
Validation of EXFOR, the world nuclear data 

libraries, and TALYS 

Arjan Koning

Head of Nuclear Data Section

International Atomic Energy Agency, Vienna

EXFOR Workshop

IAEA, Vienna, October 22-25 2018



Contents

• Introduction

• Newbase

• Goodness-of-fit estimator

• Examples of some reactions and quality 

scoring 

• Uncertainties

• Conclusions

2



Introduction

• Usual route: Use EXFOR data to build data libraries.

• Here, inverse route: Use nuclear data libraries, and 
TALYS, to check quality of EXFOR data

• Started in 2007 with WPEC SG30 on Quality 
assessment of EXFOR

• NEA report NEA/DB/DOC(2014)3: Statistical 
verification and validation of the EXFOR database: 
(n,n’), (n,2n), (n,p), (n,alpha) and other neutron-
induced reaction cross sections

• NEA report NEA/DB/DOC(2017)1: Statistical 
verification and validation of the EXFOR database: 
(n,gamma), (n,n’), (n,2n), (n,p), (n,alpha) and other 
neutron-induced reaction cross sections. 



Main contributors

• Emmeric Dupont, NEA (-2014), for help to 

initiate this project and feedback on the first 

results

• Oscar Cabellos, NEA (2014-2017), for 

continuing this project

• Viktor Zerkin, IAEA: for releasing XC4 

databases and extensions of the format

• Naohiko Otsuka: for feedback on erroneous 

compilations



Approach

For purposes like:

• TENDL

• Machine learning

• Automated plotting

• Automated optimization, etc.

ALL data in EXFOR need to directly available (i.e. 
not via a clickable web interface).

Thus:

• Produce a directory structured database out of 
EXFOR

• Perform statistical checks in the process



Newbase code and database



Quality classes
• T: compared with theory/libraries

• N: no pdf file available

• R: Reviewed

• E: Error in compilation (according to me)

• Quality classes 1, 2 and 3 (R1, R2…etc.)

• See NEA/DB/DOC(2017)1



Goodness-of-fit estimators

Utsunomiya et al, to be published PRC (2018)



Example: capture (groupwise)



Example: capture (groupwise)



Automated plots for all nuclides, 

projectiles, reactions available at 

ftp://ftp.nrg.eu/pub/www/talys/plots/







Distribution of F-values



Energy dependent predictive power



Sorted uncertainties for neutron capture

No uncertainties

Small uncertainties

Huge uncertainties





If a measurement has no uncertainty, but we still want to use it, 

should we assign uncertainties on the basis of all other measurements? 

(of course, OUTSIDE EXFOR)



Other information available

• F factors averaged over subentry

• F factors averaged over entry (“Quality of the 

entire experiment, or experimentalist”)

• Statistical distribution of uncertainties

• F factors averaged per reaction channel

• F factors per projectile, target

• Etc. etc.



F value per EXFOR entry

• Suggests a ‘quality’ per paper

• These F values can be sorted over the entire 

EXFOR, from ‘best’ paper to ‘worst’ paper

• Can lead to a ‘quality’ per author

• …but we should use that with care!!!!



Experimental nuclear data evaluation 

• Essential: numerical operations on every existing data set in EXFOR, e.g.
– Reject: 0

– Accept: 1

– Fuzzy Accept: e.g. 0.7

– Suggested normalization (standards)

– Other corrections

• This is subjective per evaluator, but at least his/her opinion is quantified and 
this is better than reinventing the wheel every time.

• THIS should be called an evaluation, or perhaps more explicit: quantified 
knowledge.

• Create a new database between EXFOR and ENDF in the nuclear data 
chain

• The person who creates the ENDF or GND data library decides to use a 
model code, or least-square fit, using this information (i.e. this evaluation)

• Most importantly: information is no longer lost

• ….. This has not yet been agreed and organized.



Plan 

• Clean up the newbase code and its output

• Use the latest XC4, or perhaps XC5 (including 
systematic vs. statistical uncertainties) database

• Extend analysis to angular distributions and 
spectra

• Reduce false negatives (mostly due to 
unrecognized EXFOR formats)

• Give NRDC a ‘cleaner’ list of (almost) sure 
errors to be corrected.

• Define format for EXFOR evaluation (including 
quality scores)



Conclusions

• WPEC SG30 on the quality of the EXFOR database has resulted in 

more NEA activities in the 2010-2017 period.

• EXFOR has been compared, and to a large extent reviewed, for all 

neutron-induced cross sections – (n,tot), (n,el), (n,non), (n,f) remain 

(and perhaps forever) to be done. 

• A huge subentry scoring table exists, containing quality scores per 

subentry. The most important score is “R” which means the paper 

has been “glanced through” to see whether there was no compiler 

mistake. 

• This table should NOT influence the contents of EXFOR, but is 

important to include or exclude data in nuclear data evaluations. It 

should be decided how and if this table can be stored and used as 

an EXFOR tool. 

• This is needed for modern nuclear data evaluation.
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Thank you!


