 0.136(6) 64.4, 70.7 1.48566(81) 2.7(5)⇥103

6.667(3) 6.561(3) 17.0(4)% 10.6(9)% 7+ 0.071(4) 70.7 1.48566(81) 123(12)
6.738(3) 6.631(3) 100% 62.6(7)% (6+) 0.0 —– 1.48566(81) 44(4)

* All values from [1973Fi06], except where noted.
** [1977Ah03].
*** Interpolated between 1.48260(30) fm (250Cf) and 1.48871(75) fm (254Fm).

Table 4

direct a emission from 256Md*, Jp = (1�), T1/2 = 78.1(18) m**, BRa = 9.5(4)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(252Es) coincident g-rays (keV) R0 (fm)@ HF

7.255(5) 7.142(5) 31(2)% 2.1(1)% 0.542(9) 1.483(24) 3.6+3.0
�1.7

7.320(4) 7.206(4) 100(3)% 6.8(3)% 0.477(9) 1.483(24) 2.1+1.7
�1.0

7.362(5) 7.247(5) 3.5(7)% 0.24(5)% 0.436(9) 1.483(24) 90+70
�40

7.763(8) 7.642(8) 3.0(7)% 0.20(5)% 0.035(11) 1.483(24) 3.4+3.0
�1.7⇥103

7.798(8) 7.676(8) 3.5(7)% 0.24(5)% (5�) 0.0 —– 1.483(24) 3.8+3.3
�1.9⇥103

* All values from [2000Ah02], except where noted.
** [1993Mo18].
*** Weighted average of 9.9(5)% [1971Ho16] and 8.5(8)% [1970Fi12].
@ Interpolated between 1.48871(75) fm (254Fm) and 1.477(24) fm (258No).

Table 5

direct a emission from 260Lr*, T1/2 = 180(30) s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(256Md) coincident g-rays (keV) R0 (fm)** HF

8.155(20) 8.030(20) 100% (1�) 0.0 —– 1.479(28) 1.1 1.2
�0.6

* All values from [1971Es01].
** Interpolated between 1.477(24) fm (258No) and 1.480(14) fm (262Rf).
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +55/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 219Pb, 223Po, 227Rn, 231Ra, 235Th, 239U and 243Pu are taken from ENSDF.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a Experimental

219Pb >300 ns 4.30(45)# 8.35(50)# [2010Al24]
223Po >300 ns -5.16(45)# 3.65(20)# 8.52(28)# [2010Al24]
227Rn (5/2) 20.2(4) s -4.54(30)# 3.203(0) 7.213(20) [1997Ku20]
231Ra (5/2+) 104.1(8) s -3.864(14) 2.454(17) 6.289(13) [2008Bo29

235Th (1/2+) 7.3(1) m -3.339(19) 1.729(19) 6.010(18) [1986Mi10
239U 5/2+ 23.44(2) m -2.77(20)# 1.262(2) 6.039(14) [1989Ab05

243Pu 7/2+ 4.955(3) h -2.050(30)# 0.580(3) 6.199(3) [1968Di09]
247Cm 9/2� 1.56(5)⇥107 y -1.62(10)# 0.044(6) 6.113(4) [1971Fi01]

Qe p Qe a
251Cf 1/2+ 898(43) y* -1.093(10) —– —– [1969Me01, 1968Ch03]

255Fm 7/2+ 20.54(7) h** -0.289(10) —– —– [1964As01, 1956Jo09]
259No (9/2+) 1.6(8) h 0.52(10)# -3.64(20)# 7.565(13)# [2013As02]
263Rf (1/2) 5.1+4.6

�1.7 s 1.09(27)# -2.63(39)# 8.77(18)# [2024Og02]
267Sg (9/2) 9.8+11.3

�4.5 m 1.79(46)# -1.62(49)# 9.71(34)# [2024Og02]
267mSg x (1/2) 100+92

�39 s 1.79(46)#+x -1.62(49)#+x 9.71(34)#+x [2024Og02]
271Hs (11/2) 46+56

�16 s 1.83(47)# -1.03(54)# 11.25(47)# [2024Og02]
271mHs x (3/2) 7.1+8.4

�2.5 s 1.83(47)#+x -1.03(54)#+x 11.25(47)#+x [2024Og02]
275Ds (3/2) 0.43+0.29

�0.12 ms 2.90(52)# 0.97(58)# 13.38(51)# [2024Og02]
279Cn 3.30(58)# 1.48(65)# 13.83(55)#

* Weighted average of 900(50) y [1969Me01] and 892(88) y [1968Ch03].
** Weighted average of 20.07(7) h [1964As01] and 21.5(1) h [1956Jo09].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +55/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

219Pb 10.38(57)# 1.09(57)#
223Po 9.16(36)# 4.03(45)#
227Rn 9.06(30)# 3.38(20)#
231Ra 8.559(13) 2.906(18)
235Th 8.112(19) 3.376(17)

239U 7.610(16) 4.130(13)
243Pu 6.95(20) 4.757(3)

247Cm 6.750(18) 5.354(3) 100% [2022Ah03, 1971Fi01, 1963Fi08, 1954St33]
251Cf 6.106(5) 6.177(1) 100% [2003Ah07, 2003AhZZ, 1975BrZP, 1971Bb10, 1970BaZZ, 1970BrZN,

1969Ba57, 1969Me01, 1968Ch03, 1966Rg01]
255Fm 5.483(5) 7.241(1) 100% 2.4+1.2

�0.9⇥10�5% [2005Ah09, 1975Ah01, 1963Ph01, 2000Ah09, 1999AhZY,
1991Po17, 1990Po14, 1971Ah01, 1971Bb10, 1964As01, 1963Ph01,
1962Br45, 1961Br40, 1956Jo09, 1955Gh01]

259No 4.900(7) 7.854(5) 75(4)% [2013As02, 1982Wi08, 1978WiZT, 1973Si40, 1972SiZF, 1971SiYZ]
263Rf 4.64(25)# 8.25(15)# 100% [2024Og02, 2008Dv02, 2012Tu01, 2010Gr04, 2003Kr20, 2002KrZV,

2002KrZY, 1995GrZV]
267Sg 4.22(39)# 8.63(21)# 100% [2024Og02, 2008Dv02, 2012Tu01]

267mSg 4.22(39)#-x 8.63(21)#+x 100% [2024Og02, 2008Dv02, 2012Tu01, 2010Gr04]
271Hs 3.828(406)# 9.460(87)# 100% [2024Og02, 2008Dv02, 2012Tu01, 2010Gr04]
271Hs 3.828(406)#-x 9.460(87)#+x 100% [2024Og02, 2008Dv02, 2012Tu01, 2010Gr04
275Ds 2.87(51)# 11.55(20)# 100% [2024Og02]
279Cn 2.79(55)# 10.93(20)#
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Table 3

direct a emission from 247Cm*, Jp = 9/2�, T1/2 = 1.56(5)⇥107 y, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(243Pu)*** coincident g-rays (keV)*** R0 (fm) HF

4.789(4)** 4.712(4) 0.10(2)% 0.071(13)%** (9/2+) 0.565(2) 564.5** 1.4993(79) 78+27
�21

4.899(4) 4.820(4) 6.6(4)% 4.7(3% 11/2� 0.455(5) 397.6** 1.4993(79) 2.3+1.8
�1.6

4.950(4) 4.870(4) 100% 71.0(10% 9/2� 0.4026(3) 125, 278.0, 344.5, 402.6 1.4993(79)
5.024(4) 4.943(4) 2.3(3)% 1.6(2)% 7/2+ 0.3332(2) 275.1, 333.0 1.4993(79) 1.1(3)
5.067(4) 4.985(4) 2.8(3)% 2.0(2)% 5/2+ 0.2875(2) 229.3, 287.4 1.4993(79) 250(70)
5.232(4) 5.147(4) 1.7(3)% 1.2(2)% 11/2+ 0.1248(7) 125 1.4993(79) 4.8+1.6

�1.2⇥103

5.298(4) 5.212(4) 8.0(7)% 5.7(5)% 9/2+ 0.0581(2) 1.4993(79) 2.7(7)⇥103

5.354(4) 5.267(4) 19.4(10)% 13.8(7)% 7/2+ 0.0 —– 1.4993(79) 2.6(6)⇥103

* All values from [1971Fi01], except where noted. Ea values are adjusted by +2.3 keV as recommended in [1991Ry01].
** [2022Ah03]. Ea deduced from a-g coincidence.
*** [2014Ne14].

Table 4

direct a emission from 251Cf*, Jp = 1/2�, T1/2 = 898(43) y**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(247Cm) coincident g-rays (keV) R0 (fm) HF

5.594(2) 5.505(2) 0.76(14)% 0.27(5)% 5/2+ 0.5817 38.5, 61.7, 165.7, 227.4, 265.9 1.49187(17) 32+9
�6

315.8, 354.3
5.658(2) 5.568(2) 5.4(3)% 1.9(1)% 3/2+ 0.5186 61.7, 113.7, 165.7, 177.5, 227.4, 1.49187(17) 10.7(8)

354.3
5.726(2) 5.635(2) 13.8(6)% 4.9(2)% 5/2+ 0.450 1.49187(17) 10.3(7)
5.743(2) 5.651(2) 9.3(6)% 3.3(2)% 3/2+ 0.434 1.49187(17) 18.8(15)
5.771(2) 5.679(2) 100.0(20)% 35.4(5)% 1/2+ 0.4049 61.7, 165.7, 177.5, 227.4 1.49187(17) 2.56(13)
5.831(2) 5.738(2) 2.3(3)% 0.8(1)% 9/2+ 0.3459 58.0, 60.5, 61.7, 165.7, 227.4, 1.49187(17) 240+50

�40
284.2, 285.4, 345.9

5.859(2) 5.766(2) 10.2(6)% 3.6(2)% 9/2+ 0.3183 38.5, 52.5, 61.7, 165.7, 227.4, 1.49187(17) 76(6)
265.9, 285.9

5.892(2) 5.798(2) 7.1(6)% 2.5(2)% 7/2+ 0.2854 58.0, 61.7, 165.7, 227.4 285.4 1.49187(17) 166(16)
5.911(2) 5.817(2) 11.3(6)% 4.0(2)% 7/2+ 0.2659 38.5, 61.7, 165.7, 227.4, 265.9 1.49187(17) 132(9)
5.949(2) 5.854(2) 78.0(18)% 27.6(5)% 5/2+ 0.2274 61.7, 165.7, 227.4 1.49187(17) 30.9(16)
6.042(2) 5.946(2) 1.69(17)% 0.60(6)% 13/2� 0.1347 61.7, 73.0, 134.6 1.49187(17) 4.4(7)⇥103

6.114(2) 6.017(2) 35.3(10)% 12.5(3)% 11/2� 0.0617 61.7 1.49187(17) 506(27)
6.176(2) 6.078(2) 7.3(3)% 2.6(1)% 9/2� 0.0 —– 1.49187(17) 5.0(3)⇥103

* All values from [2003Ah07], except where noted.
** Weighted average of 900(50) y [1969Me01] and 892(88) y [1968Ch03].
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Table 5

direct a emission from 255Fm*, Jp = 7/2�, T1/2 = 20.54(7) h**, BRa = 100%. (1 of 2)

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) p
f

@ Edaughter(251Cf)*** coincident g-rays (keV)*** HF@@

5.991(2) 5.897(2)*** 1.9(1)⇥10�5% 1.8(1)⇥10�5%*** (1/2�) 1.250 41.0, 45.2, 47.8, 57.9, 60.0, 63.4, 73.1, 28.1(22)
80.9, 86.0, 98.9, 111.8, 131.1, 133.0,
152.8, 159.0, 163.7, 177.6, 186.7, 194.6,
204.1, 210.7, 211.6, 233.7, 264.2, 816.1,
991.6, 1038.3, 1072.3, 1083.9, 1144.0

6.056(2) 5.961(2)*** 6.2(6)⇥10�6% 5.8(6)⇥10�6%*** 1.185 41.0, 47.8, 57.9, 80.9, 98.9, 111.8, 152.8, 195+26
�22

163.7, 177.6, 186.7, 210.7, 211.6, 233.7,
285.5, 332.4, 366.4, 397.5, 437.7, 496.2,
519.2, 543.9, 641.6, 1019.2, 1079.1

6.084(2) 5.989(2)*** ⇡4.3⇥10�6% ⇡4.0⇥10�6%*** (11/2�) 1.156 41.0, 47.8, 57.9, 60.0, 73.1, 80.9 ,8.9, ⇡ 400
9133.0, 149.2, 245.7, 286.7, 763.5, 859.8,
918.1

6.145(2) 6.049(2)*** 6.7(6)⇥10�6% 6.3(7)⇥10�6%*** (9/2�) 1.095 41.0, 47.8, 57.9, 80.9 , 98.9, 245.7, 530+80
�60

286.7, 702.3, 947.8, 988.8
6.154(2) 6.057(2)*** 1.10(8)⇥10�5% 1.00(7)⇥10�5%*** (9/2�) 1.087 45.2, 47.8, 57.9, 60.0, 63.4, 73.1, 80.9, 370(30)

86.0, 131.1, 133.0, 159.0, 194.6, 204.1,
264.2, 652.5, 715.8, 847.0, 920.5

6.163(2) 6.066(2)*** 5.0(2)⇥10�5% 4.7(2)⇥10�5%*** 1.078 45.2, 47.8, 57.9, 60.0, 63.4, 73.1, 80.9, 88(6)
86.0, 131.1, 133.0, 159.0, 194.6, 204.1,
264.2 , 643.6, 707.0, 838.4, 911.3, 971.2

6.196(2) 6.099(2)*** 2.4(1)⇥10�5% 2.2(1)⇥10�5%*** (7/2�) 1.044 41.0, 47.8, 57.9, 80.9 , 98.9, 111.8, 152.8, 281(20)
163.7, 172.9, 186.7, 210.7, 211.6, 213.9,
233.7, 271.9 , 724.1, 785.4, 831.9, 938.1,
996.1

6.232(2) 6.134(2)*** 4.0(2)⇥10�5% 3.7(2)⇥10�5%*** (5/2�) 1.009 41.0, 47.8, 57.9, 80.9, 98.9, 111.8, 152.8, 252(19)
163.7, 177.6, 186.7, 210.7, 211.6, 233.7,
301.0, 408.2, 530.4, 553.0. 577.5, 601.0,
660.2, 683.2, 750.5, 797.6, 831.9, 903.1,
961.2, 984.2

6.259(2) 6.161(2)*** 4.4(2)⇥10�5% 4.1(2)⇥10�5%*** (3/2�) 0.981 47.8, 152.8, 163.7, 177.6, 186.7, 211.6, 516(23)
349.6, 381.0, 454.4, 553.0. 577.5, 601.0,
607.1, 632.1, 770.0, 803.8, 956.6, 981.4

6.266(2) 6.168(2)*** 2.5(1)⇥10�5% 2.30(1)⇥10�5%*** (9/2+) 0.974 47.8, 57.9, 60.0, 73.1, 80.9, 133.0, 734.5, 611+34
�32

807.7, 967.8
6.298(2) 6.199(2)*** 3.9(2)⇥10�5% 3.60(2)⇥10�5%*** (5/2�) 0.943 47.8, 57.9, 80.9, 152.8, 163.7, 177.6, 186.7, 559+31

�29
211.6, 731.0, 764.7, 836.2

6.466(2) 6.365(2)*** 4.1(3)⇥10�5% 3.8(3)⇥10�5%*** (3/2+) 0.774 774 3.6(3)⇥103

6.502(2) 6.400(2)*** ⇡6.4⇥10�6% ⇡6.0⇥10�6%*** 5/2� 0.708 47.8, 152.8, 177.6, 530.4, 660.2, 683.2 ⇡5⇥104

6.591(3) 6.488(3) 3.2(5)⇥10�3% 3.0(5)⇥10�3% (9/2+) 0.649 41.0, 47.8, 57.9, 60.0, 73.1, 80.9 , 98.9, 180+40
�30

111.8, 133.0, 152.8, 172.9, 210.7, 213.9,
233.7, 245.7, 256.7, 271.9, 286.7 , 329.3,
390.4, 409.6, 482.5, 502.1, 601.0

6.609(2) 6.505(2)*** ⇡3.2⇥10�6% ⇡3.0⇥10�6%*** 1/2� 0.632 152.8, 177.6, 454.4, 607.1, 632.1 ⇡3⇥105

6.616(2) 6.512(2)*** ⇡4.3⇥10�6% ⇡4.0⇥10�6%*** 7/2� 0.625 41.0, 47.8, 57.9, 80.9 , 98.9, 378.3, 577.5 ⇡1.7⇥105

6.639(2) 6.535(2)*** ⇡4.3⇥10�6% ⇡4.0⇥10�6%*** 3/2� 0.601 47.8, 553.0. 577.5, 601.0 ⇡2.2⇥105

6.650(2) 6.546(2) 0.0150(2)% 0.014(2)% (7/2+) 0.590 41.0, 47.8, 57.9, 60.0, 73.1, 80.9 , 98.9, 71+13
�10

98.9, 111.8, 133.0, 152.8, 163.7, 172.9,
177.6, 186.7, 197.4, 210.7, 211.6, 213.9,
233.7, 245.7, 270.4, 271.9, 286.7, 331.5,
350.6, 378.5, 412.2, 423.7, 443.2, 483.7,
542.2, 565.2

6.697(2) 6.592(2) 0.018(2)% 0.017(2)% 5/2+ 0.544 41.0, 47.8, 57.9, 80.9, 98.9, 111.8, 152.8, 93+14
�12

163.7, 177.6, 186.7, 210.7, 211.6, 233.7,
285.5, 332.4, 366.4, 397.5, 437.7, 496.2,
519.2, 543.9

6.727(3) 6.621(3) 2.4(5)⇥10�3% 2.2(5)⇥10�3% 0.514 1.0(2)⇥103

6.799(3) 6.692(3) 5(2)⇥10�3% 5(2)⇥10�3% 0.442 900+600
�300

* All values from [1975Ah01], except where noted.
** Weighted average of 20.07(7) h [1964As01] and 21.5(1) h [1956Jo09].
*** [2005Ah09].
@ [2023Mo11].
@@ R0 = 1.4928(21) fm.
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Table 6

direct a emission from 255Fm*, Jp = 7/2�, T1/2 = 20.54(7) h**, BRa = 100%. (2 of 2)

