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Nuclear Data

J.H. Kelley (NCSU/TUNL) - USNDP Structure Group Leader 

Nuclear Data
1. What is it?
2. Where do I get it from?
3. What is my role?
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What is Nuclear Data?

• Early “large-scale” Nuclear Data Program 
was strongly correlated with the Manhattan 
Project.

- Fission and criticality

- Neutron cross-sections

- β-decay energy production

• Nuclear data is the product of nuclear 
science research.

• Description is too narrow

• Description is perhaps too broad
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Nuclear Data 

too academic for the applied science community 
… 

… too applied for the basic research community
In this talk I will focus on Compilation, Evaluation and 
Dissemination of nuclear data, and on organizations 
that perform these activities.

Evaluation
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Compiled and evaluated nuclear data libraries

• Today we have several original data libraries for Compiled and Evaluated data. These 
include:

- NSR: Nuclear Science Reference Database: how to find original publications

- ENSDF: Evaluated Nuclear Structure Data File: recommended level parameter data 
and decay data

- ENDF: Evaluated Nuclear Data File: Recommended cross section and decay data

• How did we get to the “modern” era?
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Precursor to Nuclear Data –

• Discovery begins with a simple 
understanding of data: earth, water, 
air, fire, and aether.

• But with more data, that description 
becomes inadequate.

John Dalton's  1808 book A New System of Chemical Philosophy

“Timeline of chemical element discoveries” (Wikipedia)

https://en.wikipedia.org/wiki/Earth_(classical_element)
https://en.wikipedia.org/wiki/Water_(classical_element)
https://en.wikipedia.org/wiki/Air_(classical_element)
https://en.wikipedia.org/wiki/Fire_(classical_element)
https://en.wikipedia.org/wiki/Aether_(classical_element)


6

Compilation and Evaluation

Compilation: from Latin compilare (14th cent)
“the action or process of producing something
by assembling information collected from other
sources”
in scientific fields it serves as a convenient 
source of detailed information

Evaluation: from French évaluation (1842)
“the making of a judgment about the amount, 
number, or value of something; assessment”
a good “evaluation” always involves 
“compilation”

courtesy of E. Browne (LBNL)

First Compilation of Nuclides ?

Giorgio Fea, Nuovo Cimento 6 (1935) 1
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A walk back in time…

Nature, July 1920 Nature, December1920
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Approaching the modern system

decay energy, half-life/width, production mechanism, decay 
mode
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The  subsequent editions of Table of Isotopes

G.T. Seaborg, ibid. 16, 1 (1944)

G.T. Seaborg, I. Perlman, ibid. 20, 585 (1948)

J . M. Hollander, I. Perlman, and G.T. Seaborg, ibid., 25, 469 (1953)

D. Strominger, J .M. Hollander, G.T. Seaborg, ibid., 30, 585 (1958)
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Katherine Way
In 1938 Kay Way earned a PhD in nuclear theory from the University of North Carolina with John 
Wheeler. Wheeler once noted she nearly stumbled on a theory for fission when she could not 
resolve the behavior of a high-spin and high-charge liquid drop. Eventually she landed in the 
Manhattan Project at the Metallurgical Laboratory in Chicago, where she worked on reactor 
design, evaluation of reactor constants and the organization of radioactivity data on fission 
products. Theoretical work there with Eugene Wigner led to what became known as the Way-
Wigner formula for fission-product decay. 

Kay systematized the vast quantities of Manhattan Project results, at first as a hobby and 
eventually as the work that absorbed her effort for the remainder of her professional career. 

In 1945, Kay joined the Clinton Laboratories in Oak Ridge and continued her analysis of fission products and began collecting and 
organizing data on nuclear decay. Kay also provided the seminal idea for what has become Oak Ridge Associated Universities. 

Moving to  the National Bureau of Standards (DC) in 1947, she devoted herself full-time to the data evaluation needs of the basic and 
applied research communities. She coauthored a series of nuclear data sheets that later evolved into the Evaluated Nuclear Structure 
Data File (ENSDF) and with endorsement of the National Academy of Science she created the Nuclear Data Project in 1953. 

