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» The aim of this presentation is to present a collection of personal - failure and success -
feedbacks with different nuclear data tools and nuclear data management systems
(NDMS).

= | hope, this presentation will stimulate the discussion on a broad range of issues in
NDMS and retrieval/visualization tools, to identifying potential new features to enhance
the usage and the quality of these systems.

= A summary of dissemination/training activities with students and users will be presented
within the UPM and the EU/ Gre@tPioneer project.

DISCLAIMER

The opinions expressed and arguments employed are those of the author. Without
any intention to offend any work done by Institutions/people and/or to anyone.
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T this [ resenta’ho
(My) USER Needs:

1) What’s the aim of my work?

— comparison of experimental data with evaluated data (new and past releases)
— show evidences (plots, statistics,...) of the better evaluation
— show trends (outliers,...) in ND that may help to understand integral responses

2) What type of nuclear data?
— Ccross-sections
— angular distributions
— energy distributions
— differential cross-section
— multiplicities

Then, | need tools to assess the quality (good/bad )
of experimental and evaluated data!!!
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1. Main sources of information

1.1 Archiving — new and legacy evaluations
1.2 EXFOR files/formats

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 4
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IAEA/NDS — ENDF Archive

https://www-nds.iaea.org/public/download-endf/

Q/A: How many “mouse clicks” do you need from
IAEA/NDS to find the “ENDF Archive”?

n @ x |+
&< C @

International Atomic Energy Agency

) Nuclear Data Services

u Seccion Datos Nucleares, OIEA
Hot Topics » IAEA-CIELO = TENDL-2021 = JENDL-5 « ENDF/B-VIIL.O

IAEA Nuclear Data Services

(3 httpsy//www-nds.iaea.org

Mews » Pointwise2020//TENDL-2019

- 0o X
® 7 B @ e & v % @

IAEA.org | NDS Mission | Mirrors: India | China | Russia

A\

A Download

4 Download data,
=
codes, packages

NEW

TENDL-2021 TALYS-based Evaluated Nuclear Data Library, 2021: [page] [list] [retrieve]
JENDL-5 Japanese evaluated nuclear data library, 2021: [page]l[errata][list][retrieve]
B-delayed neutrons reference database for beta-delayed neutron emission [page]

| [Main | [All | [ Reaction Data |[ Structure & Decay |[ by Applications | [ Doc & Codes |[ Index |[ Events |[ Links |[ News |

Evaluated nuclear reaction libraries evaluated nuclear structure and decay data (+XUNDL) *=

~A —

Charged particle refe-
rence cross section

CDNDER_C

DICEBOX_______

RIPL IBANDL

reference parameters for nuclear model calculations

NuDat-3
selected evaluated nudear structure data ==

ADS-Lib - i i
LiveChart of Nuclides CINDA
Atomic Mass Data | +m+ Expenmental nuclear reaction data Interactive Chart of Nuclides Nuclear reaction bibliography
Centre | Mobile App: Isotope Browser
Beta-delayed neutrons
[¢ ENDF === ENSDF NS
~ Nuclear Science References *

Ion Beam Analysis Nuclear Data Library

Lxxa1? International
Conference ~ Nucleus-2022:
Fundamental problems and

applications™
July 11-16, 2022
Moscow, Russian Federation

Charged particle reference cross section
Beam monitor reactions

FENDL Photonuclear

Acti
Fusion Evaluated Nuclear Data Library

ides | PGAA
_ Prompt gamma rays from neutron capture

- IAEA Photonuclear Data Library, 2019
- EPICS Electron & Photon Interaction Data, 2017

IRDFF-II
International Reactor Dosimetry and Fusion File

Medical Portal
Medical Portal

Safeguards Data
Last updated: May 2021

NAA
Neutron Activation Analysis Portal

Standards
- Meutron cross-sections, 2017
- Decay data, 2005

Database at the IAEA, Vienna  **Database at the US NNDC

[1AEA Nuclear Data Section |

ENDVER

ENSDF ASCIT Files ____

ENSDF programs_ | Iﬂ e T ,ﬁt’: . | Q . on Muclear Data for Science
EPICS Electron & pho- | 0*‘, M n 3&# and Technology (ND2022)
fon interaction data . g::mu( - ) ) - ® Sacrafr?gé‘l%g\ifigﬁ usA
1AEA-NDS 7 : \ / ; IAEA-NA . .
Mission  and  Mestings Newsletters Coordinated cear Reaction Muclear Structure | Technical Documents e o epammnt of
{ Molecular Workshops Research  pata Center  &Decay Data | W STEi0N2  INDC Reports Nuclear Sciences
| Data Projects Network Network Data Evaluators Publications and Applications

15 International Conference

Telephone (+431) 2600-0. Facsimile (+431) 2600-7. E-ma

Last Updated: 25-October-2022

© Copyright 2007-2022, International Atomic Energy Agency - Nuclear Data Section.
Vienna International Centre, P.O. Box 100, A-1400 Vienna, Austria
: nds.contact-point@iaea.org. Read our Disclaimer
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OECD/NEA — Data Bank Archive

Q/A: How many “mouse clicks” do you need from OECD/NEA/Data
https://www.oecd-nea.org/dbdata/  gan/ND Services to find the “ENDF Archive™?

[ £ Nuclear Data Services - NEA x [=F - [} X
« G Q [l it/ /www.oecd-nea.org/dbdata oo A a 5 P e O b

(Q) NEA ABOUTUS TOPRICS NEWSANDRESOURCES LEARNING AND TOOLS | (&) DaTABAN

NEA Tools and Databases N uc | ear D at a Se rv i ces Latest JEFF Libraries

HPRL

JEFF-3.3
ICSBEP/DICE . - . . L
Developing, compiling, testing and disseminating nuclear data and tools
IRPHE/IDAT Evaluated Releases
BROND-3.1
JANIS
D Evaluated files 0,% Experimental entries r Bibliographical entries ENDF/B-VIIL.O
NDAST Q Search ENDF-6 *3%  Search EXFOR a Search CINDA
JEFF-3.3
NDEC The Joint Evaluated Fission and Fusion (JEFF) Nuclear Data Library is a collaboration between NEA Data Bank JENDL-4.0
SFCOMPO participating countries. The JEFF library combines the efforts of its different Working Groups to produce sets ’
of evaluated nuclear data, for fission and fusion applications. TENDL-2017
SINBAD

» More information . . .
Other Libraries (description)

Nuclear Data Links Contact

IAEANDS (Vienna) For more information on Nuclear Data Services contact the NEA Data Bank Nuclear Data Service team

2021 Events
[Hybrid] 22-26 November - JEFF
Meetings

NNDC (Brookhaven) Last modified: 21 January 2022
NRDC

[Remote] 27-30 April - JEFF

More info on Meetings

Evaluated nuclear data
Experimental nuclear data
Nuclear structure data

Bibliographic data

NRDC-2025, June 19, 2025. O. Cabellos (UPM)
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Q/A: Will you have the same information for the JEFF-3.3 evaluation at https://ww-nds.iaea.org and at https://www.oecd-

nea.org/dbdatal/jeff/jeff33/ ? YES or NO

At https://www-nds.iaea.org/public/download-endf/

e n-induced reactions (562) TSL libraries (20)
e Spontaneous Fission Yields (3) N-induced Fission Yields (19) Decay data (3852)

