Database/Horlzontal Evaluation

From Li to Og!

* The p is silent like pterodactyl.




Purpose of this horizontal evaluation/database

Provides an up to date database of relevant information on nuclei that decay by heavy charged particles
- It is being updated as new results are published. Web-site update ~ bimonthly

Currently known: 1456 nuclel

(isomers counted separately)
B —delayed emitters

203 B*-p emitters

13 3*-2p emitters

5 B7-3p emitters

2 B*-ap or B*-pa emitters
26 B*-a emitters
29 B+-fission emitters

2 B--o emitters
2 B--o emitters

Direct emitters
81 direct proton emitters  (many inferred from T,)
9 direct 2p emitters
907 direct alpha emitters
155 Spontaneous fission
22 cluster (14C, ?*Ne, etc.) emitters
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Purpose of this horizontal evaluation/database

Physics motivated! — In many cases levels in daughter nuclei

have only been observed via heavy charged particles

Goal is to aid researchers on the topic.

Also useful as a teaching tool.

- systematics

- Relationships between Energy and B.R.
- Competition between different decay modes

Involves the entire chart of the nuclides, provides a
comprehensive overview of the topic.

Evaluates and gives recommended values
based on all available experimental data.

@ Proton Decay observed

88 Alpha Decay observed

X B-p observed

direct o daughter
(A-4,Z-2)

» Is being kept up to date as new papers come out
Anything published is out of date.

* Complete (as possible) evaluation of heavy
charged particle emitters

* All of the information in one place
— this allows the user to look at patterns and trends
in the data which can lead to the discovery of new
physical phenomena.

Precursor
(A.Z)

direct p daughter
(A-1,Z-1)

8, daughter (A-3,Z-4)
(A-2.2-3)

B, daughter
(A-1,Z-2)



Purpose of this horizontal evaluation/database

Recommended values for 87 -delayed proton and o emission

* Builds on and expands on recent horizontal database 1C Batcheder

Department of Muclear Engineering, University of Calfornia, Berkeley, CA 94720, USA
Physics Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831, USA

(“Recommended Values for Beta-Delayed Proton Alpha Emission”
J. C. Batchelder, Atomic Dat. Nucl. Data Tables 132, 101323 (2020).)

Beta*-delayed proton (or @) emi
information for the grot

is a typical decay mode of vei
Valuable i recursor, such a
obtained b

Greatly expanded it to include all beta delayed and direct p, a, cluster and fission decays.
Uses the latest mass evaluation used for level energies. Q and S values taken or derived from from:

2021Wal6 M. Wang, W. J. Huang, F. G. Kondev, G. Audi, S. Naimi, Chin. Phys. C 45, 030003 (2021),

unless a more accurate value can be obtained from the particle energies (typically from new papers)— examples:

UNIVERSITY OF CALIFORNIA
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Table 2
Particle separation, Q-values, and measured values for direct particle emission of the even-Z, T; = +19/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wal6] or deduced from values therein.

Purp ‘ Nuclide Sy Sap Qu BRy Experimental

135Ce 6.687(22) 11.641(10) -0.362(10)
139Nd 6.177(29) 10.676(28) 0.174(29)
1435m 5.665(24) 9.904(4) 0.075(28)
Builds on ADNDT art _'“cd 5.528(6) 9.283(1) 1.735(2)
STpy 4.936(8) 8.203(4) 4.180(3) 5.6(4)% [1974To07, 1982B004, 1978MoZH, 1973Bi06,

1965Ma51, 1964Ma19, 1990KaZM, 1989KaYU,

1988KaZK, 1987KaZl, 1985Ne09, 1982Del1,
Uses the latest mass e 1981HoZM, 1979Ho10, 1978AfZZ,

1976 ToZT, 1974ToZN, 1974ToZQ,

1974ToZU, 1973BoXL, 19720kZZ, 1968Go13,

1967G032, 1960Ma47]
2021Wal6 M. Wang, I55gr 4.859(10) 7.644(7) 4.118(5) <0.022(7)% [1974To07, 1990P013, 1990KaZM, 1978AfZZ,
unless a more accurate 1975ToZT, 1974PeZS, 1970Ma23, 1969To06]
159yp 4.419(31) 6.998(32) 3.951(18) <0.0001%*** [1995Hi12]
163hf 3.727(79) 6.013(30) 4.139(31)
167y 3.284(34) 5.036(34) 4.751(30) <0.04(1)% [1991Me05, 1989Me02]
17105 2.682(22) 3.957(24) 5.371(4) 1.8(3)%* [1995Hi02, 1979Hal0, 2004GoZZ, 1996Pa01,

1978Sc26, 1976HoZD, 1972To06, 1972ToZC,
1972ToZL, 1972ToZ0, 1972ToZW]
175pg 2.212(22) 2.848(24) 6.164(4) 64.5(13)% [2014Pe02, 1979Hal0, 2004GoZZ, 2002K009,
1996Pa01, 1986Ke03, 1982Del1, 1981DeZA,
1981DeZL, 1976HoZD, 1973Ga08, 1971Ha03,
1970Hal8, 1966Si08]

1Hg 1.919(30) 2.140(33) 75(4)% [2012Ve04, 2002K009, 1979H010, 2002R017,
1996Pa01, 1982HeZM, 1971Ha03, 1971Ho17,
1970Hal8, 1969NaZT, 1968De01]
183pp 1.542(31)# 1.497(33)# 6.928(7) obs® [2002]e09, 1989To01, 2012Ve04, 1987To09,
1986Ke03, 1980Sc09]
183mpyy 1.463(31)# 1.418(33)# 7.007(9) obs® [2002Je09, 1989To01, 1987To09, 1986Ke03,
1984ScZQ, 1980Sc09]
187po 1.320(37) 0.213(36) 7.979(15) 100% [2006An11, 2007An19, 2005An17, 2005AnZY]

B k 1 = 5 : = 1979Hal10].
er e ey ** Deduced from o energy, 6.351(31) in [2021Wal6].
UNIVERSITY OF CALIFORNIA |

@ Not measured, expected to be 80-90% based on half-life.




What is included (and what is not)

All available measured and predicted Q,, Q,, S, S,, values for nuclei where these decays are energetically possible.
All known charged particle decays — BR, T} ,, individual transitions (E & J7, initial and final states)

Complete listing of relevant references for all direct and beta delayed a., p, ¢ and f emitters in one place.

Up to date and evaluated data. Where there are large discrepancies between papers, this is noted.

Example:

Table 12
B-p emission from 39Ti*, Ty /5 =28.5(9) ms, BRg p, = 93.7(28)%**.