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) p
f

@ Edaughter(251Cf)*** coincident g-rays (keV)*** HF@@

6.806(2) 6.699(2) 0.039(2)% 0.036(2)% 9/2� 0.435 45.2, 47.8, 57.9, 60.0, 63.4, 73.1, 80.9, 139(11)
86.0, 131.1, 133.0, 159.0, 194.6, 204.1,
264.2

6.817(2) 6.710(2) 0.014(1)% 0.013(1)% (15/2+) 0.424 47.8, 57.9, 60.0, 73.1, 80.9, 133.0, 184.6 430(40)
6.848(3) 6.741(3) 0.013(4)% 0.012(4)% (11/2+) 0.392 41.0, 47.8, 57.9, 80.9 , 98.9, 245.7, 286.7 650+440

�170
6.871(2) 6.763(2) 0.017(2)% 0.016(2)% 11/2� 0.370 45.2, 47.8, 57.9, 60.0, 73.1, 80.9, 86.0, 610100

�80
131.1, 133.0, 159.0, 204.1, 264.2

6.915(2) 6.807(2) 1.20(6)% 0.110(6)% (13/2+) 0.325 47.8, 57.9, 60.0, 73.1, 80.9, 86.0, 133.0, 139(11)
159.0

6.923(3) 6.814(3) 2.1(5)⇥10�3% 2.0(5)⇥10�3% 9/2+ 0.318 41.0, 47.8, 57.9, 80.9 , 98.9, 172.9, 213.9, 8.2+2.8
�1.7⇥103

271.9
6.945(2) 6.836(2) 8.6(11)⇥10�3% 8.0(10)⇥10�3% (13/2+) 0.296 41.0, 47.8, 57.9, 80.9 , 98.9, 149.2 2.5+0.4

�0.3⇥103

6.983(2) 6.873(2) 8.6(11)⇥10�3% 8.0(10)⇥10�3% 7/2+ 0.258 41.0, 47.8, 57.9, 80.9, 98.9, 111.8, 152.8, 3.7+0.6
�0.5⇥103

210.7, 233.7
7.002(2) 6.892(2) 0.66(1)% 0.62(1)% 11/2+ 0.239 47.8, 57.9, 60.0, 73.1, 80.9, 133.0 57.4(32)
7.028(2) 6.918(2) 0.018(2)% 0.017(2)% 5/2+ 0.212 47.8, 163.7, 186.7, 211.6 2.73(22)⇥103

7.064(3) 6.953(3) 0.024(4)% 0.022(4)% 3/2+ 0.177 152.8, 177.6 3.0+0.7
�0.5⇥103

7.074(2) 6.963(2) 5.40(7)% 5.04(6)% 9/2+ 0.167 47.8, 57.9, 60.0, 80.9 14.2(8)
7.094(2) 6.983(2) 0.14(1)% 0.13(1)% 9/2+ 0.146 41.0, 47.8, 57.9, 80.9 , 98.9 670(60)
7.134(2) 7.022(2) 100.0(5)% 93.4(3)% 7/2+ 0.107 47.8, 57.9, 80.9 1.36(7)
7.193(2) 7.080(2) 0.43()% 0.40(3)% 7/2+ 0.048 47.8 2.2+0.3

�0.2⇥103

7.216(2) 7.103(2) 0.10(1)% 0.090(9)% 5/2+ 0.024 3.1+0.4
�0.3⇥103

7.241(2) 7.127(2) 0.07(1)% 0.070(7)% 1/2+ 0.0 —– 5.0+0.6
�0.5⇥103

* All values from [1975Ah01], except where noted.
** Weighted average of 20.07(7) h [1964As01] and 21.5(1) h [1956Jo09].
*** [2005Ah09].
@ [2023Mo11].
@@ R0 = 1.4928(21) fm.

Table 7

direct a emission from 259No*, Jp = (9/2+), T1/2 = 1.6(8) h, BRa = 75(4)%**.

Ea (c.m.) Ea (lab) Ia (abs) p
f

@ Edaughter(255Fm)@ coincident g-rays (keV)@ R0 (fm) HF

7.623(5) 7.505(5)*** 75(4)% (9/2+) 0.2314 61.7, 169.6, 231.4 1.481(15) 1.4+1.0
�0.9

* All values from [2013Ah02], except where noted.
** [1982Wi08].
*** [1973Si40] reported a’s of 7.455 MeV (13%), 7.500 MeV (39%), 7.533 MeV (23%), 7.605 MeV (14%), and 7.685 MeV (11%) with a T1/2 = 58(5) m.

[2013Ah02] determined theat the excess peaks were either due to contaminants or summing with conversion electrons.
@ [2008AsZY].

Table 8

direct a emission from 267Sg*, Jp = (9/2), T1/2 = 9.8+11.3
�4.5 m, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) p
f Edaughter(263Rg) coincident g-rays (keV) R0 (fm) HF

8.396(20) 8.270(20) (9/2) 1.457(60) 1+5
�1

* All values from [2024Og02],
** Only a-decay has been observed.

5



Table 9

direct a emission from 271Hs*, Jp = (11/2), T1/2 = 46+56
�16 s, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) p
f Edaughter(267Sg) coincident g-rays (keV) R0 (fm) HF

9.480(20) 9.340(20) 1.478(50) 90+22
�13

* All values from [2024Og02],
** Only a-decay has been observed.

Table 10

direct a emission from 271mHs*, Ex. =unk, Jp = (3/2), T1/2 = 7.1+8.4
�2.5 s, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) p
f Edaughter(267Sg) coincident g-rays (keV) R0 (fm) HF

9.180(20) 9.050(20) (3/2) 1.478(50) 2+5
�1

* All values from [2024Og02],
** Only a-decay has been observed.

Table 11

direct a emission from 275Ds*, Jp = (3/2), T1/2 = 0.43+0.29
�0.12 ms, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) p
f Edaughter(271Hs) coincident g-rays (keV) R0 (fm) HF

11.365(20) 11.200(20) (3/2)

* All values from [2024Og02],
** Only a-decay has been observed.
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Qεp  =   -2.87# MeV
Qε    =  10.36# MeV
  Q    =   8.67# MeV

269Bh

5/2+
13.9 m

Qεp  =   -3.28# MeV
Qε    =    9.50# MeV
  Q    =   8.40# MeV

265Db

Odd Z
Tz = +55/2

(1/2+)
2.3 m

(1/2+)
8.7 m

stable to ß+ decay
  Q    =   3.215 MeV

50.2 s

241Np

237Pa

233Ac

229Fr

> 300 ns

221Bi

 
> 300 ns

225At

stable to ß+ decay 
 Q    =  3.12# MeV

245Am
5/2+

122 m

7/2+
327 d

253Es
7/2+
20 d

6.633 MeV

Qεp  =  -5.48# MeV
Qε    =   7.266 MeV
  Q    =   7.557 MeV
        15.2(26) %

(7/2-)
5.52 h

7.074 MeV

257Md

1.9 m

221Po

stable to ß+ decay 
 Q    =  3.68# MeV

stable to ß+ decay 
 Q    =  2.94# MeV

Qεp  = -3.128# MeV
Qε    =   9.625  MeV
  Q    = 8.584# MeV
    SF   obs39 m

261Lr

7/2-
7.4 m

225Rn

257Fm
9/2+
101 d

stable to ß+ decay
  Q    =   3.795 MeV

5.414 MeV

5/2+
4 m

229Ra

1/2+
22 m

233Th

1/2+
6.8 d

237U

stable to ß+ decay
  Q    =   4.36 MeV

stable to ß+ decay
  Q    =   5.16 MeV
         

249Bk

Qεp  =   -1.29# MeV
Qε    =  12.67# MeV
  Q    =  10.88# MeV

273Mt

Qεp  =   -0.19# MeV
Qε    =  14.22# MeV
  Q    =  11.20# MeV

277Rg

5/2+
14.3 y

241Pu

stable to ß+ decay
  Q    =   5.521 MeV
       1.37(10)x10-3 %  
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +55/2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +55/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for XX are taken from ENSDF.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

221Bi >300 ns 4.43(30)# 9.70(42)# [2010Al24]
225At >300 ns -4.28(42)# 3.77(30)# 8.28(30)# [2010Al24]
229Fr 50.2(20) s -3.694(14) 3.106(16) 6.889(12) [1992Bo05]

233Ac (1/2+) 2.3(3) m -3.026(16) 2.576(13) 6.501(20) [1983Ch31]
237Pa (1/2+) 8.7(2) m -2.427(21) 2.137(13) 6.551(13) [1974Ka05]

241Np 5/2+ 13.9(2) m -1.88(22)# 1.36(10) 6.69(10) [1981Pa20]
245Am 5/2+ 122.8(5) m* -1.278(14) 0.896(2) 6.700(2) [1968Da02, 1983Po15]
249Bk 7/2+ 327.2(3) d -0.904(3) 0.124(1) 6.597(2) [2014Ch47]

Qe p Qe a
253Es 7/2+ 20.03(1) d -0.291(4) —– —– [1956Jo09]

257Md (7/2�) 5.523(50) h 0.402(5) -5.48(10)# 7.266(5) [1993Mo18]
261Lr 39(12) m 1.10(28)# -4.28(37)# 8.54(20)# [1991HeZT]

265Db 1.69(42)# -3.28(49)# 9.50(30)#
269Bh 1.79(53)# -2.87(65)# 10.36(52)#
273Mt 3.02(57)# -1.29(68)# 12.67(56)#
277Rg 3.32(61)# -0.19(71)# 14.22(60)#
281Nh 3.86(50)# 0.64(61)# 14.29(49)#

* Weighted average of 2.05(1) h [1968Da02] and 122.5(8) m [1983Po15].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +55/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

221Bi 7.22(50)# 3.12(50)#
225At 6.90(36)# 3.68(42)#
229Fr 6.864(18) 2.94(30)#

233Ac 6.478(16) 3.215(14)
237Pa 6.017(19) 3.795(18)

241Np 5.69(10) 4.36(10)
245Am 5.195(3) 5.16(10)
249Bk 4.835(3) 5.521(1) 1.37(10)⇥10�3% 4.8(2)⇥10�8% [2013Ah03, 1969Mi08, 2024Du12, 2014Ch47, 1999Po35, 1994Po30,

1993Po20, 1985Po26, 1975Ba27, 1972Ko53, 1971Bb10, 1969Ba57,
1966Ah02, 1957Ea01, 1956Ch77, 1954Di11]

253Es 4.313(3) 6.739 100% 8.7(3)⇥10�6% [2005Ah03, 1975Ah01, 1971Gr17, 1965Me02, 2005AhZZ, 1987Po22,
1982Po13, 1976Fl03, 1972HaWR, 1971Ba49, 1971BaZB, 1966Rg01,
1963Le17, 1960As06, 1960As08, 1954Fi14]

257Md 3.781(3) 7.557(1) 15.2(26)% [1993Mo18, 1986HaYZ, 1971Ho16, 1970Fi12. 1965Si14]
261Lr 3.34(28)# 8.14(20)# obs [1991HeZT, 1989HuZU]

265Db 2.98(42)# 8.40(10)#
269Bh 2.61(60)# 8.67(30)#
273Mt 1.51(66)# 10.88(20)#
277Rg 1.42(72)# 11.20(20)#
281Nh 1.13(66)# 10.98(56)#
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Table 3

direct a emission from 249Bk*, Jp = 7/2+, T1/2 = 327.2(3) d**, BRa = 1.37(10)⇥10�3%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(243Pu)*** coincident g-rays (keV)*** R0 (fm) HF

5.046(4) 4.965(4) ⇡0.014% ⇡1.4⇥10�5% 11/2+ 0.4755 1.48944(52) ⇡61
5.124(2) 5.042(2) 0.17(1)% 1.6(2)⇥10�4 9/2+ 0.3959 348.8, 376.7, 395.9 1.48944(52) 20.3+2.6

�2.1
5.193(2) 5.110(2) 3.87(7)% 3.7(3)⇥10�3% 7/2+ 0.3274 280.4, 308.3, 327.5 1.48944(52) 2.2+0.6

�0.4
5.229(2) 5.145(2) 0.026(7)% 2.5(7)⇥10�5% (9/2�) 0.2927 1.48944(52) 550+230

�130
5.290(2) 5.205(2) 0.069(10)% 6.6(1)⇥10�5% (7/2�) 0.2317 1.48944(52) 510+100

�70
5.335(2) 5.249(2) 0.129(14)% 1.2(2)⇥10�4% (5/2�) 0.1870 1.48944(52) 520+80

�60
5.367(2) 5.281(2) 0.129(14)% 1.2(2)⇥10�4% (3/2�) 0.1545 1.48944(52) 5840+130

�100
5.388(2) 5.301(2) 0.066(10)% 6.3(1)⇥10�5% (13/2+) 0.1345 1.48944(52) 2.2+5

�3⇥103

5.398(2) 5.311(2) 0.043(14)% 4.1(1)⇥10�5% (9/2� 0.1247 1.48944(52) 3.8+2.0
�1.0⇥103

5.433(2) 5.346(2) 3.73(2)% 3.6(3)⇥10�3% (11/2+) 0.0877 1.48944(52) 75(6)
5.451(2) 5.363(2) 0.11(1)% 1.1(1)⇥10�4% (7/2�) 0.0704 1.48944(52) 1.2+0.5

�0.4⇥103

5.474(2) 5.386(2) 25.7(3)% 0.025(2)% 9/2+ 0.0471 1.48944(52) 19.1(14)
5.502(2) 5.414(2) 100.0(6)% 0.095(7)% 7/2+ 0.0192 1.48944(52) 7.2(5)
5.522(2) 5.433(2) 9.43(15)% 9.0(7)⇥10�3% 5/2+ 0.0 —– 1.48944(52) 100(8)

* All values from [2013Ah03], except where noted
** [2014Ch47]
*** [1969Mi08].
@ [2023Ne07].
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Table 4

direct a emission from 253Es*, Jp = 7/2+, T1/2 = 20.03(1) d**, BRa = 100%. (1 of 2)

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter coincident g-rays (keV)*** HF@@

(249Bk)@

5.512(2)*** 5.425(2) 1.0(1)⇥10�6% 9.0(9)⇥10�7%*** (15/2�) 1.2275 41.8, 52.0, 62.1, 73.4, 93.8, 114.0, 135.5, 998.3 69+8
�6

5.517(2)*** 5.429(2) 8.7(5)⇥10�6% 7.8(5)⇥10�6%*** (7/2+) 1.2230 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 73.8, 82.6, 8.5(6)
93.8, 95.9, 98.1, 137.7, 291.3, 306.6, 335.2,
346.4, 347.3, 349.6, 387.2, 389.2, 429.0, 794.0,
833.8, 1181.3, 1223.0

5.589(2)*** 5.500(2) 6.0(4)⇥10�6% 5.4(4)⇥10�6%*** (5/2�) 1.1506 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 73.8, 82.6, 23.6(25)
93.8, 95.9, 98.1, 137.7, 291.3, 306.6, 335.2,
346.4, 347.3, 349.6, 387.2, 389.2, 429.0, 1150.7

5.596(2)*** 5.507(2) 2.0(2)⇥10�6% 1.8(2)⇥10�6%*** 11/2+ 1.1438 41.8, 52.0, 93.8, 1050.0, 1102.0 111+14
�11

5.606(2)*** 5.517(2) 3.3(2)⇥10�6% 3.0(2)⇥10�6%*** (13/2�) 1.1339 41.8, 52.0, 93.8, 1040.2 76(5)
5.664(2)*** 5.575(2) 7.7(5)⇥10�6% 6.9(4)⇥10�6%*** 9/2+ 1.0751 41.8, 52.0, 93.8, 981.3, 1075.1 74(4)
5.684(2)*** 5.594(2) 8.5(6)⇥10�6% 7.6(5)⇥10�6%*** (11/2�) 1.0558 41.8, 52.0, 62.1, 93.8, 114.0, 899.9, 962.1, 88(6)

1014.4
5.751(2)*** 5.661(2) 1.4(8)⇥10�5% 1.3(1)⇥10�5%*** (9/2�) 0.9881 41.8, 52.0, 93.8, 894.5, 946.3 124(10)
5.805(2)*** 5.713(2) 4.3(2)⇥10�6% 3.9(2)⇥10�6%*** 0.9346* 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 73.8, 82.6, 830(40)

93.8, 95.9, 98.1, 137.7, 244.0, 261.7, 283.7,
291.3, 306.6, 335.2, 346.4, 347.3, 349.6, 387.2,
389.2, 429.0, 590.1, 633.0, 664.0, 672.8, 852.1

5.807(2)*** 5.716(2) 7.1(3)⇥10�5% 6.4(3)⇥10�5%*** (7/2�) 0.9322 41.8, 52.0, 93.8, 164.4, 726.1, 767.9, 838.5, 52.3(25)
890.5, 932.2

5.828(2)*** 5.736(2) 6.9(6)⇥10�6% 6.2(5)⇥10�6%*** (13/2�) 0.9112 41.8, 52.0, 62.1,93.8, 114.0, 755.3, 817.4 710(60)
5.840(2)*** 5.747(2) ⇡1.2⇥10�5% ⇡1.1⇥10�5%*** (3/2�) 0.8996 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 73.8, 82.6, 93.8, ⇡460+100

�70
95.9, 98.1, 137.7, 227.0, 244.0, 283.7, 291.3,
306.6, 335.2, 346.4, 347.3, 349.6, 387.2, 389.2,
429.0, 590.1, 633.0, 664.0,672.8, 860.3, 890.5

5.903(2)*** 5.810(2) 4.5(4)⇥10�6% 4.1(3)⇥10�6%*** (11/2�) 0.8361 41.8, 52.0, 93.8, 742.4, 794.2, 836.1 2.8(2))⇥103

5.970(2)*** 5.876(2) ⇡3.9⇥10�6% ⇡3.5⇥10�6%*** (9/2+) 0.7692 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 62.1, 66.9, ⇡7.6⇥103

73.4, 73.8, 78.6, 82.6, 93.8, 95.9, 98.1, 114.0,
122.0, 135.5, 137.7, 145.4, 162.7, 189.4, 227.1,
258.9, 270.5, 291.3, 294.1, 312.7, 319.2, 335.2,
337.3, 340.2, 346.4, 381.2, 387.2, 392.4, 404.4,
429.0, 433.2, 448.3, 475.0, 500.4

5.972(2)*** 5.877(2) 4.1(2)⇥10�5% 3.6(2)⇥10�5%*** 0.7679 41.8, 726.1, 767.9 750(40)
6.016(2)*** 5.921(2) 3.8(3)⇥10�6% 3.4(3)⇥10�6%*** (9/2�) 0.7232 30.8, 43.0, 73.8, 82.6, 640.6 1.37(12)⇥104

