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

Help » Manual PDF | Lexfor | NNDC-Help | Output | Plot+ | R33 Databases » ENDF | CINDA | IBANDL CD-ROM » EXFOR-CINDA | CD-Catalog

e Expenmental Nuclear Reaction Data (EXFOR)
ARG Database Version of 2019-01-22
' ¥ Software Version of 2019-01-23
The EXFOR library contains an extensive compilation of experimental nuclear reaction data. Neutron reactions have been compiled systematically since the discovery of
the neutron, while charged particle and photon reactions have been covered less extensively. EXFOR Reference Paper: Nucl. Data Sheets 120(2014)272.

EXFOR Web database retrieval system provides: data search, output to various formats (incl.XML), plotting and comparison to ENDF, re-normalization old data to new standards,
calculating data for inverse reactions and inverse kinematics, constructing correlation matrices from partial uncenainties, ete. EXFOR Web Database & Tools Paper: NIM A 888 (2018) 31.

The EXFOR database contains data from 22410 experimenis (see statistics and recent database updates). Mirror-sites
S ——

# Examples of requests: 1234 5g7]... Go to: [upload your data]
1| Cross section o(E)  /updates/ More examples... * Options o :
Exclude superseded data Plotting. See also: [video-guide]
Submit Reset Help ' No reaction combinations (ratios,..)
Requesl: _| Exclude evaluated data
Target ? _ | Enhanced search of Products
Reacti _ j _ Retrieve listing only
action L Disable Prompt-Help
Quantity — 7| |Sortby: @ reaction = publication
Product | 7 View:  basic (2 extended
Energy from | to/ ev r| 7| ¥ Ranges (Z,A)
Author(s) ?| ¥ Reaction Sub-Fields
Publication year | ?l ¥ Feedback and User's Input
Last modified ?l Clone Request:
Accession # | 7] CINDA ENDF
¥ Extended
¥ Keywords ¥ More Web Tools
¥ Expert
Submit Reset

Note:

- all criteria are optional (selected by checking I¥ )

- selected criteria are combined for search with logical AND

- criteria separated in a field by ";" are combined with logical OR
- criteria starting with "~" will be used as logical NOT

- wildcards (*) and intervals {..) are available

Statistics of usage: visits: 165, data search: 634, since 25-Jan-2019
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DAE
DAP
DAT
DE
DEP
DP
DT
ETA
EVL

a-value (Tcapt /Tfis)
Length or amplitude
Fragment charge
Cross section
Differential with respect to number of particles
Partial cross section

Temperature dependent cross section

Triple differential d€2,/dQ-/dE"

Triple differential dQ/dE]/dEY

Quadruple diff. dQ4/dQ/dE{/dE],
Differential d/df}

Double differential d€2,/d{2-

Double differential dfV/dE’

Partial differential d/df2
Temperature-dependent Legendre coefficient
Differential d/dE’

Energy spectrum for specific group

Diff. by linear momentum of outgoing part.
Diff. by 4-momentum transfer squared
n-value Fogs / (Ocapt + Ofis)

Evaluation

Special codes in incident energy field

Fast
Fiss

Fast reactor spectrum average
Fission spectrum average

Spont  Spontaneous (for fission)

Maxw  Maxwellian spectrum average

MLT
NQ
NU
NUD
NUF
POL
POD
PY
RI
RP
RR
SIF
SPC
TSL
TT
TTD
TTP

Fission product yield

Cross section integral over incident energy

Kinetic energy

Kerma factor

Multiplicity

Nuclear quantity

Fission neutron multiplicity 7
Delayed fission neutron multiplicity 174
Fragment neutrons

Polarization

Differential polarization

Product yield (other than fission)
Resonance integral

Resonance parameter

Reaction rate

Self indication

(Gamma spectrum

Thermal scattering

Thick target yield

Differential thick target yield, d/df}
Partial thick target yield

Special codes in outgoing particle field

abs Absorption fus
el Elastic
fis  Fission

Fusion sct
inel Inelastic tex
non Nonelastic ths

Scattering
Total charge changing
Thermal scattering

tot Total

3



EXFOR metrics

EXFOR Quantity

# | Code| Quantity Counts | Percent

1 (Cs _ross section data 11495 51.2
Z | DAFP | Partial differential data with respect to angle 4338 19.3
3 |DA | Differential data with respect to angle 4333 19.3
4 |[RP Resonance parameters 1996 8.9