Ey(c.m.) I, (rel)*** I, (abs)*** Eomitter (°Sc) Ed,mgh,er(38Ca) coincident y—rays@
3.27(2) 70(20) 712)
5.17(3)¢ 100(30) 10(3)

* All values taken from [2007Do17], except where noted.
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PHYSICAL REVIEW C 80, 064310 (2009)

What is included (and what is not)

1x10°F

1x10°E

‘s
T

Targeted (and complete) references— different from NSR
— Example:
3 Hg o, decay- NSR lists 2009Ha42 ,
173Hg only appears as a bg peak in a figure. — not included o'}

—
X

=
(=

w
T

Counts / 10 keV
X
=

._.
X
fay
(=1
>
T

o[ | | | |
1x10 5500 6000 6500 7000 7500

« NSR includes where nucleus is a possible daughter, but no info Fulke¥)
Example: search for 4Dy gives “'Ho proton decay — No info on'4’Dy
« Sometimes the reference doesn’t even address that type of decay
Example: 2!°At search gives 22°Fr beta decay papers. — No a decay.
Only references with information relevant to particle emission from the given nucleus are included.

- In beam studies, beta decay with no heavy particle emission, moments, etc.
are not included in the references

*  All papers with information on the given nucleus including conference proceedings and reports.

(I’'m getting most of my refences from NSR, IAEA, LBNL library and google scholar)

Explicit refs for T,,,, Energy, BR, etc.

Berkeley
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What is included (and what is not)

Organized by Tz = (N-Z)/2
(-4 to +32, even and odd — 145 datasets!),
Simple decay chain figure included for each Tz.

Beta-delayed emitters have similair properties across Tz chain
Example: Tz=-3/2 - beta decay primarily proceeds through
IAS followed by proton emission (73Sr, %Br, %Se, ¢'Ge, >'Zn, etc.)

Alpha emitters decay along Tz chain

Isomers (> 1 ns) are treated separately.
- only decay from “long-lived” states included,
not high energy states that emit p or a.

No attempt is made at adding theoretical predictions or references.

Berkeley
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How this is different from AME/NuBase/ENSDF?

® The AME and our work are very different animals. The main goal of the Berkeley
online database is to provide experimentalists access to all the latest information on direct and beta -delayed
alpha
and proton emitters, all collected in one easy to access place.

® Some mass information might be derived through separation energies, but that is not the goal of this work
The AME i1s a phenomenal work on masses of nuclei across the entire chart, but doesn’t have complete
information on decay transitions.

® ENSDF offers A chains — based on and perfect for beta decay.
® ENSDF A chains updated every 10-20ish years.
BEo,R updated ~ bi-monthly.
® BEo,R contains complete list of references, allowing a more complete picture for the experimenter.
® Consistent in formatting for C.O.M. and lab frames for energy

Berkeley

UNIVERSITY OF CALIFORNIA




Each Tz is broken into even and odd databases
Starts with a decay chain (with Q, S, T, ,, BR, 100% Ep, Ea values)

Even Z
Tz=-5/2

B 63(14%
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Nuclide J* Ty Qe Qep BRg, Qe2p Experimental

17Te 12+ 61(2) m 3.544(13) -0.858(13) e -10.137(13) [1961Fi05]
2Xe  (52*%) 38.8(6) m 3.765(11) -0.408(10) — -7.583(12) [1969Bu07]
1By 12+ 3.3(4) m* 4.421(13) 0.709(11) -6.304(12) [1975Ar31, 1968Da09]
Pce  (52%) 3.53)m 5.040(40) 1.793(28) -4.625(28) [1993A103]
BNd (72 70(10) s 5.610(50) 2.847(51) -3.141(54) [1977B002]
TSm (9227) 45(1)'s 6.080(30) 3.919(31) -1.634(31) [1983A1Z0]
141Gd 12+ 14(4) s 6.701(23) 4.943(23) 0.3(1)% 0.301(24) [1989Gi06, 1986Wi15]
Wpy 1rh) 6(2)s 8.16(11) 6.228(29) ~50% 1.421(13) [1993To04, 1984ScZT] . . . .
e 12h) 42)s 7.900(30) 6.829(29) 12% 2.423(29) [1989Fi01, 1984ScZT] Table 1 — beta delayed part]cle Smission 11’1f0:
Momppkx  (1127)  89(2)s 8.642(30) 7.571(29) 0.18(7)% 3.165(29) [1989Fi01, 1984To07, 1984ScZT]
B5yp 72 42(2)s 6.81(20)# 6.05(20)# 0.008(2)% 1.8920)# [1988Wi05] T Q
157Hf 7127) 115(1) s 7.5920)# 7.12(20)# 3.1920)# [1996Pa01] parent J ’ T1/29 Bx » BR) refS
lely 409(18) ms 8.27(20)# 8.14(20)# 4.62(20)# [1996Pa01]
16505 (7127) 21(1) ms 8.9120)# 9.20(20)# 6.21(20)# [1996Pa01]
1p  (27) 7.0(2) ms 9.63(20)# 10.24(20)# 7.79(20)# [2004Ke04]
BHg  (127) 0.80(8) ms 10.17(20)# 11.16(20)# 9.17(20)# [20120d01]

* Weighted average of 3.5(4) m [1975Ar31] and 3.0(5) m 1968Da09].
** Excitation energy = 741.8(2) keV [1989Fi01].

Table 2
Particle separation and 8- emission from the even-Z, T, = +13/2 nuclei

Nuclide Sp Sap Qq BRgy Qea Experimental

e 5.562(14) 9.640(13) 0.808(14) 1.847(13)

21%e 6.023(18) 9.876(13) 0.190(17) 3.734(13)

125Ba  5217(14) 8.999(15) 0.387(15) 4.152(12)

9Ce  4.951(61) 8.047(30) 0.957(30) 5.377(29) . . . . .
BING 439465 7206T)  LS0GSY 656651) Table 2 — Direct particle emission info:
B7Sm 4.111(75) 6.356(34) 1.916(55) 7.521(31)

HIGd  3.527(55) 5.422(23) 2.343(35) 8.424(24) Q

Spy 3.163(29) 4.59(20) 2.557(21) 9.258(14) b 89 BR9 refS

49Er  3.039(88) 4.12(29) 2.076(29) 10.23(11)
149m gk 3.781(88) 4.86(29) 2.818(29) 10.97(11)

33Yb 2.731)# 3.4720)# 4.16(20)# 12.06(20)#

ISTHE  2.44Q1)# 2.9320)# 5.880(3) 94(5)%** 12.69(20)# [1996Pa01. 1979H010, 1989Wo02, 1981HoZM]

1973Ea01, 1965Mal4]
Ioly 1.972Q08)#  2.23Q20)# 5.923(4) 33)% 13.51Q00# [1996Pa01. 1981H010, 1989H002, 1981H0oZM]
16508 1.563(208)# 1.42Q1)# 6.335(6) 90(2)% 14.61Q20)# [2008Bi15, 1996Pa01. 2013Dr06, 2002Pa03

[1997Da07, 1991Se01, 1981Ho10, 1978Call,
1978CaZF, 1977Ca23]

169pt 1087208/  0.54(22)#% 6.858(5) ~ 100% 15.77Q0)# [2004Ke06, 1999Se14, 20120401, 2009Go16]
[2008Bi15, 1996Pa01, 1981Ho10]
BHg  0.6320208%  -023Q2)%  7.378(4) 100% 17.00120%  [20120d01, 20095227, 2004Ke04, 1999Se14]
= “998NIiZW]

Berkeley
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Table 10
B-p emission from 33Ca*, Ty = 25.7(2) ms, BRg = 95.7(15)%**.

