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Fig. 1: Known experimental values for heavy particle emission of the odd-Z T.= +18nuclei.
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Table 1
Observed and predicted B-delayed particle emission from the odd-Z, T, = +18 nuclei. J* values for 1781y, 182, 186Re 1901 194 Ay, 198T] and 292Bj are taken
from ENSDF. Unless otherwise stated, all Q-values are taken from [2021Wal6] or deduced from values therein.

Nuclide J* Ex. T\ Qe Ocp Ocq Experimental
1781 1) 28.4(2) m -0.661(7) — — [19730r03]
182y 3~ 114.740(24) d -0.381(6) — — [1973Vil3]
186Re 1- 3.7186(5) d 0.581(1) -7.822(14) 1.697(6) [2004Sc04]
1907, 4- 11.78(10) d 1.954(1) -6.063(8) 3.330(2) [1975Ba35]
194 A0 1- 38.02(10) h 2.548(2) -4.965(2) 4.071(2) [1992Si02)
98T) 2 53(5)h 3.426(8) -3.678(8) 4.806(8) [1954Mi16]
202 5+ 1.71(2) hksex 5.190(15) -0.859(20) 7.779(14) [1970DaZM, 1966KaZY]
206 At 5" 29.3(4) m 5.749(14) 1.337(14) 11.076(14) [1977Li16]
210gy 6" 3.18(6) m 6.261(14) 2.251(14) 12.420(14) [2005Ku06]
214 A 5t 8.2(2) s 6.341(15) 2.699(14) 13.613(14) [1968Va04]
2I8py 8) 108(5) us® 6.283(21) 2.658(21) 16.132(19) [2020Zh01, 2000He17]
218mpy 0.080(11) ) 13575 us 6.363(24) 2.738(24) 16.212(22) [2020Zh01]
22Np 38072 ns 7.000(60) 3.611(71) 16.483(39) [2020Ma27
226 Am 7.34(36)# 4.06(31)# 16.27(30)#

*100 B~ emitter.

#% 92 5(1)% B, 7.5(1)% € emitter.

##% Weighted average of 1.67(2) h [1966KaZY] and 1.79(3) h [1970DaZM].
@ Weighted average of 107(5) us [2020Zh01] and 113(10) us [2000He17].

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, T, = +18 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wal6] or deduced from values therein.

Nuclide Sy Sap Qq BRy Experimental
1781y 6.640(2) 15.55(10) 1.102(45)
182 6.317(2) 14.332(71) 1.482(3)
186Re 5.828(1) 13.666(26) 2.078(2)
1907, 5.056(1) 12.315(1) 2.749(1)
194 Ay 5.021(2) 11.954(2) 2.117(2)
98] 4.277(8) 10.968(8) 2.258(8)
202B; 2.769(20) 8.282(15) 4.353(16)
206 A ¢ 2.207(17) 6.371(16) 5.887(5) 0.87(8)%* [1981Va27, 1981Va29, 1977VaZT, 1961La02,

1970DaZM, 1969Ba69, 1969BaZM, 1968Go12,
1964Th07, 1963Ho18, 1961Fo04]

210k, 1.691(17) 5.452(16) 6.671(5) 71(4)% [2005Ku06, 2022Ha06, 2014Ma66, 2000RuZZ,
1972KeYY, 1971ReZE, 1967Va20, 1964Gr04,
1961Gr42]
24 Ac 1.201(17) 4.629(16) 7.352(2) 89(3)% [2004Ku24, 1968Va04, 2000He17, 1961Gr42]
28py 0.845(21) 4.078(20) 9.791(12) 100% [2020Zh01, 2000He17, 1996An21, 1979Sc09,
1995AnZY, 1995NiZS, 1978ReZZ]
218mpy 0.765(24) 3.998(23) 9.871(16) 100% [2020Zh01]
22Np 0.534(82) 3.582(41) 10.200(34) 100% [2020Ma27
226 Am 0.62(42)# 3.64(30)# 9.27(30)#

* A value of 0.88(8)% was reported in [1961La02]. This value was deduced using an ¢ branching ratio of 5(1)% [1955Mo08] for the decay of 206pg,
[1981Va27] report a value of 0.70(14)% for the a branching of 2°° At, using using an & branching ratio of 5.2(4)% [1971G035 ] for the decay of 2°°Po. Adjusting
the value of [1961La02] using the 2°°Po o branching ratio of [1971G035] results in a value of 0.92(8)%. The weighted average of 0.70(14)% and 0.92(8)% is
adopted here. In addition, note that [1967Le08] list an o branching ratio of 5.45% for 2°°Po with no uncertainty reported.



