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Fig. 1: Known experimental values for heavy particle emission of the even-Z 7= +18 nuclei.
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Table 1
Observed and predicted -delayed particle emission from the even-Z, T, = +18 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wal6] or deduced
from values therein

Nuclide Ex. J* T2 Q¢ Oep Oca Experimental

176yb ot >1.6 x 107y -4.12(10) — — [1996De60]

180f o+ >1x 108y -3.100(70) S — [2020Da04]

184y 0t >89 x 10?2y -2.866(26) — — [2004C026]

18805 o+ >33 x 108y -2.120 — — [2020Be23]

192p¢ 0+ >6 x 106y -1.453(2) — — [2011Be08]

0Hg 0t stable -0.697(3) — —

200pp ot 21.54)h 0.796(12) -3.994(10) 2.463(10) [1955Bel2]

204pg o+ 3.52(1) h* 2.305(14) -0.844(12) 6.281(12) [1970Ral4, 1965AnZZ, 1961La02]

208Rp ot 1461(8) s 2.815(14) 0.201(12) 8.566(14) [1971H001]

212Ra 0t 13.02) s 3.317(13) 1.268(12) 9.846(14) [1974H027]

216Th o+ 26.3(2) ms** 2.149(14) 0.478(13) 11.390(14) [2019Zh45, 2005Ku31, 2000He17]
216mp 2.045(9) 8+ 140(5) ps** 4.194(17) 2.523(16) 13.435(17) [2019Zh45, 2005Ku31, 2000He17]

20y 2.74(10)# 1.26(12)# 12.44(10)#

24py 3.25(30)# 1.946(31)# 12.58(30)#

* Weighted average of 3.57(2) h [1970Ral4], 3.50(1) h [1965AnZZ] and 3.53(3) h [1961La02].
** Weighted average of 26.3(5) ms [2019Zh45], 26.0(2) ms [2005Ku31] and 27.0(3) ms [2000He17].
##% Weighted average of 135(4) us [2005Ku31] and 140(5) us [2000He17].

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

Nuclide Sy Sap Qu BR, Experimental

176yp 8.470(50) 16.12(30)# 0.566(4)

180y 8.009(5) 14.680(7) 1.287(1)

184w 7.701(2) 14.234(6) 1.649(2)

1880 7.210(0) 13.207(1) 2.143(1)

192p¢ 6.869(2) 12.159(2) 2.424(3)

oo 6.548(3) 11.644(3) 2.038(4)

200pp, 5.480(30) 9.874(10) 3.150(10)

204p, 4.105(16) 6.978(11) 5.485(1) 0.660(7)% [1970Ral4, 1970DaZM, 1967Ti04, 1965AnZZ,

1971Go35, 1970J026, 1969G023, 1967Le08,
1967Le21, 1967Ti04, 1963Be28, 1961F005,
1961La02, 1955Mo68, 1954R039, 1951Ka03,

1951Ka37]

208Rn 3.717(16) 6.045(11) 6.261(2) 63(3)%* [1971Go35, 1971H001, 1993Wa04, 1957St10,
1955M068, 1955M069, 1953AsZZ]

212Ry 3.347(16) 5.172(11) 7.032(2) A 949+ [2003He06, 2001HeZY, 1982B004, 1974Ho27,
1973BoXL, 1968Lo15, 1967Va22, 1961Gr42]

26Th 3.021(17) 4.372(12) 8.072(4) 100% [2005Ku31, 2000Hel7, 2019Zh45, 2014Yal9,
2005KuZZ, 2005Li17, 2001Ha46, 1968Val0,
1968Val8]

216mTp 0.976(19) 2.327(15) 10.117(10) 2.8(4)% [2005Ku31, 2019Zh45, 2005KuZZ, 2001Ha46,
2000He17, 1983Hi08]
20y 2.86(12)# 3.93(10)# 10.29(10)#
224py 2.67(31)# 3.57(30)# 9.84(32)#

* Weighted average of 67(3)% [1971Go35] and52(5)% [ 1971Ho01].
## Deduced by setting the HF of the a decay of 2!?Ra to the ground state of 2*®Rn equal to 1.0.



