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Fig. 1: Known experimental values for heavy particle emission of the odd-Z T;= +53/2 nuclei.
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Table 1
Observed and predicted -delayed particle emission from the odd-Z, T, = +53/2 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wal6] or
deduced from values therein. All J™ values are taken from ENSDF.

Nuclide Ex. Jr Ti/» Qe Q- Qs-«a Experimental
219Bj* 927) 22(7) s -4.30(45)# 3.64(20)# 9.74(30)# [2012Be28]
223 A g 50(7) s -3,65(20)# 3.038(16) 8.502(21) [1989Bu09]
27 gy 12+ 148(2)s -3.203(15) 2.505(6) 7.047(10) [1981Vo03]
21 Ac* 12+ 7.52) m -2.454(17) 1.947(13) 6.341(13) [1973Ch24]
235pgk (327) 24.5(2) m** -1.729(19) 1.370(14) 6.228(14) [1986Mi10, 1968Tr07]
29Np* 52+ 2.3565(4) d -1.262(2) 0.723(1) 6.147(2) [1990Ab06]
QSp Qsa
23 Am 5/2- 7349(12) y** -0.580(3) — — [2020Ma63, 2007Ag02, 1980Ag05]
243m Am 2.30(30) 5.8(7) us® 1,72(30) 5.23(36) 8.90(30) [1973Br04, 1972Wo07, 1970Po01]
247TBk 32~ 1380(250) y -0.044(6) — — [1965Mi08]
1Es 32~ 33(1)h 0.377(6) -5.729(6) 6.554(7) [1970Ah01]
5Md (7127) 272) m 1.042(7) -4.441(6) 8.282(7) [1970Fi12]
29y 172°) 6.22(28) s@@ 1.770(70)# -3.128(71)# 9.625(71)# [1992Ha22, 1992Gr02]
263pp 27+10 2.35(23)# -2.28(26)# 10.61(17)# [1992Kr01]
267Bp 131§ seee 2.96(37)# -1.26(39)# 11.58(30)# [2009Mo12, 2000Ei05, 2000Wi15]
1Mt 3.41(41)# -0.42(45)# 12.87(42)#
2I5Rg 3.73(56)# 0.86(58)# 15.28(53)#
219Nh 4.44(T2)# 1.65(72)# 15.37(69)#

*100% B~ emitter.

** Weighted average of 24.6(2) m [1986Mi10] and 24.2(3) m [1968Tr07].

##% Weighted average of 7345(14) y [2020Ma63], 7357(23) y [2007Ag02] and 7358(42) y [1980Ag05].

@ Weighted average of 5.0(10) us [1972Wo07] and 6.5(10) ps [1970Po01].

ee Weighted average of 6.14(36) s [1992Ha22] and 6.34(46) s [1992Gr02].

@@@ peduced from times of 12 decay chains from [2009Mo12] (1 event), [2000Ei0O5] (6 events), and [2000Wil5] (5 events).

Table 2
Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, T; = +53/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wal6] or deduced from values therein.

Nuclide S Qu BRy BRgp Experimental
p p

29Bi  6.6036)#  3.87(36)#
WAL 6.347(42)  4.68(20)
27Tpr  6.354(12)  3.830(15)
BiAc  6.042(17)  3.655(14)
B5pa 5.613(14)  4.101(19)
Z9Np  5.286(1) 4.597(14)
23Am  4.831(1) 5.439(1) 100% 3.76(20)x107°%  [2002Da21, 2002Sa53, 2023K026, 2020Ma63, 2018Ca05, 2007Ag02,
1998Yal7, 1996Sa23, 1996Sa23, 1996Wo05, 1992Ga01, 1991Po14,
1986AmZY, 1984Vad1, 1980Ag05, 1979P020, 1977St35, 1974Pol7,
1969A114, 1969En02, 1968Ba22, 1968Ba25, 1968Va09, 1967Fa01,
1966Gv01, 1964Ba26, 1963Ba65, 1960Be10, 1959Ba22, 1958Wa69,
1956Hu96, 19555t98, 1954As05, 1953AsZZ, 1953Di27]

MWmAm - 2.53(30) 7.74(30) 100% [1973Br04, 1972Wo007, 1970Po01, 1980Bj02, 1973Be04, 1973Na35,
1971Rel1, 1970ReZN]
Bk 4.416(5) 5.890(5) ~ 100% [1969Fr01, 1965Mi08, 1956Ch77]
BIEs  3.948(5) 6.597(1) 0.5(2)% [1979Ah03, 1970Ah01, 1956Ha80]
B5Md 3.349(6) 7.906(2) 8.1(8)%* [2000Ah02, 1971Ho016, 1970Fi12, 1965Si14, 2005He27, 1958Ph40]
P91y 2.92(12)%  8584(T#  77.9(171)%  22.1(17)%** [1992Ha22, 1992Gr02, 2020Ha27, 1971Es01, 1971EsZX, 1970GhZY]
25Db  2.57(28)#  8.83(ISH  A2(I15)%*** 561 3%*** [2003Kr20, 1992Kr01, 2002KrZY, 1995GrZV, 1992GaZU, 1991KrZS,
1987GrZN]
67Bh  2.14(36)#  9.2320)#  100% [2020Ha27, 2009Mo12, 2000Ei05, 2000Wil5]

TMt 1.30(4D)#  9.91(20)#
BPRg  1.09(59)#  11.87(30)#
Z9Nh  0.67(74y#  11.64(75)#

* Weighted average of 10.0(14)% [1971Ho16], 7(1)% [1970Fi12] and 9(2)% [1965Si14].