Ep(c.m.) I,(rel) I,(abs) Eemitter (SK)H* Edaughier C*AD® coincident y-rays®
1.427(5) 100 48.5(13) 1.511(5) 0 S
1.909-2.647° 112) 5.4(9) 4.084-4.822 2.0911(3) 2.091 T . .
1.909-2.647¢ 2.1(8) 1.0(4) 5.280-6.018 3.2877(5) 1.197,2.091, 3.286 If individual transitions are known for
1.909-2.647¢ 4.1(14) 2.0(7) 5.866-6.604 3873(3) 1.782, 2.091, 0.585, 1.197 . .
2.727(13) 12.4(10) 6.0(5) 4.902(13) 2.0911(3) 2.091 beta—delayed partlcles, the partlcle
2.947-3.500° 75(6) 2203) 5.122-5675 2.091103) 2.001 oL,
3.592(025) 62(6) 300) 3.676025) 0 — energy, initial and final states,
3.822(36) 7.8(6) 3.8(3) 3.906(36) 0 — hi d lici f P
4.041(71) 6.0(6) 2903) 6.216(71) 2.0911(3) 2.091
4570048) 60(6) 290, 465443) ; 2091 branc g, and €xXp 1c1t retences for
4.754(38) 37(3) 12(@) 1.338(38) 0 — :
5.018(71) 8.0(6) 3903) 5.102(71) 0 — each number given.
5.294(48) 1.5(4) 0.72(18) 5.378(48) 0 —
5.466(48) 1.26(31) 0.61(15) 5.550(48) 0 —
5.616(37) 2.95(35) 1.43(17) 5.700(37) 0 —
5.834(60) 2.9) 1.40(19) 5.918(60) 0 —
5.983-6.649¢ 2.25(35) 1.09(17) 6.067-6.733 0 —
6.783(22) 7.8(4) 3.8(2) 8.958(22) 2.0911(3) 2.091
7.131-7.887° 23(4) 1.1(2) 4.084-7.971 0 —
8.802(89) 0.85(12) 0.41(6) 8.886(89) 0 —

* All values are taken from [1999Tr04], except where noted.

** From [2016Ci05].

*** Calculated from proton energies and S, (35K) = 83.6(5) keV [2021Wal6].
@ Values from adopted levels in ENSDF [2012Si06].

¢ unresolved multiplet

Table 11
B-2p emission from 3°Ca*, BRg2p =4.2(3)%**.

Ezp(c.m.) I, (rel) I,(abs) Eemitter COR)###% Egay ghter(33 Cl) coincident y-rays

4.305(26) 100 4.2(3) 9.053(27) 0 —_—
* All values are taken from [1999Tr04], except where noted.

** From [2016Ci05].
### Calculated from two-proton energy and Sy, (°K) = 4747.5(6) keV [2021Hu06].

berkeley
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If individual transitions are known for direct particle emitters, the
particle energy, initial and final states, J, branching, HF (a only)
and explicit refences for each number given.

Table 6
direct o emission from !7!0s*, J* = 5/27 T , =8.3(2) s, BRg = 1.8(3)%.

Eg(c.m.) Eq(lab) I (abs) 7 Egaughter("8"W) coincident y-rays Ry (fm) HF
5.290(10) 5.166(10) 7.0%*** (7127) 0.12(3)% 0.079 1.5721(95) 77439
5.367(7) 5.241(7) 100%%*** (5127) 1.68(3)% 0.0 1.5721(95) 1.3404

* All values from [1995Hi02], except where noted.

** Weighted average of 1.9(3)% [1995Hi02] and 1.7(3)% [1979Hal0].

*** Uncertainties not given in [1995Hi02].
Table 7
direct o emission from '"Pt¥, J* = (7/27), Ty, = 2.43(4) s, BRq = 64.5(13)%.
Eg(c.m.) Eq(lab) Io(rel) I (abs) 17 Egaughter(1Os) coincident y-rays Ro (fm) HF
5.950(4) 5.814(4) 7.3(16)% 4.0(9)% (7/2=,9/27) 0.2112(5) 0.2112(5), 0.1341(4), 0.0767(3) 1.5574(37) 6.6
5.955(4) 5.819(4) 1.3(4)% 0.72)% 9/27) 0.2079(5) 0.2079(5), 0.1308(4), 0.0767(3) 1.5574(37) 38146
6.087(4) 5.948(4) 100(1)% 55.0(5)% (7127) 0.0767(3) 0.0767(3) 1.5574(37) 1.71(15)
6.162(4) 6.021(4) 8.7(15)% 4.8(8)% (5/27) 0.0 — 1.5574(37) 40%9

* All values from [2014Pe02], except where noted.
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If individual transitions are known for direct particle emitters, the
particle energy, initial and final states, J, branching, HF (a only)
and explicit refences for each number given.

Table 10
direct o emission from 18Po*, I = (7/27), Ty = 3.5(5) ms, BRy =100%.

Eq(c.m.) Ey(lab) Io(rel) I (abs) 1% Ejaughter(\2Os) coincident y-rays Ro (fm) HF
7.416(15) 7.259(15) 100(21)% 80(12)% (5127) 0.280 0.280 1.4991(51)
7.467(20) 7.309(20) 15(7)% 12(5)% 0.226 0.226 1.4991(51) Sy
7.695(20) 7.53(20) 10(8)% 8(6)% G127) 0.0 — 1.4991(51) 14199

* All values from [2005Va04].
** The reason for this unphysically low value is unknown.

When HF don’t make sense, this is pointed out in the comments.
If possible I’ve attempted to contact authors.
(many times the values come from VERY old papers).

UNIVERSITY OF CALIFORNIA
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Table 1024

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, T, = +47/2 nuclei. Unless otherwise stated, all S and Q-values are
taken from [2021Wal6] or deduced from values therein.

Fission - direct and e-delayed

Nuclide S, Qo BR, BRgsr BRjuster type Experimental

207Hg  9.59(30)#  0.60(20)#

21ph(AcB) 8.535(12)  3.570(30)

2I5po(AcA)  6.630(11)  7.526(1)  99.99977(2)% [1998Li53, 1971Gr17, 1950Av61, 2023Ta02, 2019Ma02,
1996Wi27, 1979Be58, 1976B113, 1971Er02, 1971Grl7,
1967Da20, 1965Val0, 1962Wal8, 1961Ry02, 1961Vo06,
1960Ry02, 1950Av61, 1942Wa04]

ZPRn(An) 6.560(12) 6.9462(3) 100% [1999Li05, 2019Ma02, 2015C007, 2015Pi10, 19891101,
1979Be58, 1974Bol 1, 1972NgZZ, 1970Da09, 1970Kr01,
1970K101, 1970Kr08, 1967Le05, 1962Wal8, 1961Rol4,
1961Ry02, 1960Ry02, 1960Wal6]