At https://Iwww.oecd-nea.org/dbdataljeff/jeff33/

e n-induced reactions (562) TSL libraries (20)
e  Processed files in ACE format at different temperatures

o 293K, 600K, 900K, 1200K, 1500K and 1800K

o TSL at the temperatures available
e  Neutron activation files

e  Spontaneous Fission Yields (3) N-induced Fission Yields (19) Decay data (3852)
e Alpha induced reactions Deuteron induced reactions Gamma induced reactions
e He3 induced reactions Proton induced reactions

e  DPA sub-library for atomic displacement

o USERs should be careful searching data in those repositories

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 7
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-> Searching s

Q/A: Identify EXFOR entries for the eta-value in 23°U. Search ETA data using https://www-nds.iaea.org/exfor/ (select:

advance Expert) and/or using https://www.jcprg.org/exfor/ (select: advance user)

Q/A: How many entries do you
https://www-nds.iaea.org/exfor/? |5

4
RequeSt “ Feedback and User's Input

find using

Target (] 2l | e Comments/questions?
Reaction 7] > © Send experimental data to EXFOR team
Quantity (] E © Send message about mistake in EXFOR
Product (] 2 Clone Request:
= -CINDA -ENDF
Energy from [ to v w7
Author(s]
Publicats (=0 7' A More Web Tools
it
ublication ?/L.ear U 2] @ Upload your own experimental data
Last modified [ 2| | e Plotyour data
Accession # [] > © Run ENSDF codes on your ENSDF data
¥ Extended
¥ Keywords
“ Expert !
QOutgoing particle [ 2|
Angle range (deg.) (]
Data Header [ 2|
Units (] 2]
Points (] 12
Trans ID [
Center ID ]

EXFOR User ]
EXFOR Compiler [
Full reaction code ‘ 92-U-235(N,ABS),,ETA

p
¥ Evaluator

O Submit in new Window

Note:
- all criteria are optional (selected by checking 7 )
- selected criteria are combined for search with loaical AND

Q/A: How many entries do you find using

https://www.jcprg.org/exfor/ ?

15

EXFOR / ENDF - Search
(17 Dec. 2010 Updated - [new data ] [feedback] [Q and A: Eng / Jpn. 1)

| JEFT, BROND and CENDL are produced based on EXTOR by JAEA Nuclear Data Center and Jspaness Nuclear Data Committee (JAEA-DC+INDC), Cross
EXFOR Citation: N.Otuka, E.Dupont, ¥.Semkova et al., Nucl. Data Sheets 120(2014)272

[basic] [advance] [beginner]
( Use ";" (semicolon) for logical OR, "*" (asterisk) for wildcard )

Search || Example(1 Exsmme( Example(3]| Resst

Target U-235 selector (fe-56, 56fe, he4. a....)
Projectile selector (n. p. a, g. c-12,..)
Emission selector (el, inl, £, g, x+n, n~p.2p...)
Residual selector (fe-56, 56fe, )
Quantity selector (CS.DA, )

Energy (eV) (1.0e-5:2.0e+7)

Data No. (10468.E1901002....)
Horizontal (I)  [EN selector (EN,EN-CM, )
Horizontal (2) selector (ANGANG-CM. )
Vertical DATA selector (DATA DATA-CM. )
Pub. Year selector (1988:1990)

Journal selector (NP/A, ORNL-4013_)
1st Author selector (Kato....)

Author selector (Schwerer....)

T T—

EXFOR @include O exclude

ENDF clude

Quantity ratio clude

Superseded data O include

Inverse kinematics ® reaction O reference

Sort by @ reaction O reference
T —
CINDA quant. selector (CS....)
Branch selector (PAR....)
Parameter ETA selector (DA,_)
Particle Consid. selector (B,..)
Modifier selector (ANA, )
Data Type selector (EXP._)
Result selector FRCUM....)
NSUB selector (10....)

MF selector (3,..)

MT selector (2,.)

ks LAty Wacas Maactin Dt Carare LACPRGH
EXFOR | ENDF - Rusults
TXPOR. 25 TN

== )

0 Please, can you try it in JANIS (https://www.oecd-nea.org/janis) ? ....

NRDC-2025, June 19, 2025. O. Cabellos (UPM)
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-> Searching s

Q/A: Identify EXFOR entries for the eta-value in 23°U. Search ETA data using searching tool in JANIS — “NEUTRON
MULTIPLICITIES+ ETA” https://www.oecd-nea/janis/

Q/A: How many entries do you find using

https://www-nds.iaea.org/exfor/? |5

Request
Target (]
Reaction 7]
Quantity (]
Product (]

Energy from (]

Author(s) (]
Publication year (]
Last modified [
Accession # ]

to ) ev

¥ Extended
¥ Keywords
“ Expert *

QOutgoing particle ]
Angle range (deg.) ()
Data Header []

Units [

Points ]

Trans ID )

Center ID ]

EXFOR User []
EXFOR Compiler (]

Full reaction code ‘ 92-U-235(N,ABS),,ETA

Z

¥ Evaluator

Note:

O Submit in new Window

- all criteria are optional (selected by checking 7 )
- selected criteria are combined for search with loaical AND

| D

|-

<N ~R-~

7z

“ Feedback and User's Input

@ Comments/questions?
© Send experimental data to EXFOR team
o Send message about mistake in EXFOR

Clone Request:
INDA || ENDF
“ More Web Tools

< Upload your own experimental data
© Plot your data
0 Run ENSDF codes on your ENSDF data

Q/A: How many entries do you find using
https://www.oecd-nea/janis/ ? 25

{3 EXFOR search - O X
Target Title and Author e
Z :92 (U) Uranium w [A1]235 w |State : ~ Title :
AL Author(s) : [Jistauthor | Openresults
General : |(NU) Fission neutron multiplicities v Reference SEve e
Detailed ¢ |(,ETA) Neutron yield (Eta) ~ ] Type: | [ Main ref. Print
Reaction Title :
; iectile : ” Reset
Incident Projectile : RO — .
= < [
Tnttute Laboratory e
Product Area: | Country :
Z: A ~ |State: ~
Lab : ~
Energy Range
Ke .
(® range: <= E <= eV L-LoE0
Keyword Coded value
Cvalue: E = +/- ey i
Subentry £ points
min ; max
History : v
Results
202rows Mandmize
- Search Subentry Target Product Reaction Q Q #pts E min E max Author(s)
NEA 10207.008  |u23s |- 924)-235(N, ABS), ETA,, MXW NU | ETA 1 R.Gwin+ DETERM
NEA 10207.008 U235 |- 92-4-235(N,ABS),,ETA, MXW NU | LETA 1 R.Gwin+ DETERM
NEA 10207.010 U235 |- 92--235(N,ABS), ETA, MXW NU | LETA 1 R.Gwin+ DETERM
NEA 10207.010 U235 |- 92--235(N,ABS), ETA, MXW NU | LETA 1 R.Gwin+ DETERM
NEA 10207.011,1 |U235 |- 92--235(N,ABS),, ETA, MXW NU | LETA 1 R.Gwin+ DETERM
NEA 10207.011,1 |U235 |- 92--235(N,ABS),, ETA, MXW NU | LETA 1 R.Gwin+ DETERM
NEA 10207.012.1 |U235 |- 93J-235(N,ABS), ETA, MXW | NU | ETA 1 R.Gwin+ DETERN
NEA 10207.012.1 |U235 |- 93J-235(N,ABS), ETA, MXW | NU | ETA 1 R.Gwin+ DETERN
NEA 10208.006 U235 |- 92-0-235(N, ABS), ETA, MXW | NU | ETA 1 R.Gwin+ The Mez
NEA 10208.006 U235 |- 92J-235(N,ABS), ETA, MXW | NU | ETA 1 R.Gwin+ The Mez
NEA 12318.002.1 U235 - 92-1-235(N,ABS), ETA NU | ETA 225 meV 57 meV .. Smith + Measure
NFEA 1924R AN 1 p3E |- 6711-735M RS FTA N | FTa 215 mati 57 meV 1R Gmitha Mezaire ¥
Ready

o USERs may need additional filtering of data depending on the NMDS

NRDC-2025, June 19, 2025. O. Cabellos (UPM)
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Figure 1. Eta (n) for 235U for thermal neutron energy.

