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Message in 2023
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Modern AI/ML tools, including the development and use of Natural Language 
Processing (NLP) could shorten the time needed for an EXFOR compilation to be 
completed by automatically processing tables, graphs, and relevant in-text 
context. The incorporation of these tools, however, will require new skills not 
currently present in the EXFOR network. Outdated formats and compilation 
rules have also substantially hindered the progress of such modern 
mechanisms. This has motivated the creation of NEA SG-50, which is working to 
provide a modern interface to EXFOR as well as a framework for providing 
corrections, both simple error fixes and more complex ones discovered by 
evaluators in the course of their work.

2023 Second Report of the Nuclear Data Charge Subcommittee of the 
Nuclear Science Advisory Committee
https://science.osti.gov/-/media/np/nsac/pdf/docs/2023/NSAC-ND_Report_2_031923.pdf

https://science.osti.gov/-/media/np/nsac/pdf/docs/2023/NSAC-ND_Report_2_031923.pdf


Nearly 20 years since WPEC SG30
• While WPEC SG30, “Quality Improvement of the EXFOR Database”,  which was 

established in 2007 and closed in June 2010, EXFOR has significantly improved in 
quality.
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In spite of this compilation effort, the retrieval of experimental data from 
EXFOR runs the danger of becoming one of the main delaying factors in 
contemporary nuclear data evaluation. In the past, experimental data have been 
added to EXFOR by various compilers who, although the EXFOR format was 
unified in 1969, have used different (and often allowed) procedures and entries 
to store the data. The result is a database that contains the numerical data of 
almost the entire history of nuclear reaction measurements. The main question 
now is whether and how the user has access to all these data. For the study of a 
few detailed reactions, web interfaces are helpful tools to retrieve a few data 
sets, and one may find all available data by trying various different search 
options. However, nuclear data evaluation is becoming more automated and 
quality-assured, so that a genuine step forward in the production of data 
libraries requires that all nuclear data that exist in EXFOR can be retrieved in an 
unambiguous manner, and without unnecessary delay, and this is lacking at the 
moment. 

A. Koning, Quality Improvement of the EXFOR Database WPEC SG30 Final Report



Who are the users?
Researchers and students in fields of 
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Experimental/theoretical nuclear physics

Nuclear engineering

Nuclear science and applications

Use nuclear data natually included in the software 
codes, for example transport simulation (reactor 
simulation), shielding calculation, burn-up 
calculation.

Want to access the experimental, theoretical, or 
evaluated data for their research

Need to see the gamma emission lines for gamma-
ray spectroscopy, decay half-life, medical isotope 
production cross sections..etc

Nuclear data evaluations
Want to access all available experimental, 
evaluated, theoretical, curated data for their 
evaluations



EXFORTABLES and LIBRARIES-2021/22 Data Explorer

• LIBRARIES-2022 = EXFORTABLES + ENDFTABLES
• EXFORTABLES is a directory-structured database from C4 format
• ENDFTABLES is a pre-processed and directory-structured database 

• LIBRARIES-2022 Data Explorer, easy nuclear data online plotter, was 
developed in 2021 as a data viewer for LIBRARIES-2021
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* A. Koning, iaea-nds-0235, EXFORTABLES-1.0: An experimental nuclear 
reaction database based on EXFOR https://nds.iaea.org/talys/
** Accessible at https://nds.iaea.org/dataexplorer/

/n/Ag107/exfor/xs/102/n-Ag107-MT102-Farinaarbocco-23266106.2013.txt

https://www-nds.iaea.org/talys/tutorials/exfortables.pdf
https://nds.iaea.org/talys/
https://nds.iaea.org/dataexplorer/


IAEA Nuclear Reaction Dataexplorer
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https://nds.iaea.org/dataexplorer
Reaction based data plotter

EXFOR entry viewer

- Input target and reaction to get 
evaluated and experimental datasets
• Cross section
• Thermal neutron cross section
• Residual production cross section
• Fission yield

- Easy access without understanding of 
EXFOR format
• Search by reactions
• Entry viewer
• Geographical analysis

Web APIs
- Easy computational access

• Reaction, EXFOR entry and 
definition of EXFOR keywords, RIPL-
3 levels

💫 New!

