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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +9/2 nuclei.
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Table 1
Observed and predicted β -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. Jπ values for 103Ag, 107in, 111Sb, 115I, 119Cs, 123La, 127Pr, 131Pm, 135Eu, 139Tb, 143Ho are taken from ENSDF.

Nuclide Ex Jπ T1/2 Qε Qε p BRβ p Qε 2p Qε α 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 Qα BRα 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].
** β -decay branch not measured.
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Table 3
direct p emission from 147Tm*, Jπ = 11/2−, T1/2 = 615(45) ms**, BRp = 15(5)%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jπ
f Edaughter(146Er) coincident γ-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, Jπ = 3/2+, T1/2 = 360(40) ms, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jπ
f Edaughter(146Er) coincident γ-rays

1.1315(39) 1.1108(39) 100% 100% 0+ 0.0 —–

* All values from [1993Se04].

Table 5
direct p emission from 151Lu*, Jπ = 11/2−, T1/2= 78(1) ms.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jπ
f Edaughter(150Yb) coincident γ-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, Jπ = 3/2+, T1/2= 17(1) µs, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jπ
f Edaughter(150Yb) coincident γ-rays

1.294(4) 1.285(4) 100% 100% 0+ 0.0 —–

* All values from [2015Ta12].

Table 7
direct p emission from 155Ta*, Jπ = (1/2+), T1/2= 2.9+15

−11 ms, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jπ
f Edaughter(154Hf) coincident γ-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., Jπ = 11/2−, T1/2= 12+4

−3 µs, BRp = 100%.

Ep(c.m.) Ep(lab) Ip(absb) Jπ
f Edaughter(154Hf) coincident γ-rays

1.776(10) 1.765(10) 100%

* All values from [1999Uu01].

Table 9
direct p emission from 159mRe*, Ex = unk., Jπ = 11/2−, T1/2= 21(4) µs, BRp = 92.5(35)%.

Ep(c.m.) Ep(lab) Ip(rel) Ip(absb) Jπ
f Edaughter(158W) coincident γ-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 α emission from 159mRe*, Ex = unk., Jπ = 11/2−, T1/2= 21(4) µs**, BRα = 7.5(35)%.

Eα (c.m.) Eα (lab) Iα (rel) Ip(absb) Jπ
f Edaughter(155Ta) coincident γ-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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