* o EXFOR data are obtained using

2151 EXFOR retrieval tool for the reaction

21 + code: “92-U-235(N,ABS),,ETA.”

205 = o PENDF data with:
% 5 | w o PREPRO (see Sublet’s talk)
& Los | o JANIS (compute function)

—ETA-ENDF/B-VIIL.O

| H.Weigmann, 1990

185 o F.D.Brooks, 1966

1.8 T Attt e

1.0€-03 1.0E-02 1.0E-01 1.0E400

Energy (eV)

o USERs may need additional statistical information EXFOR vs ENDF (errors, %2, etc...) during the

visualization of this plot. Can we provide such statistical information on-the-fly?

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 10
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-> Searching EXFOR raw ¢

Q/A: Search and download: EXFOR “ENTRY-10377” for Al-27 from using https://www-nds.iaea.org/exfor/ or

https://www.oecd-nea.org/janis

Q/A: How many experimental point contains this
entry using IAEA/EXFOR retrieval system? 3701

[ =] L8 Dpermertal tasctear & x| O EXPORANDS: Nuctest Raacion | 3 | T CXIOR ENTRY 16077 - Bscar e % | @ pete = | [ st Enegy Agency Nl X
5 C @ w0
Help » Manual POF | Lexfor | Output | Plot+ | R Databases » ENDF | CINDA | IBANDL CD-ROM = EXFOR-CINDA | Xdlite | CD-Catalog

Database Version of 2022-10-21

& Softwaro Version of 2022-10-20

The EXFOR library contains an extensive compilation of experimental nuclear reaction data. Neutron reactions haw
the neutron, while charged particie and photon reactions have been covered less axtansively EXFOR Refarance

d m Experimental Nuclear Reaction Da

EXFOR Web database retrieval system provides: data search, output o various formats (incl XML), plotting and compa
calculating data for inverse reactions and kinematics, constructing corelation matrices from partial uncertainties, etc. EXFOI
The EXFOR database contains data from 24400 experiments (see statistics and recent dota

Go to: [upload your data]
~ Options

* Examples of requests: 17 34se7...

Submit Reset Hi “ Plotting. See also: [video
Hsgnet ke B Excude superseded data 2
Terget (3 al-27 L] Mo resction combinations (ratics..)
Reaction | Excludn avaluated'calculated data
o & Enhanced search of Products
Quantity () L) Show evalustors flags 12021
Product (] . s i
" o, sk
Energy from L tol w7 u;-bl.nmpw? .
Author(s) [] Sortby: ® reaction L) publication
Publication year. . View: '/ basic ' extended
o
Last modified | 3 Ranges (Z,A)
Accession £ B3 10377 * Reaction Sub-Fields
* Extended * Feedback and User's Input
Keywords Clene Request:
* Expert CINDA | ENDF
Evaluator
el Reset * More Web Tools

[ Submit in new Window
Note:
- all eriterla are optional (selected by checking &
- selected criteria are combined for search with logical AND
- criteria separated in & field by °," are combined with logical OR
- criteria starting with “*" will be used as logical NOT
- wildcards (*} and intervals (..} are available

Darabase Manager: \Viktor Zerkin, NDS, International Atomic Energy Agency (V. Zerkiniiaea org)
Web and Database Programming: Viktor Zerkin, NDS, International Atomic Energy Agency (V. Zerkinitiaea.org)
Data Source: Network of Nuclear Reaction Data Centres (NRDC)

Q/A: Are you able to download X4 file using
EXFOR retrieval system ? YES

Q/A: How many experimental point contains this
entry using JANIS Tool? 3701

[y EXFOR search

Target Titie and Author
7i- ~|A: | State : ~ Title +
Quantity Author(s) :
General : v
Detailed : e
Reaction —
Incident Projectile : v
Date : from
Process : ~
Institute /Laboratory
Product
Area: ~ | Country :
z= v Az | state : ~
Lab:
Energy Range
(@) range : <= E <= ey | Keywords
Ovaue: E = +/- ev Keyword
Subentry # points
10377 . min : max
History :
Results
Trows
Search  Subentry  Target Product Reaction Q Q s Emn E max Author(s) Titie
NEA  [10377.002 |cNat |- |e-c-oiv,TOM), 516 | cs | 516 | 3701[181.10kev [29.44899MeV  |F.G.Perey+ |A test of neutron total coss-section evaluations fr... |
10377.003 [OMat |- [8-0-0(N,TOT),,51G C5 | ,SIG | 3683[187.33keV  |45.66038MeV |F.G.Perey+ |A test of neutron total cross-section evaluations fr...

10377.004 13-AL-27(N,TOT),,SIG 3701187.36keV  48.58344MeV  F.G.Perey+ A testof neutron total coss-section evaluations fr...
INEA 10377.005 [SiNat |- 14-51-0(N,TOT),,51G c5 | ,5IG 3693(187.34keV  [48.48900MeV  |F.G.Perey+ |A test of neutron total cross-section evaluations fr...
INEA 10377.006  [CaNat |- |20-CA-O(N,TOT), S1G c5 | ,5IG 3501{200.02 ke 9,44518 MeV  |F.G.Perey+ |A test of neutron total cross-section evaluations fr...
INEA 10377.007  |FeNat |- |26-FE-0(N,TOT), SIG Cs | 516 3701/187.36 ke PS‘GDEII Me¥  |F.G.Perey+ |A test of neutron total cross-section evaluations fr...
}N_EA 10377.008 [SIOXI |- 14-51-0XI(N,TOT),,SIG cs | 5l 3692(187.38 ke PS‘GSQSS MeV  |F.G.Perey+ |A test of neutron total cross-section evaluations fr...

Q/A: Are you able to download X4 file using

JANIS? NO

a

USERs may (or may not) find different sources of data in different retrieval systems

NRDC-2025, June 19, 2025. O. Cabellos (UPM)
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This is just an example...
Fig 2. Databases and input/output info flow in JANIS

(P/H)ENDF
EXFOR
BOXER

COVERX...

Command
Line

Y
Plots Tables Search Computation
results results
-

... Do they say any DISCLAIMER if there are errors?

PENDF - Processing data

= Official version of processing code (NJOY99.2?,
NJOY2016.2?, PREPRO-20??,...)

= Temp. Broadening : 293.6K?, 300K?