BRa(AcX) 6.4348)  59790(2) 100% 89@x10 %% 1*C [1998Sh02, 1995Hol11, 1992Ar02, 1962Wal8, 1971Grl7,
20218i11, 2019Ma02, 2016J002, 2015Be13, 2015C002,
2015C007, 2015K006, 2015Pi10, 1991Ho15, 1990Hu02,
1990Hu07,1990We01, 1989Br34, 1987Mil0, 1985A128,
1985Ku24, 1985Pr01, 1984A134, 1984Ga38, 1984R030,
1976Bl13, 1974Ri05, 1971Gr17, 1970Da08, 1970Kr01,
1969Be67, 1968Br37, 1968Be37, 1967J0ZX, 1965Ki05,
1962Gi04, 1961Ry02, 1960Ry02, 1959R051, 1957Pi31,
1954Ha60]

2TTh(RdAc) 5.793(3)  6.1466(1) 100% [19s64Ba33, 2019Ma02, 1998J008, 1972Hel8, 2019K006,
2019C004, 2015Co11, 1990Br23, 1990BrZZ, 1987Mi10,
1977Ma32, 1972HeYM, 1968Wa07, 1967J0ZX, 1965Br23,
1954Ha60, 1949Pe08]

BT 5.6574)  55762)  4(1)x10 [1997Mu08, 1994Li12, 19490s01]

25py 5.061(22) 5.95120) 3.06)xE 1% [1957Th10, 19520103]

B5mpy  2.06(20)  7.95(20) 100% [1970Bu02, 1971Br39, 1972Gad2, 1969Mel1]

29Cm 4.56(16)  6.54(15) < 1x10 [2008Qi03]

BCE 4.0523%  7.42(10)%  obs [1967Fi04, 1967Si08]

24TFm 344200  8.258(10)  64% [2006He27, 2004HeZY, 2004He28]

2TmEm  3.39200#  8.305(11)  88Q)% [2006He27, 2004HeZY, 2004He28]

STNo  2.840)#  8.752(4)  9179,% 0.147931,% [2006He27, 2001He35, 2022Te01, 2009Dr02, 2005KuZZ,
2005SuZX, 2004He28, 2004HeZY, 1999He07, 1997He29,
1967Gh01]

BImNo  2.7420)#  8.858(7)  100% [2006He27, 2022Te01, 2005KuZZ, 2005SuZX, 2004He28,
2004HeZ Y]

SRE 2.61200% 9.055(4)  46(5)% 54(5)%* [2006He27, 2015An05, 2001He35,2020Mol 1,
2008Dr05, 1997He29, 1986He06, 1984De07, 19840g02,
19840g03]

295 2.278(30)# 9.765(8)  ~97% 3(1)%** [2015An05, 2013An08, 2009Dr02, 2009He20, 1985Mul1,
1984De07]

29mge 2191200 9.852(22)  ~97% 3(1)%** [2015An05, 2009He20]

©Hs 1.86(22)# 10.733(78) 100% <8.4% [2009Dr02, 2009KaZU, 19840g02

27Ds  1.08(23#  11.777(51) =~ 100% [1995Gh05]

* Weighted average of 58(9)% [2015An05] and

** Combination of ground state and isomer.

Direct (129 nuclei, g.s. and isomer)
and B-delayed fissioning (29 3*, 2 )
nuclei are included in the database.

* Only half-lives, branching ratios and
isomer energies are detailed.

* no attempt is made to detail fission
products, ave. # of neutrons, etc.

Only refs. that detail some aspect of the
fission decay are listed.

(i.e. papers that only detail gammas/states

in a particular fission fragment are not listed.)



Table 994

Cluster emission

Particle separation, Q-values, and measured values for direct particle emission of the even-Z, T, = +23 nuclei. Unless otherwise stated, all S and Q-values are taken

from [2021Wal6] or deduced from values therein.

Nuclide S, Qu BR,

BReiuster

type

imental

210pp(RaD) 8.373(6)
214po(RaC’)  6.527(5)

3.792(20) 1.93)x106%*
7.834(0)  100%

Wo05, 1962Ka27, 1969H026]

008, 1971Grl7, 1961Ry02, 2022Be20, 2016A128,
110, 2013Al11, 2013Be10, 2012Sul 1, 2011AIZX,
h30, 1973BoXL, 1973BoXW, 1971Er02, 1965Le08,
122, 1961D002, 19600g01, 1960Ry01, 1953Ba60,
002]

BRn 6.466(5)  7.262(2) 100%

22Ra 6.246(6)  6.678(4) 100%

2.64(31)x1078%** 14C

€17, 1962Di08, 1961Ru06, 1958To25, 19485t42]
054, 1991Hu02, 1985H021, 1985Pr01, 1956As38,
013, 1991HuZY, 1991LeZV, 1987BaZs, 1976Ka08,
aZD, 1969Pel7, 1964Ba49, 1963Lel7, 1961Fo08,
u06, 1960Be25, 1958To25, 1956Sm88, 1948St42]

[:054, 1973BoXL, 2012Sull, 1971Er02, 1963Di08,

26Th 5.729(6)  6.453(1) 100%

Ma30, 1995Ko54, 1976Ku08, 2012Po13, 1987Mi10,
aZD, 1974KaZM, 1969Br10, 1968GuZU, 1963Lel7,
y06, 1956As38, 1953AsZZ, 1948St42]

20U 5.571(5) 5.992(1)  100%

Table 1028

4.8(20)x10~ 2%

ZZNe

Ma30, 2001Bo11, 1995Ko54, 1976Ku08, 2012Po12,
a54, 1999Pa22, 1996Tr10, 1974KaZM, 1969Pel7,
al4, 1963Lel7, 1961Ru06, 1956As38, 1953AsZZ,

direct “C emission from 223Ra*, J” = 3/2F, T, , = 11.4354(17) d**, Quac = 31.83 MeV, BRyuc = 8.9(4)x 108 %p***.

Euc(cm)  Epc(lab)  Igc(rel) L4c(abs) ze Esaughter*®Pb)@ coincident y-rays®
30.43 28.52 5%°@ 3.6x107%% 15/2~ 1.423 0.6435, 0.7789, 1.4227
31.07 29.12 100%@ @ 7.2x1073% 11/2+ 0.779 0.7789

31.50 29.52 19%®®@ 1.3x1073% 9/2+ 0.0 —

* All values from [1992Ar02], except where noted.
** [2015C002].
*#% [1995Ho11].
@ [2015Ch30].

22 examples of cluster emission
are detailed.
_ 14C 200 23F 22,24Ne 28,30Mg. 32,34Si

Branching ratios and type
are listed 1n table 2 of each Tz

If energies were measured,
individual tables are presented.




Summary tables for all types of
charged particle decays have been added

Summary of known f, Emitters. Detailed

for each nucleus can be found in their respective T, tables.

