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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
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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
• …
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The two faces of ENSDF

Pretty and readable Less pretty...
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Problem: Archaic format
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
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Low throughput

I ♥ data

Torrents of nuclear data 

are being generated...

...but only a trickle is 

making it through.
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ENSDF



New object-oriented database

Migration from 80-column to JSON
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Validation: JSON Schema
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”)
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Modular design

JSON schema can be 

composed from other 

component schema.

Benefits:
• Components can be 

reused, minimizing 

design effort.

• Changes to a component 

automatically propagate 
throughout the database.

level.json

decay-mode.json

spin-parity.json
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ENSDF Modernization
DOE has made significant investment to modernize and improve ENSDF

3 year project involving 3 DOE national laboratories – BNL – ANL - LLNL

ENSDFXUNDL

New Object-Oriented 

Database - couchDB

ENDF

API

Ingestion EvaluationIngestion Dissemination
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Ingestion: tabular recognition

New ML tool automatically identifies 
tables, detects structure, and extracts 
contents 

Current performance: 93-97% table 
detection, 92% contents detection, 78-
88% structure prediction, > 99% text 
extraction

Standard table extraction tools 

from PDFs (e.g. Tabula) require 

manual alignment and produce 

very noisy results

Slide courtesy Carlos X. Soto
11



Evaluation

ENSDFXUNDL

Present status:

• XUNDL sources get 

"flattened" into ENSDF at 

every evaluation

• New evaluators essentially 
have to start from scratch

We envision:

• Unified format for XUNDL 

and ENSDF
• Automated process for 

merging (and preserving) 

XUNDL data into ENSDF

• Faster, less labor-intensive 

evaluations
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Dissemination

ENSDF

ENDF

API

Present status:

• We maintain our own web-based 

tools for data retrieval

• Downstream databases largely 

decoupled

We envision:

• Maintaining web tools

• More direct coupling between 

ENSDF and downstream products
• Providing an API for users with 

more bespoke needs
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Dissemination

Present status:

• We maintain our own web-based 

tools for data retrieval

• Downstream databases largely 

decoupled

We envision:

• Maintaining web tools

• More direct coupling between 

ENSDF and downstream products
• Providing an API for users with 

more bespoke needs

Image courtesy of Donnie Mason
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Where are we?
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Started with a working but 

home-brewed schema 

validator for Adopted Levels, 

Gammas. Effectively 

unmaintainable.

Reworked validator into 

a maintainable and 

standardized structure, 

nearly all of the Adopted 

and (n,gamma) datasets 
are compliant.

Since then, have reached 100% validation of Adopted datasets, begun 

working on other reaction datasets with "gamma" in the DSID



Ben

Shu

Donnie 

Mason

The team

Elizabeth

McCutchan

Thanks for 

your attention!
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