EXFOR Database

* When do they update new entries?
o Loading finalized TRANS file one-by-one
(IAEA/NDS,NNDC, JCPRG)
o Relying on which “EXFOR Master File” (NEA/DB-
JANIS) ?

ENDF Database

* When do they update major libraries?
o See latest cases: JENDL-5 (2021) ,TENDL(2023),
and ENDF/B-VIII.1(2024)

= .. and beta-libraries? it relies on users?!
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2. Working with the data

2.1 The JANIS save mode JNS
2.1 The JANIS command line tool
2.2 The X4Pro and JANIS

NRDC-2025, June 19, 2025. O. Cabellos (UPM) (K
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= JANIS save workspace in “*.jns”

a EXPORT (PNG, EPS) and SAVE (JNS) : “File > Save...”

0 Saving Workspace

<data refs="~N~ENDF/B-VII.1~SIG~Al27~MTl~xs">
<layer>
<color>#ff0000</color>
<stroke>1.012]0]10.0|null|0.0</stroke>

o It allows automatizing tasks

</layer>
</data>
<data refs="~N~JEFF-3.2~SIG~Al27~MT1l~xs"> Incident neutron data / / Pu239 / . .
MT=:‘§£ :e:ulr;:rutrr;t):llzcawarial;ces data Flgure 3 Relatwe
<layer> (BOXER) Relative standard deviation oo
<color>#00ff00</color> R standard deviation
<stroke>1.0[2(0]10.0|null|0.0</stroke> — ENDFB8.0 (in %) for the
</layer> — ENDFBS.1
</data> 239Pu(nubar)

<data refs="~N~JENDL-4.0~SIG~Al1l27~MT1l~xs">

<layer>
<color>#0000ff</color>
<stroke>1.012]0]10.0|null|0N</stroke>
</layer>

</data> JANIS

processed with
NJOY2016 in 33
energy groups

Relative standard deviation (%)

identifiers

1E-9 1E-7 1E-5 0.001 01 1 10
Incident energy (MeV)

Ref.1: O. Cabellos, “ENDF/B-VIII.1
testing covariances”, CSEWG Nov 2024

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 14
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= JANIS in command-line: “the Great Unknown”
Since JANIS-4.2; Ref: JANIS/ND2016 paper, JEFDOC-2041, JEFDOC-2224 ...)

Download: http://www.oecd-nea.org/janis/webstart/Janis all jars.zip

RUIAM C:\ java -jar janis.jar -help

Examples: C:\ java -jar janis.jar -renderer NEA N JEFF-3.1.2 SIG N15 MT1 xs
C:\ java -jar janis.jar -search NEA covariances inc=n lib=JEFF-3.3 fmt=BOXER
C:\ java -jar janis.jar -search NEA endf z=Pb a=206 inc=n mf=3 mt=102

C:\ java -jar janis.jar -render my_input.jns t0 csv

Ref.1: Selecting & identifying “activation” data for branching calculations in NEA  database
for 1°°Pt(n, p)*°°Ir , INDC-SPN-0004( https:/nds.iaea.org/publications/indc/indc-spn-0004/ )
ISl alo Ml C:\ java -jar janis.jar -o OUTPUT.txt -list NEA N JEFF-3.3 SIG Pt-196 MT103 activation

covariances

E:> section_Irl96q
E:> section_Irl96

e e . lc[Yield for Irl96
= Extracting “activation” data in 1D (X-Y) format: CalclYield for Iri9€a]

C:\ java -jar janis.jar -o PENDFg.txt -table NEA N JEFF-3.3 SIG Pt-196 MT103 activation section_Ir196

C:\ java -jar janis.jar -o PENDFm.txt -table NEA N JEFF-3.3 SIG Pt-196 MT103 activation section_Ir196q

NRDC-2025, June 19, 2025. O. Cabellos (UPM)
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= X4Pro vs JANIS for plotting angular differential cross-sections

The aim is to plot EXFOR + User's PENDF
angular differential cross-sections to assess
new LRF7 evaluations:

JANIS:
— is able to plot 6(E,Q2) and EXFOR
— is not able to able to plot “EXFOR + PENDF”
data in the same plot
— is very easy to plot own PENDF data
X4Pro :
— is able to plot/extract EXFOR data
— is able to plot PENDF data.
— comparison with JANIS showed differences
between X4Pro and JANIS (~1/4p). This
work allows Viktor Zerkin to correct a
mistake in X4Pro!!
— is difficult to upload own data

Finally ...l was plotting using EXCEL ...

NRDC-2025, June 19, 2025. O. Cabellos (UPM)

Figure 4. Angular differential cross-section %°Fe(n,el) — ang=39°

Angular differential cross-section (b/Str)

O 13511.004, 1990, C.M.Perey+_39deg
— feS6fend|3.2a_RP850keV-mu=0.777146
—feS6fend|3.2a_RP850keV_MF4_LRF7-mu=0.777146
= = INDEN_fe56e80X29r61-mu=0.777146
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||
0.01 }
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Energy (eV)

Ref.1: JEFDOC-2211: Processing files with LRF7 option for the
reconstruction of the MF4, pros and cons, Nov 2022

Ref.2: Technical Meeting on Nuclear Data Processing, 29November -
2 December 2022, IAEA Headquarters, Vienna, Austria
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4. Data Mining for Machine Learning
4.1 QOutlier identification in EXFOR

=  Some examples/efforts

4.2 ML to create new evaluations

= Can we implement this in current systems?
o Lack of features in the models with current databases

o Others? ... the own ML models

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 17
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JEFDOC-2085

Ref.: A. Koning, “EXFOR and outliers”, JEFF meeting on Machine Learning, November 23, 2021, NEA, Patris.

Technique: Traditional outlier detection in EXFOR

* Quality scoring

200

« Numerical goodness-of-fit estimators (F, ¥2,...)

150

» Graphical estimation

Cross section [mb|

Ref: Arjan Koning, “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”, NEA/DB/DOC(2017)1.

5

Objective: Outlier identification and quality assignment
of EXFOR data

- Do we have any change with standards/normalization?

Ref. Arjan Koning Statistical Verification of EXFOR neutron-ind. Reactions XS (2020)
#flag=R2 #[R]Reviewed #[2] Doubtful

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

NRDC-2025, June 19, 2025. O. Cabellos (UPM)
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Figure 5. Cross-section 3'P(n,p)3'Si
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Figure 4. Screen-shot with “Quality
Assignment” for cross-section 3'P(n,p)3'Si
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Ref.: NEA Activities

Between 2011-2017

= NEA (2011), “Statistical methods for the verification of databases”, NEA News, Volume 29, No. 1, OECD, Paris.

= (2011) “Exploratory Data Analysis of the EXFOR Database”, E. Dupont, A. Koning, N . Otsuka, Journal of the
Korean Physical Society, Vol. 59, No. 2, August 2011, pp. 1333~1336

= NEA (2012), “NEA contributions to the worldwide collection, compilation and dissemination of nuclear reaction
data”, NEA News, Volume 30, No. 2, OECD, Paris

= (2014) “Cross checking of large evaluated and experimental nuclear reaction databases”, ND2014, Nuclear
Data Sheets, Volume 120, pp. 277-280.

» (2014) EXFOR: Improving the quality of international databases, E. Dupont, News briefs, NEA News 2014 —
No. 32.1/32.2

= NEA (2014), “Statistical verification and validation of the EXFOR database”, NEA Data Bank Report,
NEA/DB/ DOC(2014)3, OECD, Paris.

