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Nuclear Reaction Data 
Compilations in USA & 
Worldwide

• Experimental neutron reaction data compilations have been pioneered at the 
Metallurgical Laboratory, University of Chicago and Los Alamos National 
Laboratory in 1945-1947. 

• Brookhaven National Laboratory hired many Manhattan Project alumni when 
it was founded in 1947, and the lab got involved in nuclear data.

• Donald J. Hughes (1915-1960) was behind the BNL-170 (1952); it is a 
precursor of BNL-325 (Atlas of Neutron Resonances).

• Second UN International Conference on Peaceful Uses of Atomic Energy, 
Geneva, 1958.

• SCISRS (Sigma Center Information and Retrieval System) at BNL (1964) 
was a precursor of EXFOR.

• Other data centers were created in Paris, France (NEA-Databank),  Vienna, 
Austria (NDS-IAEA), and  Obninsk, USSR (IPPE) in 1963-1964.

• Around 1970 four neutron data centers agreed on the data interchange 
format (EXFOR). The four centers could store data locally in its formats.  The 
Nuclear Data Centres Reaction (NRDC) network was later formed under the 
auspices of the IAEA.
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Experimental Nuclear 
Reaction Data
(EXFOR)

• The EXchange FORmat (EXFOR) experimental nuclear reaction 
database and format for low- and intermediate-energy physics

• 23,343 experimental works as of August 20, 2020

• 174,951 reaction data tables

• All compilations go through a quality assurance process

• Nuclear Reaction Data Centers (NRDC) network

• EXFOR statistics, the IAEA official count of compilations: 
https://www-nds.iaea.org/public/exfor/x4compil/exfor_input.htm.

• Data compilations split data geographically within the NRDC: 
Area #1 (USA, Canada), National Nuclear Data Center (NNDC),  
Area #2 (Western Europe, Japan) NEA-Databank (Paris), Area 
#3 (Eastern Europe, Asia w/o Japan, Africa, Latin America, 
Australia) NDS-IAEA (Vienna), Area #4 (Former USSR w/o 
Ukraine): IPPE, Obninsk.

• Experimental nuclear physics is a resource hungry science. The 
majority of measurements are made in countries with good 
science funding: Discovery of Isotopes is a good example. 
Therefore Area #1 & #2 dominate EXFOR contributions.

https://www-nds.iaea.org/public/exfor/x4compil/exfor_input.htm
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Evolving Project: 
Missing Data

• Not all experiments were compiled to SCISRS (Sigma Center Information 
Retrieval System) database at Brookhaven in 1950s for historical & 
technological reasons.

• EXFOR project started to compile neuron cross sections and spontaneous 
fission since 1970, no FY until 1976.

• EXFOR completeness: In spite of EXFOR Basics analysis, many important 
data sets were missed; comparison between EXFOR & Nuclear Science 
References (NSR) databases indicates that EXFOR could have 40,000+ 
experiments instead of 23,000.

• Present day cost of a single experiment, LBL 88” Cyclotron example: 

• $2,500 /hour beam time => $420 K/week

• Cost of 36S and 48Ca for ECR source are $47 K/gram and $250 
K/gram, respectively

• Total price tag, conservatively,  is $1 M

• It is cost effective to recover previous results than run new.

• EXFOR is a constantly-evolving project, it is driven by users’ needs; it is 
based on available computer technologies.
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EXFOR: ENDF 
validation

• ENDF library evaluations are based on theoretical calculations normalized to 
experimental data with an exception of neutron resonance region, where 
priority is given to experimental data.

• Importance of microscopic validation: Experimental 88Zr(n,g) thermal cross 
section is (8.61± 0.69) x105 barns [1] compared with the theoretically 
predicted 10 barns [2]:

• [1] J.A. Shusterman, et al., “The surprisingly large neutron capture  

cross-section of 88Zr,” Nature 565, 328 (2019).

• [2] A.J. Koning, D. Rochman, “Modern nuclear data evaluation with 
the

TALYS code system,” Nucl. Data Sheets 113, 2841–2934 (2012).

• EXFOR compilation of 88Zr(n,g) Nature article by Stanislav Hlavac (NNDC), 
#14520.

• FACILITY (REAC,1USAMIS) Neutron irradiations were performed using 
thermal-neutron flux in the graphite reflector of the University of Missouri 
Research Reactor (MURR).

• NRDC Rules: All experiments from USA & Canada are compiled by NNDC.
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EXFOR Compilation 
Accession Number

• A unique compilation identifier, similar to NSR 
compilation keynumber or social security #.

• Each entry is assigned an accession number; 
each subentry is assigned a subaccession
number (the accession number plus a 
subentry number). 

• The subaccession numbers are associated 
with a data table throughout the life of the 
EXFOR system



EXFOR Compilation 
Format

• EXFOR format for the data interchange between major centers was later 
adopted as the database format.