Nuclide J* Ty Qcp (MeV) BR other decays T,
°c (3/2) 126.5(9) ms 16.680(2) 61.1(171)% BBy, 312
3o 32) 8.58(5) ms 15.826(10) 11.3(20)% Ba 32
Ne 12- 109.3(6) ms 13.9485(4) 94.4(29)% B« 32
20Mg ot 90.4(6) ms 8.437(2) 30.0(12)% 2
2mg 52+ 118.6(5) ms 10.657(1) 20.9(13)% Be 312
Al 4% 9L.1(5) ms 13.10(40)# 54.525)% B2ps Bo 2
2g; ot 28.6(14) ms 15.45(50)#% 61.8(52)% p 3
Al 512+ 446(6) ms 4.6406(4) 1.22(5)% 312
25i Gt 42.3(4) ms 17.06(50)#% 81.8(11)% Bop, Bap 52
2Al 4t 2.0534) s 2.19207(23) 0.0012(3)% Ba -1
Si oF 141.4(15) ms 8.930(19) 333(16)% 2
8i 52+ 220(3) ms 10.472(10) 35.020)% 312
26p 3+ 43.6(3) ms 12.775(61) 33.5(200% Bop 2
27p 52+ 260(80) ms 4.262(9) ~0.07% =312
s 5rY 16.3(2) ms 17.34(40)# 62.229)% By 51
=p 37 270.3(5) ms 2.7600(11) 0.0013(4)% Ba -1
283 o+ 125(10) ms 9.17(16) 20.7(20)% 2
s (512%) 187(6) ms 11.109(13) 47(5)% 32
fe! 32+ 190(1) ms 5.877(3) 2.4(2)% 312
3 Ar 52+ 15.1(3) ms 18.1020)# 68.3(3)% Bap: Bsp -5/2
3ICT ™ 298(1) ms 3.8169(6) 0.026(5)% B 1
32Ar 0* 98(2) ms 9.553(2) 35.58(22)% 2
BAr 12+ 173.0(20) ms 9.3423(4) 38.8(14)% 32
BK 32+ 150(25) ms 5.9782(5) 0.37(15)% 32
3Ca nh 25.7(2) ms 16.28(20)# 95.7(15)% By 52
36K 2+ 34207\ me 4 3075(3) 004R014\%, R. -1

UNIVERSITY OF CALIFORNIA
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Summary of known S, emitters. Detailed

for each nucleus can be found in their respective T, tables.

g a+ 0.57(2) s 15.115(90) 0.16(6)% Bp, +2
15¢s 1.03(10) s 11.46(10)# 0.010(5)% By +5/2
15Xe (52%) 18(4) s 9.755(15) 0.0003(1)% By +7/2
6y a+ 0.70(4) s 13.08(10)# 0.049(25)% By +3
1omcg 3.85(13) s 13.18(12)# <0.0033% By +3
T7Ba (3/2) 175(7) s 11.2425) 0.011-0.038% By +52
8¢ 2 14(2) s 11.055(31) <0.0024(4)% By +4
120¢cs 2(4) 61.3(11) s 8.955(30) 0.000020(4)% By +5
8lHg 127) 3.6(1) s 12.961(25) 9(2)X107%% Bp. +21/2
Table 1121
Summary of known S, emitters. Detailed for each nucleus can be found in their respective T; tables.
Nuclide J* Ty Qﬁ' o MeV) BR;;- a (%) other decays T,
212mpj (C) 25.0(2) m 11.625(30) 30(1)% a +23
214Bj 1- 19.71(2) m 11.102(11) 3.03 x 1073% a +24
Table 1122

Summary of known BR,, emitters. Detailed references for each nucleus can be found in their respective T; tables.

Nuclide J* Ti/2 BRe, other decays T,
17871 47,57 252(20) ms 0.15(6)% a +8
180 G) 3.2(3)X1073% a +9
186B; 3" 14.8(8) ms <0.022(13)% a +10

186ompj (107) 9.8(4) ms <0.022(13)% a +10
188pj (34 60(3) ms 0.46(9)% a +11
188mp; (107) 265(10) ms ~0.11% a +11
190p; 34 63(1)s 2.5(5)x107% a +12
190mBj (107) 6.2(1) s 41498 105 a +12
1924t 11.5(6) ms <0.42(9)% a +11
192m p¢ = 10—\ QRUAN me POV LI A ~ a1

Summary of known direct & emitters. Detailed references for each nucleus can be found in their respective T; tables.

Nuclide il Ty Qu BRq (%) other decays T
104 o+ <I18ns 5.1021) 100% 0
105Te. (5/2%) 0.62(7) us 5.069(3) 100% +12
106 ot 70 30 s 4.290(9) 100% +1
1077 s2+) 3.1(1) ms 4.004(6) 70(30)% 312

1081 26.4(8) ms 4.099(5) 100% +1
1087 or 21()s 3.445(4) 49(4)% 2
108 e ot 58+1% ps 4.57(21) 100% 0

1097 7+ 93.5(3) s 3.918Q21) 0.0144)% P 32
109 ant) 13Q2) ms 4217(7) 100% +172
1097 52+ 43(1)s 3.198(6) 3.9(13)% Bp: Bo +52
110Xe o+ 93(3) ms 3.87209) 64(35)% +1
Hoe. ot 18.4(8) s 2.723(15) ~0.00076% +3

tioy a+ 664(24) ms 3.536(10) 17(4)% Bps Ba 2
1ixe ant) 0.8120) s 3.719(10) 10.4(19)% 32
12xe o+ 278)s 3.330(6) 0.8%51 % )

12y aty 3.348)s 2.957(12) ~0.0012% By B +3
52+) 2748)s 3.087(8) ~0.011% By Ba +512

e ah 057(2) s 3.360(60) 0.018(6)% By Ba 2

114Ba ot 380*199 ms 3.592(19) 0.9(3)% By +1



Timeline

Database was finished May 2025. Datasets from -4 to +31! Li to Og!

139 datasets with 1456 delayed and direct emitters from 1241 nuclei, with 3962
discrete transitions detailed with 3962 unique references

All beta-delayed and direct p, a, ¢ and f emitters

All of these are available for download (as .pdf) individually or everything in one
document.

Information on nuclei are updated as new papers come out.

Website is updated ~bi-month

Update emails are sent out every couple months.

Berkeley

UNIVERSITY OF CALIFORNIA

https://nucleardata.berkeley.edu/research/betap.html




Where is the database?




AR DATA PROGRAM Asout RESEARCH AREAS PROJECTS OUR MEMBERS PUBLICATIONS DATABASES CODEBASE

website

DATA TABLES (Arranged by isospin projection)
NUCLIDES (Arranged by Z and A)
Download all data sets into single PDF 954 pages!
Download summary table of direct-particle emitters PDF

Download summary table of B-delayed particle emitters PDF

BEApPR (Berkeley Evaluated Alpha and
proton” Radioactivity)

An Online Charged-Particle Database

Berkeley

UNIVERSITY OF CALIFORNIA

https://nucleardata.berkeley.edu/research/betap.html
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NUCLIDES (Arranged by Z and A)

Download all data sets into single PDF 954 pages!
Download summary table of direct-particle emitters PDF

Download summary table of B-delayed particle emitters PDF

BEApPR (Berkeley Evaluated Alpha and
proton Radioactivity)

An Online Charged-Particle Database

Berkeley

UNIVERSITY OF CALIFORNIA

https://nucleardata.berkeley.edu/research/betap.html



°
Table 1: Master list of nuclides (click on 7} to open link)
W( ! S 1 ( E Nuclide Decay Mode(s) T;