6.028(2)*** 5.933(2) ⇡4.0⇥10�6% 3.6⇥10�6)%*** 0.7112 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 62.1, 66.9, 73.8, ⇡1.5⇥104

82.6, 93.8, 95.9, 98.1, 114.0 , 122.0, 137.7, 162.7,
192.0, 236.1, 270.5, 282.2, 291.3, 319.2, 335.2,
337.3, 346.4, 381.2, 387.2, 392.4, 425.4, 429.0,
433.2, 436.8,475.0, 477.4

6.030(4) 5.935(4) ⇡4.5⇥10�5)% ⇡4.0⇥10�5% (5/2�) 0.7091 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 66.9, 73.8, ⇡1.4⇥103

82.6, 87.5, 93.8, 95.9, 98.1, 102.8, 122.0, 137.7,
162.7, 185.3, 402.0, 421.4, 425.4, 436.8, 469.0,
477.4, 524.1, 567.1, 571.0, 626.5, 669.5, 700.3

6.036(2)*** 5.941(2) 7.3(1)⇥10�6% 6.6(1)⇥10�6%*** 0.7034 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 62.1, 66.9, 73.8, 9.0(2)⇥103

82.6, 93.8, 95.9, 98.1, 114.0 , 122.0, 137.7, 162.7,
228.4, 270.5, 274.5, 291.3, 306.6, 314.2, 319.2,
337.3, 335.2, 346.4, 347.3, 349.6, 381.2, 387.2,
389.2, 392.4, 429.0, 433.2, 475.0, 661.6, 703.6

6.039(3) 5.944(3) 1.7(6)⇥10�4% 1.5(5)⇥10�4% (15/2+) 0.7019 41.8, 52.0, 62.1, 73.4, 93.8, 114.0, 135.5, 472.6, 400+0200
�100

545.9, 608.2
6.067(2)*** 5.971(2) ⇡1.6(15)⇥10�5% ⇡1.5⇥10�5%***(5/2-) 0.6728 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 73.8, 82.6, ⇡5.8+1.5

�1.0⇥103

93.8, 95.9, 98.1, 137.7, 244.0, 283.7, 291.3,
306.6, 335.2, 346.4, 347.3, 349.6, 387.2,
389.2, 429.0, 590.1, 633.0, 664.0, 672.8

⇡6.070 ⇡5.974 ⇡6.7⇥10�5% 6.0⇥10�5% (13/2+) 0.6711 30.8, 41.8, 43.0, 52.0, 62.1, 73.4, 73.8, 82.6, ⇡ 1.5⇥103

93.8, 114.0, 135.5, 152.2, 425.4, 436.8, 441.8,
477.4, 515.5, 577.6

* All values from [1975Ah01], except where noted.
** [1956Jo09].
*** [2005Ah03]. Ea and Ia deduced from decay scheme of this reference.
@ Ensdf
@@ R0 (fm) = 1.49492(49).
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Table 5

direct a emission from 253Es*, Jp = 7/2+, T1/2 = 20.03(1) d**, BRa = 100%. (2 of 2)

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@ Edaughter coincident g-rays (keV)*** HF@@

(249Bk)@

6.078(2)*** 5.982(2) 3.3(3)⇥10�6% 3.0(3)⇥10�6%*** (3/2-) 0.6615 30.8, 283.7, 368.8 , 621.9, 652.8 3.3+0.4
�0.3⇥104

6.097(2)*** 6.000(2) 5.2(5)⇥10�6% 4.7(4)⇥10�6%*** (1/2-) 0.6431 30.8, 603.4, 634.3 2.6(2)⇥104

6.116(3) 6.019(3) 2.0(6)⇥10�4% 1.8(5)⇥10�4% (5/2+) 0.6249 30.8, 30.9, 41.8, 43.0, 73.8, 82.6, 203.1, 235.1, 850+330
�190

306.6, 347.3, 349.6, 389.2, 421.4, 624.3
6.134(3) 6.037(3) 3.2(8)⇥10�4% 2.9(7)⇥10�4% (7/2-) 0.6067 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 66.9, 73.8, 660+210

�140
82.6, 87.5, 93.8, 95.9, 98.1, 122.0, 137.7, 162.7
185.3, 402.0, 421.4, 425.4, 436.8, 469.0, 477.4,
524.1, 567.1

6.143(3) 6.046(3) 4.5(10)⇥10�4% 4.0(9)⇥10�4% (13/2+) 0.5978 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 62.1, 73.4, 530+160
�100

73.8, 82.6 93.8, 95.9, 98.1, 114.0, 135.5, 137.7,
168.8, 291.3, 335.2, 346.4, 368.8, 387.2, 429.0,
441.8, 503.9, 555.8

⇡6.169 ⇡6.071 5.6⇥10�5)% 5.0⇥10�5% (1/2�) 0.5692 30.8, 158.6, 191.6, 368.8 , 402.0, 529.7, 560.4 � 1.2⇥104

6.182(3) 6.084(3) 2.8(6)⇥10�4% 2.5(5)⇥10�4% (3/2�) 0.5582 30.8, 30.9, 41.8, 43.0, 73.8, 82.6, 306.6, 136.8, 1.4+0.3
�0.2⇥103

168.8, 180.5, 347.3, 349.6, 368.8, 389.2, 421.4,
475.4, 518.6, 549.4

6.198(2) 6.100(2) 3.8(2)⇥10�3% 3.4(2)⇥10�3% (11/2+) 0.5421 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 62.1, 66.9, 120(7)
73.4, 73.8, 78.6, 82.6, 93.8, 95.9, 98.1, 114.0,
122.0, 135.5, 137.7, 145.4, 162.7, 189.4, 258.9,
312.7, 404.4, 448.3, 500.4

6.220(2) 6.122(2) 8.7(9)⇥10�4% 7.8(8)⇥10�4% (9/2+) 0.5192 30.8, 41.8, 43.0, 52.0, 73.8, 82.6, 93.8, 425.4, 680+80
�70

436.8, 477.4
6.265(2) 6.166(2) 0.017(1)% 0.015(2)% (9/2+) 0.4750 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 62.1, 66.9, 59+9

�7
73.8, 82.6, 93.8, 95.9, 98.1, 114.0 , 122.0,
137.7, 162.7 , 270.5, 319.2, 337.3, 381.2,
392.4, 433.2, 475.0

6.266(2) 6.167(2) ⇡1⇥10�5% ⇡9⇥10�6% (17/2�) 0.4736 30.8, 30.9, 41.8, 43.0, 55.1, 66.9, 73.8, 78.6, 1.0+0.3
�0.2⇥105

82.6, 90.0, 93.8, 95.9, 98.1, 100.5, 122.0,
137.7, 145.4, 162.7, 168.6, 189.4, 190.5

6.311(2) 6.211(2) 0.043(2)% 0.039(2)% (7/2+) 0.4289 30.8, 30.9, 41.8, 43.0, 52.0, 55.1, 73.8, 82.6, 39(2)
93.8, 95.9, 98.1, 137.7, 291.3, 335.2, 346.4,
387.2, 429.0

6.317(3) 6.217(3) ⇡1.7⇥10�3)% ⇡1.5⇥10�3% (5/2+) 0.4214 421.4 ⇡1.1⇥103

6.330(3) 6.230(3) 1.3(5)⇥10�4% 1.2(4)⇥10�4% (3/2+) 0.4107 402.0 1.6+0.8
�0.4⇥104

6.350(2) 6.250(2) 0.050(2)% 0.045(2)% (5/2+) 0.3892 30.8, 30.9, 41.8, 43.0, 73.8, 82.6, 306.6, 347.3, 52.6(24)
349.6, 389.2

6.371(2)*** 6.270(2) 4.0(2)⇥10�4% 3.6(2)⇥10�4%*** 0.3688*** 368.8 6.2(5)⇥103

6.367(2) 6.266(2) 8.9(9)⇥10�4% 8.0(8)⇥10�4% (15/2�) 0.3732 30.8, 30.9, 41.8, 43.0, 55.1, 66.9, 73.8, 78.6, 3.5+0.4
�0.3⇥103

82.6, 90.0, 93.8, 95.9, 98.1, 122.0, 137.7,
145.4, 162.7, 168.6, 189.4

6.427(3) 6.325(3) 4.5(11)⇥10�4% 4.0(10)⇥10�4% (17/2+) 0.3119 41.8, 52.0, 62.1, 73.4, 82.6, 93.8, 114.0, 1.4+0.5
�0.3⇥104

135.5, 156.1
6.456(2) 6.354(2) 9.1(5)⇥10�3% 8.2(4)⇥10�3% 0.2831 30.8, 30.9, 41.8, 43.0, 55.1, 66.9, 73.8, 78.6, 940(50)

82.6, 93.8, 95.9, 98.1, 122.0, 137.7, 145.4,
162.7, 189.4

6.511(2) 6.408(2) 0.014(1)% 0.013(1)% (15/2+) 0.2292 41.8, 52.0, 62.1, 73.4, 93.8, 114.0, 135.5 1.07(8)⇥103

6.535(2) 6.432(2) 0.068(3)% 0.061(3)% (11/2�) 0.2045 30.8, 30.9, 41.8, 43.0, 55.1, 66.9, 73.8, 82.6, 297(15)
95.9, 98.1, 122.0, 137.7, 162.7

6.584(2) 6.480(2) 0.095(3)% 0.085(3)% 13/2+ 0.1559 41.8, 52.0, 62.1, 93.8, 114.0 359(14)
6.602(2) 6.498(2) 0.29(1)% 0.26(1)% 9/2� 0.1377 30.8, 30.9, 41.8, 43.0, 55.1, 73.8, 82.6, 95.9, 143(6)

98.1, 137.7
6.645(2) 6.540(2) 0.95(2)% 0.85(2)% 11/2+ 0.0938 41.8, 52.0, 93.8 69(2)
6.657(2) 6.552(2) 0.79(2)% 0.71(2)% 7/2� 0.0825 30.8, 43.0, 73.8, 82.6 93(3)
6.698(2) 6.592(2) 7.3(1)% 6.6(1)% 9/2+ 0.0418@ 41.8 15.4(3)
6.700 6.594 0.8% 0.7% 5/2� 0.0396@ 30.8 150
6.730 6.624 0.9% 0.8% 3/2� 0.0088@ 180
6.740(2) 6.633(2) 100% 89.8(2)% 7/2+ 0.0 —– 1.74(4)

* All values from [1975Ah01], except where noted.
** [1956Jo09].
*** [2005Ah03]. Ea and Ia deduced from decay scheme of this reference.
@ [2024Ne04].
@@ R0 (fm) = 1.49492(49).
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Table 6

direct a emission from 257Md*, Jp = (7/2�), T1/2 = 5.523(50) h*, BRa = 15.2(26)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(253Es) coincident g-rays (keV) R0 (fm) HF

7.125(6) 7.014(6) ⇡3.5% ⇡3.4% 9/2� 0.435 388.5 1.488(14) ⇡22
7.186(1) 7.074(1) 100% 96.5% 7/2� 0.3714 325.1, 371.4 1.488(14) 1.4+0.6

�0.5
7.375(2) 7.260(2) 0.021(5)% 0.020(5)% 7/2� 0.1813 181.3 1.488(14) 3.8+2.1

�21.5⇥104

7.418(2) 7.303(2) 0.026(5)% 0.025(5)% 5/2� 0.139 1.488(14) 4.5+2.5
�1.7⇥104

7.452(3) 7.336(3) 0.014(1)% 0.014(1)% 3/2� 0.106 1.488(14) 1.1+0.5
�0.4⇥105

7.477(7) 7.361(7) 0.010(10)% 0.010(10)% 11/2+ 0.080 1.488(14) 1.9(19)⇥105

7.418(6) 7.303(6) 0.036(2)% 0.035(2)% 9/2+ 0.0463 1.488(14) 7.4+3.5
�2.5⇥104

7.558(2) 7.440(2) 0.038(6)% 0.037(6)% 7/2+ 0.0 —– 1.488(14) 1.1+0.6
�0.4⇥105

* All values from [1993Mo18].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +28 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

220Pb 0+ obs 3.170(50)# 7.02(50)# [2010Al24]
224Po 0+ obs -7.16(45)# 2.20(20)# 6.71(36)# [2010Al24]
228Rn 0+ 62(3) s -6.64(40)# 1.859(19) 5.287(28) [1989Bo11]
232Ra 0+ 250(50) s -5.576(17) 1.343(16) 4.868(11) [1986Gi08]
236Th 0+ 37.5(25) m -4.970(40) 0.921(0) 4.856(19) [1973Or06]

240U 0+ 14.1(1) h -4.30(20)# 0.399(17) 5.137(14) [1981Hs02]
Qe p Qe a

244Pu 0+ 8.12(3)⇥107 y -3.43(10)# —– —– [2006Ag15]
248Cm 0+ 3.487(20)⇥105 y* -3.17(20)# —– —– [1971Mc19, 1971Ma32, 1969Me01]

252Cf 0+ 2.6483(10) y -2.50(20)# —– —– [2022Th06]
256Fm 0+ 157(2) m -1.70(10)#) —– —– [1968Ho13]
260No 0+ 106(8) ms** -0.94(37)# —– —– [1985So03]
264Rf -0.30(57)# —– —–
268Sg 0+ 13+17

�4 s -0.26(71)# -3.93(74)# 8.00(64)# [2023Og03]
272Hs 0+ 160+190

�60 ms 0.220(74)# -2.90(78)# 9.52(74)# [2023Og03]
276Ds 0+ 150+100

�40 µs 1.23(76)# -1.24(81)# 11.33(76)# [2023Og03]
280Cn 1.77(79)# -0.66(84)# 11.92(79)#
284Fl 0+ 2.5+1.8

�0.8 ms 2.19(85)# 0.15(90)# 12.47(85)# [2015Ut02]

* Deduced from weighted average of t1/2(a) = 3.703(32)⇥105 y and t1/2(SF = 4.115(34)⇥106 y [1971Mc19], t1/2(a) = 3.94(4)⇥105 y and t1/2(SF =
4.20(5)⇥106 y [1971Ma32] and t1/2(a) = 3.84(4)⇥105 y and t1/2(SF = 4.22(12)⇥106 y [1969Me01].

** Tenatively assigned as 260No by [1985So03], who remarked ”a 100-ms half-life for 260No would be surprisingly long, based on an extrapolation of the
known nobelium half-lives in Fig. 8 and a known half-life of only 1 ms for 258No. Thus, an assignment to No is supported by our cross bombardments but would
be surprising in view of the nobelium half-life systematics.
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +28 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

220Pb 0.79(57)#
224Po 9.62(45)# 3.36(45)#
228Rn 9.48(30)# 2.901(20)#
232Ra 8.873(12) 2.829(20)
236Th 8.391(20) 3.333(17)

240U 7.91(20)# 4.035(14)
244Pu 7.289(32)# 4.666(1) 99.876(6)% 0.124(6)% [1983Mo02, 1969Be06, 2006Ag15, 1998Se17, 1997SeZW, 1994Ve03,

1989Wa29, 1983Th02, 1982Al13, 1971Or03,1968HaZX, 1966Fi07,
1956Bu92, 1956Di09, 1954St98]

248Cm 7.05(10)# 5.1618(3) 91.58(51)%* 8.42(7)%* [1977Ba69, 1971Mc19, 1971Ma32, 1969Me01, 2010TeZZ,
2008Ve05, 2005VoZX, 1997Fo11, 1993Be52, 1991Ba66,
1973Go20, 1973Go46, 1973St04, 1973StZQ, 1972Pr19,
1971Or03, 1967Sc32, 1964Hy02, 1963Br35, 1962Br45]

252Cf 6.482(11) 6.217 96.8972(27)% 3.1028(27)% [2018Be29, 1986Ry04, 1970Ba18, 2025De08, 2024Cz03, 2024Ma21,
2023WaZX, 2023Gj01, 2023Py01, 2022Th06, 2020Al22, 2018Be29,
2018Ch44, 2017Bl07, 2017Py01, 2016Wa03, 2014Go28, 2014Ha25,
2013Vo03, 2012VoZW, 2011KaZY, 2011Ze04, 2010TeZZ, 2010Ve03,
2010ZeZZ, 2008Mu24, 2006Da21, 2006Fo10, 2005Je04,
2004Da13, 2003Ko78, 2002Ha24, 2001Ra20, 2000Hw01, 2000MuZY,
1999Hw04, 1999Ko01, 1999Po36, 1997DaZS, 1997Fo11,
1997Go36, 1997Sa72, 1996InZY, 1994Va24, 1993DlZZ, 1993Pa29,
1989Gl05, 1988Af01, 1988Bu24, 1988Me12, 1987Sc13, 1986Bo11,
1985Az02, 1984Di11, 1984GrZK, 1984SmZV, 1983BlZT, 1983BoZS,
1983Li17, 1983Sc07, 1982Al33, 1982La25, 1981Cu05,1979Ba53,
1979Za04, 1978Ye02, 1977Ma40, 1977Wa01, 1975Fl04, 1975Pr07,
1974Ga23, 1974Sh15, 1974Sp02, 1973Ad03, 1973Fl01, 1973Me01,
1973Mi05, 1973PlZV, 1973Za10, 1972Ch31, 1972Gr40, 1972Ra19,
1971Ha29, 1970Al23, 1970BaZX, 1970Ga08, 1970Pl02, 1969Ba57,
1969De23, 1968Er01, 1967Me20, 1967Wh05, 1965Me02, 1964Fr10,
1958As64, 1964Ho32, 1963Le17, 1961Wa22, 1960Ne20,
1960Te02, 1957Ea01, 1957Sm81, 1956Sm98, 1955As42, 1955Gl42,
1955Hi67, 1954Ma98]

256Fm 5.893(11) 7.025(2) 8.1(3)% 91.7(3)% [2019Ah04, 1970Fi12, 1968Ho13, 2019De11, 1991So16, 1990SoZY,
1989So15, 1987Po22, 1985Wi10, 1974UnZU, 1974UnZV, 1974UnZX,
1972Da11, 1972Fl04, 1972FlZS, 1965Si14, 1958Ph40,
1955Ch30]

260No 5.24(22)# 7.70(20)# obs** [1985So03]
264Rf 4.88(42)# 8.04(30)#
268Sg 4.50(60)# 8.30(30)# 100% [2023Og03]
272Hs 4.14(64)# 9.78(20)# 100% [2023Og03]
276Ds 3.52(67)# 11.11(20)# 43+15

�18% 57+15
�18% [2023Og03]

280Cn 3.36(72)# 10.69(20)#
284Fl 3.07(79)# 10.70(30)# 100% [2015Ut02]

* Deduced from weighted average of t1/2(a) = 3.703(32)⇥105 y and t1/2(SF = 4.115(34)⇥106 y [1971Mc19], t1/2(a) = 3.94(4)⇥105 y and t1/2(SF =
4.20(5)⇥106 y [1971Ma32] and t1/2(a) = 3.84(4)⇥105 y and t1/2(SF = 4.22(12)⇥106 y [1969Me01].