💫 New!

Python 3 based, Open sourced project

https://nds.iaea.org/dataexplorer


Web ServicesBackend Data Flow

IAEA Nuclear Reaction Dataexplorer Data Flow

• EXFOR Parser*

• Inspired by x4i by David Brown (NNDC, BNL)
• Python program to convert all ASCII files in EXFOR_Master in EXFOR format into JSON and 

to produce tabulated (x, y, dx, dy) database
• Python3.x (https://github.com/IAEA-NDS/exforparser)

• IAEA Nuclear Reaction Dataexplorer has been renewed in March 2024
• EXFOR datasets: Created by EXFOR Parser (available in text and SQL)
• Web interfaces: Reaction based data plotter and EXFOR entry viewer developed in 

Dash/Plotly framework
• APIs: Easy computational access developed in Flask
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EXFOR_Master Parsing Transformations Mapping Tabulation

RIPL-3 Discrete levels Paser 
EXFOR Dictionary Paser 

EXFOR_JSON Exfortables_py

REST APIs

Interface

RIPL3_JSON
exfor_dictionary

* S. Okumura, G. Schnabel and A. Koning, EPJ Web Conf., 292, 12003 (2024)

https://github.com/brown170/x4i
https://github.com/IAEA-NDS/exfor_master
https://github.com/IAEA-NDS/exforparser
https://nds.iaea.org/dataexplorer/reactions
https://github.com/IAEA-NDS/exfor_master
https://github.com/IAEA-NDS/exfor_json
https://github.com/IAEA-NDS/Exfortables_py
https://github.com/shinokumura/ripl3_json
https://github.com/IAEA-NDS/exfor_dictionary
https://doi.org/10.1051/epjconf/202429212003


Issues in these years
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• EXFOR data dissemination
• ‘Trans’ files had been password protected for a year
• The EXFOR master repository used in Dataexplorer had only updated once a 

year due to the change in NRDC’s data dissemination policy since last NRDC 
meeting in 2023 (solved in early 2024).
• Many efforts done by OECD/NEA Databank, ‘Trans’ were back online
• EXFOR Master file update policy has been fixed

• EXFOR JSON Schema
• At least 5 versions of EXFOR in JSON format

• 3 from IAEA NDS, 1 from BNL generated by x4i, and 1 from SG50
• Need to agree with the JSON Schema for the inter-exchange

• SG50’s one is more extensive, a simplified one is required

• A Good Data Model
• Accommodate evaluated and experimental data 

• GNDS is a good example
• EXFOR accommodates excessive observables, but cross sections hold 51%

https://github.com/IAEA-NDS/exfor_master
https://nds.iaea.org/dataexplorer/


https://github.com/IAEA-NDS/exfor_master
• Clone/download all EXFOR files anytime

git clone https://github.com/IAEA-NDS/exfor_master.git

• Easy access to change logs of entry using Git command
git log -p exforall/224/22449.x4
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name of branch (=db update)

number of commits 
in main branch

9

https://github.com/IAEA-NDS/exfor_master


https://github.com/IAEA-NDS/exfor_json
• Separate information by pointer

• Separate EXFOR Keyword from free text

• Organize folded DATA block 
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https://github.com/IAEA-NDS/exfor_json/blob/main/json/238/23804.json

https://github.com/IAEA-NDS/exfor_json
https://github.com/IAEA-NDS/exfor_json/blob/main/json/238/23804.json


https://github.com/IAEA-NDS/exfortables_py
• Directory structured nuclear physics-baseddatabase via EXFOR parser

• Inspired by EXFORTABLES by Arjan Koning (NDS, IAEA)
• Without C4 or C5
• Best effort to get smallest ”dataset” of physical observable and tabulate them
• Data in ASCII text files and SQL database
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/n/Fe-56/n-inl-L1/xs/Fe-56_n-inl-L1_Fe56_Almen-Ramstrom-20788-008-0-1975.txt
11

https://github.com/IAEA-NDS/exfortables_py
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https://github.com/IAEA-NDS/exfor_dictionary
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• EXFOR dictionary in JSON
• Convert abbreviations

