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Nuclear Reaction Database

and Software Systems

Overview



http://www-nds.iaea.org

Our Internet Address

Nuclear Data Section,

International Atomic Energy Agency 

Vienna International Centre, 

P.O. Box 100, A-1400 Vienna, 

Austria 

Our Postal Address:

http://www-nds.iaea.org/
http://www-nds.iaea.org/


Nuclear Reaction Databases

Database Contents Size (2003) Size (2018)

EXFOR contains experimental nuclear 
reaction data for incident 
neutrons, charged particles and 
photons

13,500 Entries
97,000 Data sets
400 Mb  ASCII-text

22,294 Entries
169,989 Data sets
752 Mb  ASCII-text

ENDF collection of evaluated data 
libraries containing cross 
sections, spectra, angular 
distributions, fission product 
yields, photo-atomic and thermal 
scattering law data

~300 Mb ASCII 
5 basic libraries

>250 Gb ASCII 
58 libraries

CINDA contains bibliographical 
references to experimental and 
evaluated nuclear reaction data, 
and to calculations, reviews, 
compilations of nuclear data.

266,000 Lines 
40,500 publications
32,500 Blocks
37 Mb  ASCII-text

577,219 Lines 
94,100 publications
294,302 Blocks
112 Mb  ASCII-text

IBANDL Ion Beam Analysis Nuclear Data 
Library of experimental 
differential cross-sections

615 Datasets
1.9 Mb

3,690 Datasets
16 Mb ASCII-text



• Maximum of platform independency
- operating systems: Linux, Windows, Mac
- relational databases (MySQL, Access, SyBase, etc.)
- programming languages: Java, SQL, Javascript, C, Fortran

• Free of charge system components 
- Linux, Apache, Tomcat, MariaDB

• Full integration of components
- no installation (CD-ROM, Web, individual programs)
- automatic configuration of Web-Servlets and scripts
- encapsulated graphics

Basic principals of the IAEA-NDS nuclear 

databases and software systems



NDS CD-ROM Database Retrieval Systems
/since 2003/

• Full database on your PC
• For Windows, Linux and Mac

• Does not need installation

• Can run from CD-ROM (database ser-

ver and Java JVM running from CD)

• Can work with remote databases

• Integrated EXFOR and CINDA

• Help with Dictionaries

• Advanced search (+users’ SQL)

• Interactive plotting with ZVView

• EndVer/GUI with integrated PrePro

and EXFOR

• Includes non-interactive retrievals to 

build new user’s applications

• Used by Applications: Empire, 

EndVer, GANDR, expandable…

• Nowadays updated once per year



Retrieval system: 

main stream of users’ interactions

Request Select Output

Criteria

Help

Options

Summaries

Data

Bibliography

Plot

Interactive plotting
Clone

Request

Another database
OutputSelect

. . . . . .. . .



Web interface

1.Intuitive

2.Suitable for beginners and ND professionals

3.Alternative interfaces

4.Non-trivial operations are described in:

a) Documentation

b) Examples

c) News, software history, how-to, FAQ pages

d) Video-Guides



Introduction to EXFOR-ENDF

Web database retrieval system



EXFOR: library, database, retrieval systems

Experimental data in exchange format
•1970 agreed format and established exchange between 
USA, NEA, IAEA, USSR

•contains data from ~22,300 experiments

•NRDC: 13 nuclear data centres compile ~500 new Entries every year

•since 2005: global library with central maintenance in the IAEA (NDS)

•Master File (750Mb), 52 Dictionaries, 2 Manuals (400 pages)

•Distribution to users: EXFOR, X4+, C4, XML, Html, plots

•Assess via: Web, CD/DVD ROM, FTP

•Databases DBMS: MySQL, MS-Access, SyBase

•Software: C, Java (GUI-Applications, Web-Servlets), Fortran

•Connection to other databases ENDF, CINDA, NSR, IBANDL: import-
export data, common plotting, links, cross-search



ENTRY            41323   20050902                           EXFOR File
SUBENT        41323001   20050902

BIB                  7         12

INSTITUTE  (4RUSMIF)