• EXFOR entry groups multiple publications from the same experiment and 
represents the final results.

• Each entry consists of the one bibliographical and multiple data subentries 
(experimental data sets).

• V.V. Zerkin, B.Pritychenko,`` The Experimental Nuclear Reaction Data 
(EXFOR): Extended Computer Database and Web Retrieval System,” Nucl. 
Instr. Meth. Phys. Res. A 888, 31 (2018); and references therein.

• O. Schwerer, “LEXFOR (EXFOR Compiler’s Manual)”, International Atomic 
Energy Agency Report IAEA-NDS-208, Rev. 2015/08(2015). 〈
https://www-nds. iaea.org/nrdc/nrdcdoc/iaea-nds-0208-201508.pdf〉

• O. Schwerer, “EXFOR Formats Manual,” International Atomic Energy 
Agency Report IAEA-NDS-207, Rev. 2015/08 (2015);〈https://www-
nds.iaea.org/ nrdc/nrdcdoc/iaea-nds-0207-201508.pdf〉



Well-Structured 
Format

• EXFOR Formats Description for Users (EXFOR 
Basics), originally written by Vicki McLane and updated 
by Otto Schwerer: https://www-
nds.iaea.org/nrdc/nrdc_doc/iaea-nds-0206-200806.pdf.

• EXFOR system identifiers (ENTRY, DATA, …) may be 
combined with the modifiers (ENDENTRY, ENDDATA, 
NODATA,…).

• Essentially, data set start and end are hardcoded. 
Extremely helpful for EXFOR format readability!!!

• EXFOR had XML-like structures since 1970.

• Modern computer language (Java, ….) with advanced 
string handling is needed. Please forget about earlier 
languages like FORTRAN because it was designed for 
numbers only.

https://www-nds.iaea.org/nrdc/nrdc_doc/iaea-nds-0206-200806.pdf
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Keywords & Codes

• The text part (bibliographic, experimental and 
bookkeeping information) is specified in variable length 
fields whose content is defined by keywords. An entry 
contains only those keywords relevant for the particular 
work. The information attached to a keyword may 
consist of "codes" (standard abbreviations taken from a 
"dictionary") and/or unstructured English "free text".

• The information-identifier keyword is used to define the 
significance of the information given in columns 12-66. 
The keyword is left adjusted to begin in column 1, and 
does not exceed a length of 10 characters).

• Codes for use with a specific keyword are found in the 
relevant dictionary. 
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Reaction String Sub-
Fields & Dictionaries

• Nine reaction subfields: 
(SF1(SF2,SF3)SF4,SF5,SF6,SF7,SF8,SF9)

• Reaction: (1-H-1(N,G)1-H-
2,,SIG,,MXW,DERIV)

• Decay Ratio: ((98-CF-
254(0,F)ELEM/MASS,CUM,FY)/ (98-CF-
254(0,F)MASS,CHN,FY))



EXFOR STATUS

• Any compilation contains status information.

• Gives information on the status of the data 
presented. 
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EXFOR 
Machine 
Readability

• EXFOR format was well ahead of its 
time.

• Good readability using modern computer 
languages for text string handlings.

• Complementary representations in the 
presentation of Viktor Zerkin (IAEA). : 

• C4 (X4toC4), X4±, C5, JSON, …

• IAEA/NNDC Web Interfaces, 
Java/C/HTML/SQL technologies + wrapping 
of old FORTRAN codes.

• Results could be as good as an overall 
quality of underlying compilations.



Takeaways

• EXFOR is a unique experimental nuclear 
reaction database: J.L. Kammerdiener’s thesis.

• EXFOR effort is complex and well-organized.

• Combined international compilation and Quality 
Assurance (QA) efforts: relational database.

• Reading EXFOR compilations is relatively easy 
using modern computer languages.

• Some users criticize EXFOR for complexity; 
however, it is the “Holy Grail” after understanding 
compilation formats for EXFOR readability.
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The International Atomic Energy Agency: 
(https://www.iaea.org/about/mission)

• is an independent intergovernmental, science and technology-based organization, in the 
United Nations family, that serves as the global focal point for nuclear cooperation;

• assists its Member States, in the context of social and economic goals, in planning for and 
using nuclear science and technology for various peaceful purposes, including the generation 
of electricity, and facilitates the transfer of such technology and knowledge in a sustainable 
manner to developing Member States;

• develops nuclear safety standards and, based on these standards, promotes the achievement 
and maintenance of high levels of safety in applications of nuclear energy, as well as the 
protection of human health and the environment against ionizing radiation;

• verifies through its inspection system that States comply with their commitments, under the 
Non-Proliferation Treaty and other non-proliferation agreements, to use nuclear material and 
facilities only for peaceful purposes.