In 1964, Kay moved to ORNL and arranged with Academic Press to establish a journal Nuclear Data (Sheets), to publish the 
extensive data that she and her colleagues had prepared, and in 1965 she was instrumental in establishing a second journal, now 
titled Atomic Data and Nuclear Data Tables. Kay persuaded the editors of Nuclear Physics to add keywords to the title page of each 
article, a practice that has evolved into the Nuclear Science Reference File. After retiring from ORNL in 1968, Kay relocated to TUNL 
where she continued as ADNDT editor until 1982 before retiring in 1988.                               (Sources: Physics Today
obituary/Wikipedia)
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Evolution of the USNDP and National Nuclear Data Center
In the early 70’s, the NSF and National Academy supported creation of two rounds of NIRA scholarships (71’ and 
73’) that supported 12 post-docs to carry out a prompt update of structure information for Nuclear Data Sheets. Soon 
after this, the structure and decay data centers formed the US Nuclear Data Program formally connecting 
NDP/ORNL, Isotopes/LBL, Idaho(Charlie Reich), U Penn(Fay Selove) and BNL(with Sol Pearlstein). Around 1974, 
the US and international collaborators formed the Nuclear Structure and Decay Data (NSDD) network of evaluators 
that is coordinated by the IAEA. The network accepted the general policies and procedures developed by Kay Way 
and followed by the NDP/ORNL. The NSDD developed and took on responsibility to maintain the Evaluated 
Nuclear Structure Data File (ENSDF). 

At Brookhaven, the Neutron Cross Section Compilation Group seeded from the Manhattan Project in 1951; they 
produced the BNL-325 neutron cross-section evaluations. Around 1960 the group was renamed as the Sigma Center 
and a new Cross-Section Evaluation Group was formed that worked closely with the Sigma Center. In 1967 the two 
groups merged and became the National Neutron Cross Section Center, and they began producing the Evaluated 
Nuclear Data File (ENDF). 

In 1977, with the hire of Jag Tuli, BNL took on additional responsibilities involving nuclear structure and decay data 
evaluation and they became the National Nuclear Data Center. The NNDC began providing access to nuclear data 
via telnet in 1986, and via WWW in 1994. In the late 1990s, under Charlie Dunford’s direction, the scope of the 
USNDP was broadened to include management of the ENDF.

TUNL joined the NSDD in 1992 following Fay Ajzenberg-Selove’s retirement. 
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National Nuclear Data Center: the primary ND dissemination center in the US

Reference and publication 
database

Evaluated Nuclear Structure 
Data

Evaluated Nuclear Reaction 
cross section data
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National Nuclear Data Center: the primary ND dissemination center in the US

Reference and publication 
database
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Evaluation begins with Compilation of published results
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Nuclear Science Reference database (NSR)

The value of the 
NSR is from the 
effort to 
produce usable 
keywords
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Learn More 
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Nuclear Structure Databases

Evaluated Nuclear Structure 
Data File

Compiled NS Data
eXperimental UNevaluated 
Nuclear Data Library

Derivative Library
Databases/GUI that presents 
ENSDF data in a different format
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Evaluated Nuclear Structure Data File (ENSDF)

Kay Way worked on evaluation of reactor constants and the organization of radioactivity data on fission 
products. She systematized the vast quantities of Manhattan Project results, at first as a hobby and 
eventually as the work that absorbed her effort for the remainder of her professional career; she 
coauthored a series of nuclear data sheets that later evolved into the Evaluated Nuclear Structure Data File 
(ENSDF) and with endorsement of the National Academy of Science she created the Nuclear Data Project 
in 1953. 
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ENSDF interface

Compiled and evaluated 
structure and decay data from 
various reactions
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ENSDF: building the database from observations
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ENSDF: Building the database

Contents: Evaluated nuclear structure and decay data for all known nuclei, organized in over 290 
mass chains

Adopted
(best values)

Levels:
(E, Jπ, T1/2, μ, Q, 
configurations)

Gammas:
(Eγ, BR, M,δ, ICC)

Decays
β-

ε+β+

α
β-n
etc.