Table 3
direct o emission from 2%Po, J7 = 0+, T} ;, = 3.52(1) h*, BRq = 0.660(7)%**.

Eq(c.m.) Eq(lab) I (abs) 7 EdaughierCPb) coincident y-rays Ry (fm)] HF

5.485(2) 5.377(2)*** 0.660(7)%** or 0.0 —_— 1.4625(22) 1.017(11)

* Weighted average of 3.57(2) h [1970Ral4], 3.50(1) h [1965AnZZ] and 3.53(3) h [1961La02].

#* [1965AnZZ).

*##% Weighted average of 5.379(3) MeV (adjusted to 5.378(3) MeV in [1991Ry01]) [1970Ral4], 5.375(5) MeV (adjusted to 5.374(5) MeV in [1991Ry01])
[1970DaZM] and 5.379(5) MeV [1967Ti04].

Table 4
direct o emission from 2%Rn, J¥ = 0", T}, = 31461(8) s*, BRy = 63(3)%**.

Eq(cm)  Eg(lab) Io(rel) I (abs) 7 Edaughter(®*P0)  coincident y-rays R (fm)] HF
5.577(4)  5.470(4)yF  47(4) x 1073%*+  3.0(10) x 1073% 2T 0.684 0.684 1.4755(52)  12.1(12)
6.259(3)  6.139(3)***  100%*** 63(3)%** ot 00 — 1.4755(52)  0.97(5)

*[1971Ho01].
** Weighted average of 67(3)% [1971Go35] and 52(5)% [ 1971Ho01].
*##% [1971Go35].

Table 5
direct o emission from 2!2Ra*, J¥ = 07, T , = 13.0(2) s**, BRo = ~ 94%.

Eq(cm.) Eq(lab) I (rel) I (abs) 7 EjaughterP°*Rn) coincident y-rays Ry (fm)] HF
6.390(5) 6.269(5)) ~ 0.05% ~ 0.047% 2+ 0.635 0.635 1.4718(31) ~ 6.0
7.031(5) 6.898(5) 100% ~ 94% 0t 0.0 — 1.4718(31) 1.Oo%

* All values from [2003He06] unless otherwise stated.
** [1974H027].
*#% An even-even g.s to g.s. ¢ decay should have a HF =1.0. Setting the BRy = 94% gives this value. Using a BRq = 100% results in a HF of 0.935(14).

Table 6
direct o emission from 2!°Th, J¥ = 07, T, , = 26.3(2) ms*, BRq = 100%.

Eq(c.m.) Eq(lab) Iy (rel) I (abs) 7 Eaughter***Ra) coincident y-rays Rg (fm)] HF
7.442(4) 7.304(4)%* 100.0(4)% 99.46(40) %% 2+ 0.6293(1) 0.6293(1) 1.4695(14) 1.73(12)
8.072(5) 7.923(5)%* 0.0054(3)% 0.54(3) %+ o+ 0.0 — 1.4695(14) 1.013(9)

* Weighted average of 26.3(5) ms [2019Zh45], 26.0(2) ms [2005Ku31] and 27.0(3) ms [2000He17].
## [2005Ku31].
##% [2000He17].

Table 7
direct o emission from 2! Th, Ex. =2.045(9) MeV, J = 8%, T}, = 140(5) us*, BRy = 2.8(9)%**.

Eq(c.m.) Eq(lab) Iy (rel) I, (abs) 7 Edaughter(*"*Ra) coincident y-rays Ry (fm)] HF
8.150(10) 7.999(10) 18(3)% 13(2)% 8+ 1.967(13) 1.4695(14) 26048
9.488(12) 9.312(12) 18(4)% 133)% 2+ 0.6293(1) 0.6293(1) 1.4695(14) 9+¢ x 103
10.117(10) 9.930(10) 100(5)% T4(4)% o+ 0.0 — 1.4695(14) 3720 < 10t

* All values from [2005Ku31], except where noted.
** Weighted average of 135(4) us [2005Ku31] and 140(5) pus [2000He17].
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