** Tenatively assigned as 260No by [1985So03], who remarked ”a ⇡ 100-ms half-life for 260No would be surprisingly long, based on an extrapolation of the
known nobelium half-lives in Fig. 8 and a known half-life of only 1 ms for 258No. Thus, an assignment to No is supported by our cross bombardments but would
be surprising in view of the nobelium half-life systematics.”

Table 3
direct a emission from 244Pu*, Jp = 0+, T1/2 = 8.12(3)⇥107 y**, BRa = 99.876(6)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(240U) coincident g-rays (keV) R0 (fm) HF

4.622(1) 4.546(1) 24.1(10)% 19.4(8)% 2+ 0.043(1) 43 1.50549(82) 1.95(8)
4.665(1) 4.589(1) 100% 80.6(8)% 0+ 0.0 —– 1.50549(82) 0.989(11)

* All values from [1969Be06], except where noted. Ea values are adjusted by +2.0 keV as recommended by [1991Ry01].
** Deduced from partial half-life of SF = 6.56(30)⇥1010 y [1983Mo02].
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Table 4
direct a emission from 248Cm*, Jp = 0+, T1/2 = 3.487(20)⇥105 y**, BRa = 91.58(51)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(244Pu) coincident g-rays (keV) R0 (fm) HF

4.8541(15) 4.7758(15) 0.01% 0.009% 6+ 0.3130*** 163.1*** 1.49627(74) >58
5.01181(50) 4.93097(50) 0.093(15)% 0.070(1)% 4+ 0.1499 1.49627(74) 107+21

�15
5.11743(25) 5.03489(25) 22.02(26)% 16.51(20)% 2+ 0.0442 1.49627(74) 2.326(31)
5.16166(25) 5.07841(25) 100.00 74.99(56)% 0.00 —– 1.49627(74) 1.000(10)

* All values from [1977Ba69], except where noted. Ea values are adjusted by -0.17 keV as recommended by [1991Ry01].
* Deduced from weighted average of t1/2(a) = 3.703(32)⇥105 y and t1/2(SF = 4.115(34)⇥106 y [1971Mc19], t1/2(a) = 3.94(4)⇥105 y and t1/2(SF =

4.20(5)⇥106 y [1971Ma32] and t1/2(a) = 3.84(4)⇥105 y and t1/2(SF = 4.22(12)⇥106 y [1969Me01].
*** [2017Ne10]
@ The much lower than expected HF makes this branch reported by [1977Ba69] questionable.

Table 5
direct a emission from 252Cf, Jp = 0+, T1/2 = 2.6483(10) y*, BRa = 96.8972(27)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f

@@ Edaughter(248Cm)@@ coincident g-rays (keV)@@ R0 (fm) HF

5.707 5.616*** ⇡7⇥10�5% ⇡6⇥10�5% 8+ 0.5064 207.4 1.50113(23) ⇡2.8⇥103

5.9202 5.8262*** 2⇥10�3% 2⇥10�3% 6+ 0.2989 155.1 1.50113(23) 1.3⇥103

6.0729 5.9765*** 0.24% 0.2% 4+ 0.1438 100.4 1.50113(23) 78
6.17362(11) 6.07563(11) 18.4(6)% 15.0(5)%@@@ 2+ 0.0434 43.4 1.50113(23) 3.28(11)
6.21678(4) 6.11810(4) 100.0(4)% 81.7(4)%@@@ 0+ 0.0 —– 1.50113(23) 0.997(4)

* Value from evaluated data [2022Th06].
** [2018Be29].
*** [1970Ba18]. Ea values adjusted by +1.5 keV due to calibration changes.
@ [1986Ry04]. Ea values adjusted by -0.14 keV as recommended in [1991Ry01].
@@ [2014Ma86].

Table 6
direct a emission from 256Fm*, Jp = 0+, T1/2 = 157(2) m*, BRa = 8.1(3)%*.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f *** Edaughter(244Pu) coincident g-rays (keV) R0 (fm) HF

6.983 6.874** 16.3(24)%@ 1.1(2)% 2+ 0.0457@@ 45.7@@ 3.8+0.7
�0.5

7.0248(20) 6.915(20)*** 100%@ 7.0(3)% 0+ 0.0 —– 1.4989(35) 0.97(5)

* [1968Ho13].
** Deduced from the level energy. Original value from [1970Fi12] = 6.868 MeV.
*** [2019Ah04].
@ [1970Fi12].
@@ [2021Ma19].

Table 7
direct a emission from 272Hs*, Jp = 0+, T1/2 = 160+190

�60 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(268Sg) coincident g-rays (keV) R0 (fm) HF

9.772(21) 9.628(21) 100% 0+ 0.0 —– 1.484(72) 2.5+3.0
�1.0

* All values from [2023Og03].

Table 8
direct a emission from 276Ds*, Jp = 0+, T1/2 = 150+100

�40 µs, BRa = 43+15
�18%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(268Sg) coincident g-rays (keV) R0 (fm) HF

10.904(28) 10.746(28) 43+15
�18% 0+ 0.0 —–

* All values from [2023Og03].
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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +28 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +28 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. Jp values are taken from ENSDF.

Nuclide Jp Ex. T1/2 Qe Qb - Qb - a Experimental

222Bi obs 6.46(30)# 11.08(42)# [2010Al24]
226At obs -2.89(50)# 5.91(30)# 9.93(30)# [2010Al24]

230Fr* 19.1(5) s -2.68(20)# 4.970(12) 8.495(12) [1987Ku04]
234Ac* 44(7) s -2.089(16) 4.228(14) 8.080(17) [1986Gi08]
238Pa* (3�) 2.3(1) m -1.63(28)# 3.586(16) 8.036(16) [1968Tr07]

242Np* (1+) 2.2(2) m -1.20(28)# 2.70(20) 7.87(20) [1979Ha26]
246Am* (7�) 39(3) m -0.401(14)# 2.377(18)# 8.032(18) [1968Fi03]
250Bk* 2� 192.7(3) m -0.038(11) 1.782(3) 8.090(3) [1979Re01]

Qe p Qe a
254Es (7+) 275.7(5) d 0.653(12) -6.22(36)# 6.580(11) [1975Ah04]

254mEs 0.082(5) 2+ 39.3(2) h 0.735(13) -6.23(36)# 6.662(12) [1962Un01]
258Md 8� 51.50(29) d 1.26(20)# -5.00(41)# 7.924(12)# [1993Mo18]

262Lr ⇡4 h 2.00(41)# -3.76(55)# 9.25(28)# [1989HuZU]
266Db 11+21

�4 m 2.60(50)# -2.78(62)# 10.22(46)# [2022Og08]
270Bh 2.4+4.4

�0.9 m 2.80(55)# -2.21(69)# 11.67(55)# [2022Og08]
274Mt 0.64+0.76

�0.23 s 3.84(60)# -0.72(76)# 13.39(59)# [2022Og08]
278Rg 4.6+5.5

�1.6 ms 4.27(64)# 0.22(77)# 14.69(64)# [2022Og08]
282Nh 61+73

�22 ms 4.90(68)# 1.11(87)# 15.05(68)# [2022Og08]
286Mc 20+98

�9 ms 5.41(68)#** 1.96(88)#** 20.61(68)#** [2022Og08]

* 100% b�-emitter.
** Deduced from measured Ea and mass excesses of daughter nuclei [2021Wa16].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +28 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

222Bi 2.825(50)#
226At 7.21(42)# 3.29(42)#
230Fr 7.165(15) 2.40(30)#

234Ac 6.782(16) 2.930(15)
238Pa 6.350(22) 3.628(21)

242Np 6.07(28)# 4.10(20)
246Am 5.473(22)# 5.15(20)#
250Bk 5.088(4) 5.533(18)
254Es 4.596(5) 6.617(1) 100%* [2008Ah02, 1999Po35, 1988Po05, 1987Po22, 1985Ok04, 1975Ah04,

1972Bb24, 1971Bb10, 1966Mc02, 1965Me02, 1964Mc13, 1958Sc35,
1956Jo09, 1955Ha35]

254mEs 4.678(7) 6.699(5) 0.33(1)% [1973Ah04, 1972AhZS, 1972HaWO, 1972HaWR, 1967Fi03, 1964Mc13,
1956Jo09, 1954Ch23, 1954Fi14]

258Md 4.189(6) 7.271(2) 100% [1993Mo18, 1970Fi12, 1968Hu06]
262Lr 3.64(28)# 7.99(20)# obs [1989HuZU, 1987LoZR, 1990HuZV, 1991HeZT]

266Db 3.24(46)# 8.21(20)# obs [2022Og08, 2013Og01, 2007Og02, 2023Ko22, 2012OgZZ, 2011Og07,
2007Og05, 2007Og01]

270Bh 2.75(47)# 9.064(95)# 100%** [2022Og08, 2013Og01, 2007Og02, 2023Ko22, 2012OgZZ, 2011Og07,
2007Og05, 2007Og01]

274Mt 1.801(53)# 10.60(23)# 100%** [2022Og08, 2013Og01, 2007Og02, 2023Ko22, 2012OgZZ, 2011Og07,
2007Og05, 2007Og01]

278Rg 1.86(55)# 10.85(95)# 100%** [2022Og08, 2013Og01, 2007Og02, 2023Ko22, 2012OgZZ, 2011Og07,
2007Og05, 2007Og01]

282Nh 1.51(56)# 10.783(95)# 100%** [2022Og08, 2013Og01, 2007Og02, 2023Ko22, 2012OgZZ, 2011Og07,
2007Og05, 2007Og01]

286Mc 1.20(57)#*** 10.86(2) 100%** [2022Og08, 2023Ko22]

* [1985Ok04] report a b� branch of 1.74(8)⇥10�4%.
** Only a-decay has been observed.
*** Deduced from measured Ea and mass excesses of daughter nuclei [2021Wa16].
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Table 3
direct a emission from 254Es*, Jp = (7+), T1/2 = 275.7(5) d*, BRa = 100%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(250Bk) coincident g-rays (keV) HF@

5.879(3) 5.786(3) 6.1(3)⇥10�4% 5.6(3)⇥10�4% 0.739 238(25)
5.888(3) 5.795(3) 4.0(2)⇥10�4% 3.7(2)⇥10�4% 0.730 400(40)
5.902(3) 5.809(3) 1.2(5)⇥10�3% 1.1(5)⇥10�3% 0.716 160+140

�50
5.928(3) 5.835(3) 3.3(9)⇥10�3% 3.0(8)⇥10�3% 0.689 84+32

�19
5.964(3) 5.870(3) 2.6(8)⇥10�3% 2.4(7)⇥10�3% 0.654 160+70

�40
5.979(3) 5.885(3) 1.0(4)⇥10�3% 9.3(4)⇥10�4% (9+) 0.637 520(50)
6.018(3) 5.923(3) 1.7(7)⇥10�3% 1.6(6)⇥10�3% 0.600 470+290

�140
6.032(3) 5.937(3) 8.2(4)⇥10�4% 7.5(4)⇥10�4% 0.586 1.20(12)⇥103

6.072(3) 5.976(3) 0.105(5)% 0.096(5)% 8+ 0.5450 310.2, 390.3, 460.8 15.4(16)
6.096(3) 6.000(3) 5.3(1)⇥10�3% 4.9(10)⇥10�3% (9�) 0.520 410+110

�80
6.142(2) 6.045(2) 2.2(2)⇥10�3% 2.1(2)⇥10�3% 8+ 0.4748 320.6, 390.3 1.63(21)⇥103

6.151(2) 6.054(2) 0.22(6)% 0.20(5)% 7+ 0.4648 310.2, 380.4 19+7
�4

6.174(3) 6.077(3) 4.9(11)⇥10�3% 4.5(10)⇥10�3% 9� 0.442 1.1+0.3
�0.2⇥103

6.185(2) 6.088(2) 0.083(2)% 0.076(2)% (8�) 0.431 346.6 76(7)
6.211(2) 6.113(2) 0.59(11)% 0.54(10)% 6+ 0.4050 320.6 14+4

�3
6.246(2) 6.148(2) 2.2(3)⇥10�3% 2.0(3)⇥10�3% 6+ 0.3696 285.2 5.9+1.2

�0.9⇥103

6.263(2) 6.164(2) 0.033(2)% 0.030(2)% 6+ 0.3539 269.5 470(50)
6.277(2) 6.178(2) 0.038(2)% 0.035(2)% 8� 0.339 480(50)
6.289(2) 6.190(2) 0.015(8)% 0.0142(7)% 10+ 0.3273 1.35(14)⇥103

6.300(2) 6.201(2) 5.9(5)⇥10�3% 5.4(5)⇥10�3% 5+ 0.3165 35.6, 42.6, 238.2, 280.9 4.0(5)⇥103

6.353(3) 6.253(3) 0.0113(6)% 0.0104(5)% 8+ 0.263 3.8(4)⇥103

6.368(2) 6.268(2) 0.26(6)% 0.243(5)% 7� 0.248 194(17)
6.380(2) 6.280(2) 0.18(6)% 0.168(5)% 9+ 0.2355 322+31

�29
6.413(3) 6.312(3) 1.5(2)⇥10�3% 1.4(2)⇥10�3% 4� 0.203 5.6+1.1

�0.9⇥104

6.424(2) 6.323(2) 0.050(1)% 0.046(1)% 7+ 0.192 1.9(2)⇥103

6.450(2) 6.348(2) 0.98(1)% 0.90(1)% 6� 0.167 129(11)
6.462(2) 6.360(2) 3.31(1)% 3.04(1)% 8+ 0.1547 44(4)
6.487(3) 6.385(3) 0.163(7)% 0.150(5)% 6+ 0.129 1.17(11)⇥103

6.502(3) 6.400(3) 0.049(2)% 0.045(2)% 3+ 0.114 4.6(5)⇥103

6.520(3) 6.417(3) 2.50(2)% 2.29(2)% 5� 0.0975 35.6, 61.9 108(9)
6.532(2) 6.429(2) 100% 91.8(2)% 7+ 0.0844 3.1(3)
6.581(2) 6.477(2) 0.34(1)% 0.31(1)% 4+ 0.0356 35.6 1.55(14)⇥103

6.616(3) 6.512(3) 2.6(3)⇥10�3% 2.4(3)⇥10�3% 2� 0.0 —– 2.9+0.5
�0.4⇥105

* All values from [2008Ah02], except where noted.
** [1975Ah04].
*** There is also a b� branch of 1.74(8)⇥10�4% [1985Ok04].
@ R0 = 1.5000(35) fm. Value is interpolated between 1.50113(23) (252Cf) and 1.4989(35) (256Fm).

Table 4
direct a emission from 254mEs*, Ex. = 82(5) keV, Jp = 2+, T1/2 = 39.3(2) h*, BRa = 0.33(1)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(250Bk) coincident g-rays (keV) HF@

6.383(3) 6.282(3) 0.21(4)% 5.3(10)⇥10�4% 5+ 0.316 34.5, 42.7, 238.1***, 280.9*** 620+160
�110

6.400(2) 6.299(2) 0.64(8)% 1.6(2)⇥10�3% 0.298 250+50
�40

6.428(2) 6.327(2) 2.9(3)% 7.3(7)⇥10�3% 4+ 0.270 34.5, 58.6***, 42.7, 52.2***, 79.9, 96.3, 75(10)
177.3, 211.8, 236.0***

6.461(2) 6.359(2) 11.1(7)% 0.027(2)% 3+ 0.2367*** 34.5, 79.9***, 121.3***, 202.3*** 28.73.3
�3.1

6.486(2) 6.384(2) 100(2)% 0.248(8)% 2+ 0.2118 34.5, 42.7, 52.2***, 79.9, 96.3, 177.3, 211.8 4.2(4)
6.520(2) 6.417(2) 2.4(3)% 5.9(7)⇥10�3% (1+) 0.1753 50.1, 71.3, 90.7, 104.0, 126.0, 175.1*** 260(40)
6.560(3) 6.457(3) 0.16(5)% 4.0(13)⇥10�4% (5�)*** 0.1373*** 34.5, 45,8***, 57.1***, 80.3***, 102.8*** 5.8+3.0

�1.6⇥103

6.568(2) 6.465(2) 0.83(9)% 2.0(2)⇥10�3% 6+ 0.1319 34.5, 42.7, 52.2***, 96.3 1.2(2)⇥103

6.575(4) 6.471(4) ⇡0.11% ⇡2.6⇥10�4% 0.1253 34.5, 90.7 ⇡104

6.619(2) 6.515(2) 1.9(2)% 4.6(5)⇥103% 0.079 34.5,42.7 930+140
�120

6.664(2) 6.559(2) 7.7(5)% 0.019(1)% 3� 0.0345 34.5 360(40)
6.698(4) 6.593(4) 5.3(7)% 0.013(2)% 2� 0.0 —– 740+140

�110

* All values from [1973Ah04], except where noted. Ea values are adjusted by +1.9 keV as recommended in [1991Ry01].
** [1962Un01].
*** [2019Si11].
@ R0 = 1.5000(35) fm. Value is interpolated between 1.50113(23) (252Cf) and 1.4989(35) (256Fm).
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Table 5
direct a emission from 258Md*, Jp = (7+), T1/2 = 275.7(5) d*, BRa = 100%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(254Es) coincident g-rays (keV) HF**

6.802(2) 6.697(2) 5.2(21)% 3.4(14)% 9� 0.4692 80.1, 91.0, 171.1, 298.1, 389.1 180+130
�60

6.824(2) 6.718(2) 100(19)% 65.8(13)% 8� 0.4479 71.1, 80.1, 86.9, 91.0, 171.1, 205.7, 11.7+2.0
�1.7

276.8, 296.7,367.8, 376.8, 447.9
6.870(4) 6.763(4) 31.6(18)% 20.8(12)% (7�,8�) 0.4038 189.7, 214.7 58+10

�9
6.895(2) 6.788(2) 15.1(15)% 9.9(10)% 8� 0.3768 80.1, 86.9, 91.0, 171.1, 205.7, 296.7, 161+33

�28
376.8

7.100(2) 6.99(2) 0.3% 0.2% 9+ 0.1711 80.1, 91.0, 171.1 � 6.1⇥104

7.191(2) 7.08(2) 0.3% 0.2% 8+ 0.0801 80.1 � 1.5⇥105

7.272(2) 7.159(2) 0.3% 0.2% 7+ 0.0 —– � 3.1⇥105

* All values from [1993Mo18],
** R0 = 1.4921(62) fm. Value is interpolated between 1.4989(35) (256Fm) and 1.4852(51) (260No).