Reactions
(HI,xnγ)

(p,p’)
(n, γ), (n,xnγ)

Coul. Exc.
(α,α’), (α,xnγ)

(d,p), etc.

ENSDF
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NSDD analysis and utility codes: https://www-nds.iaea.org/public/ensdf_pgm/index.htm

•General Utility

•Higher level of scientific detail
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International Atomic Energy Agency: Nuclear Structure and Decay Data Network



25ANL 2022 Town hall

ENSDF is world unique: aims to provide evaluated data for all nuclei 
structure data

EGAF: Evaluated 
Gamma-ray Activation 
File covers only 250 
nuclides

Laboratoire National 
Henri Becquerel covers 
~210 nuclides

IAEA-TECDOC-1168

FPY studies utilize 
decay data from a 
few hundred 
nuclides.

ENSDF is world unique:



ENSDF – the core database – cont.
ENSDF is the only Nuclear Structure database that is updated continuously – contains 
information for ALL nuclei and ALL nuclear level properties & radiations – currently 
contributed by members of the Nuclear Structure and Decay Data Network, under 
auspices of IAEA. It is maintained by NNDC and the NSDD  role is indispensible!

No viable alternative exists in the world! 

From Filip Kondev
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Nuclear Structure Databases

Compiled NS Data
eXperimental UNevaluated 
Nuclear Data Library
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eXperimental Unevaluated Nuclear Data Library

In the late 1990-2000’s the high-spin physics community 
needed ND support via availability of new data in an 
accessible format.

The XUNDL database was created to meet this  need.

Initial focus was on high-spin and superdeformed data. 
Level and gamma-ray data was compiled into the ENSDF 
format with little evaluation of review.

Gave researchers quick access to data that could be 
imported into other utility files.

Ability to understand evolution of bands/band structures 
without delay of full evaluation.

Earliest files I could find are 1994Fr11, 1995Ju09  
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eXperimental Unevaluated Nuclear Data Library
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eXperimental Unevaluated Nuclear Data Library

In the late 2000s, as the first generation 
of ENSDF evaluators began to retire, it 
became clear that currency was an issue 
for ENSDF.

Often mentioned a 5-7 year turn-around 
time between A-chain evaluations. Never 
met that goal.

ENSDF has a problem

Around 2008 XUNDL was expanded 
to cover all nuclear structure, with the 
aim of providing reasonably concise 
and up-to-date information to users.

But it is  no substitute for ENSDF 
evaluated data.
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Nuclear Structure Databases: Derived from ENSDF

Derivative Library
Databases/GUI that presents 
ENSDF data in a different format

Donnie Mason
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National Nuclear Data Center: the primary ND dissemination center in the US

Evaluated Nuclear Reaction 
cross section data

Elsevier publication of evaluated 
neutron resonances

Graphical interface

Compiled reaction data
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ENDF: Evaluated Nuclear Data File

• At Brookhaven, the Neutron Cross Section Compilation Group seeded from the 
Manhattan Project in 1951; they produced the BNL-325 neutron cross-section 
evaluations. Around 1960 the group was renamed as the Sigma Center and a new Cross-
Section Evaluation Group was formed that worked closely with the Sigma Center. In 
1967 the two groups merged and became the National Neutron Cross Section Center, 
and they began producing the Evaluated Nuclear Data File (ENDF). 
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ENDF Interface @NNDC
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σigma: graphical interface
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ENDF: utility data often hidden from users
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CSEWG 2019: Cross Section Evaluation Working Group
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More here than you might expect?
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Evaluated charged particle data: harder to find
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Early compilations of charged particle data
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EXFOR: Compiled reaction data
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Class Input? What “industries” need nuclear data?

•Nuclear Medicine
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Where can you fit in?