** Weighted average of 20(3)% [1992Ha22] and 23(2)% [1992Gr02].

#%% [1992Kr01] report BRy = 43(15)% and BRgr = 57f}g%, neglecting BR,, which was assumed to be small. [2003Kr20] report a BR, :3f‘1‘%. The BR for
« and SF are adjusted by the evaluator to reflect this.



Table 3

direct o emission from 23 Am*, J® = 5/27, T, ;, = 7349(12) y**, BRy, = ~100%.

Egq(cm.) Egq(lab)  Ig(rel) I (abs) VP Egauger(PONp)***  coincident y-rays (keV)** Ry (fm) HF
47760 46974 4.4(5)x1073% 38A)x1073% (5127)  0.6623 31.1,43.1,43.5,747,86.7,  1.50633(42) 3.3(4)
117.6, 544.5, 587.6, 631.1
50185  4.9359 3.03)x1073% 2.6(3)x1073% 0.427 1.50633(42) 21573
50335  4.9506 32(3)x1073% 2.8(3)x1073% 0.411 1.50633(42) 255731
50843 50006 3.6(5)x107% 3.1(4)x1073% (927) 03591 1.50633(42)  510(50)
50959 50120 6.05)x1073% 52(4)x1073% (9/2%)  0.3473 1.50633(42)  366(28)
51209 50366 9.56)x1073% 8.2(5)x1073% (13/27) 03174 195 1.50633(42)  365(23)
51763 5.0911 0.0129(7)% 0.0112(6)% 0.267 1.50633(42) 567(31)
51989 51133 0.0219(12)%  0.0190(10)%  (11/27) 0.2413 71.2,169 1.50633(42)  489(26)
52651 51784  1.606(8)% 1.391(7)% 912~ 0.1731 31.1,43.1,43.5,50.6, 554,  1.50633(42) 18.04(21)
74.7,86.7,98.5, 117.6, 141.9
53204 52328 13.3003)% 11.52(2)% 72" 0.1177 31.1,43.1,435,74.7,86.7,  1.50633(42) 4.82(5)
117.6
53636 52753 100.% 86.6(7)% 52~ 0.0747 31.1,43.5,74.7 1.50633(42)  1.149(15)
54073 53183  0.219(3)% 0.19(3)% 712+ 0.0311 311 1.50633(42)  980*1%
54385 53490 0.28(4)% 0.24(3)% 52+ 0.0 — 1.5063342)  1.207517x10°

* All values from [2002Da21], except where noted. E uncertainties are in units of the last significant decimal figure [2022Da21].
** Weighted average of 7345(14) y [2020Ma63], 7357(23) y [2007Ag02] and 7358(42) y [1980Ag05].
#%% [2014Br18].

Table 4

direct o emission from 2*7Bk*, J® = 3/27, T, ;, = 1380(250) y**, BRy = ~100%.

Eq(cm.)  Eg(lab) Iy (rel) I, (abs) Jpes Eaaughier*¥Am)***  coincident y-rays (keV)*** Ry (fm) HF
5.546(5)  5.456(5)  3.3(5)% 1.5)%  (7127) 0.345(1) 1.4896(15) 1174
5.592(5)  5.501(5) 16(2)% 7(1)% (5127) 0.300(2) 1.4896(15)  4.5717
5.622(5)  5.531(5)  100(6)% 452% 32 0.265(10) 265 1.4896(15)  1.1(3)
5.702(5)  5.610(5) ~0.9% ~04%  (112F)  0.1894(6) 1.4896(15) =300
5747(5)  5.654(5) 122(14H%  55(6)%  (92%) 0.1434(2) 25.2,34,41.8,42,2, 67, 84.0, 1.4896(15) 4575
101.3,109.2

5.782(5)  5.688(5)  29(3)% 13(H% 72+ 0.1092(2) 25.2,41.8,42.2,67,84.0,109.2  1.4896(15)  30(6)
5.804(5)  5.710(5) 38(3)% 17(1)%  52* 0.0840(1) 41.8,42.2,84.0 1.4896(15)  31(6)
5.849(5)  5.754(5) 9.6(10)% 43H0H% 12 0.0422(2) 922 1.4896(15)  210(50)
5.880(5)  5.794(5)  122(12)%  5.5(5)% 512~ 0.0 — 1.4896(15)  280(60)

* All values from [1969Fr01], except where noted. Ey is adjusted by +1.0 keV as recommended in [1991Ry01].