• e.g. ”abs.” à"Absolute”, but does "f." mean fragment, factor, fission, for or final?
• EXFOR keywords are in JSON key
• Easy to lookup programmatically from JSON friendly computer languages

13

https://github.com/IAEA-NDS/exfor_dictionary


Reaction based data retrieval 56Fe(n,n’_1)
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Data plots for
• Cross Section (XS)
• Residual Production XS
• Fission Yield (FY)

More will be included…
• Angular Distribution (DA)
• Energy Distribution (DE)
• Fission Observables

- PFNS, PFGS, nu_bar

Scan me!

https://nds.iaea.org/dataexplorer

https://nds.iaea.org/dataexplorer


EXFOR Entry Search
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https://nds.iaea.org/dataexplorer/exfor/search?type=DA&target_elem=Nb

https://nds.iaea.org/dataexplorer/exfor/search?type=DA&target_elem=Nb


Entry in original EXFOR format
HISTORY    (19770110C)

(19791211U)
(19840227U) Reaction formalism introduced
(20070924A) M.M.Dates were corrected for 4-digits year.

BIB information was added.
(20140325U) Ref. J,SJA,38,105,1975 was added.
Minor corrections of BIB information.
AV was added in SF8 in Subents 003-004,006-008.

(20191209A) Correction of ERR-ANALYS in Subents
003,004,006,007
(20200318U) ref. R,INDC(CCP)-57,12,1974 was added, even
at NDS web-site in this INDC(CCP)-57 pdf these pages
are absent.

ENDBIB              76
NOCOMMON             0          0
ENDSUBENT           79
SUBENT        40412004   20191209   20200217   20200217       4185
BIB                  4         11
REACTION   (92-U-235(N,G)92-U-236,,SIG,,AV)
ANALYSIS     Capture CS was determined from ALF and fission CS.
ERR-ANALYS (ERR-T)  Errors   shown on the data are total error

which includes error of alpha and fission cross-section
data
(ERR-1) Uncertainty of fission C-S.
.See also uncertainties in Subents 002,003.

STATUS     (TABLE) Revised by author data of Table 1 of
J.At.Energ.,v.38,is.2,p.82,1975
(DEP,40412002)  ALFA
(DEP,40412003)  Fission cross section

ENDBIB              11
COMMON               1          3
ERR-1
PER-CENT
6.5

ENDCOMMON            3
DATA                 4          7
EN-MIN     EN-MAX     DATA       ERR-T
KEV        KEV        B          B
1.0000E+01 2.0000E+01 1.0470E+00 2.3200E-01
2.0000E+01 3.0000E+01 7.3900E-01 9.3000E-02
3.0000E+01 4.0000E+01 7.3600E-01 8.3000E-02
4.0000E+01 5.0000E+01 6.2700E-01 7.0000E-02
5.0000E+01 6.0000E+01 5.6900E-01 6.2000E-02
6.0000E+01 7.0000E+01 5.2300E-01 5.6000E-02
7.0000E+01 8.0000E+01 4.7500E-01 5.1000E-02

ENDDATA              9
ENDSUBENT           29

ENTRY            40412   20200318   20200515   20200514       4186
SUBENT        40412001   20200318   20200515   20200514       4186
BIB                 13         76
INSTITUTE  (4RUSFEI)
REFERENCE  (J,AE,38,82,1975) Issue 2.

(J,SJA,38,105,1975) Engl.translation of AE,38,82,1975.
#doi:10.1007/BF01208866
(R,FEI-274,1971)
(R,INDC(CCP)-21,1972) Engl.translation of R,FEI-274.
(C,71KIEV,1,293,1971)      Graphs of Alpha value.
(C,71KIEV,1,301,1971)      Exp.method.
(R,FEI-290,1972)           Facility details.
(J,AE,32,85,1972) Issue 1. Graphs of Alpha value.
(J,SJA,32,95,1972) Engl.translation of AE,32,85,1972
#doi:10.1007/BF01261042
((R,YK-15,12,1974)=
(R,INDC(CCP)-57,12,1974))
Even at NDS web-site in this INDC(CCP)-57 pdf these pag
are absent.