REFERENCE  (J,AE,50,(5),350,198105) MAIN REFERENCE, DATA ARE GIVEN

(J,SJA,50,325,1981)  ENGLISH TRANSLATION

AUTHOR     (V.E.ZHITAREV,A.M.MOTORIN,S.B.STEPANOV)

TITLE      .INTERACTION CROSS SECTIONS OF CERTAIN METALS

WITH COLD NEUTRONS

FACILITY   (REAC)

ERR-ANALYS (EN-ERR)   WAVE-LENGTH RESOLUTION DELTA-LAMBDA/LAMBDA

TIMES 100 (IN PERCENT)

HISTORY    (19981121C)  + +  COMPILED AT THE CJD + +

(20050902A)  . .  Corrected at the CJD + +

Data-heading "EN" changed to "WVE-LN"

ENDBIB              12

COMMON               3          3

EN-ERR     TEMP       TEMP-ERR

PER-CENT   DEG-C      DEG-C

3.        22.       3.

ENDCOMMON            3

ENDSUBENT           19

SUBENT        41323002   20050902

BIB                  5          8

REACTION   (13-AL-27(N,TOT),,SIG)

SAMPLE     .ALUMINIUM MONOCRYSTAL, PURITY 99.99 PC, THICKNESS

96 MM, DENSITY 2.70 GRAM/CM3 AND

MACROCRISTALLINE ALUMINIUM, PURITY 99.99 PC,

THICKNESS 50 MM, DENSITY 2.70 GRAM/CM3

ERR-ANALYS (DATA-ERR) NO INFORMATION GIVEN

STATUS     (TABLE)  DATA ARE TAKEN FROM TABLE 1 OF MAIN REF.

HISTORY    (19981121T)  + + CONVERTED FROM SUBENT 88023002

ENDBIB               8

NOCOMMON             0          0

DATA                 3          8

WVE-LN     DATA       DATA-ERR

ANGSTROM   B          B

1.3000E+01 1.9300E+00 1.3000E-01

1.4000E+01 2.1200E+00 9.0000E-02

1.5000E+01 2.2500E+00 8.0000E-02

1.6000E+01 2.3800E+00 7.0000E-02

1.7000E+01 2.5400E+00 6.0000E-02

1.8000E+01 2.6100E+00 6.0000E-02

1.9000E+01 2.8200E+00 8.0000E-02

2.0000E+01 3.1500E+00 6.0000E-02

ENDDATA             10

ENDSUBENT           23

ENDENTRY             2

ENTRY 41323   20050902 EXFOR Logic
SUBENT 41323001   20050902

BIB 7         12

INSTITUTE (4RUSMIF)

REFERENCE (J,AE,50,(5),350,198105) MAIN REFERENCE, DATA ARE GIVEN

(J,SJA,50,325,1981)  ENGLISH TRANSLATION

AUTHOR (V.E.ZHITAREV,A.M.MOTORIN,S.B.STEPANOV)

TITLE .INTERACTION CROSS SECTIONS OF CERTAIN METALS

WITH COLD NEUTRONS

FACILITY (REAC)

ERR-ANALYS (EN-ERR)   WAVE-LENGTH RESOLUTION DELTA-LAMBDA/LAMBDA

TIMES 100 (IN PERCENT)

HISTORY (19981121C)  + +  COMPILED AT THE CJD + +

(20050902A)  . .  Corrected at the CJD + +

Data-heading "EN" changed to "WVE-LN"

ENDBIB 12

COMMON 3          3

EN-ERR     TEMP       TEMP-ERR

PER-CENT   DEG-C      DEG-C

3.        22.       3.

ENDCOMMON 3

ENDSUBENT 19

SUBENT 41323002   20050902

BIB 5          8

REACTION (13-AL-27(N,TOT),,SIG)

SAMPLE .ALUMINIUM MONOCRYSTAL, PURITY 99.99 PC, THICKNESS

96 MM, DENSITY 2.70 GRAM/CM3 AND

MACROCRISTALLINE ALUMINIUM, PURITY 99.99 PC,

THICKNESS 50 MM, DENSITY 2.70 GRAM/CM3

ERR-ANALYS (DATA-ERR) NO INFORMATION GIVEN

STATUS (TABLE)  DATA ARE TAKEN FROM TABLE 1 OF MAIN REF.