= (2016) Verification of the databases EXFOR and ENDF, G. Berton et al., ND2016, EPJ Web Conf, Volume 146,
2017

= (2016) JEFDOC-1778, Verification of the EXFOR and ENDF Databases, Gottfried Berton, Nov 2016

= (2017) JEFDOC-1909, Checking the resolved resonance region in EXFOR database, Gottfried Berton, Nov
2017

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 19
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o My own 1D (X-Y Data) generation

JEXFOR.ALL/ RUN: .\python.exe parseC4.py C4-2015-01-07.xc4
001 _H _000.c4
001 H 001.c4 “‘parseC4.py’”Created by Caleb Mattoon on 2010-06-28.
o start with .xc4 file containing full exfor library in one file
100_Fm_257.c4 (obtain latest from http://www-nds.iaea.org/x4toc4-master/?C=M;0=D)
(626 Files) sorts the library by projectile, target, MF, MT and incident energy separate
directories are created for each projectile, and separate files for each target
RUN: PREPRO (Linear, Recent, Sigma1, Activate, Legend , Fixup, Dictin,
JENDFB71/ Merger, Mixer)
(423 Files) RUN: NJOY (covariances: MODER,GROUPR, ERRORR, COVR)
JJEFF32/ RUN: Utilities (ang_mu, mu_bar, sixtab, c4sort, Isttab, pltist)
(472 Files) The set of ; vsed
e set of reactions analysed:
JTENDL-2014/ . !
. = MF3 for all isotopes and natural elements, except MT51 for natural elements
(2488 Files)

» MF3/MT251 (mu-bar) processed with MU _MAR.exe program
'/JENDL_4'O_201 071 v MFamT2 for isotopes
(406 Files) = MF10 for isotopes

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 20
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Ref.: M. Gonzalez-Torre et al., “Feedbacks on Processing and Verification for JEFF-4T2.2”, JEFF Nuclear
Data Week April 2023.JEFDOC-224

Technique: Unsupervised ML algorithm - DBSCAN (Density-Based Spatial Clustering of Applications
with Noise)

Objective: To identify anomalous data in EXFOR database

Incident neutron data / / Zn64 / /

150
140 () EXFOR (,A)28-NI-61 T.Khromyleva+, 2017
; : [ ] EXFOR (,A)28-NI-61 J.L.Casanova+, 1976
Incident neutron data/EXFOR vs ENDF VII.1 vs JEFFAT22 vs JEFF33 vs TENDL2021/Zn64/(n,A)28-Ni-61 130] -+ EXFOR (A)28-NI-61 Jing Yuan+, 2003
301 A EXFOR (,A)28-NI-61 Guohui Zhang+, 2008
1201 /. EXFOR (,A)28-NI-61 Guohui Zhang+, 2007
110 W EXFOR (,A)28-NI-61 Yu.M.Gledenov+, 2003
— TENDL-2019 MT=107 : (z,a) Cross section
251 100+ — JEFF-3.3 MT=107 : (z,a) Cross section
= — JEFF-4T2.2 MT=107 : (z.a) Cross section
- E 907 — ENDF/B-VIILO MT=107 : (2,0) Cross section
S [
€ o
& o 2
% 2.0 1
y
o
3 ° g
2 (3]
g
L5 1
2 )
0] ® s o foud Co
o o® oog, ®
. 1 2 3 4 5 6 7 8 10 20
3x10° 4x10° 6x10° 107

Incident energy (Me’
Incident Eneray (MeV) gy (MeV)

Figure 6. Comparison between EXFOR and some
recent evaluated data for the 64Zn(n,alpha) reaction

Objectlve: Outlier identification cross-section as a function of neutron energy

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 21
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Ref.: J.A. Monleon, “Enhancing the EXFOR Nuclear Data Library Using Machine Learning Techniques”,
Master Thesis Project, 2023

Review of different Techniques for identifying outliers:
o Statistical Techniques: Z-Score or Standard Score, Modified Z-Score Method, QR Method:

o Machine Learning: Clustering Algorithms (K-Means or DBSCAN), Anomaly Detection Algorithms,
Neural Networks

Preprocessing and Data Mining: “EXFORTABLES” :

o data extraction, transformation (scaling)
o encoding categorical data, manipulation and grouping the data
o preparation to machine learning applications

Objective: To identify anomalous data in “EXFOR proton reactions”

I"

0 After in-depth review by Expert Judgment (Naohiko Otsuka) .... many “potentia
outliers were “false outliers”

Ref.: GitHub EXFOR-Proton Reactions Analysis Repository.:
https://github.com/monleon96/EXFOR-ProtonReactions-Analysis

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 22
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5. New updates and compilations in NDMS

5.1 Compilation of new ENDF Evaluations
The JEFF Mapping tool
5.2. Tool for merging ENDF files
The JANIS Hybrid format
5.3 User updates for visualization
The JANIS Wizard tool

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 23
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Total MFs/MTs 146
Updated (changed from previous 6
J The JEFF Mapping tool evaluations: |EFF-3.2)
Example: Explore the map of information of 95-AM-241g/|JEFF-3.3 New (included in ENDF/B-VILI.1) 2
Unchanged 138
https://www.oecd-nea.org/dbdata/jeff/jeff33/Maps.html Erased (from JEFF-3.2) 2
;v s BROND-2.2
;j ENDFB-7.0
33 ENDFB-7.1
;- JEFF-2.2
:i © m e JEFF-3.1
" 13 JEFF-3.2
5 ;5 . e JEFF-3.3
: [] s ROSFOND-
6
5 @
4 o
f N

MT

o This is very important to guaranty that legacy work is kept!! e.g. MF12/MF 14 and MF15 in JEFF files

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 24
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1 The UPM Mapping tool: JEFF-4T5

¢ | e
28459 files
I 1991-01-CENDL-2
P 1991-01-JEFF-2.2
BEN 1992-01-BROND-2.2
B 1994-01-JENDL-3.2
I 2001-09-ENDFB6.8
B3 2002-01-JEFF-3.0
A 2002-01-JENDL-3.3
I 2005-01-JEFF-3.1
I 2006-01-ENDFB7.0
IET I 2009-01-CENDL-3.1
KT 2009-01-JEFF-3.1.1
EFA 2010-01-JENDL-4.0
BEEM 2010-01-ROSFOND
BETE2011-01-ENDFB7.1
BET32012-01-JEFF-3.1.2
BETI2012-12-TENDL-2012
BTl 2014-01-JEFF-3.2
T 2014-12-TENDL-2014
BETI2016-01-BROND-3.1
I 2016-01-JENDL-4.0u
X 2017-11-JEFF-3.3
73 2018-02-ENDFB-8.0
X 2018-03-TENDL-2017
Y9 2019-01-ENDFB-8.0T1
F 2019-12-TENDL-2019
I 2020-01-CENDL-3.2
XAl 2021-11-JENDL-5.0
IEE2022-02-TENDL-2021
I 2023-01-JENDL-5.0T1
ET 2023-12-TENDL-2023
ETI 2024-08-ENDFB81
BEFI 2025-02-INDEN_LAST
IEEI 2025-03-TENDL2025b

NRDC-2025, June 19, 2025. O. Cabellos (UPM)