AUTHOR     (V.N.Kononov, E.D.Poletaev,B.D.Yurlov, Yu.S.Prokopets,
A.A.Metlev, Yu.Ya.Stavisskiy)

TITLE      Measurement of alpha and the 235U and 239Pu fission and
capture cross sections for 10-80 keV neutrons

FACILITY   (VDG,4RUSFEI)  FEI pulsed Van-de-Graaff accelerator.
Pulse duration 22ns, frequency 300.kHz.

INC-SOURCE (P-LI7)    Proton-Lithium-7
Metal lithium targets were used
(P-T)      Proton-tritium, standard tritium-titanium

targets were used
SAMPLE     Four metal Pu-239 discs of 40 mm diameter, 2.9E-03

nuclei/b thickness.  Total weight 14.5 g.
Pu-240 content in the sample - 0.2%.

Triuranium octoxide U3O8 (90.3 percents of U-235)
Sample of 4.1E-3 U-235-nuclei/b thickness in aluminum
shell of 40 mm Diameter and 0.5mm wall thickness.
U3O8 weight - 24.4g.
Background measurements equivalent scattering samples
of carbon and lead were used

METHOD     (TOF)     Time-of-flight method with resolution 18
nsec/m for neutron energy range from 10 keV to 80 keV
And energy resolution from 10 keV to 30 keV
For neutron energy range from 100 keV to 1 MeV
at working on monoenergetic neutrons.
Flight path 1.18 m.

DETECTOR   (STANK) Large (400. l) liquid scintillation detector
loaded with cadmium

(FISCH)   Fast ionization chamber with Cf-252.
(NAICR)  NaI(Tl) Crystal of 150x80 mm size detector.
Amplitude resolution about 13 % at E-gamma=478 keV,
time resolution 8ns at E-gamma 420.-540. keV.

MONITOR    Measurement of the capture-to-fission cross-section
ratios (ALFA) was absolute
The fission cross-sections have been measured using
energy dependence of B-10(n,alpha-gamma) reaction as
given by Sowerby M.G. et al, 70HELSINKI,1,161 and
Macklin P.L. et al, Phys.Rev., 165, 1147, 1968.
Normalization of fission cross-section was made over
energy region 30-40 keV to evaluated data by Sowerby
et al, Ann. Of Sci. and Eng., V1,No.718,1974.

CORRECTION Correction for isotopic impurities,correction for
neutron multiplication in the samples, correction for
energy dependence nu-bar, correction for multiple
neutron scattering and resonance self-shielding.

New UX for the EXFOR Entry Viewer
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← Simplified bibliographic info

← Reactions in ENTRY

←Measurement info

Direct data plot

Data download in csv↓

Separate code and free text→

↓Tooltip from dictionary

16Example: https://nds.iaea.org/dataexplorer/exfor/entry/40412

https://nds.iaea.org/dataexplorer/exfor/entry/40412


Web API Endpoints
• An architectural style for an application program interface (API) that uses 

HTTP requests to access and use data - Addressability, Stateless, Uniform 
Interface

• Reactions: datasets with data tables used in the dataexplorer

• EXFOR entry: entry, subentry, bib, data, experimental condition, reactions

• EXFOR dictionary: facilities, institutes, methods, detectors

• RIPL-3 discrete level: levels, level records
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http://nds.iaea.org/dataexplorer/api/reactionsGET

http://nds.iaea.org/dataexplorer/api/exfor/entry/GET

http://nds.iaea.org/dataexplorer/api/exfor/dict/GET

http://nds.iaea.org/dataexplorer/api/ripl3/levels/GET

http://nds.iaea.org/dataexplorer/api/reactions
http://nds.iaea.org/dataexplorer/api/exfor/entry/
http://nds.iaea.org/dataexplorer/api/exfor/dict/
http://nds.iaea.org/dataexplorer/api/ripl3/levels/


Reactions API
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Name Data Type Required Description

target_elem string e.g. Al

target_mass number e.g. 27

reaction string e.g. n,g

rp_elem string optional Element name of the residual product

rp_mass number optional Mass number of the residual product

fy_type string optional Cumulative, Independent, Primary for 
FPY

table boolen optional Default: False, True to include data 
table in the return

page number Default: 1, page number of pageing. 
100 datasets in one page are returned.