#% [1965Mi08].

w45 [2014Nel4).
Table 5
direct o emission from ' Es*, J* = 3/27, T|/, = 33(1) h**, BRy = 0.5(2)%***.
Eq(cm)  Eg(lab) I (rel) I (abs) J}@ EgaughierC*'BK)® coincident y-rays (keV)® Ry (fm) HF
6.5143)  64103) 4.1(1% 0.017(1% 972)F  0.0828 40.8,42.0 1.47482(56)  33%38
6.526(3)  6.4223)  3.7(D% 0.015(7)% (727)  0.0716 1.47482(56) 40715
6.556(3)  6.4523)  4.19)% 0.017(1)% 712+ 0.0408 40.8 1.47482(56) 501730
6.567(3)  6.462(3)  11.6(13)%  0.047(19)%  (5/27)  0.0299 29.9 1.47482(56) 21716
6.597(3)  6.492(3)  100(3)% 0.41(16)% 32 0.0 — 1.47482(56)  3.37%4

* All values from [1979Ah03], except where noted. Eq is adjusted by +0.8 keV as recommended in [1991Ry01].
*#% [1970Ah01].
##% Deduced from I /Ix, = 0.008(2) [1970Ah01] and Ik, /I =0.64(5) [2005Ah09].
@ [2015Ne04].



Table 6
direct o emission from 2°Md*, J* = (7/27), T} ;, = 27(2) m**, BRy = 8.1(8)%***.

Ey(c.m.) Eg(lab) Iy (rel) Iy (abs) 7 Edaughrer( ' Es) coincident y-rays (keV) Ry (fm) HF

7.390(5) 7.274(5) 5.4(5)% 0.041(6)% 0.515 1.4825(13) 2113
7.444(4) 7.327(4) 100% 0.75(8)% 772 0.4614 405.5,453.1 1.4825(13) 1.9704
7.837(8) 7.714(8) 1.12)% 8(2)x10° 0.068 1.4825(13) 5.1+9%10°
7.876(8) 7.752(8) 1.12)% 8(2)x10° 0.030 1.4825(13) 7.0727x103

* All values from [2000Ah02], except where noted.
*% [[1970Fi12].
##% Weighted average of 10.0(14)% [1971Ho16], 7(1)% [1970Fi12] and 9(2)% [1965Si14].

Table 7
direct o emission from 2°Lr*, J® = (1/27), T, 5 = 6.22(28) s*, BRy = 77.9(17)%**.

Eq(c.m.) Ey(lab) Iy (abs) 7 Eaughter(P>>Md) coincident y-rays (keV) Ry (fm) HF

8.571(10) 8.439(10) 77.9(17)%** 1.485(19) 1.3108

* Weighted average of 6.14(36) s [1992Ha22] and 6.34(46) s [1992Gr02].
** Weighted average of 20(3)% [1992Ha22] and 23(2)% [1992Gr02] for BRsr. « decay is the only other expected channel.

Table 8
direct o emission from 203Db*, J* = (1/27), Ty, = 2770 s, BRy = 42(15)%**.

Eg(cam.) Ey(lab) I (abs) 7 Egaughier(*°Lr) coincident y-rays (keV) Ry (fm) HF

8.484(27) 8.355(27) 42(15)%** 1.475(18) 0.9:1)%

* All values from [1992Kr01], except where noted.
#* [1992Kr01] report BRy = 43(15)% and BRgr = 57112%, neglecting BR,, which was assumed to be small. [2003Kr20] report a BR, =3t‘:%' The BR for o
and SF are adjusted by the evaluator to reflect this.



Table 9
direct o emission from 267Bh"‘, Ty = 13:2 s** BRgy = 100%.

Eq(c.m.) Eq(lab) o (rel) In(abs) J7 Edaugher(***Db) coincident y-rays (keV) Rg (fm) HF
8.86 8.73 22% 17% 1.451(72) 2t
8.97 8.84 100% 75% 1.451(72) 1 Ofgé
9.05 8.91 11% 8% 1.451(72) 20133

* 12 decay chains were assigned to the decay of 2’Bh [2009Mo12, 2000Ei05, 2000Wi15] along with 4 tentative assignments in [2009Mo12], of which 3 have
significantly longer decay times than the others. The events with E, decay time and ref. listed below. The events are grouped by energy into 3 peaks; 8.73 MeV (2
events), 8.84 MeV (9 events) and 8.91 (1 event). Note that [2020Ha27] discusses that these events may be due to 2°°Bh as the energies are very similair.

Ey, MeV) decay t(s) Ref.

8.84 11.95 [2009Mo12]
8.81 24.5 [2000Ei05]

8.85 344 [2000Ei05]

8.72 2.9 [2000Ei05]

8.84 26.7 [2000Ei05]

8.91 10.5 [2000Ei05]

8.81 18.4 [2000Ei05]

8.83 5.26 [2000Wil5]
8.87 24.67 [2000Wil15]
8.87 45.15 [2000Wil5]
8.73 2.71 [2000Wil15]
8.84 21.83 [2000Wil5]
8.76 (tentative) 112.2 [2009Mo12]
8.71(tentative) 5.38 [2009Mo12]
8.75 (tentative) 155.57 [2009Mo012]
8.84 (tentative) 176.77 [2009Mo12]

*#* Deduced from the decay times listed above.
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