FULL New Evaluation without MFs/MTs of different evaluations

First appearance at...: #
2017-11-JEFF-3.3 1
2018-02-ENDFB-8.0 1
2025-03-TENDL2025b 36
JEFF-4T5 47
Total= 85

Examples:
2-he-3qg.jeff4t5
6-c-13g.jeff4td
10-ne-20g.jeff4t5
25-mn-52g.jeff4t5

MIX Evaluation with MFs/MTs of different evaluations

Last contributor ...: #
2010-01-JENDL-4.0 3
2011-01-ENDFB7 .1 3
2014-01-JEFF-3.2 5
2017-11-JEFF-3.3 12
2018-02-ENDFB-8.0 9
2021-11-JENDL-5.0 15
2022-02-TENDL-2021 4
2025-02-INDEN-LAST 7
2025-03-TENDL2025b 164
JEFF-4T5 272

Total= 494

Examples:
97-bk-2479.jeff4tS
1-h-39.jeff4tS
96-cm-240g.jeff4tS
11-na-23g.jeff4td
17-cl-35¢.jeff4td
1-h-1g.jeff4t5
22-1i-449.jeff4td
24-cr-529.jeff4td
10-ne-21g.jeff4td
12-mg-24g.jeff4t5

FULL New Evaluation with a mix of MFs/MTs of different evaluations

First appearance at ...: #
2017-11-JEFF-3.3 4
2025-02-INDEN-LAST 1
JEFF-4T5 9
Total= 14

Total= 593

Examples:
96-cm-242g.jeff4td
25-mn-55g.jeff4td
92-u-232g.jeff4ts5
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. . ] Figure 2. Example of input deck to
U Processing ENDF/B-VIII.1 into JANIS format: orocess in PENDF format

O HEN DF + INTER + BOXER mggei:3£tape20 from MERGER tape20 = ENDF file
reconr /Reconstruct XS data
-31 -32
Figure 1. Flowchart of processing JANIS database from ENDF tapes | | :2%" e L
;OﬁzTipu239 ENDF Library:JENDL-5.0upd' /
' Processed NJOY2016-UPM, 2023
0/
EnpF | NJOY2016.76 i1e | MF31/32/33/34 and MF35 oo g proasen ¥
.005
MERGER o
v thermr / Add thermal scattering data
Individual ENDF | MERGER | Extract MF=1,2, 4, 5, 0 9437 1211001 221 0
LIBRARY 6,..33... (except MERGER 293,60
MF3) from ENDF file . unresr
NJOY : .| Combine MFs -31 -34 -35
v ”| to HENDF file oy
PENDF Fileat | MERGER | Extract only MF=3 . L0eri0
2936 K from PENDF heatr / Add heating kerma and damage energy
-31 -35 -36 40/
9437 7 0 0 0 2/
302 303 304 318 401 403 407 /
heatr / Add heating kerma and damage energy
-31 -36 -37 41/
9437 6 0 0 0 2 0 1/
442 443 444 445 446 447 /
INTER HENDF processed gaspr /Gas production
< . < -31 -37 -38
INTERfile [0 o con701 | with FIXUP & DICTIN moder
-38 26
stop

NRDC-2025, June 19, 2025. O. Cabellos (UPM) PAS
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O Processing ND libraries into JANIS format:
[ o JEFF-4T?, JENDL-5.0-upd, ...

o ENDF/B-VIII.1
- o Logs reported when importing JANIS database

# - HENDF: Hybrid format ENDF+PENDF including KERMA and DAMAGE cross-sections
# - INTER

# - BOXER: covariances MF31, MF32/MF33, MF34 and MF35

Download at the following links — “UN-OFFICIAL JANIS Databases”:

ENDF/B-VIII.1 with BOXER in 33g: https://drive.upm.es/s/mzGbRoZt5CBw20G
password: janis

“Readme.txt” file, it explains how to download and import the database in JANIS

O Import WIZARD tool: Use the “Database > Import Wizard”

Steps:
- Use “JANIS toolbar -> Database —> Load” function

- Set “.h2.db file” to select the downloaded “h2.db” file
- Set “Root Folder” to the folder where the “h2.fb” is located
(Leave the other default options are they are)

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 27
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6. Dissemination and training

6.1The EU/Gre@tPionner Project
6.2 The UPM/INGENIA - CDIO Course

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 28
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GRE@T-
PIONE3R

Coordination and Support Action

NFRP-2019-2020

Course Handbook

Nuclear Data for Energy and

non-Energy Applications

Handbook on ND - Content

Chapter 1: Nuclear Data for Nuclear Applications (pp.1-70)
Chapter 2: The Experimental Nuclear Data (pp.1-43)

Chapter 3: Evaluated Data Libraries (pp. 1-55)

Chapter 4: Nuclear Data Visualization Tools (pp.1-24)
Chapter 5: Tools for Processing Nuclear Data (pp.1-84)
Chapter 6: Benchmarking and Validation (pp.1-35)

Chapter 7: Sensitivity Analysis and Uncertainty Quantification
(pp- 1-27)

Chapter 8: Nuclear Data Adjustment Methodologies (pp. 1-21)
Chapter 9: Nuclear data needs (pp. 1-16)

Chapter 10: Overview of International Organizations (pp.1-13)

Quizzes/tests/videos + exercises
Methodology: Active Learning + Flipped Classes +
Hybrid - onsite/online (3 ECTS - 30h + 30h)

Author: Oscar Cabellos (UPM)

November 2022

by Oscar Cabellos
September 27th, 2022
Review:

by Naohiko Otsuka
October 11%, 2022

This project has received funding from the European Union’s Euratom research and training
programme 2019-2020 under the Grant Agreement n°890675.

NRDC-2025, June 19, 2025. O. Cabellos (UPM)
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Chapter 4: Nuclear DataVisualization Tools

Handbook on Nuclear Data

The NEA/JANIS and IAEA/NDS tools

Prof. Oscar Cabellos
Polytechnic University of Madrid &
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Next GRE@T-PIONEeR course on
“Nuclear data for energy and non-energy applications”

See info at: https://great-pioneer.eu/

Registration is open till June 29th, 2025 !!
A total of 10 ENEN2+ mobility grants available

 Asynchronous sessions between August 8 - September 7, 2025
 Synchronous course Chalmers University (Sweden)- September 8-12, 2025

e 4 in, GRE@T- &

0
https://great-pioneer.eu/ @GREATPIONEeR_EU @GREAT-PIONEER PIONE 3 R OO
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Désu_:;n and Simulation of PWRs

Methodology: CDIO - Conceive + Design + Implement +
v s o e e Operate (https://cdio.org/)

Universidad Polftéenica de Madid (UPM). Spain

Introduction What is the ‘INGENIA' course?
Bafe uperation of curent nuziear power plants requires a thoiough training ang Ceurse within the UPM "Master in Industial Engineering” {logether with 14 1 2 E CTS - 5 h/we e k - 2 s e I I l est e rs

education of engineers and technicians i simulation skils for neutranic, different INGENIA courses) znd the “Master of Muclear Science and

thermohydraulic, fuel behaviour. etc. A very important feature in the development Technalogy”

af nuclear simulatons is the fiow of information from nuciear data productions to

*he applications in real cperation of nuclear power plants [1] Hﬂ'.vep\.ler currently 12 E LS A ECR TN SenlnDer i MaY /m orq

coursas an nuclear simulations for desigh of core reactors are fragmanted INGENIA is based on the CDIO (Concsive, Design. Implement and Operats) .

and do not contain all the steps. initiative. which has bsen also adopted by other Universites: MIT. Stanford, TU
Delft. Palitecnico di Mizna, etc.