Table 6
direct a emission from 270Bh, T1/2 = 2.4+4.4

�0.9 m*, BRa = 100%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(266Db) coincident g-rays (keV) HF***

9.06(2) 8.93(2)** 100%***

* [2022Og08].
** [2011Og07].
*** Only a-decay has been observed.

Table 7
direct a emission from 274Mt, T1/2 = 0.64+0.76

�0.23 s*, BRa = 100%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(270Bh) coincident g-rays (keV) HF**

10.1(11) 10.0(11)** 100%***

* [2022Og08].
** [2011Og07].
*** Only a-decay has been observed.

Table 8
direct a emission from 278Rg, T1/2 = 4.6+5.5

�1.6 ms*, BRa = 100%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(274Mt) coincident g-rays (keV) HF**

10.84(8) 10.69(8)** 100%***

* [2022Og08].
** [2011Og07].
*** Only a-decay has been observed.

Table 9
direct a emission from 282Nh, T1/2 = 61+73

�22 ms*, BRa = 100%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(278Rg) coincident g-rays (keV) HF**

10.78(8) 10.63(8)** 100%***

* [2022Og08].
** [2011Og07].
*** Only a-decay has been observed.
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Table 10
direct a emission from 286Mc*, T1/2 = 20+98

�9 ms, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(282Nh) coincident g-rays (keV) HF**

10.86(2) 10.71(2) 100%**

* All values from [2022Og08].
** Only a-decay has been observed.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +57/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values are taken from ENSDF.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

229Rn* 12.0+1.2
�1.3 s -5.53(40)# 3.694(14) 6.82(30)# [2009Ne03]

233Ra* (1/2+) 30(5) s -4.586(21) 3.026(16) 6.421(10) [1990Me13]
237Th* (5/2+) 4.69(60) m -4.07(40)# 2.427(21) 6.402(21) [2000Xu02]

241U* obs -3.54(36)# 1.88(22)# 6.43(20)# [2023Ni04]
245Pu* (9/2�) 10.59(2) h -2.67(20)# 1.278(14) 6.61(10) [1967Bu09]

249Cm* 1/2+ 64.15(3) m -2.35(30)# 0.904(3) 6.605(3) [1973DrZM]
253Cf (7/2+) 17.81(8) d -1.63(36)# 0.291(4) 7.211(4) [1969DrZZ]

Qe p Qe a
257Fm (9/2+) 100.5(2) d -0.81(41)# —– —– [1973Wi03]
261No -0.12(55)# —- —–
265Rf 1.1+0.8

�0.3 m 0.46(66)# -3.61(69)# 7.689(66)# [2018Ut02]
269Sg 14+10

�4 m 0.54(72)# -3.07(76)# 9.03(72)# [2018Ut02]
273Hs 0.51+0.30

�0.14 s 1.08(75)# -2.04(79)# 10.19(75)# [2018Ut02]
277Ds 3.5+2.1

�0.9 ms 2.08(77)# -0.38(82)# 11.98(77)# [2018Ut02]
281Cn 180+100

�50 ms 2.61(87)# 0.34(85)# 12.51(77)# [2018Ut02]
285Fl 100+60

�30 ms 3.16(87)# 1.23(86)# 13.17(87)# [2018Ut02]
289Lv 3.77(93)# 2.25(91)# 14.27(92)#
293Og 4.4(11)# 3.4(10)# 15.7(11)#

* 100% b�-emitter.

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +57/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

229Rn 9.81(40)# 2.36(30)#
233Ra 9.028(16) 2.547(16)
237Th 8.555(41) 3.196(18)

241U 8.10(28)# 3.82(20)#
245Pu 7.35(10)# 4.56(20)#

249Cm 7.10(20)# 5.148(13)
253Cf 6.52(20)# 6.126(4) 0.31(4)% [1968Be21, 1966Rg01, 1968BeZY, 1966Rg01]

257Fm 5.88(10)# 6.864(1) 99.790(4)% 0.210(4)% [1982Ah01, 1973Wi03, 2000Ho27, 1998SiZX, 1985Wi10, 1974BaXU,
1973BaTX, 1973Ve10, 1971Ba03, 1971Ch14, 1971Jo13, 1967As02,
1966Rg01, 1965Si14, 1964Hu02, 1962Br45, 1962Ga24]

261No 5.38(37)# 7.44(20)#
265Rf 4.97(57)# 7.81(30)# 100% [2018Ut02, 2015Ut02, 2010El06]
269Sg 4.66(65)# 8.577(75) 100%* [2018Ut02, 2015Ut02, 2010El06]
273Hs 4.301(65)# 9.650(64) 100%* [2018Ut02, 2015Ut02, 2010El06]
277Ds 3.51(66)# 10.90(12)# 100%* [2018Ut02, 2015Ut02, 2010El06]
281Cn 3.23(66)# 10.430(64) 100%* [2018Ut02, 2015Ut02, 2010El06]
285Fl 2.95(67)# 10.560(71) 100%* [2018Ut02, 2015Ut02, 2010El06]

289Lv 2.50(74)# 11.10(30)#
293Og 2.11(98)# 11.92(50)#

* Only a-decay has been observed.
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Table 3

direct a emission from 253Cf*, Jp = (7/2+), T1/2 = 17.81(8) d**, BRa = 0.31(4)%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(249Cm) coincident g-rays (keV) HF

6.015(5) 5.920(5) 5.5(20)% 0.016(6)% (9/2+) 0.110 1.509(12) 11+8
4

6.076(5) 5.978(5) 100% 0.29(4)% (7/2+) 0.050 1.509(12) 1.3+0.5
�0.4

* All values from [1993Mo18], except where noted. Ea values are adjusted by -0.6 keV as recommended in [1991Ry01].
** [1969DrZZ].
*** [1966Ryg01].

Table 4

direct a emission from 257Fm*, Jp = (9/2+), T1/2 = 100.5(2) d**, BRa = 99.790(4)%**.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(253Cf) coincident g-rays (keV) HF

6.447(5) 6.347(5) 0.3(1)% 0.3(1)% (13/2+) 0.417 1.5040(53) 60+32
�17

6.544(3) 6.442(3) 2.1(2)% 2.0(2)% (7/2+) 0.3212 61.6, 75.0, 80.2, 104.4, 136.7, 179.4, 241.0 1.5040(53) 26+5
�4

6.624(2) 6.521(2) 100% 93.6(10)% (11/2+) 0.2410 61.6, 75.0, 104.4, 136.7, 179.4, 241.0 1.5040(53) 1.3(2)
6.802(3) 6.696(3) 3.7(3)% 3.5(3)% (9/2+) 0.0616 61.6 1.5040(53) 230(40)
6.864(3) 6.757(3) 0.64(6)% 0.60(6)% (7/2+) 0.0 —– 1.5040(53) 2.5+0.5

�0.4⇥103

* All values from [1982Ah01], except where noted. Ea values are adjusted by +0.5 keV as recommended in [1991Ry01].
** [1973Wi03].

Table 5

direct a emission from 269Sg*, T1/2 = 14+10
�4 m, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(265Rf) coincident g-rays (keV) HF

8.54(4) 8.41(4) 100%

* All values from [2018Ut02]. The reported values are from that work and [2015Ut02, 2010El06].
** Only a-decay has been observed.

Table 6

direct a emission from 273Hs*, T1/2 = 0.51+0.30
�0.14 s, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(269Sg) coincident g-rays (keV) HF

9.65(4) 9.51(4) 100%

* All values from [2018Ut02]. The reported values are from that work and [2015Ut02, 2010El06].
** Only a-decay has been observed.

Table 7

direct a emission from 277Ds*, T1/2 = 3.5+2.1
�0.9 ms, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(273Hs) coincident g-rays (keV) HF

10.70(4) 10.55(4) 100%

* All values from [2018Ut02]. The reported values are from that work and [2015Ut02, 2010El06].
** Only a-decay has been observed.

Table 8

direct a emission from 281Cn*, T1/2 = 180+100
�50 ms, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(277Ds) coincident g-rays (keV) HF

10.43(4) 10.28(4) 100%

* All values from [2018Ut02]. The reported values are from that work and [2015Ut02, 2010El06].
** Only a-decay has been observed.
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Table 9

direct a emission from 285Fl*, T1/2 = 100+60
�30 ms, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(277Ds) coincident g-rays (keV) HF

10.56(4) 10.41(4) 100%

* All values from [2018Ut02]. The reported values are from that work and [2015Ut02, 2010El06].
** Only a-decay has been observed.
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +59/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 233Fr is taken from ENSDF.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

233Fr* (1/2+) 0.9(10) s 4.586(21) [2014Kr09]
237Ac 4.07(40)#
241Pa 3.54(36)#

245Np* ** 2.67(20)# [1960Di03]
249Am* ** 2.35(30)# [1960Di03]
253Bk* > 10 m 1.63(36)# [1992KrZK]

257Es 7.7(2) d 0.81(41)# [1987Po22]
261Md 0.12(55)#

Qe p Qe a
265Lr —– —–

269Db —– —–
273Bh 0.76(77)#
277Mt 5 +9

�2 ms 1.63(80)# -3.23(89)# 10.66(77)# [2013Og04]
281Rg 11+3

�1 s 2.06(92)# -2.47(98)# 11.53(89)# [2022Og07, 2022Og08]
285Nh 2.1+0.6

�0.3 ms 2.68(93)# -1.49(92)# 12.07(92)# [2022Og07, 2022Og08]
289Mc 250+51

�35 ms 3.22(93)# -0.6(10)# 13.17(93)# [2022Og07, 2022Og08]
293Ts 22+8

�4 ms 3.86(93)# 0.5(10)# 14.54(93)# [2013Og04]

* 100% b�-emitter.
** Indirectly observed by the b� daughter being present in bomb debris [1960Di03].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +59/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

233Fr 1.61(40)#
237Ac 2.68(40)#
241Pa 3.33(30)#

245Np 3.69(36)#
249Am 4.83(36)#
253Bk 5.42(47)# 5.40(20)#
257Es 4.93(52)# 6.05(20)#

261Md 4.48(67)# 6.75(30)#
265Lr 4.07(81)# 7.23(20)#

269Db 3.62(91)# 8.49(30)#
273Bh 3.13(95)# 9.11(20)#
277Mt 2.47(98)# 9.90(10)# 100% [2013Og04, 2022Og07, 2022Og08, 2017Ak02]
281Rg 2.3(11)# 9.90(40)# 10% 90% [2022Og07, 2022Og08, 2013Og04, 2023Ko22, 2019Kh04, 2017Ak02,

2013Og01, 2013Og04, 2012Og02, 2011Og04, 2011Og07, 2011OgZZ,
2010Og01]

285Nh 1.9(11)# 10.010(40) 100% [2022Og07, 2022Og08, 2013Og04, 2023Ko22, 2019Kh04, 2017Ak02,
2013Og01, 2013Og04, 2012Og02, 2011Og04, 2011Og07, 2011OgZZ,
2010Og01]

289Mc 1.5(11)# 10.490(50) 100% [2022Og07, 2022Og08, 2013Og04, 2023Ko22, 2019Kh04, 2017Ak02,
2013Og01, 2013Og04, 2012Og02, 2011Og04, 2011Og07, 2011OgZZ,
2010Og01]

293Ts 0.9(11)# 11.320(50) 100% [2013Og04, 2019Kh04, 2012Og02, 2011Og04, 2011Og07, 2011OgZZ,
2010Og01]

Table 3

direct a emission from 281Rg*, T1/2 = 11+3
�1 s**, BRa = 10%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(277Mt) coincident g-rays (keV) HF

9.52-9.69 9.38-9.55 10%

* All values from [2013Og04], except where noted.
** [2022Og08].
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Table 4

direct a emission from 285Nh*, T1/2 = 2.1+0.6
�0.3 ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(281Rg coincident g-rays (keV) HF

9.66-10.32 9.47-10.18 100%

* All values from [2013Og04], except where noted.
** [2022Og08].

Table 5

direct a emission from 289Mc*, T1/2 = 250+51
�35 ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(285Nh coincident g-rays (keV) HF

10.29-10.49 10.15-10.34 100%

* All values from [2013Og04], except where noted.
** [2022Og08].

Table 6

direct a emission from 293Ts*, T1/2 = 22+8
�4 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(277Mt) coincident g-rays (keV) HF

10.75-11.36 10.60-11.20 100%

* All values from [2013Og04].
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +29 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

230Rn 0+ obs 2.68(20)# 5.27(36)# [2010Al24]
234Ra* 0+ 30(10) s 2.089(16) 5.199(10) [1992Bo44]
238Th* 0+ 9.4(20) m 1.63(28)# 5.44(28)# [1999He01]

242U* 0+ 16.8(5) m 1.20(28)# 5.48(20)# [1979Ha26]
246Pu* 0+ 10.85(2) d 0.401(14)# 5.73(20)# [1956Ho23]
250Cm 0+ 1.13(5)⇥104 y 0.038(11) 5.751(21)# [1967Me16]

Qe p Qe a
254Cf 0+ 60.2(2) d -3.05(30)# —– —– [1968Be21]

258Fm 0+ 360(20) µs -2.28(45)# —– —– [1986Hu05]
262No 0+ ⇡ 5 ms -1.57(58)# —– —– [1989HuZU]
266Rf -1.53(68)# —– —–
270Sg -0.97(74)# —– —–
274Hs -0.36(74)# —– —–
278Ds 0.48(77)# -2.41(68)# 10.07(77)#
282Cn 0+ 880+190

�130 µs 1.08(80)# -1.74(74)# 10.64(80)# [2024Ga31]
286Fl 0+ 106+17

�13 ms 1.65(81)# -0.77(75)# 11.44(81)# [2024Ga31]
290Lv 0+ 8.2+3.2

�1.8 ms 2.24(81)# 0.27(75)# 12.65(81)# [2024Ga31]
294Og 0+ 580+440

�180 µs 2.92(81)# 1.46(76)# 14.10(81)# [2018Br13]

* 100% b�-emitter.

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +29 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

230Rn 10.01(45)# 2.20(45)#
234Ra 9.278(21) 2.34(20)#
238Th 8.78(49)# 3.17(28)#

242U 8.41(36)# 3.67(200)#
246Pu 7.744(201)# 4.350(20)#

250Cm 7.40(30)# 5.170(18) 100%* [1967Me16, 1973Ho02, 1971Or03, 1966Rg01, 1957Hu76]
254Cf 6.88(36)# 5.927(5) 0.310(16)% 99.690(16)% [1968Be21, 2019De11, 1991So16, 1990SoZY, 1981SeZW, 1980ChZM,

1980Ho01, 1979SeZV, 1974UnZU, 1974UnZX, 1971Or03, 1968BeZY,
1966Rg01, 1965Me02, 1963Br35, 1963Fr15, 1963Ph01, 1962Br45,
1956Fi11]

258Fm 6.27(46)# 6.66(20)# 100%* [1989Hu09, 1986Hu05, 1986Hu01, 1980Ho04, 1971Hu03, 1971HuZX,
1971Jo13]

262No 5.77(62)# 7.25(30)# 100%* [1989HuZU, 1989LoZW, 1988LOZV]
266Rf 5.39(69)# 7.61(20)#
270Sg 5.01(77)# 8.87(20)#
274Hs 4.57(81)# 9.55(10)#
278Ds 4.05(84)# 10.420(20)#
282Cn 3.80(95)# 10.15(20)# 100%* [2024Ga31, 2018Br13, 2023Sa03, 2021Sa01, 2012Og06, 2011Og07,

2010El06, 2007Og05, 2006Og05, 2005Og03, 2005OgZZ, 2004Og10,
2004Og12, 2004OgZZ, 2002OgZX]

286Fl 3.45(95)# 10.355(41) 57(5)% 43(5)% [2024Ga31, 2023Sa03, 2021Sa01, 2018Br13, 2012Og06, 2011Og07,
2010El06, 2007Og05, 2006Og05, 2005Og03, 2005OgZZ, 2004Og10,
2004Og12, 2004OgZZ, 2002OgZX]

290Lv 2.94(95)# 10.997(58) 100%** [2024Ga31, 2018Br13, 2012Og06, 2011Og07, 2007Og05, 2006Og05,
2005Og03, 2005OgZZ, 2004Og10, 2004Og12, 2004OgZZ, 2002OgZX]

294Og 2.40(96)# 11.867(31) 100%** [2018Br13, 2012Og06, 2011Og07, 2007Og05, 2006Og05,
2005Og03, 2005OgZZ, 2002OgZX]

* Only SF has been observed.
** Only a-decay has been observed.
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Table 3
direct a emission from 254Cf*, Jp = 0+, T1/2 = 60.2(2) d, BRa = 8.66(43)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(250Cm) coincident g-rays (keV) HF

5.884(5) 5.791(5) 20.5(24)% 0.053(7)% 2+ 0.042(7) 1.517(24) 2.9+0.6
�0.5

5.926(5) 5.833(5) 100% 0.26(1)% 0+ 0.0 —– 1.517(24) 0.99(5)

* All values from [1968Be21], Ea values are adjusted by -0.6 keV as recomended in [1991Ry01].

Table 4
direct a emission from 286Fl*, Jp = 0+, T1/2 = 106+17

�13 ms, BRa = 57(5)%.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(282Cn) coincident g-rays (keV) HF

9.71(3) 9.57(3) 3% 1.8% 0+** 0.620** *** 1.441(15) 0.31+0.24
�0.21

10.32(2) 10.18(2) 100% 55% 0+ 0.0 —– 1.441(15) 0.51(9)

* All values from [2024Ga31], which contains all previously measured data.
** Decay scenario from [2021Sa01], [2023Sa03] offer three additional possibilities.
*** a in coincidence with a 0.36(1) MeV electron

Table 5
direct a emission from 290Lv*, Jp = 0+, T1/2 = 8.2+3.2

�1.8 ms, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(286Fl) coincident g-rays (keV) HF

10.99(7) 10.84(7) 100%** 0+ —– 1.486(28) 0.935(10)

* All values from [2024Ga31], which contains all measured data.
** Only a-decay has been observed.