4Li p -lodd Z
B P -3/20dd Z
8B B-2a -lodd Z
oc B-p, B-o -3/2evenZ
N Sodd \ lickable clickable link
P of
oo S oddz Tz values are clickable clickable links
2N B-a -lodd Z
g 2p -5/2evenZ
20 P 2evenZ
3o B-p -3/2evenZ
B 3p -5/2 0dd Z
14p p 20dd Z
151 - 27 AAA 7
2TMc a +57/2 0dd Z
288Mc a +29 0dd Z
289Mc a +59/2 0dd Z
20Mc a +30 0dd Z
291y a +57/2 even Z
290y o +29 even Z
1Ly o +59/2 even Z
292y a +30 even Z
28931y a +61/2 even Z
29375 a +59/2 0dd Z
2047 a +30 0dd Z
230g a +57/2 even Z
240g o +29 even Z

Berkeley

UNIVERSITY OF CALIFORNIA

https://nucleardata.berkeley.edu/research/betap.html



AR DATA PROGRAM aBsoutr RESEARCH AREAS PROJECTS OUR MEMBERS PUBLICATIONS DATABASES CODEBASE

website

DATA TABLES (Arranged by isospin projection)

NUCLIDES (Arranged by Z and A)
Download all data sets into single PDF 954 pages!
Download summary table of direct-particle emitters PDF

Download summary table of B-delayed particle emitters PDF

BEApPR (Berkeley Evaluated Alpha and
proton Radioactivity)

An Online Charged-Particle Database

Berkeley

UNIVERSITY OF CALIFORNIA

https://nucleardata.berkeley.edu/research/betap.html
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T, =-7/2 (Even-2)
7/2 (0dd-2)
T, = -5/2 (Even-2)
5/2 (Odd-2)
3/2 (Even-2)
3/2 (0dd-2)
1/2 (Even-2)
1/2 (0dd-2)
1/2 (Even-2)
7, = +1/2 (0dd-2)
T, = +3/2 (Even-2)

3/2 (Odd-2)
T, = +5/2 (Even-2)
7, =+5/2 (0dd-2)

T, = +7/2 (Even-2)
T, = +7/2 (0dd-2)

9/2 (Even-2)
T, =+9/2 (0dd-2)
T, = +112 (Even-2)

T, = +11/2 (0dd-2)
T, = +1312 (Even-2)

T, = +13/2 (0dd-2)
T, = +15/2 (Even-2)
15/2 (0dd-2)
T, = +17/2 (Even-2)
17/2 (0dd-2)
19/2 (Even-2)
19/2 (Odd-2)
21/2 (Even-2)
T, = +21/2 (0dd-2)
T, = +23/2 (Even-2)

T, = +23/2 (0dd-2)
T, = +25/2 (Even-2)

25/2 (0dd-2)
T, = +27/2 (Even-2)
T, = +27/2 (0dd-2)

T, = +29/2 (Even-2)
7, = +29/2 (0dd-2)
3112 (Even-2)
T, =+31/2 (0dd-2)
T, = +33/2 (Even-2)
7, =+33/2 (0dd-2)
T, = +35/2 (Even-2)
7, =+35/2 (Odd-2)
T, = +37/2 (Even-2)
372 (0dd-2)
T, = +39/2 (Even-2)
39/2 (0dd-2)
41/2 (Even-2)
41/2 (0dd-2)
43/2 (Even-2)
T, = +43/2 (Odd-2)
T, = +45/2 (Even-2)
T, = +45/2 (0dd-2)
T, = +47/2 (Even-2)

47/2 (0dd-Z)
T, = +49/2 (Even-2)
T, = +49/2 (0dd-2)

T, = +51/2 (Even-Z)
T, =+51/2 (0dd-2)
53/2 (Even-2)
7, =+53/2 (0dd-2)
T, = +55/2 (Even-2)
T, = +55/2 (0dd-2)
T, = +57/2 (Even-2)
T, = +57/2 (0dd-2)
T, = +592 (Even-2)
59/2 (0dd-2)
T, = +61/2 (Even-2)

T, = -4 (All-2)
T,= -3 (Even-2)
7= -3 (0dd-2)
T,= -2 (Even-2)
T,=-2(0dd-2)
T, = -1 (Even-2)
;= -1(0dd-2)
7,= 0 (Even-2)
7,=0 (0dd-2)
T, = +1 (Even-2)
T, = +1(0dd-2)
T, = +2 (Even-2)
T, = +2 (0dd-2)
T, = +3 (Even-2)
T, = +3 (0dd-2)
T,=+4 (Even-2)
T, = +4 (0dd-2)
T,=+5 (Even-2)
;= +5 (0dd-2)
T, = +6 (Even-2)
T, = +6 (0dd-2)
T, = +7 (Even-2)
T, =+7 (0dd-2)
T, = +8 (Even-2)
7, = +8 (0dd-2)
T, = +9 (Even-2)
7= +9 (0dd-2)
;= +10 (Even-2)
7, = +10 (0dd-2)
T, = +11 (Even-2)
7= +11(0dd-2)
T, = +12 (Even-2)
T, = +12 (0dd-2)
T, = +13 (Even-2)
T, = +13 (0dd-2)
T, = +14 (Even-2)
T, = +14 (0dd-2)
T, = +15 (Even-2)
T, = +15 (0dd-2)
T, =+16 (Even-2)
;= +16 (0dd-2)
T = +17 (Even-2)
;= +17 (0dd-2)
T, = +18 (Even-2)
7, = +18 (0dd-2)
T, = +19 (Even-2)
T, = +19 (0dd-2)
T, = +20 (Even-2)
7, = +20 (0dd-2)
;= +21 (Even-2)
7, = +21(0dd-2)
T, = +22 (Even-2)
T, = +22 (0dd-2)
T, = +23 (Even-2)
T, =+23 (0dd-2)
T, = +24 (Even-2)
T, = +24 (0dd-2)
T, = +25 (Even-2)
T, = +25 (0dd-2)
T, = 426 (Even-2)
T, = +26 (0dd-2)
T,=+27 (Even-2)
T, = +27 (0dd-2)
T,=+28 (Even-2)
;= +28 (0dd-2)
T, = +29 (Even-2)
T, = +29 (0dd-2)
T, = +30 (Even-2)
T, = +30 (0dd-2)
T, = +31 (Even-2)
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UNIVERSITY OF CALIFORNIA

T, = -7/2 (Even-2)

