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Provides an up to date database of relevant information on nuclei that decay by heavy charged particles
- It will be updated as new results are published.

Purpose of this horizontal evaluation/database

Currently known:  > 1300 nuclei

b –delayed emitters
200 ß-p emitters 
15 ß-2p emitters 
5 ß-3p emitters 

2 b-ap or b-pa emitters
23 ß-a emitters 

~30 ß-fission emitters 

+ many, many more to be discovered!

Direct emitters
80 direct proton emitters 

10 direct 2p emitters
~850 direct alpha emitters
~110 Spontaneous fission

~20 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 E and BR
- 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Anything published is out of date.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 expanding it to include all beta delayed and 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 (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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Builds on ADNDT article for beta-delayed p and a emitters.  Greatly expanding it to include direct p, a, c, 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



Positive Comments/Feedback from the community

On Dec 11, 2015, at 10:43 AM, John Hardy <hardy@comp.tamu.edu> wrote:
Hi Batch,

There are two published sources -- one rather obscure -- for these
measurements on 81Zr and 85Mo. The first (obscure) one is J.C. Hardy, J.A.
Macdonald, H. Schmeing, T. Faestermann, H.R. Andrews, J.S. Geiger,
R.L.Graham and K.P. Jackson in Proc. Int. School Seminar on Reactions of
Heavy Ions with Nuclei and Synthesis of New Elements, Dubna report D7-9734
(1976) 197: In it we state that these two decays have been "provisionally"
identified but we show proton spectra from both. The second source is J.
Cerny and J.C. Hardy, Ann Rev. Nucl. Sci. 1977. 27:333-51, in which 81Zr
appears with half-life and energy in Table 2 attributed to "J.C. Hardy
unpublished"; there is no mention of 85Mo.

On Jun 26, 2023, at 9:57 AM, Hardy, John C <hardy@comp.tamu.edu> wrote:

Hi Batch,
Thanks for sending the updated database. I see that you added four of the five references 

I sent you in an email some time ago. The one you didn't include was the one I listed as the 
first observation of delayed proton decay, without noting that they had conclusively identified 
25Si as the precursor. That's my fault.

The discovery paper by Barton et al is actually not easy to access so I've attached a copy
produced at my request by the TAMU interlibrary service. As stated in the abstract, the authors
positively identified 25Si and tentatively claimed 13O, 17Ne and 21Mg. I think you should 
definitely list this reference against 25Si. I leave it to you to decide whether you think it should
appear against the other three.
Best wishes

On Dec 7, 2021, at 8:07 AM, Liddick, Sean <liddick@nscl.msu.edu> wrote:

Hi Batch,

Good to hear from you! Thanks for sending this along and giving a preview.
I took a quick look and what about including the beta-p energy window for the beta-p branches?
The only other comment I had was that my brain was desperately trying to use the diagonal as proton=neutron and look for mirror
pair matches between the left and right hand sides of the picture (it didn’t work well, ha). I don’t know if there is anything that you
can do about that but I thought I’d let you know.

Thanks,
Sean

From: "Brown, Alex" <brown@frib.msu.edu>
Subject: Re: BEApR Online Charged Particle Database Newsletter (1/19/2024)
Date: January 22, 2024 at 10:33:20 AM PST
To: Jon Charles Batchelder <batchelder@berkeley.edu>

Jon
Thanks for the great compilation.
If there a ascii text file of some info available.
Alex From: "Rykaczewski, Krzysztof" <rykaczewskik@ornl.gov>

Subject: RE: [EXTERNAL] BEApR Online Charged Particle Database Newsletter (1/19/2024)
Date: January 21, 2024 at 7:06:58 PM PST
To: Jon Charles Batchelder <batchelder@berkeley.edu>

Hi Batch,
Good to hear about BEA(p)RS getting updated…
I have mentioned this data base in my recent letter.

From: MINATO FUTOSHI <minato.futoshi@phys.kyushu-u.ac.jp>
Subject: Re: BEApR_talk
Date: December 3, 2023 at 8:04:36 PM PST
To: Jon Charles Batchelder <batchelder@berkeley.edu>

Dear Batchelder,

Hi, I'm Futoshi. Let me explain more about my question. Sometimes we want to make figures reading from tables in PDF.   
Copy and Paste from the tables is the easiest way. But text-style file resulting from Copy and Paste often becomes messy 
because PDF and text file are not inconsistent. Therefore, it is helpful if we could have a text-style table in PDF files.
Best regards,
Futoshi

Bertram Blank: “
the Berkeley Evaluated Alpha and proton Database BEApR. The collection, evaluation 
and easy-to-access presentation of a huge amount of decay data is first of all a very tedious
and irksome work, which means scanning through the literature of more than 60 years 
from the first observation of beta-delayed proton emission to the latest work. Needless 
to say that this involves reading hundreds of paper and trying to get the information 
searched for out of these papers. Nevertheless, this work is now the standard work for
information on the decay of proton-rich nuclei and therefore an extremely nice piece of work” 
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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 ( > 10 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?
● 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.

● A semi random example is 141Ho and 141mHo.

From BEApR Tz =+7/2, odd Z:

4 total proton transitions
Fine Structure from both 
isomers

■

12



How this is different from AME/NuBase?
● 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.

● A semi random example is 141Ho and 141mHo. 2021Ko07

■ 2021Hu06

13https://nucleardata.berkeley.edu/research/betap.html



How is this different from ENSDF/NuDat?
● From NNDC website “evaluations of experimentally measured nuclear quantities that span nuclei across mass 

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

BEApR updated approximently once a month.
● 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

14https://nucleardata.berkeley.edu/research/betap.html



Each Tz is broken into even and odd databases
Starts with a decay chain (with Q, S, T1/2, BR, 100% Ep, Ea values)

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



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

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.

If there are a large number of coincident gammas, The 100% peak decaying from Edaughter (i.e. the state that 
the particle populated) is marked in bolditalic, and peaks 10% or larger of the aforementioned peak are 
marked in bold. – this is to identify the largest coincident peaks for the experimenter.

Example:  229Th

42 a’s

204 g’s
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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  - direct and e-delayed

21

Only branching ratios and refs.
are given.

No attempt has been made to 
list fission products, energy, etc.



Cluster Emission

22

Branching ratios and type
are listed in table 2 of each Tz

If energies were measured, 
individual tables are presented.
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Timeline

Datasets from -4 to +49/2 done!   (>85% finished!)

115 datasets with 1156 delayed and direct emitters from 1013 nuclei, with 3195 
discrete transitions detailed in 1139 tables with 2978 unique references 

All beta-delayed and direct proton emitters
Most of the rest are alpha and cluster emitters (and fission)

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

Should be finished by the end of  2024 – after that only updates/corrections.

Information on nuclei are updated as new papers come out.

Website is updated each month

Update emails are sent out every couple months.
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Timeline

•     To be added to the website soon:
Summary tables for all types of 

charged particle decays
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Timeline

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

•   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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+

+
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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?



Where is the database?

28https://nucleardata.berkeley.edu/research/betap.html
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700 pages



Conversion to JSON format 
after evaluation finished 
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• JSON documents for all charged-particle-decay datasets will be available.
• Software implemented in Python to handle data.
• Developing methods for access, manipulation, and analysis of decay data.
• Bundled with suite of unit tests driving development.

• Project (software and all datasets) is currently maintained 
in a private repo on GitHub.

• Hope to make publicly available in the near future (mid 2025).
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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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