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ENSDF : the ONLY comprehensive resource for
Nuclear Structure

Discrete Quantized States
• Excitation Energy
• Half-life
• Angular Momentum
• Magnetic Moment
• Configuration
• …

Emitted Radiation
• Energy
• Intensity
• Dipole, Quadrupole, …
• Mixing ratio
• Conversion coefficient

Nuclear Decay Data
For each decay type:
• Half-life
• Branching ratio
• Energy
• Intensity
• Coincidences
• …



Unique : 
Only database of its kind in the world

Highly used:

>3 million retrievals per 
year through NuDat alone

75+ years of experimental nuclear 
structure measurements

Authoritative:

3,334 nuclides
~20,000 Reactions
~4,200 Decay



Nuclear Medicine Nuclear Power

Stockpile StewardshipHomeland Security

Users of ENSDF

Astrophysics

Fundamental Nuclear Science



Under the hood of ENSDF
80 Column ASCII format

A LOT of data stored in comments
Non-standardized entry

• All of nuclear physics 
doesn’t fit in 80 columns

• No room to grow
• ML next to impossible
• Hard to engage next gen



ENSDF Modernization
DOE has made significant investment to modernize and improve ENSDF
3 year project involving 3 DOE national laboratories – BNL – ANL - LLNL

ENSDFXUNDL

ML for improved 
tabular recognition
Lead – BNL-CSI

New Object-Oriented 
Database - couchDB ENDF

Compatibility and 
increased flexibility 

for end users

API



Progress so far

Migration from 80-column to JSON schema
Completed for “Adopted” Properties 

Ben Shu



JSONSchema
Official: https://json-schema.org/

● Defines schema & rules for a JSON document
● Can be used to validate data
● Can generate code from JSONSchema and vice-versa
● Powerful conditional rules

Incoming data

JSON-Schema
definition

Validation code
e.g. server-side

(the “document”)



Testing & Validation:
Checking by eye does not work!

Batch testing found:

1 document out of 3400 where halflife was not migrated to new database correctly.

“<1.” was translated to “0” because the trailing “.” was not handled correctly.

Our validator asserted that halflife cannot be 0.

1 document out of 3400 where Jpi was incorrect
in 80-column data.

Jpi=“3/21”

Requiring integer value of 2J in JSONSchema caught this.



Tree Visualization Implemented Donnie Mason

●Greatly increases understanding among developers, users, evaluators
●Increases efficiency, supports group discussion



For the remainder of this year

Decays
b-

b+ + e
a
…

Reactions
(HI,xn)

(d,p), (p,t)
Coulomb 

Ex.
(p,p’)
(n,g)
….

Best Recommended Values
(Adopted Levels, Gammas)

Schema for Decays and Reactions

• Much can be inherited from Adopted

• Synergy with other library improvement 
projects
• (n,g) and (n,n’g) will be developed first

to feed into GRIN

• This is where we can add new quantities -
please reach out to us with needs !! 

Editor for evaluators to perform ENSDF evaluations

Chris Morse



Database “schema”
Take advantage of binary data

Icons: thenounproject.com/indygo/

Typed notes

Screenshots

Website links

Even audio

Scanned handwritten

See: www.nndc….

●CouchDB handles binary objects

●Potential to speed the workflow

●Example: preserve valuable 

history of evaluator’s notes

●Content for internal use

●Any format → no editing needed



Simple API under development

(This is not yet publicly available.)



CouchDB provides efficient
search / filter with “Views”

Database
Documents View

Server API

All nuclides All levels and their halflives Levels with halflives
in requested range

Pre-populated once
for fast result

Example

Slide: D. Mason

Edwin Gomez

Coupling views with python plotting



ENSDF upgrade status & plan
● July 2020: received funding for 3 years from Nuclear Data Interagency Working 

Group FOA LAB 19-2114

➢Develop new ENSDF database

➢Develop machine learning (ML) for table comprehension

➢E.A. McCutchan, S. Yoo (Co-PI’s, BNL); A. Hayes, A. Mattera, S. McCorkle, C. Morse, 
B. Shu, A. Sonzogni, C. Soto, D. Mason (BNL); F. Kondev (ANL); C. Mattoon (LLNL)
(Underlined joined project after it was funded.)

● Computer Science Initiative (CSI) at BNL leading machine learning component

● Progress in FY21:

➢Migrate numerical data from all nuclides, Adopted Levels/Gammas into new ENSDF 
database

➢Validate 100% of records against existing ENSDF

➢Simple Python API developed

User comments, questions, suggestions appreciated!
mccutchan@bnl.gov
cmorse@bnl.gov

mailto:mccutchan@bnl.gov
mailto:ahayes@bnl.gov