/dataexplorer/api/reactions/{type}GET

• General search parameters

Name Data Type Required Description

type string xs: Cross section
residual: Residula production cross sections
thermal: Thermal neutron cross sections
fy: fission yields

https://nds.iaea.org/dataexplorer/api/reactions/xs?target_elem=Al&target_mass=27&reaction=n%2Cp&table=True&page=1

http://nds.iaea.org/dataexplorer/api/reactions/%7btype%7d
https://nds.iaea.org/dataexplorer/api/reactions/xs?target_elem=Al&target_mass=27&reaction=n%2Cp&table=True&page=1


Simple Use Case of Reactions API
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EXFOR Entry API
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/dataexplorer/api/exfor/entry/{entry_id}/{subent_id}GET

Name Data Type Required Description

entry_id string EXFOR entry number

subent_id string optional Subentry number

/dataexplorer/api/exfor/entry/{entry_id}/{section}GET

Name Data Type Required Description

section string optional bib: return bibliographic data
data: return datatable
experiment: return experimental conditions
histories: return entry history

http://nds.iaea.org/dataexplorer/api/reactions/
http://nds.iaea.org/dataexplorer/api/exfor/entry/%7bentry_id%7d
http://dataexplorer/api/exfor/entry/%7bentry_id%7d/%7bsubentry_number%7d
http://dataexplorer/api/exfor/entry/%7bentry_id%7d/%7bsubentry_number%7d


EXFOR Dictionary API
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/dataexplorer/api/exfor/dict/{field}/{name}GET

Name Data Type Required Description

field string institute: used in INSTITUTE field
facility: used in FACILITY field
method: used in METHOD field
detector: used in DETECTOR field

name string optional

http://nds.iaea.org/dataexplorer/api/exfor/dict/institute/1CANALA

https://nds.iaea.org/dataexplorer/api/exfor/dict/facility/accel

http://nds.iaea.org/dataexplorer/api/exfor/dict/method/activ

http://nds.iaea.org/dataexplorer/api/exfor/dict/detector/hpge

https://nds.iaea.org/dataexplorer/api/exfor/dict/method

http://nds.iaea.org/dataexplorer/api/reactions/
http://nds.iaea.org/dataexplorer/api/exfor/entry/%7bentry_id%7d
http://dataexplorer/api/exfor/entry/%7bentry_id%7d/%7bsubentry_number%7d
http://nds.iaea.org/dataexplorer/api/exfor/dict/institute/1CANALA
http://127.0.0.1:5000/exfor/dict/detector/hpge
http://nds.iaea.org/dataexplorer/api/exfor/dict/method/activ
http://127.0.0.1:5000/exfor/dict/detector/hpge
https://nds.iaea.org/dataexplorer/api/exfor/dict/method


RIPL-3 discrete level API
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/dataexplorer/api/exfor/ripl3/{field}/{nuclide}GET

Name Data Type Required Description

field string levels: discrete level information

nuclide string Name of nuclide with ‘235U’ format

http://nds.iaea.org/dataexplorer/api/ripl3/levels/90Zr

http://nds.iaea.org/dataexplorer/api/reactions/
http://nds.iaea.org/dataexplorer/api/exfor/entry/%7bentry_id%7d
http://dataexplorer/api/exfor/entry/%7bentry_id%7d/%7bsubentry_number%7d
http://nds.iaea.org/dataexplorer/api
http://127.0.0.1:5000/ripl3/levels/90Zr


Inter-Agency-operablities?
Geographical distribution of nuclear reaction 
measurements in 
https://nds.iaea.org/dataexplorer/exfor/geo
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•Bubble Chart
•Displays the number of nuclear 
reaction measurements in EXFOR 
based on the first author's 
institute.

•GPS Coordinates (latitude and 
longitude)

•Retrieved from the Google Maps 
API using the institute's name.

