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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +23/2 nuclei.
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Table 1
Observed and predicted β -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. Jπ values for 145Pm are taken from ENSDF

Nuclide Ex Jπ T1/2 Qε Qε p Qε α 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 α 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 Qα BRα 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 α energy, 7.896(53) in [2021Wa16].
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Table 3
direct α emission from 145Pm*, Jπ = 5/2+,T1/2 =17.7(4) y**, BRα =2.8(6)×10−7%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(141Pr) coincident γ-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 α emission from 177Ir, Jπ = 5/2−, T1/2 =26(2) s*, BRα =0.06(1)%**.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(181Au) coincident γ-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 α emission from 181Au*, Jπ = (3/2−),T1/2 =14.5(4) s, BRα =2.7(5)%.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(177Ir) coincident γ-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 α emission from 185mTl*, Ex = 454.8(15) keV**, Jπ = (9/2−), T1/2 =14.5(4) s, BRα =obs.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(177Ir) coincident γ-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 α emission from 189Bi*, Jπ = (9/2−), T1/2 = 688(5)s**, BRα =obs***.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(185Tl)@ coincident γ-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 Iα (abs) and HF.
@ [2005Wu07].

Table 8
direct α emission from 189mBi*, Ex = 182(8) keV, Jπ = (1/2+), T1/2 = 5.0(1)ms**, BRα =obs***.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(185Tl) coincident γ-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 α emission from 193At*, Jπ = (1/2+),T1/2 =28+5

−4 ms, BRα =100%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(189Bi) coincident γ-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 α emission from 193m1At*, Ex = 10(5) keV, Jπ = (7/2−), T1/2 =21(5) ms, BRα =100%.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(189Bi) coincident γ-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 α emission from 193m2At*, Ex = 44(7) keV, Jπ = (13/2+), T1/2 =27+4

−3 ms, BRα =24(10)%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(189Bi) coincident γ-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 α emission from 197Fr*, Jπ = (7/2−), T1/2 =0.6+30

−3 ms, BRα =100%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(193At) coincident γ-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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