5 |CSP | Partial cross section data 1923 8.5B

B |FY Fission product vields 1119 4.99

7 | POL | Polarization data 1114 4.97

8 | DAE | Differential data with respect to angle and energy | 1054 4.88

9 |MFG | Fission neutron quantities 5291 2.36

10| 5P Zamma spectra 454 |1 2,07

11|RI Resonance integrals 458 (10 2.04

12 |DE Differential data with respect to energy 383 |0 1.7

13|71T Thick target vields 3420 1,52

14 | E Kinetic enargies 338|101.5

15|L Scattering amplitudes 222|110.,99

16 |IMT | Cross section integral over incident energy 193 |10.86

17| PY Product vields 176|00.78

1B | N3 | Muclear guantities 112|0.45

19| MLT | Qutgoing particle multiplicities 109 0.48

20| RR Reaction rates 105 | 0.48

21 |TTD | Differential thick target yields 51{0.22

22 | C5T | Temperature dependent cross section data 40| 0,17

23| DEF | Partial differential data with respect to energy 12| 0.053

24 |50 | Special quantities 8| 0.035

25| COR | Secondary particle correlations 3| 0.013

26| TTP | Partial thick target yields 3| 0013 4




Nuclear Reaction Data Centres (NRDC)

13 centres from 8 countries and 2 international organisations
(China, Hungary, India, Japan, Korea, Russia, Ukraine, USA, NEA, IAEA)



Growth of EXFOR’s content
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Year of Compilation
As of today more than 22,400 experimental works have been
compiled in EXFOR, corresponding to ten's of billions in
investment the World over



Inputs to EXFOR from all Centres in 2018

EXFOR is always evolving !!

49 69 542

13 64 26
35 62 382
3 9 63
2 141 12
3 14 53
10 58 4
12 0 172
19 87 24
7 11 6
15 39
1 0 30
154 530 1353

In average ~400 new entries per years



® NDS regularly scans 77 journals

® NDS also reqgularly receives
reports of journal scanned b
NNDC, CNPD (Sarov) and
JAEA

EXFOR coverage control

3 Exfor Work Flow 1o x|
Properties
Fragscan | Query
L Comment Last Volume  LastIssue Last Scan Verso
[PRIC Physical Review, Part C, Nuctear P... |+ | vol, 65 (2002) - 0
Us
[ Issues evemeon
Volume | Issue Published Covered Info [ | |
7 5 DiMar-2018 lo1apr2018 vl -
7 B Difeb-201E 14Feb-2018 vl
7 1 0i3an-2018 l02Feb-2018 vl
= g DiDecLz 11Dec 2017 vl
= 5 Ditiev-2017 30Nov-2017 vl
= & 1ot 2017 3102017 vl
= g DiSep01 155ep2017 vl
= B DiAug2017 25-Aug2017 vl
= 1 01u-2017 173u-2017 vl
a5 g 012017 147un-2017 vl -
} References
Page Work type Hierarchy L v Quality Quantity Projectile
| M|035806 |2 -EXFOR relevant - experimental (3 - Regular publication 2GRCATH - NCSR Demokritos, A... [1 - table ICS - Cross section lcp - charg....
| 8[035801 |2 - EXFOR relevant - experimental |3 - Regular publication 1CANTMF - Tri University Meson ... |1 - table IRP - Resonance parameter lcp - charg...
|8[034629 |2 -EXFOR relevant - experimental |3 - Regular publication 382LUSP - Univ.de Sao Paulo, S... |3 - graphic, useful for digitizing ICS - Cross section lcp - charg...
| 8[034618 |2 -EXFOR relevant - experimental |3 - Regular publication 1USALAS - Los Alamos National L... |3 - graphic, usefull for digitizing ICS - Cross section In - neutron
L M034615 |2 -EXFOR relevant - experimental (3 - Regular publication 2GRCATH - NCSR Demokritos, A... [1 - table ICS - Cross section In - neutron
| B[034612 |2 -EXFOR relevant - experimental |3 - Regular publication 2GERGS] - Gesellschaft fuer Sch. .. |3 - graphic, useful for digitizing IDE - Differential dde~ Ihi - heavy ..
|8[034607 |2 -EXFOR relevant - experimental |3 - Regular publication 3INDTRM - Bhabha Atomic Res. ... |3 - graphic, useful for digitizing IDAE - Double differential dAngle/dE Ihi - heavy ..
|8[034602 |2 - EXFOR relevant - experimental |3 - Regular publication 3INDTRM - Bhabha Atomic Res. ... |3 - graphic, useful for digitizing DA - Differential d/dAngle Ihi - heavy ..
| 8[034320 |2 -EXFOR relevant - experimental |3 - Regular publication 2ITYNAP - Dip.di Sdi.Fisiche, Uri... |3 - graphic, useful for digitizing DA - Differential d/dAngle lcp - charg...
|8[031601 |2 -EXFOR relevant - experimental |3 - Regular publication 1USAMSL - Michigan State Unive... |3 - graphic, usefull for digitizing ICS - Cross section Ihi - heavy ..