Table 6
direct a emission from 294Og*, Jp = 0+, T1/2 = 580+440

�180 µs, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(290Lv) coincident g-rays (keV) HF

11.86(3) 11.70(3) 100%** 0+ —– 1.461(24) 1.01

* All values from [2018Br13], which contains all measured data.
** Only a-decay has been observed.
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Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +29 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Ex. Jp T1/2 Qe Qb - Qb - a BRb�F Experimental

228At* obs 6.64(40)# 9.73(45)# [2010Al24]
232Fr* 5.5(6) s 5.576(17) 8.585(23) [2004Pe17]

236Ac* 72+345
�33 s 4.970(40) 8.483(41) [2010Ch19]

240Pa 4.30(20)# 8.51(20)#
244Np 2.29(16) m 3.43(10)# 8.28(10)# [1987Mo29]

248Am 3.17(20)# 8.51920)#
252Bk -0.52(36)# 2.50(20)# 8.90(20)#

256Es* 25.4(24) m -0.14(33)# 1.70(10)# 8.91(10)# [1981Lo15]
256mEs* x 7.6 h -0.14(33)# 1.70(10)# 8.91(10)# 2⇥10�3% [1989Ha10, 1976HoZB, 1987HaZL]

Qe p Qe a
260Md 30.7(5) d** 0.78(54)# 7.08(45)# [1986Lo1, 1992LoZV]

264Lr 4.8+2.2
�1.3 h 1.36(73)# 8.18(62)# [2022Og08]

268Db 16+6
�4 h 1.58(85)# 9.62(79)# [2022Og07]

272Bh 8.8(7) s 2.270(87)# 10.889(85)# [2022Og08]
276Mt 620+60

�40 ms 3.13(90)# -1.76(80)# 12.37(87)# [2022Og08]
280Rg 3.9(3) s 3.57(92)# -0.99(86)# 13.28(90)# [2022Og08]
284Nh 900+70

�60 ms 4.18(93)# -0.078(86)# 13.85(92)# [2022Og08]
288Mc 19315

�13 ms 4.75(93)# 0.92(89)# 14.83(93)# [2022Og08]
292Ts 5.5(10)# 2.15(99)# 16.3(10)#

* 100% b�-emitter.
** Weighted average of 31.8(5) d [1986Lo16] and 27.8(8) d [1992LoZV].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +29 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

228At 7.69(57)# 2.39(57)#
232Fr 7.77(30) 1.77(40)#

236Ac 7.20(30)# 2.723(41)
240Pa 6.78(45)# 3.36(20)#

244Np 6.53(32)# 3.81(22)#
248Am 5.94(28)# 4.90(22)
252Bk 5.40(20)# 5.55(28)
256Es 4.91(22)# 6.23(22)#

260Md 4.44(42)# 6.94(30)# 10% 100%* [1986Lo16, 1992LoZV, 1990Wi01, 1989Hu09, 1987HuZW]
264Lr 4.04(66)# 7.40(30)# 100%* [2022Og07, 2022Og08, 2023Ko22]

268Db 3.67(78)# 8.26(30)# 55+20
�15% 45+15

�20% [2022Og08, 2023Ku17, 2022Og07, 2016Fo10, 2015Ga24, 2015Ru11,
2014Ru04, 2013Og01, 2013Ru11, 2012Og02, 2012OgZZ, 2004Og03,
2004Og10, 2003OgZY]

272Bh 3.12(80)# 9.303(54) 100%** [2022Og08, 2004Og03,2023Ku17, 2022Og07, 2018Ga34, 2016Fo10,
2015Ga24, 2015Ru11, 2014Ru04, 2013Og01, 2013Ru11,
2012Og02, 2012OgZZ, 2007Og05, 2005Og02, 2004Og10, 2003OgZY]

276Mt 2.47(80)# 10.100(10) 100%** [2022Og08, 2015Ga24, 2014Ru04, 2004Og03,2023Ku17, 2022Og07,
2018Ga34, 2016Fo10, 2015Ru11, 2013Og01, 2013Ru11, 2012Og02,
2012OgZZ, 2007Og05, 2005Og02, 2004Og10, 2003OgZY]

280Rg 2.43(81)# 10.149(10) 100%** [2022Og08, 2015Ga24, 2004Og03,2023Ku17, 2022Og07, 2018Ga34,
2016Fo10, 2015Ru11, 2014Ru04, 2013Og01, 2013Ru11, 2012Og02,
2012OgZZ, 2007Og05, 2005Og02, 2004Og10, 2003OgZY]

284Nh 2.04(81)# 10.280(38) 100%** [2022Og08, 2004Og03,2023Ku17, 2022Og07, 2018Ga34, 2017Ak02,
2016Fo10, 2015Ga24, 2015Ru11, 2014Ru04, 2013Og01, 2013Ru11,
2012Og02, 2012OgZZ, 2007Og05, 2005Og02, 2004Og10, 2003OgZY]

288Mc 1.55(82)# 10.650(50) 100%** [2022Og08, 2004Og03, 2023Ku17, 2022Og07, 2018Ga34, 2017Ak02,
2017Ak02, 2016Fo10, 2015Ga24, 2015Ru11, 2014Ru04, 2013Og01, 2013Ru11,
2012Og02, 2012OgZZ, 2007Og05, 2005Og02, 2004Og10, 2003OgZY]

292Ts 0.91(91)# 11.53(40)#

* Only SF has been observed.
** Only a-decay has been observed.
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Table 3
direct a emission from 268Db*, T1/2 = 16+6

�4 h, BRa = 55+20
�15%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(264Lr) coincident g-rays (keV) HF

7.7-8.1 7.6-8.0 55+20
�15%

* All values from [2022Og07], which contains all measured data. As an odd-odd nucleus, one would expect that several transitions to low-lying levels would
be present. Due to low statistics, the Ea is presented as a range of energies that includes x number of unresolved peaks.

Table 4
direct a emission from 272Bh*, T1/2 = 8.8(7) s, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(268Db) coincident g-rays (keV) HF

8.41-9.35 8.29-9.21 100%**

* All values from [2022Og07], which contains all measured data. As an odd-odd nucleus, one would expect that several transitions to low-lying levels would
be present. Due to low statistics, the Ea is presented as a range of energies that includes x number of unresolved peaks.

** Only a-decay has been observed.

Table 5
direct a emission from 276Mt*, T1/2 = 620+60

�40 ms**, BRa = 100%***.

Ea (c.m.) Ea (lab) Ia (rel) Ia (abs) Jp
f Edaughter(272Bh) coincident g-rays (keV) HF

9.62 9.48@ 6% 5%@ 0.480 480@

9.67 9.53@ 6% 5%@ 0.434 434@

9.74 9.60 100% 80% 0.362 136, 166, 302@, 362
10.04 9.90@ 13% 10%@ 0.042

* All values from [2015Ga24], except where noted.
** [2022Og07]. Ea reported as 8.52-10.1 MeV.
*** Only a-decay has been observed.
@ Tentative assignment.

Table 6
direct a emission from 280Rg*, T1/2 = 3.9(3) s**, BRa = 100%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(276Mt) coincident g-rays (keV) HF

9.41 9.28@ 17% 10%@ 0.732@ 237, 280@, 494@

9.86 9.72@ 17% 10%@ 0.280@ 280@

9.90 9.76 100% 60% 0.237 237
9.94 9.80 33% 20% 0.194 194

* All values from [2015Ga24], except where noted.
** [2022Og07]. Ea reported as 9.09-10.07 MeV.
*** Only a-decay has been observed.
@ Tentative assignment.

Table 7
direct a emission from 284Nh*, T1/2 = 900+70

�60 ms, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(280Rg) coincident g-rays (keV) HF

9.23-10.31 9.10-10.16 100%**

* All values from [2022Og08], which contains all measured data. Fig. 1 of this reference suggests a 100% peak at ⇡9.97 MeV.
** Only a-decay has been observed.
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Table 8
direct a emission from 288Mc*, T1/2 = 19315

�13 ms, BRa = 100%**.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(284Nh) coincident g-rays (keV) HF

10.35-10.82 10.21-10.67 100%**

* All values from [2022Og08], which contains all measured data. Fig. 1 of this reference suggests two major peaks at 10.36 MeV (⇡30 counts) and 10.50 MeV
(⇡90 counts).

** Only a-decay has been observed.
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +59/2 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +59/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

231Rn obs 4.47(30)# [2010Al24]
235Ra 3.77(30)#
239Th 3.16(45)#

243U 2.67(30)#
247Pu* 2.27(23) d 2.06(22)# [1983Po14]

251Cm* 16.8(2) m 1.420(20) [1978Lo13]
255Cf* 85(18) m 0.72(20)# [1981Lo15]
259Fm 1.57(9) s** 0.14(30)# [1985So03, 1981Ho32, 1980Hu03]

Qe p Qe a
263No
267Rf 1.3+2.3

�0.5 h [2011Og07]
271Sg 1.9+2.4

�0.6 m [2011Og07]
275Hs 190+220

�70 s 0.71(84)# [2011Og07]
279Ds 200+50

�40 ms 1.44(90)# -1.49(68)# 10.82(85)# [2011Og07]
283Cn 3.8+1.2

�0.7 s 1.96(92)# -0.74(68)# 11.33(91)# [2011Og07]
287Fl 480+160

�90 ms 2.47(84)# 0.19(93)# 12.12(92)# [2011Og07]
291Lv 18+22

�6 ms 3.06(96)# 1.22(94)# 13.36(94)# [2011Og07]
295Og —– —–

* 100% b�-emitter.
** Weighted average of 1.6(1) s [1985So03], 1.5(2) s [1981Ho32] and 1.5(3) s [198Huo03].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +59/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

235Ra 2.16(42)#
239Th 2.95(50)#

243U 3.56(50)#
247Pu 4.31(36)#

251Cm 5.01(20)#
255Cf 6.87(36)# 5.74(20)#

259Fm 6.29(49)# 6.47(20)# 100% [1985So03, 1981Ho32, 1980Hu03, 1982GhZZ, 1976HoYT, 1976HoZP,
1976HoZS]

263No 5.83(66)# 7.00(40)#
267Rf 5.51(79)# 7.89(30)# 100% [2016Ho09, 2011Og07]
271Sg 5.07(82)# 8.75(14)# 70% 30% [2016Ho09, 2011Og07, 2006Og05, 2005Og03, 2005OgZZ, 2004OgZZ]
275Hs 4.56(83)# 9.450(54)# 100% [2016Ho09, 2011Og07, 2006Og05, 2005Og03, 2005OgZZ, 2004OgZZ]
279Ds 4.03(84)# 10.11(12)# 10% 90% [2016Ho09, 2011Og07, 2006Og05, 2005Og03, 2005OgZZ, 2004Og12,

2004OgZZ]
283Cn 3.69(85)# 9.89(11)# 100% [2016Ho09, 2011Og07, 2006Og05, 2005Og03, 2005OgZZ, 2004Og12,

2004OgZZ]
287Fl 3.32(85)# 10.170(50) 100% [2016Ho09, 2011Og07, 2006Og05, 2005Og03, 2005OgZZ, 2004Og12,

2004OgZZ]
291Lv 2.84(86)# 10.791(12) 100% [2016Ho09, 2011Og07, 2006Og05, 2004Og12]
295Og 2.32(88)# 11.70(20)#
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Table 3
direct a emission from 271Sg*, T1/2 = 1.9+2.4

�0.6 m, BRa = 70%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(267Rf) coincident g-rays (keV) HF

8.67(8) 8.54(8) 70%

* All values from [2011Og07], which contains all measured data.

Table 4
direct a emission from 275Hs*, T1/2 = 190+220

�70 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(271Sg) coincident g-rays (keV) HF

9.44(6) 9.30(6) 100%

* All values from [2011Og07], which contains all measured data.

Table 5
direct a emission from 279Ds*, T1/2 = 200+50

�40 ms, BRa = 10%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(275Hs) coincident g-rays (keV) HF

9.84(6) 9.70(6) 10%

* All values from [2011Og07], which contains all measured data.

Table 6
direct a emission from 283Cn*, T1/2 = 3.8+1.2

�0.7 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(275Hs) coincident g-rays (keV) HF

9.67(6) 9.54(6) 100%

* All values from [2011Og07], which contains all measured data.

Table 7
direct a emission from 287Fl*, T1/2 = 480+160

�90 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(283Cn) coincident g-rays (keV) HF

10.16(6) 10.02(6) 100%

* All values from [2011Og07], which contains all measured data.

Table 8
direct a emission from 291Lv*, T1/2 = 18+22

�6 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(287Fl) coincident g-rays (keV) HF

10.89(6) 10.74(6) 100%

* All values from [2011Og07], which contains all measured data.

References used in the Tables

[1] 1976HoYT D. C. Hoffman. J. Weber. J. B. Wilhelmy. E. K. Hulet. J. H. Landrum. J. F. Wild, LA-UR-76-1055 (1976).

[2] 1976HoZP D. C. Hoffman. J. Weber. J. B. Wilhelmy. E. K. Hulet. R. W. Lougheed. J. H. Landrum. J. F. Wild,Proc. 4th Intern.
Transplutonium Element Symp., Baden Baden. 1975. W. Muller. R. Lindner. Eds. . p. 353 (1976).

[3] 1976HoZS D. C. Hoffman. J. Weber. J. B. Wilhelmy. E. K. Hulet. J. H. Landrum. R. W. Lougheed. J. F. Wild, Contrib. Int.
Conf. Nuclei Far from Stability. Cargese. Corsica. p. A2 (1976); CERN 76-13 (1976)

3



[4] 1978Lo13 R. W. Lougheed. J. F. Wild. E. K. Hulet. R. W. Hoff. J. H. Landrum, J. Inorg. Nucl. Chem. 40, 1865 (1978).
https://doi. org/10.1016/0022-1902(78)80244-9

[5] 1980Hu03 E. K. Hulet. R. W. Lougheed. J. H. Landrum. J. F. Wild. D. C. Hoffman. J. Weber. J. B. Wilhelmy, Phys. Rev. C21.
966 (1980). https://doi. org/10.1103/PhysRevC.21.966

[6] 1981Ho32 D. C. Hoffman. D. Lee. A. Ghiorso. M. J. Nurmia. K. Aleklett. M. Leino, Phys. Rev. C 24. 495 (1981). https://doi.
org/10.1103/PhysRevC.24.495

[7] 1981Lo15 R. W. Lougheed, E. K. Hulet, J. F. Wild, B. J. Qualheim, J. E. Evans, R. J. Dupzyk, J. Inorg. Nucl. Chem. 43, 2239
(1981). https://doi.org/10.1016/0022-1902(81).80239-4

[8] 1982GhZZ A. Ghiorso. L. P. Somerville. R. M. McFarland. R. Lougheed. E. K. Hulet, LBL-13366. p. 46 (1982).

[9] 1983Po14 Yu. S. Popov, P. A. Privalova, G. A. Timofeev, V. B. Mishenev, A. V. Mamelin, B. I. Levakov, V. M. Prokopev,
Radiokhimiya 25, 482 (1983); Sov. Radiochemistry 25, 458 (1984).

[10] 1985So03 L. P. Somerville, M. J. Nurmia, J. M. Nitschke, A. Ghiorso, E. K. Hulet, R. W. Lougheed, Phys. Rev. C 31, 1801
(1985). https://doi.org/10.1103/PhysRevC.31.1801

[11] 2004OgZZ Yu. Ts. Oganessian, V. K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin, A. N. Polyakov, I. V. Shirokovsky, Yu.
S. Tsyganov, G. G. Gulbekian, S. L. Bogomolov, B. N. Gikal, A. N. Mezentsev, S. Iliev, V. G. Subbotin, A. M. Sukhov, A. A.
Voinov, G. V. Buklanov, K. Subotic, V. I. Zagrebaev, M. G. Itkis, J. B. Patin, K. J. Moody, J. F. Wild, M. A. Stoyer, N. J. Stoyer,
D. A. Shaughnessy, J. M. Kenneally, P. A. Wilk, R. W. Lougheed, R. I. Ilkaev, S. P. Vesnovskii, JINR-E7-2004-160 (2004).