HISTORY (19981121T)  + + CONVERTED FROM SUBENT 88023002

ENDBIB 8

NOCOMMON 0          0

DATA 3          8

WVE-LN     DATA       DATA-ERR

ANGSTROM   B          B

1.3000E+01 1.9300E+00 1.3000E-01

1.4000E+01 2.1200E+00 9.0000E-02

1.5000E+01 2.2500E+00 8.0000E-02

1.6000E+01 2.3800E+00 7.0000E-02

1.7000E+01 2.5400E+00 6.0000E-02

1.8000E+01 2.6100E+00 6.0000E-02

1.9000E+01 2.8200E+00 8.0000E-02

2.0000E+01 3.1500E+00 6.0000E-02

ENDDATA 10

ENDSUBENT 23

ENDENTRY 2



EXFOR Interpreted: X4+, XML, X4±



EXFOR Request Form

Text search 
(~google)

Examples, Help, 
Dynamic sections

Important: 
• More examples,
• Software/History



EXFOR Request Form. Examples



EXFOR Request Form. News & History

News/history with: 
examples, how-to 

instructions, 
documentation



News & History

News/history with: 
examples, how-to 

instructions, 
documentation



https://www-nds.iaea.org/exfor/x4guide/



EXFOR Select Form

Output options

Get data in various formats

Search by Author Go to Web - journal

Go to NSRSelect Datasets

Retrieve: go to the next step

Search by Reaction

Submit
Activates search and display



• Quick plot: EXFOR-ENDF, cross sections (XS) only;  XS filtered by product 
ELEM/MASS in EXFOR

• Advanced (Universal) plot: EXFOR-ENDF, MF1,3,4,5,6, using EndVer 
(A.Trkov); ratios, ratios converted to cross sections, XS ± ΔXS

• Native EXFOR plot: EXFOR only, any quantities

• Special ENDF plotting: MF3*MF6:Low=0 by products, MF10, relative 
uncertainties, XS with uncertainties (MF3+MF33)

• R33 plot: EXFOR-IBANDL, Web intrerface to IBANDL-SigmaCalc (A.Gurbich, 
IPPE) data

• PlotC4 (D.E. Cullen): C4 to PS and PS to PDF

• Z(X,Y): MF33, MF35, MF40; correlation matrix constructed on EXFOR 
uncertainties 

• MyPlot: uploaded user’s data (input: text columns, arrays, ENDF sections: 
MF33, MF3+MF33)

Types of plotting on our Web



Java Servlet
EXFOR
Select

X4TOC4

Retrieve 

EXFOR

X4

C4

C4TOR33

X4

Multiple or single choice 
of data/formats

C4X4+

Bibliography

Table T4

Single 

SUBENT

ENDF. Evaluated database retrieval system

ENDF: search, plot

Info

Data from one

SUBENT (many Θ) R33R33R33

(R.Cullen, A.Trkov)

Plot by Web-ZVView
and other service

EXFOR14A.DAT

Internal Dictionary

How it works

R33

R33

BibTeX

External programs

ZVView
output

Output from EXFOR retrieval system

X4±

C5 C5M XML HTML

Download
R33 as text

IBANDL

ENDF

Link

EXFOR
Database

EXFOR
Request

Form

Retrieve EXFOR files 
and convert to:

Search in
EXFOR Database

Link

Levels, masses



EXFOR Output Form

Output data

Get plotted

data

Search similar 

evaluated data



ENDF Select Form

Plot data



ENDF Output Form with 

interactive Web ZVView plotting

zoom

Select data 

for plotting

Plotting options

Add your data 

to the plot

Copy/Paste



Flexible ENDF Database Explorer



Sequential search in ENDF database

ENDF Request Form → ENDF-Explorer

Direct data search: fill in a form and submit request

Sequential data search: travel on a database tree /ENDF-Explorer/



ENDF Flexible Database Explorer



ENDF Explorer: data found



Standard ENDF Select Form



Again ENDF Output Form with interactive 

ZVView plotting



Display Cross Section and Uncertainty



Correlation matrix



IR-193(n,2n)IR-192

TENDL-2008   vs.   ENDF-B/VII.0



IBANDL Web system



IBANDL Web system
http://www-nds.iaea.org/ibandl



IBANDL Web system



Web IBANDL calling Web-ZVView



Web IBANDL calling Web-ZVView



EXFOR data re-normalization

system

Example 14



EXFOR data re-normalization system
(correction system)

Main ideas:

1) to re-normalize data using old monitors and new standards

2) to re-normalize data using decay data

3) to create a convenient tool for data modifications: multiply data to a factor, 

correct wrong units, set up uncertainties, delete part of a data set, recalculate 

data using isotope abundances, etc.