Internal database for
article registration

* Recent comparison between EXFOR and NSR (Nuclear
Science References) databases shows that at least 3% of
proton, 20% of alpha induced data are still not in EXFOR



Monitoring progress in compilation

Articles for EXFOR Compilation (Allocation List)

Send your feedback

roc. published within 5 years.

Number of inputs and outstanding articles from each centre

|
: Centre ATOMKI CDFE CID CNDC CNPD JCPRG KNDC NDPCI NDS® NEADBE NNDC UKRNDC Total TRANS analyzed 1
| Mew entries since |ast meeting® ] s || 2 0 0 8 0 0 0 0 5 0 20 3183, 4178, 4179, :
| Revised entries since last meeting? 0 48 141 O 0 o 0 0 2 0 1 o 1g2 E115, LD35, MOS5 |
I . : :
i Articles not transmitted yet in EXFOR 10 S 13 52 25 156 28 52 21 373 555 27 1317 I
entries 1
e e e e e e N e e e e = T T e T e e e e e = === = ==
1. Mumber of articles excluding conference proceedings published within 5 years. (Conference: Articles registered with conference codes as well as EP1/CS,
IP/CS, NSTP, NSTS, AIP-, JAEA-C-)
2. Number of entries transmitted after preparation of the full summary (WP2017-02) for the last NRDC meeting (2013-04-26). TRAMNS N2 is consider as the
date of the transmission.
3. Including articles for compilation at Almaty and Ulaanbaatar.
___________________________________________________________ -
Entry# 1st author Reference Published Centre Registered Memo Comment

"o - - - T O0BVENTOU, T, (Bo577,2008 —2008 — — — ANDCT 2h&1I-m- - -~ - - - - T T T T T T T TE T T E T T
10000 C,2006WVANCOU,1,{C033),2006 2006 MMDC 2005-11-20
10000  Mukhopadhyay  1,PR/C,78,034317,2008 2008 NNDC ~ 2008-10-08
Requests of compilation from EXFOR users on the top
10000  Mac Innes J,NDS,112,3135,2011 2011 NMNDC ~ 2011-12-08
10000  Krticka 1,Jp/CS,337,012012,2012 2012 NNDC ~ 2012-04-03

10000 C,2008VARENN,1,217,2010 2010 MNDC 2012-06-23



Comments from users and centres

EXFOR is a dynamic database !

All comments are registered in the feedback list and are monitored

ENDF | CINDA | IBANDL | Medical | PGAA | NGAHas | RIPL | FENDL | IRDFF

EXFOR Entries for Corrections (Feedback List)

Send your feedback

pink- \Ealal nrEanant fIMatas Cammmanan Hasdina Haibhs srallaees armanmt IDEATTTOR maintacis acrnames Aabbhooe

