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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= +21/2 nuclei.
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Table 1
Observed and predicted β -delayed particle emission from the odd-Z, Tz = +21/2 values for are taken from ENSDF.

Nuclide Ex Jπ T1/2 Qε Qε p Qε α 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 α-decay of the 175Ir isomer to the ground state of 171Re, and the α-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 Qα BRα 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 α 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 α emission from 147Eu, Jπ = 5/2+, T1/2 = 24.1(6) d*, BRα = 0.0022(6)%**.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(143Pm) coincident γ-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 α emission from 151Tb, Jπ = 1/2+, T1/2 = 17.609(14) h*, BRα = 0.0095(15)%**.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(147Eu) coincident γ-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 α emission from 175Ir, Jπ = (1/2+), T1/2 = 8(1) s*, BRα = 0.85(22)%**.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(171Re) coincident γ-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 α emission from 175mIr, Ex = 169(7) keV*, Jπ = (9/2−), T1/2 = 4.9(4) s**, BRα = ≈ 70%***.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(171ERe) coincident γ-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 α-decay of the 175Ir isomer to the ground state of 171Re, and the α-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 α emission from 179Au*, Jπ = 1/2+, T1/2 = 7.3(3) s, BRα = 22.0(9)%**.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(175Ir) coincident γ-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 α emission from 183mTl*, Ex = 628.7(3) keV, Jπ = (9/2−), T1/2 = 53.3(3) ms, BRα = 1.45(42)%.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(179Au) coincident γ-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 α emission from 187Bi*, Jπ = (1/2+), T1/2 = 38(2) ms**, BRα = ≈100%.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(183Tl) coincident γ-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 α emission from 187mBi*, Ex = 112(11) keV, Jπ = (9/2−), T1/2 = 370(20) µs, BRα = 100%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(183Tl) coincident γ-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 α emission from 191At*, Jπ = (1/2+), T1/2 = 1.7+11

−5 ms, BRα = 100%.

Eα (c.m.) Eα (lab) Iα (abs) Jπ
f Edaughter(187Bi) coincident γ-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 α emission from 191mAt*, Ex = 50(30) keV, Jπ = (7/2−), T1/2 = 2.1+4

−3 ms, BRα = 100%.

Eα (c.m.) Eα (lab) Iα (rel) Iα (abs) Jπ
f Edaughter(187Bi) coincident γ-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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