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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

Purpose of this horizontal evaluation/database

Currently known:  1456 nuclei 
(isomers counted separately)

b –delayed emitters
203 ß+-p emitters 
13 ß+-2p emitters 
5 ß+-3p emitters 

2 b+-ap or b+-pa emitters
26 ß+-a emitters 

29 ß+-fission emitters
2 ß--a emitters 
2 ß--a emitters 

+ many, many more to be discovered!

Direct emitters
81 direct proton emitters 

9 direct 2p emitters
907  direct alpha emitters
155 Spontaneous fission

22 cluster (14C, 24Ne, etc.) emitters

(many inferred from T1/2)
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• 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.

•     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Anything published is out of date.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.
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Purpose of this horizontal evaluation/database
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• Builds on and expands on recent horizontal database
(“Recommended Values for Beta-Delayed Proton Alpha Emission” 
J. C. Batchelder, Atomic Dat. Nucl. Data Tables 132, 101323 (2020).)

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:

2021Wa16 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:

Purpose of this horizontal evaluation/database
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Builds on ADNDT article for  beta-delayed p and a emitters.  Greatly expanding it to include direct p, a  and f decays.

Uses the latest mass evaluation used for level energies.  Q and S values taken or derived from from:

2021Wa16 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 – examples:

Purpose of this horizontal evaluation/database
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What is included (and what is not)

All available measured and predicted Qex, Qa, Sp, S2p values for nuclei where these decays are energetically possible.

All known charged particle decays – BR, T1/2, individual transitions (E & Jp, initial and final states)

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

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

Example:  
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What is included (and what is not)

*    Targeted (and complete) references– different from NSR 
– Example:
173Hg a decay- NSR lists 2009Ha42  
173Hg only appears as a bg peak in a figure. – not included

• NSR includes where nucleus is a possible daughter, but no info
Example: search for 140Dy gives 141Ho proton decay – No info on140Dy

•     Sometimes the reference doesn’t even address that type of decay
Example:  219At search gives 223Fr 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 T1/2, Energy, BR, etc.
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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, 69Br, 65Se, 61Ge, 57Zn, 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.



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 is a phenomenal work on masses of nuclei across the entire chart, but doesn’t have complete 

information on decay transitions.

9

● ENSDF offers A chains – based on and perfect for beta decay.
● ENSDF A chains updated every 10-20ish years.

BEapR updated ~ bi-monthly.
● BEapR 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



Each Tz is broken into even and odd databases
Starts with a decay chain (with Q, S, T1/2, BR, 100% Ep, Ea values)
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Table 1 – beta delayed particle emission info: 
parent Jp, T1/2, Qßx , BR, refs

Table 2 – Direct particle emission info:
Q, S, BR, refs 
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If individual transitions are known for 
beta-delayed particles, the particle 
energy, initial and final states,
branching, and explicit refences for 
each number given.
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If individual transitions are known for direct particle emitters, the 
particle energy, initial and final states, Jp, branching, HF (a only)
and explicit refences for each number given.
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If individual transitions are known for direct particle emitters, the 
particle energy, initial and final states, Jp, branching, HF (a only)
and explicit refences for each number given.

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).



Fission

15

Direct (129 nuclei, g.s. and isomer) 
and b-delayed fissioning (29 b+, 2 b-) 
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.

Fission  - direct and e-delayed

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.)



Cluster emission

1616

22 examples of cluster emission
are detailed.
- 14C, 20O, 23F, 22,24Ne, 28,30Mg. 32,34Si

If energies were measured, 
individual tables are presented.

Branching ratios and type
are listed in table 2 of each Tz
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•    Summary tables for all types of 
charged particle decays have been added
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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, c 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.



Where is the database?
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website
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954 pages!



website
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954 pages!



website
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__________________
__________________

Tz values are clickable clickable links



website
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954 pages!



website
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website
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website
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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:
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Timeline

Possible future additions (once datasets up to Tz = +30 are finished):

*    p and a emission from highly excited states (not populated by beta decay)?

*    (mostly) Low Z exotic decays (b- - a, etc.) – (how to handle this)?
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Timeline

Possible future additions (once datasets up to Tz = +30 are finished):

*    p and a 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?
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A BIG thank you 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



Thank you for your attention!
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Evaluation/compilation (UC Berkeley) – Jon Batchelder

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