[12] 2005Og03 Yu. Ts. Oganessian, V. K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin, A. N. Polyakov, I. V. Shirokovsky, Yu.
S. Tsyganov, G. G. Gulbekian, S. L. Bogomolov, B. N. Gikal, A. N. Mezentsev, S. Iliev, V. G. Subbotin, A. M. Sukhov, A.
A. Voinov, G. V. Buklanov, K. Subotic, V. I. Zagrebaev, M. G. Itkis, J. B. Patin, K. J. Moody, J. F. Wild, M. A. Stoyer, N.
J. Stoyer, D. A. Shaughnessy, J. M. Kenneally, P. A. Wilk, R. W. Lougheed, Eur. Phys. J. A 25, Supplement 1, 589 (2005).
https://doi.org/10.1140/epjad/i2005-06-134-9

[13] 2005OgZZ Yu. Ts. Oganessian, V. K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin, A. N. Polyakov, I. V. Shirokovsky, Yu.
S. Tsyganov, G. G. Gulbekian, S. L. Bogomolov, B. N. Gikal, A. N. Mezentsev, S. Iliev, V. G. Subbotin, A. M. Sukhov, A. A.
Voinov, G. V. Buklanov, K. Subotic, V. I. Zagrebaev, M. G. Itkis, J. B. Patin, K. J. Moody, J. F. Wild, M. A. Stoyer, N. J. Stoyer,
D. A. Shaughnessy, J. M. Kenneally, P. A. Wilk, R. W. Lougheed, Proc. Intern. Symposium Exotic Nuclei, Peterhof, Russia, July
5-12,

[14] 2006Og05 Yu. Ts. Oganessian. V. K. Utyonkov. Yu. V. Lobanov. F. Sh. Abdullin. A. N. Polyakov. R. N. Sagaidak. I. V.
Shirokovsky. Yu. S. Tsyganov. A. A. Voinov. G. G. Gulbekian. S. L. Bogomolov. B. N. Gikal. A. N. Mezentsev. S. Iliev. V. G.
Subbotin. A. M. Sukhov. K. Subotic. V. I. Zagrebaev. G. K. Vostokin. M. G. Itkis. K. J. Moody. J. B. Patin. D. A. Shaughnessy.
M. A. Stoyer. N. J. Stoyer. P. A. Wilk. J. M. Kenneally. J. H. Landrum. J. F. Wild. R. W. Lougheed, Phys. Rev. C 74, 044602
(2006).https://doi.org/10.1103/PhysRevC.74.044602

[15] 2010Al24 H. Alvarez-Pol, J. Benlliure, E. Casarejos, L. Audouin, D. Cortina-Gil, T. Enqvist, B. Fernandez-Dominguez, A.
R. Junghans, B. Jurado, P. Napolitani, J. Pereira, F. Rejmund, K. -H. Schmidt, O. Yordanov, Phys. Rev. C 82, 041602 (2010).
https://doi.org/10.1103/PhysRevC.82.041602

[16] 2011Og07 Yu. Ts. Oganessian, Radiochim. Acta 99, 429 (2011). https://doi.org/10.1524/ract.2011.1860

[17] 2016Ho09 S. Hofmann. S. Heinz. R. Mann. J. Maurer. G. Munzenberg. S. Antalic. W. Barth. H. G. Burkhard. L. Dahl. K.
Eberhardt. R. Grzywacz. J. H. Hamilton. R. A. Henderson. J. M. Kenneally. B. Kindler. I. Kojouharov. R. Lang. B. Lommel. K.
Miernik. D. Miller. K. J. Moody. K. Morita. K. Nishio. A. G. Popeko. J. B. Roberto. J. Runke. K. P. Rykaczewski. S. Saro. C.
Scheidenberger. H. J. Schott. D. A. Shaughnessy. M. A. Stoyer. P. Thorle-Pospiech. K. Tinschert. N. Trautmann. J. Uusitalo. A.
V. Yeremin, Eur. Phys. J. A 52, 180 (2016). https://doi. org/10.1140/epja/i2016-16180-4

[18] 2021Wa16 M. Wang, W. J. Huang, F. G. Kondev, G. Audi, S. Naimi, Chin. Phys. C 45, 030003 (2021).
https://doi.org/10.1088/1674-1137/abddaf

4



Qεp  =   -3.83# MeV
Qε    =   9.99# MeV
  Q    =   9.420 MeV
         100%

271Bh

1.85 m

Qεp  =   -4.94# MeV
Qε    =    8.46# MeV
  Q    =   7.92# MeV
  SF  100%

267Db

Odd Z
Tz = +57/2

 
106 m

stable to ß+ decay
  Q    =  2.852 MeV

17.6 s

243Np

239Pa

235Ac

231Fr

227At

247Am
23 m

(3/2-)
55.6 m

255Es
(7/2+)
39.8 d

6.401 MeV

1.6 h

259Md

stable to ß+ decay 
 Q    =  2.77# MeV

stable to ß+ decay 
 Q    =  2.23# MeV

Qεp  = -5.29# MeV
Qε    = 7.54#  MeV
  Q    = 7.68#  MeV

263Lr

(3/2+)
20.8 s

227Rn

stable to ß+ decay
  Q    =   3.56# MeV

5/2+
103.9 s

231Ra

(1/2+)
7.2 m

235Th

5/2+
23.5 m

239U

stable to ß+ decay
  Q    =   4.04# MeV

stable to ß+ decay
  Q    =   4.92 MeV
         

251Bk

Qεp  =   -2.28# MeV
Qε    =  11.72# MeV
  Q    =  10.483 MeV
         100%

275Mt

Qεp  =   -1.33# MeV
Qε    =  12.81# MeV
  Q    =  10.53# MeV
         100%

279Rg

7/2+
4.96 h

243Pu

stable to ß+ decay
  Q    =   5.65#MeV

Qεp  =   -0.47# MeV
Qε    =  13.11# MeV
  Q    =  10.42# MeV
         100%

283Nh

9/2-
1.6x107 y

247Cm

1/2+
898 y

251Cf

stable to ß+ decay
  Q    =  6.436 MeV
       8.66(43) %  
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         100%
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  Q    =  11.48# MeV

291Ts
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20 ms
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123 ms
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9.35 MeV

10.35 MeV

10.38 MeV

10.12 MeV

10.71 MeV
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Table 1

Observed and predicted b -delayed particle emission from the odd-Z, Tz = +59/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein. Jp values for 233Fr is taken from ENSDF.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

233Fr* (1/2+) 0.9(10) s 4.586(21) [2014Kr09]
237Ac 4.07(40)#
241Pa 3.54(36)#

245Np* ** 2.67(20)# [1960Di03]
249Am* ** 2.35(30)# [1960Di03]
253Bk* > 10 m 1.63(36)# [1992KrZK]

257Es 7.7(2) d 0.81(41)# [1987Po22]
261Md 0.12(55)#

Qe p Qe a
265Lr —– —–

269Db —– —–
273Bh 0.76(77)#
277Mt 5 +9

�2 ms 1.63(80)# -3.23(89)# 10.66(77)# [2013Og04]
281Rg 11+3

�1 s 2.06(92)# -2.47(98)# 11.53(89)# [2022Og07, 2022Og08]
285Nh 2.1+0.6

�0.3 ms 2.68(93)# -1.49(92)# 12.07(92)# [2022Og07, 2022Og08]
289Mc 250+51

�35 ms 3.22(93)# -0.6(10)# 13.17(93)# [2022Og07, 2022Og08]
293Ts 22+8

�4 ms 3.86(93)# 0.5(10)# 14.54(93)# [2013Og04]

* 100% b�-emitter.
** Indirectly observed by the b� daughter being present in bomb debris [1960Di03].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +59/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

233Fr 1.61(40)#
237Ac 2.68(40)#
241Pa 3.33(30)#

245Np 3.69(36)#
249Am 4.83(36)#
253Bk 5.42(47)# 5.40(20)#
257Es 4.93(52)# 6.05(20)#

261Md 4.48(67)# 6.75(30)#
265Lr 4.07(81)# 7.23(20)#

269Db 3.62(91)# 8.49(30)#
273Bh 3.13(95)# 9.11(20)#
277Mt 2.47(98)# 9.90(10)# 100% [2013Og04, 2022Og07, 2022Og08, 2017Ak02]
281Rg 2.3(11)# 9.90(40)# 10% 90% [2022Og07, 2022Og08, 2013Og04, 2023Ko22, 2019Kh04, 2017Ak02,

2013Og01, 2013Og04, 2012Og02, 2011Og04, 2011Og07, 2011OgZZ,
2010Og01]

285Nh 1.9(11)# 10.010(40) 100% [2022Og07, 2022Og08, 2013Og04, 2023Ko22, 2019Kh04, 2017Ak02,
2013Og01, 2013Og04, 2012Og02, 2011Og04, 2011Og07, 2011OgZZ,
2010Og01]

289Mc 1.5(11)# 10.490(50) 100% [2022Og07, 2022Og08, 2013Og04, 2023Ko22, 2019Kh04, 2017Ak02,
2013Og01, 2013Og04, 2012Og02, 2011Og04, 2011Og07, 2011OgZZ,
2010Og01]

293Ts 0.9(11)# 11.320(50) 100% [2013Og04, 2019Kh04, 2012Og02, 2011Og04, 2011Og07, 2011OgZZ,
2010Og01]

Table 3

direct a emission from 281Rg*, T1/2 = 11+3
�1 s**, BRa = 10%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(277Mt) coincident g-rays (keV) HF

9.52-9.69 9.38-9.55 10%

* All values from [2013Og04], except where noted.
** [2022Og08].
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Table 4

direct a emission from 285Nh*, T1/2 = 2.1+0.6
�0.3 ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(281Rg coincident g-rays (keV) HF

9.66-10.32 9.47-10.18 100%

* All values from [2013Og04], except where noted.
** [2022Og08].

Table 5

direct a emission from 289Mc*, T1/2 = 250+51
�35 ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(285Nh coincident g-rays (keV) HF

10.29-10.49 10.15-10.34 100%

* All values from [2013Og04], except where noted.
** [2022Og08].

Table 6

direct a emission from 293Ts*, T1/2 = 22+8
�4 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(277Mt) coincident g-rays (keV) HF

10.75-11.36 10.60-11.20 100%

* All values from [2013Og04].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +30 nuclei.
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Table 1
Observed and predicted b -delayed particle emission from the even-Z, Tz = +30 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

256Cf 0+ 12.3(12) m -0.14(33)# —– [1980Ho04]
260Fm -0.78(54)# —–
264No -1.36(73)# —–
268Rf -1.58(85)# —–
272Sg -2.27(87)# —–

Qe p Qe a
276Hs -0.77(94)# —– —–
280Ds 0+ 0.36+1.72

�0.16 ms -0.19(96)# —— —– [2021Sa01]
284Cn 0+ 114+17

�11 ms* 0.45(91)# -2.70(91)# 9.48(97)# [2021Sa01, 2011Og07]
288Fl 0+ 688+170

�110 ms** 1.0(10)# -1.7(10)# 10.52(91)# [2021Sa01, 2011Og07]
292Lv 0+ 18+16

�6 ms 1.5(10)# -0.7(10)# 11.7(10)# [2011Og07]

* Weighted average of 121+20
�13 ms [2021Sa01] and 97+31

�19 ms [2011Og07].
** Weighted average of 650+120

�80 ms [2021Sa01] and 800+270
�160 ms [2011Og07].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +30 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

256Cf 5.56(10)# 100% [1980Ho04]
260Fm 6.30(30)#
264No 6.82(40)#
268Rf 8.04(30)#
272Sg 8.62(20)#
276Hs 4.88(94)# 9.24(20)#
280Ds 4.5(1)# 9.71(20)# 100% [2023Sa03, 2021Sa01, 1999OgZW]
284Cn 4.3(10)# 9.67(15)# 2% 98% [2023Sa03, 2021Sa01, 2017Ka66, 2011Og07, 2014MoZV, 2014MoZU,

2010Du06, 2005Og03, 2005OgZZ, 2002Og03, 2002Og09, 2003Og13,
2002Og03, 2002Og13, 2001Og01, 2001Og06, 2001Og11, 2002OgZY,
2000Og05, 2000Og07, 2000OgZS]

288Fl 3.8(10)# 10.076(12) 100% 2% [2023Sa03, 2021Sa01, 2017Ka66, 2011Og07, 2014MoZV, 2014MoZU,
2010Du06, 2010Ei01, 2005Og03, 2005OgZZ, 2002Og03, 2002Og09,
2003Og13, 2002Og03, 2002Og13, 2001Og01, 2001Og06, 2001Og11,
2002OgZY, 2000Og05, 2000Og07, 2000OgZS]

292Lv 3.3(11)# 10.791(12) 100% [2017Ka66, 2011Og07, 2014MoZV, 2014MoZU, 2005Og03, 2005OgZZ,
2002Og03, 2002Og09, 2003Og13,2002Og03, 2002Og13, 2001Og01,
2001Og06, 2001Og11,2002OgZY, 2000Og05, 2000Og07, 2000OgZS]

Table 3
direct a emission from 284Cn*, Jp = 0+, T1/2 = 114+17

�11 ms**, BRa = 2%***.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(280Ds) coincident g-rays (keV) HF

9.30(5) 9.17(5) 100% 0+

* All values from [2017Ka66], except where noted
** Weighted average of 121+20

�13 ms [2021Sa01] and 97+31
�19 ms [2011Og07].

*** [2023Sa03].

Table 4
direct a emission from 288Fl*, Jp = 0+, T1/2 = 688+170

�110 ms**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(284Cn) coincident g-rays (keV) HF

9.98(5) 9.84(5) 100% 0+

* All values from [2017Ka66], except where noted

2



** Weighted average of 650+120
�80 ms [2021Sa01] and 800+270

�160 ms [2011Og07].

Table 5
direct a emission from 292Lv*, Jp = 0+, T1/2 = 18+16

�6 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(288Fl) coincident g-rays (keV) HF

11.00(8) 10.84(8) 100% 0+

* All values from [2011Og07].

References used in the Tables

[1] 1980Ho04 D. C. Hoffman, J. B. Wilhelmy, J. Weber, W. R. Daniels, E. K. Hulet, R. W. Lougheed, J. H. Landrum, J. F. Wild,
R. J. Dupzyk, Phys. Rev. C21, 972 (1980). https://doi.org/10.1103/PhysRevC.21.972

[2] 1999OgZW Yu. Ts. Oganessian, V. K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin, A. N. Polyakov, I. V. Shirokovsky, Yu. S.
Tsyganov, G. G. Gulbekian, S. L. Bogomolov, B. N. Gikal, A. N. Mezentsev, S. Iliev, V. G. Subbotin, A. M. Sukhov, O. V. Ivanov,
G. V. Buklanov, K. Subotic, M. G. Itkis, K. J. Moody, J. F. Wild, N. J. Stoyer, M. A. Stoyer, R. W. Lougheed, JINR-E7-99-347
(1999).

[3] 2000Og05 Yu. Ts. Oganessian, V. K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin, A. N. Polyakov, I. V. Shirokovsky, Yu. S.
Tsyganov, G. G. Gulbekian, S. L. Bogomolov, B. N. Gikal, A. N. Mezentsev, S. Iliev, V. G. Subbotin, A. M. Sukhov, O. V.
Ivanov, G. V. Buklanov, K. Subotic, M. G. Itkis, K. J. Moody, J. F. Wild, N. J. Stoyer, M. A. Stoyer, R. W. Lougheed, Phys. Rev.
C62, 041604 (2000). https://doi.org/10.1103/PhysRevC.62.041604

[4] 2000Og07 Yu. Ts. Oganessian, V. K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin, A. N. Polyakov, I. V. Shirokovsky, Yu. S.
Tsyganov, G. G. Gulbekian, S. L. Bogomolov, B. N. Gikal, A. N. Mezentsev, S. Iliev, V. G. Subbotin, A. M. Sukhov, O. V.
Ivanov, G. V. Buklanov, K. Subotic, M. G. Itkis, K. J. Moody, J. F. Wild, N. J. Stoyer, M. A. Stoyer, R. W. Lougheed, Yad. Fiz.
63, No 10, 1769 (2000).; Phys. Atomic Nuclei 63, 1679 (2000). https://doi.org/10.1134/1.1320137

[5] 2000OgZS Yu. Ts. Oganessian, JINR-E7-2000-259 (2000).

[6] 2001Og01 Yu. Ts. Oganessian, V. K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin, A. N. Polyakov, I. V. Shirokovsky, Yu. S.
Tsyganov, G. G. Gulbekian, S. L. Bogomolov, B. N. Gikal, A. N. Mezentsev, S. Iliev, V. G. Subbotin, A. M. Sukhov, O. V.
Ivanov, G. V. Buklanov, K. Subotic, M. G. Itkis, K. J. Moody, J. F. Wild, N. J. Stoyer, M. A. Stoyer, R. W. Lougheed, C. A.
Laue, Ye. A. Karelin, A. N. Tatarinov, Phys. Rev. C63, 011301 (2001). https://doi.org/10.1103/PhysRevC.63.011301

[7] 2001Og06 Yu. Ts. Oganessian, V. K. Utyonkov, K. J. Moody, Yad. Fiz. 64, No 8, 1427 (2001).; Phys. Atomic Nuclei 64, 1349
(2001). https://doi.org/10.1134/1.1398925

[8] 2001Og11 Yu. Ts. Oganessian, Acta Phys. Hung. N. S. 14, 267 (2001). https://doi.org/10.1556/APH.14.2001.1-4.26

[9] 2002Og03 Yu. Oganessian, Eur. Phys. J. A 13, 135 (2002). https://doi.org/10.1007/s10050-002-8732-2

[10] 2002Og09 Y. T. Oganessian, V. K. Utyonkov, Y. V. Lobanov, F. S. Abdullin, A. N. Polyakov, I. V. Shirokovsky, Yu. S.
Tsyganov, G. G. Gulbekian, S. L. Bogomolov, B. N. Gikal, A. N. Mezentsev, S. Iliev, V. G. Subbotin, A. M. Sukhov, O. V.
Ivanov, G. V. Buklanov, K. Subotic, A. A. Voinov, M. G. Itkis, K. J. Moody, J. F. Wild, N. J. Stoyer, M. A. Stoyer, R. W.
Lougheed, C. A. Laue, Eur. Phys. J. A 15, 201 (2002). https://doi.org/10.1140/epja/i2001-10254-4

[11] 2002Og13 Y. Oganessian, Prog. Theor. Phys. (Kyoto)., Suppl. 146, 94 (2002).

[12] 2002OgZY Yu. Oganessian, Program and Thesis, Proc. 52nd Ann. Conf. Nucl. Spectrosc. Struct. At. Nuclei, Moscow, p. 38
(2002).

[13] 2005Og03 Yu. Ts. Oganessian, V. K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin, A. N. Polyakov, I. V. Shirokovsky, Yu.
S. Tsyganov, G. G. Gulbekian, S. L. Bogomolov, B. N. Gikal, A. N. Mezentsev, S. Iliev, V. G. Subbotin, A. M. Sukhov, A.
A. Voinov, G. V. Buklanov, K. Subotic, V. I. Zagrebaev, M. G. Itkis, J. B. Patin, K. J. Moody, J. F. Wild, M. A. Stoyer, N.
J. Stoyer, D. A. Shaughnessy, J. M. Kenneally, P. A. Wilk, R. W. Lougheed, Eur. Phys. J. A 25, Supplement 1, 589 (2005).
https://doi.org/10.1140/epjad/i2005-06-134-9

[14] 2005OgZZ Yu. Ts. Oganessian, V. K. Utyonkov, Yu. V. Lobanov, F. Sh. Abdullin, A. N. Polyakov, I. V. Shirokovsky, Yu.
S. Tsyganov, G. G. Gulbekian, S. L. Bogomolov, B. N. Gikal, A. N. Mezentsev, S. Iliev, V. G. Subbotin, A. M. Sukhov, A. A.
Voinov, G. V. Buklanov, K. Subotic, V. I. Zagrebaev, M. G. Itkis, J. B. Patin, K. J. Moody, J. F. Wild, M. A. Stoyer, N. J. Stoyer,
D. A. Shaughnessy, J. M. Kenneally, P. A. Wilk, R. W. Lougheed, Proc. Intern. Symposium Exotic Nuclei, Peterhof, Russia, July
5-12, 2004, Yu. E. Penionzhkevich, E. A. Cherepanov, Eds. , World Scientific, Singapore, p. 168 (2005).

