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Fig. 1: Known experimental values for heavy particle emission of the even-Z Tz= +41/2 nuclei.

Last updated3/4/2-24

1



Table 1
Observed and predicted β -delayed particle emission from the even-Z, Tz = +41/2 nuclei. Jπ 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 Jπ T1/2 Qε Qε p Qε α 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% β− 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 Qα BRα 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 α decay. 7.598(60) MeV in [2021Wa16].
*** Deduced from α decay. 7.473(54) MeV in [2021Wa16].
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Table 3
direct α emission from 209Po, Jπ = 1/2−,T1/2 = 128.7(3) y*, BRα = 99.55(1)%**.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f

@@ Edaughter(205Pb)@@ coincident γ-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].
@ α 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 α transitions frred the 2.3 keV state.

@@ [2020Ko17].

Table 4
direct α emission from 213Rn, Jπ = (9/2+),T1/2 = 19.5(1) ms*, BRα = ≈ 100%.

Eα (c.m.) Eα (lab)** Iα (rel)* Iα (abs) Jπ
f *** Edaughter(209Po)*** coincident γ-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 α emission from 217Ra, Jπ = (9/2+), T1/2 = 1.7(1) µs*, BRα = 100%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(213Rn) coincident γ-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 α emission from 221Th*, Jπ = (7/2+),T1/2 = 1.73(3) ms**, BRα = 100%.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(217Ra) coincident γ-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 (Iα = 4) and 8.375(10) MeV (Iα = 11), with no spectra are shown in this work. No levels at 63, 98, or 210 keV have been observed
in 208Pb(13C,4nγ) [1983Lo16] or 208Pb(12C,3nγ) [1991Dr08, 1984Ro20, 1984Su10] reactions (as detailed in [2018Ko01]).
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Table 7
direct α emission from 225U, T1/2 = 72(4) ms*, BRα = ≈ 100%.

Eα (c.m.) Eα (lab)** Iα (rel)*** Iα (abs) Jπ
f Edaughter( 221Th) coincident γ-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 α emission from 229Pu*, T1/2 = 90(10) s**, BRα = 50(20)%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(225U) coincident γ-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 α emission from 233Cm*, T1/2 = 23+13

−6 s, BRα = 20(10)%.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(229Pu) coincident γ-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 α emission from 237Cf*, T1/2 = 0.8(2) s, BRα = 70(10)%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(233Cm) coincident γ-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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