Table 3
direct o emission from 2% At, Ex. = 2.045(9) MeV, JT = (5%), T}/, = 29.3(4) m**, BRy = 0.87(8)%***.

@

Ey(c.m.) Ey(lab) Iy (rel) Iy (abs) J}‘ @ Edaugh,e,(zozBi) coincident y-rays Ry (fm)©@@ HF
5.816(2) 5.703(2) 100% 0.83(8)% () 0.072(4) 1.4690(56) 2.Of‘31
5.848(3) 5.734(3) 1.2(3)% 9.6(28) x 1073% ") 0.041(5) .041 1.4690(56) 2402(1)0
5.881(3) 5.767(3) 2.4(4)% 0.020(4)% (€aD) 0.007(5) 1.4690(56) 1 7038
5.888(4) 5.774(4) 0.93)% 7.8(27) x 1073% 5F 0.0 —_— 1.4690(56) 460fﬁg

* All values from [1981Va27], except where noted.

*#%[1977Li16].

*##% A value of 0.88(8)% was reported in [1961La02]. This value was deduced using an o branching ratio of 5(1)% [1955Mo08] for the decay of 206pg,
[1981Va27] report a value of 0.70(14)% for the a branching of 2%°At, using using an & branching ratio of 5.2(4)% [1971G035 ] for the decay of 2°Po. Adjusting
the value of [1961La02] using the 206pg o branching ratio of [1971Go35] results in a value of 0.92(8)%. The weighted average of 0.70(14)% and 0.92(8)% is
adopted here. In addition, note that [1967Le08] list an & branching ratio of 5.45% for 2°°Po with no uncertainty reported.

@ [2008Zh05].

@@ Interpolated between 1.4625(22) fm (***Po) and 1.4755(52) fm (**8Rn).

Table 4

direct o emission from 2!%Fr, J7 = 6+, T}/, = 3.18(6) m*, BRy, = 71(4)%.

Eq(c.m.) Eq(lab) Iy (rel) I (abs) 7 Edaughter(®*Ra)  coincident y-rays Ro (fm)*** HF
6.015(5)**  5.900(5)**  >0.010(5)% >0.0071(36)% 0.6573(2)%* 0.6263(3)**, 0.6515(3)**  1.4737(61) <3234
6.231(7) 6.112(7) >0.0017(9%  >0.0012(6)% 0.4442(5) 0.442(5) 1.4737(61)  <1.8(3) x 103
6.333(4) 6.212(4) >0.022(3)% >0.016(2)% 0.3404(1) 0.3404(1) 1.4737(61)  <38071%°
6.348(5)**  6.227(5)**  >0.0102)% >0.0071(15)% 0.3223(1)%* 0.3223(1)** 1.4737(61)  <1.0%03 x 10
6.471(5)**  6.348(5)**  >0.0041(13)% >0.0029(9)% 0.2009(5)** 0.1953(2)** 1.4737(61)  <1.1108 x 10
6.524(4) 6.400(4) >0.034(7)% >0.024(5)% 0.1480(1) 0.1169(3)**, 0.1480(1) 1.4737(61)  <1.6707 x 103
6.533(4)%*  6.409(4)**  >0.014(4)% >0.0103)% 0.1376(3)%* 0.1065(2)**, 0.1376(3)**  1.4737(61) <4379 x 103
6.545(4) 6.420(4) >0.030(5)% >0.021(4)% 0.1263(1) 0.1207(3)**, 0.1263(1) 1.4737(61) <2208 x 10
6.672(5) 6.545(5) 100% 70.9(40)% 5T 00 — 1.4737(61)  2.13%03

* All values from [2005Ku06].

** Tentatively assigned.

##% Interpolated between 1.4755(52) fm (***Rn) and 1.4718(31) fm (*!*Ra).
Table 5
direct o emission from 24 Ac*, JZ‘T =5t, Ty =8.2(2) s**, BRy = 89(3)%**.
Ey(c.m.) Ey(lab) Iy (rel) I, (abs) J }‘ Edaugh,e,(zloFr) coincident y-rays Ro (fm)@ HF
6.601(15)  6.478(15) > 0.0043(15)%  >0.0020(7)% 0.7537(7) 0.7537(7) 1.4707(34)  <270* 4360
6.639(15)  6.515(15) > 0.0041(15)%  >0.0020(7)% 0.7134(7) 0.7134(7) 1.4707(34)  <3907%5
6.732(7) 6.606(7) >0.012224)%  >0.0059(12)% 0.6225(2) 0.6225(2) 1.4707(34)  <31075)
6.752(7) 6.626(7) >0.0087(22)%  >0.0042(11)% 0.6014(2) 0.6014(2) 1.4707(34) <530%319
6.829(5) 6.701(5) 0.26(4)% 0.125(18)% 0.5259(1) 0.2814(1), 0.3166(2), 0.3301(1), 1.4707(34) 355