•Facility Location
•The exact location of the facility 
within certain institutes is 
unavailable. Are there any 
interconnectable API in the 
Agency?

https://nds.iaea.org/dataexplorer/exfor/geo


ENDF Interface
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https://www-
nds.iaea.org/exfor/endf.htm

https://www-nds.iaea.org/exfor/endf.htm


ENDF-Archive
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https://www-
nds.iaea.org/public/downloa
d-endf/?C=M;O=D

https://www-nds.iaea.org/public/download-endf/?C=M;O=D


Forthcoming: ENDF-6 Viewer
• ENDF-6 content viewer powered by DeCE[1], C++ program to manipulate ENDF-6 formatted file.

• showheaders (print parameters in header MF1 MT 451)
• extract (print section in ENDF-6 format)
• table (print section in tabulated table format)
• reconstruct (cross section from resonance parameters)

• Allow users access to the historical ENDF-6 format libraries stored in IAEA-NDS.
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[1] Developped by T. Kawano (LANL), J. Nucl. Sci. Technol., 56, 1029-1035 (2019)
https://github.com/toshihikokawano/DeCE

https://github.com/toshihikokawano/DeCE


Nuclear reaction data in different forms

IAEA Nuclear Reaction Data Portal 27

ENDF-6EXFOR
13-AL-27(N,TOT),,SIG
40-ZR-90(N,INL)40-ZR-90,PAR,SIG 
26-FE-56(A,X)1-H-1,,DA/DE
3-LI-6(HE3,P)4-BE-8,PAR,DA 
92-U-238(N,F),PR,NU/DE
92-U-235(N,F)0-G-0,PR,FY/DE
92-U-235(N,F)42-MO-99,CUM,FY
92-U-233(N,F),,AKE,LF+HF
94-PU-239(N,F),PR,NU

Cross sections
• Cumulative: total, elastic, non-elastic
• Exclusive: (n,n’), (n,2n), (n,g), (n,f), n,p),….
• Discrete level: (n,n’_1), (n,n’_2),…(n,p_0),….
• Particle production: (n,xn), (n,xp),….
• Residual production: (n,x), (p,x),…. 
Angular distributions
• Elastic
• Inelastic
Single-differential emission spectra (energy)
Double-differential emission spectra (energy-angle)
Gamma-ray production cross sections
Fission yields
Fission neutron observables (average number of neutrons per fission, kinetic energy, etc.)

MF 3 MT 1
MF 3 MT 51-89
MF 4 MT 601
MF 6 MT none
MF 5 MT 18
MF 15 MT 18 x MF 12 MT 18
MF 8 MT 459
MF none MT none
MF 1 MT 456

EXFOR Parser
+

Interpreters

ENDF Parser
+

Interpreters

EXFOR compilation
(Manual works)

Nuclear Reaction Physics
(experiments and theories)

Evaluation into ENDF-6 format
(Manual works)

Parsers have been developed,
Interpreters are still required.



Stand-alone databases
Live Chart of Nuclide
RIPL-3, CONDERC, IBANDL, 
Stopping power
Research Repositories (INVENIO)
Documents
Meeting records

Goal: Centralize nuclear reaction data into “Nuclear Data Portal”
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Processed Libs.

ACE

PENDF

Activation

SG50/54 Data LakeIAEA 
Nuclear Data Lake

Interoperable via API/JSON

Currated Data

EXFOR in JSON

Experimental Data

EXFOR

Submission data
(New, corrections, collections)

SG50/54 Layers in JSON

• Adhere to FAIR Principle
• Introduction of a user participatory mode
• Centralize data in one portal (as much as possible)

NRDC (EXFOR compilation)

Download Data

EXFOR

Community

Nuclear Data Portal

Outlier 
datasets

Collections

Theoretical Data

TALYS

CCONE

CoH3

EMPIRE

Evaluated Libs.

ENDFCENDL

JENDL TENDL

JEFF



Summary

• IAEA Nuclear Reaction Dataexplorer
• Datasets has been renewed - with a new EXFOR parser 

and APIs
• Ready to inter-connect to other systems
• Will become a prototype of Nuclear Data Portal

• Our goal: Nuclear Data Portal
• Centralize experimental, evaluated, and theoretical 

nuclear data
• Promote data collection and submission by users

• IAEA Nucleus account would be required (under 
discussion)

• AI/DL supported journal scanning (find EXFORable 
publications) and EXFOR compilation based on AI/DL 
should be exploited
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Nuclear 
Data
Portal



Thank you!
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