C. Gdmegz, D. Ostilla, 0. Cabellos and INGENIA-NUCLEAR Group (A. Alonso, E. Buitrago, F. Burén, E. de la Fuente, G. Fernandez, M.
)

See more infamalion asoul COIO al www.cdio.arg

Our ‘INGENIA-NUCLEAR': i
“PWR Design and Simulation” p

| G
/ g
_~Tectures Main Activities

Nuclsar Dats i
N Pt Updato & Gptimization SEANAR Systom
enheatan Wt EANAR
N2 BEnCrMIamKng & Gerertion o keaey based
Vi dlation | on EN and JEFF-33
PR de 1l
e Validation of SEANAP System
Simulstion of FRs Comparisan wilh Design and el

Dplirizlicn &
Manacuircs

|
o 4 Nominal oparsfion and cptire zate 1 of
Codes & databases _ P arastines.
~— s
4 Nuclsar Dats: JEFF-3.3 \ Uneertainty Propagation of ND in PWRs

JANI-S_NDV“-" 1 lzplloe, Familizrization with SANDY code

NJGY: procese ng ND Unrtzinty Quarticition 1 PWE
i UP- WIMANS rarins

VIMEDS Lattios coce

IAEANEL: PINR Simulator Invited Speakers | — &
i L™

BANDY NI Uncerta iy Muclear Dita Actvites a: MEA

A e

TOPICS “... from nuclear data to nuclear applications”

"
ibranes (LAEA,

(ENUSA, ., Hensro)

L mm — 2018-2019: Design and simulations of PWRs
\Nm 2019-2020: ... ATFs
LS 2020-2021: .. ML

& mulatzs TECHATOM, | Famade)
BEALON Core Moniter ng Syst=m <

Main Results 5
2021-2022: .. SMRs
Patticipstion in Technical Mest
.

S : 2022-2023: ... Nuclear Data - P&V - B&V

So that is the expens’

opinian... What about 1

yours? / — . .
SH L .
S == | 2023-2024: ... S Applicat
i - - ace ICations
| Rt
Conclusions N s . . N o
Gur main goal is 16 strengthan studenis’ knawledge in the state-of-art af nuelear simulation in PWRe. The sylabus includes matters related o te understanding of nuclear - = - -
\ibraries, together with their mplementation in 8 PWR nuclear reactar simulator. Students attended two types of lectures theareteal lecturss. focused mainly in the - e I Ca Ica t I 0 n s
g of nuglear data and  and practiosl ectures, orientated towards the reactor simulstion and the subsequent analysis = mem

Thres Warking Graups were farmad to work an: 1) updating SEANAP systam with currant MD librarias (JEFF-3.3 and ENDF/BMILD), 2} comparisen of PR caleulations with
real measurements ang ning cperational 3 uncertaindy assessments i sludy the impact of ND uncartaintiss. . . .
T i e 2025-2026: ..Medical Applications
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[1] A. Trkow, "Status and Perspactive of Muclear Data Praduction, Evaluation and Validation®. OECDMEA, IAEA/NDS, TUW, TECNATOM, ENUSA and UPR

Nuclear Engineering and Technology 37(1) 2005.

[2] www.cdio.org




7. Conclusion

&
l‘\ INDUSTRIALES

WK ETSII | UPM

NRDC-2025, June 19, 2025. O. Cabellos (UPM) KV




&
[‘\ INDUSTRIALES

WK ETSII | UPM

0 The “manipulation” of ENDF data

= ENDFtk (see Haeck’s talk)
= ENDFparser_py (see Schnabel’s talk)
= FRENDY (see Tada-san’s talk)
= T. Kawano, DeCE: the ENDF-6 data interface and nuclear data evaluation assist code,
Journal of Nuclear Science 439 and Technology 56 (2019) 1029-1035.
doi:10.1080/00223131.2019.1637797
o facilitates all ENDF-6 data file manipulations, for example, add two data sections, renormalize
data, add/delete data point,
o convert model calculation results into ENDF-6 format,
o reconstruct pointwise cross sections from resonance parameters,

o convert ENDF-6 formatted data file into more human friendly format.
https://github.com/toshihikokawano/DeCE

0 Would we be able in a short-term playing as Evaluators to create
“Frankenstein” files? with no-errors merging different data?

NRDC-2025, June 19, 2025. O. Cabellos (UPM) 33
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for the nuclear data comm
0 The “compilation” of EXFOR data

0 Would we be able in a short-term playing as EXFOR’s consultant to
create “EXFOR?” files? with no-errors and/or lack of crucial
experimental information? NO

EXFOR compilation of thermal neutron scattering data
Consultants’ Meeting, November 2015

Q The purpose of the meeting is to discuss the key characteristic of the thermal neutron

scattering measurement and evaluation techniques to provide guidelines for compilation
of such data in the EXFOR data library.

EXFOR Data in Resonance Region and Spectrometers' Response Function
Consultants’ Meeting, October 2013

O Prepare templates that include the information required to be compiled in EXFOR and

submit such information for different type of experiments and facilities based on the
developed templates

“In an idyllic world any experimentalist could be an EXFOR compiler (at least with a 90% of the entry file
completed with default templates).” O. Cabellos, Nov. 131, 2024.

... In practice very very few experimentalists are doing it... how to increase these numbers?...

NRDC-2025, June 19, 2025. O. Cabellos (UPM)
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monEesuiveM > Searching data in different forms

2t
Q/A: Explore the different formats of the evaluated. Download libraries in different formats with: https://www-

nds.iaea.org/exfor/endf.htm .How many formats do you find?

Advanced Request Examples: 1]2|3|4]5/6/7] # Go to: Standard Request; ENDF-Explorer

Examples of requests: Libraries: O All ® Selected(1) Check| Resat 2 D I d d f t
Examples of reques (1) Check] Resel ownlioaded tormats....
Angular distributions: MF4 (OPY Major Libraries Oy Special Libraries

2

3 |[Energy distributions of secondary particles: MF5 1) ENDF/B-VIIL.O (USA 2018) O ¥ Archival . . .