We DO NOT change EXFOR data - we re-normalize output from EXFOR system

Final goals:

1) to implement possibility of corrections

2) to re-normalize data from EXFOR automatically (using EXFOR information)

3) to collect experts’ corrections to a database

4) to re-normalize data using experts’ corrections database

5) to have Web system offering and implementing automatic, experts’ and user’s 

corrections in optional, semi-automatic and interactive modes

6) to generate and distribute renormalized data of whole EXFOR database



Before and after corrections

Example of expert’s corrections results

Data corrected

by K.Zolotarev, 2011



Applying automatic data re-normalization

Apply 

corrections

Auto 

corrections 

is possible

Users’ corrections, 

help, documentation



Automatic re-normalization: simple plot

Applied 

corrections

Plot result of 

corrections

Check 

Monitors

Check data

30581004 x4u:20090506 #1980 Zupranska 

#Reaction: 25-MN-55(N,A)23-V-52,,SIG

#Monitor: 26-FE-56(N,P)25-MN-56,,SIG

#m0: {20377002,H.LISKIEN+,J,JNE/AB,19,73,196502} $ fe56np;#old monit-ref

m0: exfor$20377002_fe56np;    #old monitor(energy) in EXFOR

m1: recom$fe56np; #new monitor(energy)

dy=dy/y; #to rel. uncertainties----

y=y/m0*m1; #renormalized CS

dy=(dy**2-dm0**2+dm1**2)**0.5;#replace monitor uncertainties

dy=dy*y; #to abs. uncertainties



Automatic re-normalization: data checking

Plot old and 

new monitors

New data

Final Factor

New uncertainty

Old data Old uncertainty



Automatic data re-normalization: common plot

Re-normalized data: *

Original data

Use Copy/Paste



Comparing to ENDF

After re-normalization: 

χ2=0.984764
Compare with

ENDF-B/VII.0

Before re-normalization: 

χ2=1.50476



Inverse reactions 

and inverse kinematics 

in EXFOR and IBANDL

Example 18



EXFOR. Recalculation of cross sections to 

inverse reactions using detailed balance 

relation
View: extended  “Invert data”  Advanced plot via C5



Advanced plot via C5

Limitations

Inverse reactions in EXFOR

49



^ flag : inverted (for reactions and authors)

Inverse reactions in EXFOR

5031th INDC Meeting, 27-30 June 2016



EXFOR. Recalculation of differential cross sections to 

inverse reactions using detailed balance relation

Protocol; limitationsExample: 13C (α,n)16O → 16O(n,α)13C: dσ/dΩ



Flag to transform data to invert kinematics when presenting data

IBANDL contains angular distributions dσ/dΩ(θ,E) for incident charged particle reactions

52

Inverse kinematics in IBANDL Web interface



Details of 

calculations

Inverse kinematics in IBANDL Web interface

53



54

Inverse kinematics in IBANDL Web interface



Inverse kinematics in IBANDL Web interface

55



6Li(d,p1)
7Li



Recalculation of angular distributions from EXFOR to 

inverse kinematics and integration with Web-IBANDL

Convert to 

R33 format



Uploading your 

experimental data



Uploading your experimental data
https://www-nds.iaea.org/exfor/x4data.htm



60

Uploading your experimental data



Input your experimental data

EXFOR file Uploading

Retrieve Plotting

Constructing 
covariance 
matrices

Calculation of inverse 
reaction cross 

sections

Plotting Save/restore recipe.xml

Re-normalization

Produce: C4, C5, C5M, 
XML, X4±, X4+, etc.

