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

Online Global Heavy Charged Particle 
Database/Horizontal Evaluation

Jon "Batch" Batchelder
Yun-Hsuan "Abby" Lee (undergraduate)

Aaron Hurst 
Nuclear Engineering Dept.

UC Berkeley



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

Currently known:
216  ß-p emitters 
13  ß-2p emitters 
3  ß-3p emitters 
23  ß-a emitters 

86	direct	proton	emitters

Direct and Beta-delayed proton emission 
is known from Li to Bi
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At higher Z, a-decay dominates
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Schematic of a proton-rich nucleus that is energetically open to 
direct and β-delayed proton and alpha emission. High lying levels are 

only populated by beta 
decay and can only be 
deduced by observing 
the emitted protons.

Near the drip-line 
this can be a very 
large percentage of
the overall decay.

Energy levels in the 
emitter can be determined 
with the proton energies 
and masses of Emitter and 
ßp daughter.
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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.

Designed for use by both experimenters and evaluators.  Also useful as a teaching tool.

Builds on ADNDT article for  beta-delayed p and a emitters.  Greatly expanding it to include direct p and a decays.

Uses the latest mass evaluation used for level energies.  All  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). 
The current (and future) gold standard!

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

All  Qßexp, Qa, Sp, S2p values for nuclei where these decays are energetically possible.

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

Complete listing of relevant references for all direct and beta delayed
Alpha and p emitters in one place. 

- targeted (and complete) – different from NSR – Example:
173Hg a decay- NSR lists 2009Ha42  173Hg only appears as a bg peak in a figure.

Only references with information relevant to the 
given nucleus are included.  

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

Explicit refs for T1/2, Energy, BR, etc.
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What is included (and what is not)

Organized by Tz (-4 to +32, even and odd – 145 datasets!), and A
Simple decay chain figure  included for each Tz.

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.

Timeline

Datsets from -4 to +7 (45 datasets with >  950 references) done!   ~1/3 finished
All beta-delayed and nearly all direct proton emitters
Most of the rest are alpha emitters

~ rate of 1 Tz dataset per week.  Should be finished next fall – after that only updates/corrections 

Will be begin sending update emails bimonthly soon.



Each Tz is broken into even and odd databases
Starts with a decay chain (with Q, S, T1/2, BR values)
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Table 1 – parent Jp, T1/2, Qßxp info

Table 2 – Direct proton and alpha 
info
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If individual transitions are known,
Energy, initial and final states
branching, and explicit refences for
each number given.



Global Charged Particle Database 
- JSON format 
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Why JSON?

● Direction of travel of ENSDF modernization 

● Light-weight data format

● Human-readable

● Easily parsed

● Complete language with independent format
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STRUCTURE
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J!

Tz

T1/2 or width: in “best” units, seconds , MeV
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STRUCTURE
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Q value, daughter nucleus information
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STRUCTURE
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Q value, branching ratio,
proton emitter & daughter nucleus 
information
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STRUCTURE
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Separation energy, branching ratio, 
daughter nucleus information
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STRUCTURE
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Q value, branching ratio,
alpha emitter & daughter nucleus 
information
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STRUCTURE
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If there are known individual transitions:
charged particle energy, 
relative & absolute intensities,
emitter energy, 
daughter energy, 
coincident gamma-ray energies
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STRUCTURE
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If there are known individual transitions:
charged particle energy, 
relative & absolute intensities, 
daughter energy, 
coincident gamma-ray energies
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STRUCTURE
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● For each value: operator, uncertainty, reference(s)

● Limit: less than, greater than, etc.

● Range: lower and upper bounds

● Asymmetrical uncertainty: 
asymmetrical and symmetrized (mean, mode, median) values and uncertainties
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Jupyter Notebook Demonstration
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Where is the database?
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Thank you for your attention!
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