• Nuclear Medicine
- Isotope production
- Decay energy/Dose
- Irradiation dose

•Nuclear Energy •Space exploration

•Defense •Non-proliferation

•Construction
- shielding

•Stewardship

•Basic science
- Reaction models

•Basic science
- Structure models

•Industry
- Interrogation



NDIAWG (1 of 1)

🞂🞂The Nuclear Data 
InterAgency Working 
Group (NDIAWG) 
continues quarterly meetings 
for collaboration and 
coordination  

🞂🞂Agency program 
membership increased 
from 8 to 15 since 2020 
and highlights the diverse 
areas where nuclear data 
has impact 

- SC (NP, HEP, 
FES)

- NNSA
- Nuclear Energy

- DTRA
- Missile Defense Agency

- Human Spaceflight
- Electronics
- Propulsion/power
- Spectroscopy

- CWMD

- Nuclear Physics 
(Experiment and 
Theory)

- National Cancer Institute
Boxes indicate new 
membership since 2020

K. Jankowski WANDA 2023
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LAB NDWG Member
ANL Filip Kondev
ANL Guy Savard 
BNL Alejandro Sonzogni
INL Sebastian Schunert

JLAB Mike Dion
LANL Mark Chadwick
LANL Robert Little
LBNL Brian Quiter
LBNL Bethany Goldblum
LLNL Teresa Bailey
LLNL Tim Rose
ORNL TBD
PNNL Stephanie Lyons
PNNL Bruce Pierson
SNL Pat Griffin
SNL Phil Dreike

SRNL Kalee Fenker
SRNL Chris McGrath

NDWG Roster as of January 2022

PARTNERS NDWG Member Organization

DOE/SC/Nuclear Physics Lee Bernstein
Catherine Romano

LBNL
Aerospace Corp

NNSA/DNN R&D/PD/NA-22 Fredrik Tovesson ANL

NNSA/DNN R&D/Forensics Todd Bredeweg
Jason Burke

LANL
LLNL

NNSA/DNN R&D/SNDD Ron Soltz                    
David Gerts            

LLNL                         
LANL            

NNSA/NCSP/NA-511 Mike Zerkle
Marco Pigni

NNL
ORNL

NNSA/NR/NA-30 Mike Zerkle NNL

NNSA/Defense Prog./NA-113 Jo Ressler                          
Shea Mosby

LLNL                          
LANL

NNSA/Defense Prog./NA-114 Nathan Gibson       
Robert Casperson

LANL                        
LLNL

DOE/Nuclear Energy Matthew Jesse         
Javier Ortensi

ORNL                           
INL

NRC Will Wieselquist
Jesse Brown ORNL

NNSA/Office of Nuclear Forensics/NA-83 Corey Keith                 
Chris Krenn

LANL                          
LLNL

DOE/SC/Isotope Office Etienne Vermeulen LANL

NNSA/Emergency Response/NA-82 John Koglin                  
Pete Jaegers

LLNL                         
LANL

NIST Brian Zimmerman NIST
US Nuclear Data Program Dave Brown BNL

NNSA/Nuclear Safeguards and 
Security/NA-24 Young Ham Tech Advisor

Missile Defense Agency/Rad Hardness Courtney Matzkind MDA

AT LARGE MEMBERS
Jim Koster LANL

Patrick Talou LANL
John Engle Univ. WISC

Teresa Bailey LLNL
Morgan White LANL

49 Members
17 programs
11 national laboratories

Kathy Romano
WANDA 2023
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Extra thoughts: Horizontal Evaluations

From F. Kondev

Java app by Jun Chen

Atomic Mass Evaluation & NuBase

Application
s

❑ combines the experimental results from mass and energy measurements 
produced in many nuclear physics laboratories using a procedure established by 
A.H. Wapstra in the early 1950’s
✓ recommended (best) values for the atomic masses and their uncertainties
✓ extrapolation to the extremes using the smoothness of the mass surface

❑ Binding energies
✓ mass models
✓ shell structure

❑ Reaction & decay phase space
✓ Q values
✓ decay & reaction probabilities

❑ The limits of existence
✓ drip lines
✓ specific configurations and 

topologies

From F. Kondev
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From F. Kondev

❑ Log ft values in β-/(e+b+) decay

❑ Alpha-decay HF from even-even nuclei

❑ Nuclear Moments (μ and Q0)

❑ Proton Radioactivity Decay Data

many other applications oriented …

Nuclear Data Sheets v. 97 (2002) 241

Horizontal Evaluations & Topical Reviews.
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