ENDF Retrieval

EXFOR Request

EXFOR Search

Input  criteria  for searchInput  EXFOR file

UserCompilerExperimentalist

Plotting + evaluated data

Data flow

Database



Plotting on Web 

with Web-ZVView



ZVView/DINAMO: interactive plotting system
ZVView is a multi-platform program designed for nuclear reactions data evaluators to perform efficient interactive 

visual analysis of cross section data retrieved from EXFOR and ENDF libraries. Kiev-Vienna, 1993-2018

Platforms:
1. MS-Windows
2. Linux (X-Windows)
3. Mac OSX (X11)
Old platforms:
4. Alpha/VMS
5. DEC Unix
6. AIX/R6000
7. Windows-3.1
8. MS-DOS

Output:
1. Screen (Windows)
2. PostScript (PS, EPS)
3. Enhanced Metafile (EMF)
4. PCX, GIF, Animated-GIF

Basic ideas:
1. Language: C
2. Self-made GUI, PS, PCX, GIF
3. Low level API’s (MS-Win, X11)
4. Max platform-independency
5. Minimalistic approach

http://www-nds.iaea.org/public/zvview/



Features:

• All features inherited from DINAMO;

• Integrated with Empire, EndVer, EXFOR CD-ROMs.

• Works on Web: integrated with EXFOR-ENDF database retrieval systems, IBANDL, SigmaCals, LiveChart:

can read data from remote archives, can be called as part of external Web service, etc.

• Reads nuclear data formats: TABLE/XREF, ENDF-MF3/MF40/MF33(Law5);

• Can read data from text files(columns): {y}; {x y}; {x y dy}; {x y dy dx}; {x y +dy –dy +dx –dx}; {x} {y} z{};

• Understands ENDF interpolation laws, can display ratios to selected curve

• Can do some least squared fitting, displays χ2 (EXFOR-ENDF)

• Can work with authors: filter data, select, legend etc.

ZVView: interactive plotting program for 

display and analysis of nuclear data

IBANDL+SigmaCalc

ENDF/MF33: Web, 
interactive, Log-Lin, animated

EXFOR+ENDF

FLYCHK (A+M): 

Web-Web communication



Database
Retrieval Systems

Web-ZVView

ENDF

Web-ZVView

Plots + interactions /Web

EXFOR

Manual
input

ENDF
uploading

Output formats:
• GIF, EPS, PS, PDF, SVG
• Html (Table)
• Text (columns, triangle)
• EXFOR draft (COVARIANCE)
• ENDF like (MF33 Section,LB5)
• Input for Fortran (+ reading code)

Send ZVD file 

to user’s PC

Several formats and 
non-structured data

Draft for EXFOR 
compilation

EXFOR
uploading

Input formats:
• Data by columns (X : Y : ΔY)
• Text (matrix, triangle)
• Link to Web-data (archives)
• ENDF file (or MF3/33 Sections)
• ZVD file(s)

2009-2014

Data for 
FORTRAN users

Your data

IBANDL

FLYCHK

LiveChart



Useful features of Web-ZVView

Useful features of Web-ZVView: 

• copy/paste data to plots (inside Web session) between:

EXFOR-ENDF-IBANDL-MyPlot-etc.

• insert text of ZVD file to the form as “my data” to compare 

them to data from databases

• output of plotted data in several formats (can be used for re-

formatting data, e.g. free-text matrix to EXFOR and ENDF)

• “manual” options: dimensions, distortions, image corrections

• generates output: PS, EPS, PDF

• etc.



Example of interactive Web ZVView plotting

zoom

Select data for plotting

Plotting options

Add your data 

to the plot

Copy/Paste



Recent news in Web-ZVView plotting

Element: “Extended Marker” Option: “Control file”

Implementation: ZVView → JSON → AJAX → HTML5



Plot your data: MyPlot
http://www-nds.iaea.org/exfor/myplot.htm



Submit
Sends data to Web-ZVView

Web-ZVView



Input ENDF section of MF33



Input link to Web address



Not covered topics

1. Text search in EXFOR (~Google)

2. Native EXFOR plotting

3. Calculating CS ratios between different EXFOR datasets

4. Constructing covariance matrix from EXFOR 

uncertainties on Web

5. Reconstruction of ENDF elemental reaction data in 

EXFOR-ENDF Web system

6. MyEndf system for ENDF evaluators



Thank you.

Citing of the materials of this presentation should be done with proper acknowledgement of the IAEA and author.