T, = +1/2 (Even-2)
7, = +1/2 (0dd-2)
T, = +3/2 (Even-2)
T, = +3/2 (0dd-2)
T, = +5/2 (Even-2)
7, =+5/2 (0dd-2)
T, = +7/2 (Even-2)
T, = +7/2 (0dd-2)
T, = +9/2 (Even-2)
T, =+9/2 (0dd-2)
T, = +112 (Even-2)
7= +112 (0dd-2)
T, = +13/2 (Even-2)
T, = +13/2 (0dd-2)
T, = +15/2 (Even-2)
T, = +15/2 (Odd-2)
T, = +17/2 (Even-2)
T, = +17/2 (0dd-2)
T, = +19/2 (Even-2)
T, = +19/2 (0dd-2)
T, =+21/2 (Even-2)
;= +21/2 (0dd-2)
T, = +23/2 (Even-2)
T, = +23/2 (0dd-2)
T, = +25/2 (Even-2)
7, = +25/2 (0dd-2)
T, = +27/2 (Even-2)
T, = +27/2 (0dd-2)
T, = +29/2 (Even-2)
7, = +29/2 (0dd-2)
;= +31/2 (Even-2)
T, =+31/2 (0dd-2)
T, = +33/2 (Even-2)
;= +33/2 (0dd-2)
;= +35/2 (Even-Z)
7, =+35/2 (Odd-2)
T, = +37/2 (Even-2)
T, = +37/2 (0dd-2)
T, = +39/2 (Even-2)
T, =+39/2 (0dd-2)
T, = +41/2 (Even-2)
T, = +41/2 (0dd-2)
T, = +43/2 (Even-2)
T, = +43/2 (Odd-2)
T, = +45/2 (Even-2)
T, = +45/2 (0dd-2)
T, = +47/2 (Even-2)
T, = +47/2 (0dd-2)
T, = +49/2 (Even-2)
T, = +49/2 (0dd-2)
T, = +51/2 (Even-2)
T, = +51/2 (0dd-2)
T, = +53/2 (Even-2)
7, = +53/2 (0dd-2)
T, = +55/2 (Even-2)
7, = +55/2 (0dd-2)
T, = +57/2 (Even-2)
T, =+57/2 (0dd-2)
T, = +59/2 (Even-2)
T, = +59/2 (0dd-2)
T, = +61/2 (Even-2)

T,= -4 (All-2)
T,=-3 (Even-2)
3(0dd-2) .
Isospin T, = +23 (Odd-2)
2 (0dd-2) V4
1 (Even-2)
1(0dd-2)

pr— Downloadable documentation:
1(0dd-2)

2 (Even-2)

g Data table (PDF)

T, = +3 (Even-2)

T, = +20 (Even-2)
T, =+20 (0dd-2)
T, = +21 (Even-2)
7, = +21(0dd-2)
T, = +22 (Even-2)

T, = +24 (Even-2)
T, = +24 (0dd-2)
25 (Even-2)
25 (0dd-2)
T, = 426 (Even-2)
26 (0dd-2)

28 (Even-2)
28 (0dd-2)

29 (0dd-2)

https://nucleardata.berkeley.edu/research/betap.html
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Table 1

Observed and predicted -delayed particle emission from the odd-Z, T; = +23 nuclei. Unless otherwise stated, all Q-values are taken from [2021Wa16] or deduced
from values therein. The J* value for 2°T1 is taken from ENSDF.

Nuclide Ex. Jr T Qe Qp- Qp-a BRg-o  BRer Experimental
208TI(ThC”y* 5t 3052733)m  -3.480(30) 4.998(2)  5.695(2) [1971Ac02]
212Bj(ThC) 1= 60.600@43)m -0569(2) 2252(2)  11.386(2) [1961Ap03]
2120Bi  0239(30) (97) 25.0Q2)m 0.340(30)  2.491(30)  11.625(30)  30(1)% [2013Ch12, 1984Es01, 1980Le27,
1978Ba44, 1978BaYL, 1978BaZI]
Ocp o
2164 17 30030 ps  0.4744)  -6.6627)  7.381(4) [1951Me10]
206miAr - 0.048(24) (47) 0.522(24)  -6.614(25) 7.429(24) [1994Li10, 1971Br13, 1965Br11]
2em2Ar 0.399(30)  (97) 0.873(30)  -6.263(31)  7.780(30) [1994Li10, 1971Br13, 1965Br11]
220 1+ 27403)s 0.8704)  -6.203(5)  7.275(4) [1971Br13]
24p¢ 0~ 27816 h**  1408(4)  -5437(4)  7.197(4) [1951Me10, 1987Mi10]
Pa 37 195@)h 2153(4)  42155) 7.673(5) [2021Km01]
Z2Np @) 147G)m 27510  -3.35(10)#  8.16(10)# [1970Ho27)
26Am 57 36()m 3.14(12#  -229(12#  9.01(12)# [2005A501]
240K 48(8)m 3.94(15#  -1.02(15#  10.34(15)# 13738x1073%  [1983Ga05, 1980Ga07, 1980GaZZ)
24Es 374)s 45518y 0.05(18)%  11.88(18)# 0.012(4) % [20025h02, 1980Ga07, 1980GaZZ]
BMd 135 s 5.05(18y#  1.08(19#  13.05(18)# < 0.05% [2024PoXY]
B2y 41072 ms 56719  2.28(19)#  14.21(19)# [2024PoXY]
2%Dp 14703 s 6.08(19)#  3.06(19%%  15.00(19)# [2024PoXY]
260Bh 354y ms 6.58(20)#  3.84(20/  16.48(20)# [2008Ne01]

*100% B~ emitter.
** Weighted average of 2.9(2) h [1951Me10] and 2.55(28) h [1987Mi10].

Table 2

Particle separation, Q-values, and measured values for direct particle emission of the odd-Z, T; = +23 nuclei. Unless otherwise stated, all S and Q-values are taken
from [2021Wal6] or deduced from values therein.

Nuclide S, Qq BRy BRgr Experimental
208T)(ThC”) 7.552(30) 1.22(20)
212Bj(ThC) 4.914(3) 6.207 35.94(3) %* [1971Gr17, 1962Be09, 1960Sc07, 1960Wald, 1984Es01,
1969Gr28, 19661101, 1966K1ZZ, 1963C028, 1961 Ap03,
1961Bal2, 1961Fe0d, 1960Gal5, 1960Gi07, 1960Hal9,
1958De25, 1956Ho11, 1956K060, 1955Wel0, 1949Me54,
1948Gh01, 1943Ka05, 1933Ru03]
212mpj 4.675(30) 6.446(30) 67(1)% [1984Es01, 1978Ba44]
oAt 4.491(4) 7.950(3) 100% [1994Li10, 1971Br13, 1965Br11, 1973BoXL, 1973BoXW,
1964Br16, 1964Mc21, 1962Wa28, 1951Me10, 1949Me54,
1948Gho1]
216ml A 4.443(24) 7.998(24) obs [1994Li10, 1971Br13, 1965Br11]
216m2A¢ 4.092(20) 8.349(30) obs [1994Li10, 1971Br13, 1965Br11]

OFr  4.636(4) 6.801(2) 99.65% [1996Sh05, 1971Br13, 1974Ho27, 1973ChZH, 1970Br29,
1968Ba73, 1964Br16, 1964Mc21, 1951Mel0, 1949Me54,
1948Gho1]