0.3867(2), 0.4630(2), 0.5259(1)

6.912(7) 6.783(7) >0.028(8)% >0.013(4)% 0.4442(2) 0.4442(2) 1.4707(34)  <680+389
6.992(6) 6.861(6) >0.167(4)% >0.080(18)% 0.3639(2) 0.1546(1), 0.2247(1), 0.3639(2)  1.4707(34) <230"%)
7.009(5) 6.878(5) >0.24(9)% >0.116(18)% 0.3464(1) 0.3464(1) 1.4707(34) <18075)
7.010(6) 6.879(6) >0.057(15)% >0.027(7)% 0.3395(1) 0.3395(1) 1.4707(34)  <8107739
7.020(6) 6.889(6) >0.100(19)% >0.048(9)% 0.3330(1) 0.3330(1) 1.4707(34)  <500* 130
7.111(5) 6.978(5) 2.04(56)% 0.98027)% 0.2442(1) 0.1814(1), 0.2442(1) 1.4707(34) 52122
TI31(7)=*  6998(7)*** >0.074(37)%*** >0.036(18)% 0.2551(2)%*%  0.1625(1)***, 0.2551(2)*** 1.470734) <1.773% x 103
7.145(5) 7.011(5) >0.81(8)% >0.39(4)% 0.2090(1) 0.14640(1), 0.2090(1) 1.4707(34) <1763]
7.157(5) 7.023(5) >0.65(10)% >0.312(5)% 0.1955(1) 0.1331(1), 0.1955(1) 1.4707(34) <2508
7.216(4) 7.081(4) 77.8(45)% 37.4(22)% 0.1390(1) 0.0763(1), 0.1390(1) 1.4707(34)  3.3(4)
7.289(6) 7.153(6) ? ? 0.0626(1) 0.0626(1) 1.4707(34)
7.352(3) 7.215(3) 100(5)% 48(2)% 0.0 — 1.4707(34)  7.9(8)

* All values from [2004Ku24], except where noted.

*#% [1968Va04], the I, value is reported as a lower limit.
*#% Tentatively assigned.
@ Interpolated between 1.4718(31) fm (>'?®Ra) and 1.4695(14) 2'°Th



Table 6
direct o emission from 2!8Pa, J¥ = (87), T}/, = 108(5) ps*, BRo = 100%.

Eq(c.m.) Ey(lab) I (rel) I, (abs) 7 Edaughter***Ac) coincident y-rays Ro (fm)® HF
9.712(8) 9.534(8)** 40(3) % 29(2)% @h) 0.092 0.092 1.495(21) 2207130
9.792(8) 9.612(8)*** 100% 71(4)% 5h 0.0 — 1.495(21) 1507180

* Weighted average of 107(5) us [2020Zh01] and 113(10) us [2000He17].

% Weighted average of 9.524(16) MeV; 26(2)% [2020Zh01], 9.544(15) MeV; 35(5)% [2000He17], 9.530(15) MeV; 31(4)% [1996An21] and 9.535(15) MeV;
35(10)% [1979Sc09].

i+ Weighted average of 9.610(14) MeV; 74(5)% [2020Zh01], 9.616(15) MeV; 65(7)% [2000He17], 9.610(15) MeV; 69(4)% [1996An21] and 9.614(15) MeV;
365(10)% [1979Sc09].

@ Interpolated between 1.4695(14) fm 219Th and 1.521(15) fm 22°U.

Table 7
direct o emission from 2'%"Pa*, Ex. = 80(11) keV, J¥ = (17), T}, = 135" us, BRy = 100%.

Eq(c.m.) Eq(lab) I (rel) I (abs) 7 EdaughrerC**Ac) coincident y-rays Ro (fm)*#* HF
9.775(21) 9.596(21)** ") 0.092 0.092 1.495(21)
9.872(15) 9.691(15)%** 100% ~100% (5%) 0.0 — 1.49521) 200+149

* All values from [2020Zh01].
** Tentatively assigned.
##% [nterpolated between 1.4695(14) fm 2'°Th and 1.521(15) fm 220U.

Table 8
direct ¢ emission from Zzsz*, Tip= SSOff?g ns, BRy = 100%.

Eq(c.m.) Ey(lab) I (rel) Iy (abs) 7 Edaugher(C'8Pa) coincident y-rays Ry (fm)** HF

10.200(33) 10.016(33) 100% 29(2)% ®7) 0.0 — 1.503(50) 0.9:1):?

* All values from [2020Ma27].
## Interpolated between 1.521(15) fm 22U and 1.484(48) fm 2>*Pu,
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