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Fig. 1: Known experimental values for heavy particle emission of the odd-Z Tz= 0 nuclei.
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Table 1
Observed and predicted β -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 Jπ T1/2 Qε Qε p BRβ p Qε 2p Qε α 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, 2005Mu15, 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 Qα 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
β -p emission from 90mRh*, Ex. = unk, T1/2 =0.56(2) s, BRβ p = 9.6(10)%.

Ep(c.m.) Ip(rel)% Ip(abs)% Eemitter (90Ru) Edaughter(89Tc) coincident γ-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
β -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 γ-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 γ-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 γ-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
β -p Emission from 98mIn*, Ex = 0.82(73) MeV, T1/2 = 30(1) ms, BRβ p = 44(2)%.

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