4 |Product energy-angle distributions: MF& ) JEFF-3.3 (F 2017 n MA I E N D F-6 f m t I
5 |Cross sections for production of radioactive elements: MF10 U 3{ JENDL—lS (J UFDPEEDM ) O ¥ Derived I S O r a - O rl I na
‘ﬂSearch for production cross section (MF6/MT5/Law=0) Photo E a3 ez )

7 |Covariances of neutron cross sections: MF33 Li-6(n,t) D 4) JENDL-4.0u2 (Japan 2012)
| 8 |Covariances for production of radioactive nuclei: MF40 i | [(J5)CENDL-3.2 (China 2020) O rm at

u
9 [Covariances for energy distributions of secondary particles: MF35 (] 6) BROND-3.1 [Russia, 2016)
g Search for decay data in the ENDF files (NSUB=4) () 7) TENDL-2019 (TALYS, 2019)
11| Differential data for ion beam analysis (IBA-EVAL); TLipp) . . .
12| Search for "smooth" photon interaction cross sections: MF23 O 2 184 Project Libraries u I S PO I ntWI Se at .
13| Fission product yield /MF8/: Ind.| Cum. (] 8) FENDL-3.2b, Fusion, 2022
14| He-4 production cross section from n — “Li ] 9) INDEN-2022
15| Radioactive decay data N-16| Y-88| Y-98] Pm-148M| Th-230]| [ 10) 18EA-Med radioisot. prod. 2019 I N T E R . t t f I NT E R d
- |
Parameters: Submit Reset (] 11) IAEA-Med diagnostic ri.prod.2001 IS 0 u P u o Co e
Sub-Lib (projectile) N » [C] 12) IAEA-Med therapeutical ri.prod.2009
[C] 13) IAEA-Photonuclear, 2019
Target N-14 * (7] 14) IAEA Standards, 2017 | ce e
MF (quantity) £ [ » (] 15) IAEA Reference cross sections, 2017
16) IAEA High-Energy fission ref., 2015
MT (reaction) # * U
( ) #0) [T] 17) ADS-HE High energy, 2013 L] J N Orl I Iat
LR flag # (] » () 18) IRDFF-II Dosimetry, 2019
Product 0 » [[] 19) INDL/TSL Thermal Scattering Law, 2006
ds ab 0 [C] 20) IBA-EVAL diff.data for ion beam analysis, 2013 [ | PI ot
Energy extends above MeV [ 21) Wind, U,Mp,Pu (up to 100 MeV), 1996
Laboratory ] » (7] 22) HE fission by Yashits for Pb-Pu, 2000
Author(s) - = Tabulated — 293K
Options: a u a e
Ranges: Sort by: O Reactidgs @ Evaluations )
. Target . Product view: @ pasic Serded
z Retrieve: @) sactions () Sub-Sections
A O ad
Clone Request: Feedback:
Isomer [J J
‘ EXFOR || CINDA | ,EZ Comments/Questiuns?l

4/Request #395
ENDF Data Selection
® selected ) Unselected O All

Plotting options: @ quick plot (cross-sections only: o} ) MF3-Plot

D U s E Rs ma.y ﬁ nd d iffe rent () Universal plot (o+ag, do/dQ, do/dE, d20/dE/dQ ) beta version

[Py

° e
sou r'ces of data (fo rm ats) In =Z3 sorted by: [Libraries] Reorder by: [Reactions] View: ® pasic () extended: get MAT, PEN, GND, run Inter: resonance integrals, etc.
S0 1) _Info| Summary | MAT| GND-12] PEN| Inter| 7-N-14 MAT=725 NSUB=18(N) 15eMeV ENDF/B-VIII.@ LANL M.B.Chadwick,P.G.Young 20111222

MAT=725 MF2 [RES] Resonance parameters

different retrieval systems e

NRDC-2025, June 19, 2025. O. Cabellos (UPM)




&
[‘\ INDUSTRIALES

WK ETSII | UPM

3. Formats

3.1 Visualization tools able to read/transform formats
= ACE files: ACELST - Summarize contents of ACE file and convert into PENDF

https://www-nds.iaea.org/index-meeting-crp/CM Data Processing 2015/codes/acelst.for

o How to use it? Use FRENDY -> perturbation/random n-ACE files -> run n-ACELST
to create n-PENDF/WIMSD -> run ‘“n-Burnup” WIMSD5 cases to assess
sensitivity/uncertainty in reactivity loss.

=  WIMSD/E: XnWIiup within WLUP project: https://www-nds.iaea.org/wimsd/download/XnWIup.zip

3.2 Visualization of other Evaluated data
= GNDS ¢ ENDL (LLNL) — ENDF®6

3.3 Full visualization of the evaluation
= Visualization of MF32 (identify issue in MF32/Cu63 —ENDF/B-VII1.1?), MF34

3.4 Checking formats, anomalous values, etc... on-the-fly

» CHECKR, FIZCON,.... MODER ...How to interpret warnings/errors? Logs in JANIS?
» Checking processed covariances: definite positive, very high values, etc...

NRDC-2025, June 19, 2025. O. Cabellos (UPM)
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Ref.. HU Zehua et al. , “Learning Fast Neutron Cross Section by Deep Neural Network”, Atomic Energy

Science and Technology, 2023, Vol. 57 » Issue (4): 812-817.

Technique: Deep neural networks
Objective: Evaluation Uranium files

Results: New U evaluations in the fast energy range

20 20 20 201
2300y e ENDF 2l e« ENDF 232(j e ENDF 233 & ENDF
E — ML _Test —— ML_Train B —ML_Valid B ——ML_Train
g 15 151 15 15
& 10t 10 10 \,\ il \/\
5 ] 1 ] 5 ] 1 I 5 1 | | 5 I 1 1

10 105 109 107 0% 1w 10 107 0% 108 100 107 104 10 100
20 20r 20 20F
2341 e ENDF 23617 e ENDF 237 e ENDF

—ML Train 15k 15k

10+

i /barn
-
= T
=
w =
T
n

107

—ML Train ——ML Train

0t 108 105 107 1 0t 100 106 107 10t 108 106 107
20 28, e ENDF 20 i 240, ® ENDF =ilE 241 e ENDF
15 ML_lrain s ML_Train ML_Tran

ol o 3

i /bam

n

1 1 1
10* 105 109 107 0t 10°  10° 107 10t 105 109 107 10* 105 10°
AER/eV AER/eV eV AER/eV

1ol \,\' 10
1 1 1 5
|
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= Features assessed in the model
oA Z
o ENDF data at energy E
o Sn

o Others ?

o Can we find this info in current
ND Databases?

« 230 ijs used as test
« 2321 js used for verification

« other 10 U nuclides are used as
training data

15 15
m\\ 10\/\ Figure 7. Calculation results,
s : %

total cross-sections for U

39




4.2. ML: ND Mocd

&
[‘\ INDUSTRIALES

WOTIN ETSII | UPM nuclear reactions

Ref.: X. Sun et al. , “Study of (n,2n) Reaction Cross Section of Fission Product based on Neural
Network and Decision Tree Models”, WONDER 2023, June 5-9, 2023

Technique: Artificial neural network (ANN) and decision tree (DT) models

Objective: To predict the (n,2n) reaction cross section, especially those lack of

experimental measurements
Figure 8. Cross-section °6Zr(n,2n)

1.8
=" |mportance of features assessed

= Z A
= SnandSp
= Shell P-Casten factor, the level density

1.6
ENDF/B-VII.0 ——
CENDL-3.2 ——
JEFF-3.3 ——
JENDL-5.0 ——
TENDL-2021

ANN ——

XGBOOST ——

W.D.Lu+ 1970 +
L.R.Greenwood 1987

1 S.M.Qaim+ 1974
O.Schwerer+ 1976

K.Fukuda+ 1978

1.4

12

1

Cross Section [b]

= the pairing correction, and the incident energy o8 R

06 N Mibn Majeh+ 2001+

0 Can we find this info in current ND Databases? e S
02| - 40-Zr-96(n,2n) -

0 L
8 14 20

Incident Energy [MeV]

" Results: 5, ,, = f(incident neutron energy)

“The ML model can predict the nuclear reaction cross section of a large number of
nuclei without the requirement for manual and careful parameter optimization.”
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