24p¢ 4.288(4) 6.327(1) 102)% [1968Le17, 1992Li31, 1951Me10, 1987Mi10, 1976MiZR,
1973ChZH, 1970Br31, 1969LeZW, 1968Ba73, 1968Brl5,
1967Br15, 1964Mc21, 1958Hi78, 1949Me54, 1948Gh01]
BPa 417005 6.265(1) 2.02)% [1994A103, 19935h07, 1964Ge08, 1958Hi78, 1951Mel0,
1949Me54, 1948GhO1]
22Np 374(10)#  6.01(10)#
BOAm 343(12)# 6.256(64) 4.0(10)x1073% [20045a05, 2002A508, 1989HaZO]
20k 2.77Q1# 7.20(19)%
2MEs 225260 7.696(20)** 43% [1973Es02]
¥Md 20126  8.785(47) 61(16)-68(22)% [2024PoXY, 1973Es01, 2008Ne01, 1971EsZY, 1971EsZZ]
B2y 1.60(26)# 9.132(47)©€ 70-90% [2024PoXY, 2001He35, 2008Ne01, 1999He07, 1999HeZX] _
er e e 256pp 1.32(26)# 9.265(47)@ @@ 90(4)% 104)% [2024PoXY, 2001He35, 2020Ku23, 1999He07, 1999Hel 1,
.> 1999HeZX]
UNIVERSITY OF CALIFORNIA 2608h  06927)#  10.400(59) 100% <18% [2008Ne01, 19830gZX] Brke I ey. ed U/resea rCh/beta p . htm I

* Weighted average of 35.81(4) % [1962Be09], 35.96(6) % [1960Sc07] and 36.00(3) % [1962Wal4].
** Deduced from ¢ energv. 7.94(10) MeV in [2021Wal61.




Timeline
Possible future additions

* Summary tables of values that are poorly or not known. Many of these values
might be in experimental data and ignored as “background”.
Examples:

direct o emission from 23*Pu*, J* = 0%, T; /, = 8.7(1) h***, BRy = ~ 6%

Eq(c.m.) Ey(lab) Iy (rel) I5(abs) Yk Edaughter COU)* % coincident y-rays*** Ry (fm) HF

6.130 6.025 0.6% ~ 0.024% 4t 0.1693 0.0517, 0.1693 1.518(27) ~25
6.252 6.145 47% ~1.9% 2+ 0.0517 0.0517 1.518(27) ~1.1
6.304 6.196 100% ~4.1% ot 0.0 — 1.518(27) ~0.9

* All values from [1964Hy02] p. 799 (based on unpublished results from R. W. Hoff, F. Asaro, I. Perlman [1960Ho18]), except where noted.
** Weighted average of 8.8(1) h [1973Ja06] and 8.5(1) h [1949Pe04].
**% [2012Br12].

direct o emission from 2 At, J* = 9/27, T}/, = 1.80(3) h*, BRy = obs**.

Eq(c.m.) E4(lab) I (abs) 7 E jaughter C®Bi) coincident y-rays Ry (fm)] HF

5.872(3) 5.759(3)*** obs** 912~ 0.0 — 1.4651(131) ~1.10

* Weighted average of 1.80(5) h [1962Th08], 1.82(4) h [1969Ba69] and 1.77(5) h [1968GuZX].

#* ”No serious attempt has been made to determine the degree of alpha-branching of At27. The best estimate from the alpha-particles of At27 and the yield
of Po?"7 is 10 percent alpha-branching.” [1951Bal4]. ~ 10% is used for the branching ratio in determining the HF value.

**% [1969G0oZX].
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Possible future additions (once datasets up to Tz = +30 are finished):

* pand o emission from highly excited states (not populated by beta decay)?

* (mostly) Low Z exotic decays (B - a, etc.) — (how to handle this)?

Summary of more exotic  delayed charged particle emitters

Nuclide J* 1y decay mode Qg¢, (MeV) BR (%) other decays ENSDF Experimental
®He Ot 806.7(1) ms p~-d 2.03245(5) 0.0000076(6)% [2002Ti10] [2015Pf01, 1993B024]
8He O 119.1(12) ms B~ -tan 6.16364(9) 0.9(1)% B~-n " [1996Ba66, 1993B024, 1986Bo41]
8Li 2t 839.9(9) ms B~ -2a 16.09597(5) 100% * [2013Li12, 1986Wa01, 1974Tr01]
[1970Sc34, 1971Wi05]
8g 2t 770(3) ms BT-2a 18.072(1) 100% ¥ [1964Ma35, 1971Wi05]
oLi 32~ 178.3(4) ms B~n2a 12.03375(19) 50.0(18)% [2004Ti06] [1991Re02, 1992Te03, 1970Ch07]
Uri 372- 8.75(4) ms B~ -na 12.6400(6) 0.29(4)% B~-n, 7-2n [2012Ke01] [2008Ma34]
p~-d 2.6377(6) 0.0130(13)% [2008Ra23, 1996Mul9]
Bt 4.832.7(6) 0.000093(8)% [2009Ma72]
B~ -3n2a 11.6645(6) 1.4(2)% [2008Ma34]
B~-an 12.6400(6) 0.29(4)% [2008Ma34]
e 1/2F 13.76(7) s B o 2.84515(24) 3.1(5)% [2012Ke01] [1971A107,1981A103, 1982Mi08]
g 1+ 20.20(2) ms B3 6.0946(13) 1.58(30)% [1990Aj01] [2009Hy01, 2009Hy02, 2010Hy01, 1990A;j01]
2N 17 11.000(16) ms B+-3c 10.063(1) 3.5(5)% [1990Aj01] [2009HyO01, 2009Hy02, 2010Hy01, 1990Aj01]
16N 2- 7.13(2) s B -a 3.259(2) 0.00106(10)% [1993Ti07] [2016Re01, 1993Zh13, 1974Nel0]
TNe 172~ 109.2(6) ms B*-pa 6.7866(4) 0.0016(4)% B-p, B-o [1993Ti07] [2002Ch61]
BN 1- 624(12) ms B~ -a 7.668(19) 12.2(6)% B~-n [1995Ti07] [2007Bu01, 1995ReZZ]
2IMg  5/2* 122(3) ms B*-pa 5.937(16) 0.016(3)% B-o [2015Fi05] [2015Lul3]
212mBi  (87,97) 25.02)m B~ -a 11.456(2) 30(1)% o [2005Br03] [1984Es01, 1978Ba44]

* J. H. Kelley, J. L. Godwin, C. G. Sheu, ENSDF Jan. 2018, http://www.nndc.bnl.gov/ensdf/
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Possible future additions (once datasets up to Tz = +30 are finished):

* pand o emission from highly excited states (not populated by beta decay)?

* Low Z exotic decays (B~ - a, etc.) — (how to handle this)?

*  Links to theory papers?

Berkeley

UNIVERSITY OF CALIFORNIA

https://nucleardata.berkeley.edu/research/betap.html



A BIG thank vou to all those who have given me suggestions, commented, etc!

Several experimental colleagues (Rykaczewski, Liddick, Schatz, Sun, Hardy, etc.)
have offered suggestions/corrections

Any corrections, additions, or suggestions to improve this database?
new (or old) papers/thesis that I missed?

Please let me know so I can fix it

What else would be useful???

batchelder@berkeley.edu

Berkeley

UNIVERSITY OF CALIFORNIA

https://nucleardata.berkeley.edu/research/betap.html



Thank you for your attention!

Evaluation/compilation (UC Berkeley) — Jon Batchelder

Web/moderization development team (UC Berkeley) -
Aaron Hurst

Berkeley

UNIVERSITY OF CALIFORNIA

https://nucleardata.berkeley.edu/research/betap.html