3



[15] 2010Du06 Ch. E. Dullmann, M. Schadel, A. Yakushev, A. Turler, K. Eberhardt, J. V. Kratz, D. Ackermann, L. -L. Andersson,
M. Block, W. Bruchle, J. Dvorak, H. G. Essel, P. A. Ellison, J. Even, J. M. Gates, A. Gorshkov, R. Graeger, K. E. Gregorich,
W. Hartmann, R. -D. Herzberg, F. P. Hessberger, D. Hild, A. Hubner, E. Jager, J. Khuyagbaatar, B. Kindler, J. Krier, N. Kurz,
S. Lahiri, D. Liebe, B. Lommel, M. Maiti, H. Nitsche, J. P. Omtvedt, E. Parr, D. Rudolph, J. Runke, B. Schausten, E. Schimpf,
A. Semchenkov, J. Steiner, P. Thorle-Pospiech, J. Uusitalo, M. Wegrzecki, N. Wiehl, Phys. Rev. Lett. 104, 252701 (2010).
https://doi.org/10.1103/PhysRevLett.104.252701

[16] 2010Ei01 R. Eichler, N. V. Aksenov, Yu. V. Albin, A. V. Belozerov, G. A. Bozhikov, V. I. Chepigin, S. N. Dmitriev, R.
Dressler, H. W. Gaggeler, V. A. Gorshkov, R. A. Henderson, A. M. Johnsen, J. M. Kenneally, V. Ya. Lebedev, O. N. Malyshev,
K. J. Moody, Yu. Ts. Oganessian, O. V. Petrushkin, D. Piguet, A. G. Popeko, P. Rasmussen, A. Serov, D. A. Shaughnessy, S. V.
Shishkin, A. V. Shutov, M. A. Stoyer, N. J. Stoyer, A. I. Svirikhin, E. E. Tereshatov, G. K. Vostokin, M. Wegrzecki, P. A. Wilk,
D. Wittwer, A. V. Yeremin, Radiochim. Acta 98, 133 (2010). https://doi.org/10.1524/ract.2010.1705

[17] 2011Og07 Yu. Ts. Oganessian, Radiochim. Acta 99, 429 (2011). https://doi.org/10.1524/ract.2011.1860

[18] 2014MoZU K. Morita, K. Morimoto, D. Kaji, H. Haba, Y. Wakabayashi, M. Takeyama, S. Yamaki, K. Tanaka, H. Hasebe,
M. Huang, J. Kanaya, M. Murakami, A. Yoneda, A. Yoshida, T. Yamaguchi, F. Tokanai, T. Yoshida, Z. Gan, L. Ma, H. Geissel,
S. Hofmann, Y. Maurer, K. Fujita, Y. Narikiyo, T. Tanaka, S. Yamamoto, M. Asai, K. Katori, RIKEN Accelerator Progress v.
47, p. XI (2014).

[19] 2014MoZV K. Morita, K. Morimoto, D. Kaji, H. Haba, Y. Wakabayashi, M. Takeyama, S. Yamaki, K. Tanaka, H. Hasebe, M.
Huang, J. Kanaya, M. Murakami, A. Yoneda, A. Yoshida, T. Yamaguchi, F. Tokanai, T. Yoshida, Z. Gan, L. Ma, H. Geissel, S.
Hofmann, Y. Maurer, K. Fujita, Y. Narikiyo, T. Tanaka, S. Yamamoto, M. Asai, K. Katori, RIKEN Accelerator Progress Report
2013, p. XI (2014).

[20] 2017Ka66 D. Kaji, K. Morita, K. Morimoto, H. Haba, M. Asai, K. Fujita, Z. Gan, H. Geissel, H. Hasebe, S. Hofmann, M.
H. Huang, Y. Komori, L. Ma, J. Maurer, M. Murakami, M. Takeyama, F. Tokanai, T. Tanaka, Y. Wakabayashi, T. Yamaguchi, S.
Yamaki, A. Yoshida, J. Phys. Soc. Jpn. 86, 034201 (2017). https://doi.org/10.7566/jpsj.86.034201

[21] 2021Sa01 A. Samark-Roth, D. M. Cox, D. Rudolph, L. G. Sarmiento, B. G. Carlsson, J. L. Egido, P. Golubev, J. Heery,
A. Yakushev, S. Aberg, H. M. Albers, M. Albertsson, M. Block, H. Brand, T. Calverley, R. Cantemir, R. M. Clark, C. E.
Dullmann, J. Eberth, C. Fahlander, U. Forsberg, J. M. Gates, F. Giacoppo, M. Gotz, S. Gotz, R. -D. Herzberg, Y. Hrabar,
E. Jager, D. Judson, J. Khuyagbaatar, B. Kindler, I. Kojouharov, J. V. Kratz, J. Krier, N. Kurz, L. Lens, J. Ljungberg, B.
Lommel, J. Louko, C. -C. Meyer, A. Mistry, C. Mokry, P. Papadakis, E. Parr, J. L. Pore, I. Ragnarsson, J. Runke, M. Schadel,
H. Schaffner, B. Schausten, D. A. Shaughnessy, P. Thorle-Pospiech, N. Trautmann, J. Uusitalo, Phys. Rev. Lett. 126, 032503
(2021). https://doi.org/10.1103/PhysRevLett.126.032503

[22] 2021Wa16 M. Wang, W. J. Huang, F. G. Kondev, G. Audi, S. Naimi, Chin. Phys. C 45, 030003 (2021).
https://doi.org/10.1088/1674-1137/abddaf

[23] 2023Sa03 A. Saamark-Roth, D. M. Cox, D. Rudolph, L. G. Sarmiento, M. Albertsson, B. G. Carlsson, J. L. Egido, P. Gol-
ubev, J. Heery, A. Yakushev, S. AAberg, H. M. Albers, M. Block, H. Brand, T. Calverley, R. Cantemir, R. M. Clark, Ch. E.
Dullmann, J. Eberth, C. Fahlander, U. Forsberg, J. M. Gates, F. Giacoppo, M. Gotz, S. Gotz, R. -D. Herzberg, Y. Hrabar, E.
Jager, D. Judson, J. Khuyagbaatar, B. Kindler, I. Kojouharov, J. V. Kratz, J. Krier, N. Kurz, L. Lens, J. Ljungberg, B. Lom-
mel, J. Louko, C. -C. Meyer, A. Mistry, C. Mokry, P. Papadakis, E. Parr, J. L. Pore, I. Ragnarsson, J. Runke, M. Schadel, H.
Schaffner, B. Schausten, D. A. Shaughnessy, P. Thorle-Pospiech, N. Trautmann, J. Uusitalo, Phys. Rev. C 107, 024301 (2023).
https://doi.org/10.1103/PhysRevC.107.024301

4



 
Stable to ß+-decay
Q     =      8.940 MeV
             100%

274Bh

Odd Z
Tz = +30

262Md

   
Stable to ß+-decay
Q     =   7.57# MeV
        SF 100 %11 h

266Lr

258Es

    
Stable to ß+-decay
Q     =  8.31# MeV
           ~83 %
     SF ~17 %

1.0 h

270Db

44 s
 

Qεp = -2.62# MeV
Qε   =   
Q     =  9.580 MeV
             100%

278Mt
4.5 s

Qεp =   -1.95# MeV
Qε   =  12.10# MeV
Q     =    9.55# MeV
             100%

282Rg
100 s

Qεp = -0.1.06# MeV
Qε   =   12.74# MeV
Q     =     9.790 MeV
             100%

286Nh
9.5 s

Qεp =   -0.05# MeV
Qε   =  13.92# MeV
Q     =  10.410 MeV
             100%

290Mc
650 ms

Stable to ß+-decay
Q     =  5.88# MeV

Qεp =  
Qε   = 15.24# MeV
Q     = 11.180 MeV
             100%

294Ts

Stable to ß+-decay
Q     =  6.54# MeV

7.90 MeV

51 ms

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSIONFig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +30 nuclei.

Last updated 5/25/25

1



Table 1
Observed and predicted b -delayed particle emission from the odd-Z, Tz = +30 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qb - Qb - a Experimental

258Es 2.280(45)# 9.14(40)#
262Md 1.57(58))# 9.00(49)#

266Lr 11+21
�5 h 1.53(68)# 10.96(58)# [2019Ko04, 2014Ko04]

270Db 1.0+1.9
�0.4 h 0.97(74)# 10.02(71)# [2019Ko04, 2014Ko04]

274Bh 44+34
�13 s 0.36(74)# 11.83(69)# [2017Og01]

Qe p Qe a
278Mt 4.5+3.5

�1.3 s 2.55(65)# -2.62(83)# [2017Og01]
282Rg 100+70

�30 s 2.95(66)# -1.95(84)# 12.10(66)# [2017Og01]
286Nh 9.5+6.3

�2.7 s 3.51(92)# -1.06(84)# 12.74(66)# [2017Og01]
290Mc 650+490

�200 ms 4.06(92)# -0.05(78)# 13.92(92)# [2017Og01]
294Ts 51+38

�16 ms 15.241(918) [2017Og01]

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, Tz = +30 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

258Es 5.88(50)#
262Md 6.54(20)#

266Lr 7.57(30)# 100% [2019Ko04, 2014Ko04]
270Db 8.31(20)# ⇡ 83% ⇡ 17% [2019Ko04, 2014Ko04, 2017Og01, 2013Og01, 2013Og04, 2012Og06,

2012OgZZ, 2010Og01, 2010Og04]
274Bh 3.45(70)# 8.940(60) 100%* [2017Og01, 2013Og01, 2013Og04, 2012Og06, 2012OgZZ, 2010Og01,

2010Og04]
278Mt 2.90(73)# 9.580(30) 100%* [2017Og01, 2013Og01, 2013Og04, 2012Og06, 2012OgZZ, 2010Og01,

2010Og04]
282Rg 2.42(77)# 9.55(10)# 100%* [2017Og01, 2013Og01, 2013Og04, 2012Og06, 2012OgZZ, 2010Og01,

2010Og04]
286Nh 2.42(78)# 9.790(50) 100%* [2017Og01, 2013Og01, 2013Og04, 2012Og06, 2012OgZZ, 2010Og01,

2010Og04]
290Mc 1.8(10)# 10.410(40) 100%* [2017Og01, 2013Og01, 2013Og04, 2012Og06, 2012OgZZ, 2010Og01,

2010Og04]
294Ts 1.46(79)# 11.180(40) 100%* [2017Og01, 2013Og01, 2013Og04, 2012Og06, 2012OgZZ, 2010Og01,

2010Og04]

* Only a-decay has been observed.

Table 3
direct a emission from 270Db*, T1/2 = 1.0+1.9

�0.4 h, BRa = ⇡ 83%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(266Lr) coincident g-rays (keV) HF

8.02(3) 7.90(3) ⇡ 83%.

* All values from [2014Kh04, 2019Kh04].

Table 4
direct a emission from 274Bh*, T1/2 = 44+34

�13 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(270Db) coincident g-rays (keV) HF

8.86-8.97 8.73-8.84 100%

* All values from [2017Og01], based on all available measurements.
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Table 5
direct a emission from 278Mt*, T1/2 = 4.5+3.5

�1.3 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(274Bh) coincident g-rays (keV) HF

9.52-9.69 9.38-9.55 100%

* All values from [2017Og01], based on all available measurements.

Table 6
direct a emission from 282Rg*, T1/2 = 100+70

�30 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(278Mt) coincident g-rays (keV) HF

8.99-9.18 8.86-9.05 100%

* All values from [2017Og01], based on all available measurements.

Table 7
direct a emission from 286Nh*, T1/2 = 9.5+6.3

�2.7 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(282Rg) coincident g-rays (keV) HF

9.75-9.89 9.61-9.75 100%

* All values from [2017Og01], based on all available measurements.

Table 8
direct a emission from 290Mc*, T1/2 = 650+490

�200 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(286Nh) coincident g-rays (keV) HF

9.92-10.45 9.78-10.31 100%

* All values from [2017Og01], based on all available measurements.

Table 9
direct a emission from 294Ts*, T1/2 = 51+38

�16 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(290Mc) coincident g-rays (keV) HF

10.96-11.22 10.81-11.07 100%

* All values from [2017Og01], based on all available measurements.
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +61/2 nuclei.
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Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +61/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or
deduced from values therein.

Nuclide Ex. Jp T1/2 Qe Qe p Qe a Experimental

277Hs 6+15
�2 s* 0.28(75)# [2023Co04, 2011Ga19]

281Ds 15+3
�2 s** 0.87(78)# -2.44(78)# 9.75(78)# [2023Co04, 2004Og12]

285Cn 36+8
�5 s*** 1.36(79)# -1.66(71)# 10.26(79)# [2023Co04, 2004Og12]

289Fl 2.5+0.8
�0.5 s 1.92(72)# -0.75(87)# 11.31(79)# [2023Co04]

289mFl 0.070(36) 1.1+1.1
�0.4 s 1.99(81)# -0.05(94)# 11.38(87)# [2023Co04]

293Lv 61+57
�20 ms 12.60(72)# [2004Og12]

* Weighted average of 18+25
�7 ms [2023Co04] and 3+15

�2 ms [2011Ga19].
** Weighted average of 19+4

�3 ms [2023Co04] and 11.1+5.0
�2.7 ms [2004Og12].

*** Weighted average of 42+10
�7 s [2023Co04] and 29+13

�7 ms [2004Og12].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +61/2nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

277Hs 4.86(75)# 9.03(20)# 100% [2023Co04, 2011Ga19, 2012Ho12]
281Ds 4.53(78)# 9.47(21)# 10% 90% [2023Co04, 2011Ga19, 2004Og12, 2017Ka66, 2014MoZU, 2014Ya33,

2012Ho12, 2010Du06, 2010DuZY, 2007Og05, 2005Og02, 2005OgZZ,
2004Og12, 2004Og07, 2004OgZZ, 2000Og01]

285Cn 4.17(71)# 9.39(12)# 100% [2023Co04, 2011Ga19, 2004Og12, 2017Ka66, 2014MoZU, 2014Ya33,
2012Ho12, 2010Du06, 2010DuZY, 2007Og05, 2005Og02, 2005OgZZ,
2004Og12, 2004Og07, 2004OgZZ, 2002Og09, 2001Og01, 2000Og01]

289Fl 3.79(87)# 9.954(65)# 100% [2023Co04, 2011Ga19, 2004Og12, 2017Ka66, 2014MoZU, 2014Ya33,
2012Ho12, 2010Du06, 2010DuZY, 2007Og05, 2005Og02, 2005OgZZ,
2004Og12, 2004Og07, 2004OgZZ, 2002Og09, 2001Og01, 2000Og01]

289mFl 3.72(94)# 10.024(74)# 100% [2023Co04]
293Lv 3.32(87)# 10.677(64) 100% [2004Og12, 2017Ka66, 2014MoZU, 2014Ya33, 2012Ho12, 2010Du06,

2010DuZY, 2007Og05, 2005Og02, 2005OgZZ, 2004Og12, 2004Og07,
2004OgZZ, 2002Og09, 2001Og01, 2000Og01]

Table 3

direct a emission from 281Ds*, T1/2 = 15+3
�2 s**, BRa = 10%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(277Hs) coincident g-rays (keV) HF

8.88(2) 8.75(2) 10% 0.090

* All values from [2023Co04], except where noted.
** Weighted average of 18+25

�7 ms [2023Co04] and 3+15
�2 ms [2011Ga19].

Table 4

direct a emission from 285Cn*, T1/2 = 36+8
�5 s**, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(281Ds) coincident g-rays (keV) HF

9.20(2) 9.07(2) 100% 0.124

* All values from [2023Co04], except where noted.
** Weighted average of 42+10

�7 s [2023Co04] and 29+13
�7 ms [2004Og12].
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Table 5

direct a emission from 289Fl*, T1/2 = 2.5+0.8
�0.5 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(285Cn) coincident g-rays (keV) HF

9.94(2) 9.80(2) 100% 0.030

* All values from [2023Co04].

Table 6

direct a emission from 289mFl*, Ex. = 70(36) keV, T1/2 = 1.1+1.1
�0.4 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(285Cn) coincident g-rays (keV) HF

10.04(3) 9.90(3) 100% 0.0

* All values from [2023Co04].

Table 7

direct a emission from 293Lv*, T1/2 = 61+57
�20 ms, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(285Cn) coincident g-rays (keV) HF

10.69(6) 10.54(6) 100%

* All values from [2004Og12].
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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +31 nuclei.

Last updated 5/25/25

1



Table 1

Observed and predicted b -delayed particle emission from the even-Z, Tz = +31 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein.

Nuclide Jp T1/2 Qe Qe p Qe a Experimental

278Hs 0+ 690+3300
�310 s -1.15(50)# —– —– [2016Ho09]

282Ds 0+ 42+146
�13 s* -0.67(54)# —– —– [2023Sa03, 2016Ho09]

286Cn 0+ 10.3+37.0
�3.5 s** -0.06(84)# —– —– [2023Sa03, 2017Ka66]

290Fl 0+ 0.31+1.48
0.14 s 0.42(84)# 9.80(84)# [2023Sa03]

* Weighted average of 38+165
�15 s [2023Sa03] and 67+320

�30 s [2016Ho09].
** Weighted average of 19+91

�8 s [2023Sa03] and 8.4+40.5
�3.9 s [2017Ka66].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, Tz = +31 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wa16] or deduced from values therein.

Nuclide Sp Qa BRa BRSF Experimental

278Hs 5.17(67)# 100% [2016Ho09]
282Ds 4.90(67)# 9.15(42)# obs obs [2023Sa03, 2016Ho09]
286Cn 4.57(92)# 9.24(76)# obs obs [2023Sa03, 2017Ka66, 2016Ho09]
290Fl 4.11(86)# 9.856(30) 100% [2023Sa03, 2017Ka66, 2016Ho09]

Table 3

direct a emission from 282Ds*, T1/2 = 42+146
�13 s**, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(278Hs) coincident g-rays (keV) HF

8.96(18) 8.83(18)

* All values from [2016Ho09], except where noted.
** Weighted average of 38+165

�15 s [2023Sa03] and 67+320
�30 s [2016Ho09].

Table 4

direct a emission from 286Cn*, T1/2 = 10.3+37.0
�3.5 s**, BRa = obs.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(282Ds) coincident g-rays (keV) HF

8.793(45) 8.670(45)

* All values from [2016Ho09], except where noted.
** Weighted average of 19+91

�8 s [2023Sa03] and 8.4+40.5
�3.9 s [2017Ka66].

Table 5

direct a emission from 290Fl*, T1/2 = 0.31+1.48
0.14 s, BRa = 100%.

Ea (c.m.) Ea (lab) Ia (abs) Jp
f Edaughter(286Cn) coincident g-rays (keV) HF

9.86(3) 9.72(3) 100%

* All values from [2023Sa03].
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