Number of pending corrections from each originating centre

1
: Area 1 2 4 A B C D E F K L M O P R T Total !
I Centre MNMDC NEADB CID CNPD» NDS NMDC NDS JCPRG CHPD JCPRG NMDC CDFE NEADB NMDC ICPRG MNDC :
: Total 68 134 139 50 2 61 1 114 62 5 3 15 136 3 459 5 847 |
| Very urgent 3 29 4 20 0 10 0 74 48 0 1 1 16 2 6 1 215 |
1 Urgent 13 52 3 10 2 27 0 24 0 3 0 2 104 0 40 3 20g |
| Nomal _ 52 53 127 20 0_24 |1 16 _14_ 2 _2_10 _ 1 _1__3 __1 342,
Entry # From Keyword Comment Reference Registered
11125.001 M. Otsuka AUTHOR Blanks are not permitted following intials (W. BARTOLINI) M/ A 2018-05-22
11596.001 M.Otsuka FACILITY Add (REAC, 1USAANL) (c.f. Sect.I of 1,PR,91,1423,1953) M/ A 2014-09-01
11735.001 M. Otsuka AUTHOR Blanks are not permitted following intials (R.C. BLOCK) M/ A 2018-05-22
11817.020  M.Otsuka DECAY-DATA M2-=M1 CP-D/B88 2015-11-19
11958.001 MN.Otsuka REFERENCE page: 1272 -= 1272(1) N/A 2018-01-02
11961.006 M.Dtsuka DECAY-DATA Give in free text. 400 day is a lower boundary of T1/2. CP-D/888 2015-11-19
11990.001 M. Otsuka AUTHOR Use comma instead of "and” {(AND R.D.WERNER) M/ A 2017-04-12



Fast track entry, this could be your data

LETTER 2019 from Nature (already 17 entries)

https://doi.org/10.1038/541586-018-0838-z
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The surprisingly large neutron cap
cross-section of 38Zr

Jennifer A. Shusterman’>**, Nicholas D. Scielzo', Keenan J. Thomas', Eric B. Norman?*, Suzanne E. Lapi®, C. Shaun Loveless®,
Nickie J. Peters®, ]. David Robertson®, Dawn A. Shaughnessy! & Anton P. Tonchev!

3.0

_ “ - 87r7,,=834d
BRI + 0,= 861,000 +/- 69,000
= barns
* Fortunately not produced in
AT | . the Zircalloy of the World’s
E s PWRs
0.0 -~ rm——————— —
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Meutron number
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EXFOR Citation

During NRDC 2018 it has been decided that Nucl. Data Sheets
120(2014)272 should be used as the EXFOR citation

Available online at www.sciencedirect.com

ScienceDirect Nuclear Data
Sheets

Croashark

Muclear Data Sheets 12000 2004) 272-2176

waw elsevier.comdlocalends

Towards a More Complete and Accurate Experimental Nuclear Reaction Data Library
(EXFOR): International Collaboration Between Nuclear Reaction Data Centres
(NRDC)

N. Otuka,! * E. I:Zhumnt.2 V. Semkova,! B. Pritychenko.® AL Blokhin,® M. Aikawa,” 5. Babvkina®
M. Bossant.? G Chen,” 8. Dunaeva,® RLA. Forrest.! T. Fukahori.? N. Furntachi® 3. Ganesan,!'?
Z. Ge,” 0.0, Gritzay,"" M. Herman,® 8. Hlavae,™ K. Kato,” B. Lalremruata,™ Y.0. Lee,"

A, Makinaga.” K. Matsumoto.® M. Mikhaylvukova,* G. Pikulina ® V.G, Pronvaev.® A. Saxena,'”
(). Schwerer,'™ S.P. Simakov.,! N. Soppera,” R. Suzuki,” 5. Takdcs,' X Tao,” 5. Taova,”

F. Térkdnyi.!'® V.V. Varlamov,!” J. Wang,” 5.C. Yang, " V. Zerkin,! and Y. Zhuang’

! Nuelear Data Section (NDS), International Atomic Enenry Apency, A-1{00 Vienna, Austria
20ECD Nuclear Energy Ageney Data Bank (NEA DB, F-92130 lssy-les-Moulineanz, France
* National Nuclear Data Center (NNDC), Brookhaven National Laboratory, Upton, NY 11973, USA
i;'\"‘t.h:‘:!_r:'ﬂ.f Date Centre (CJD), Institute for Physics and Power Engineering, 249033 Obminsk, Russia
¥ Nuclear Reaction Data Centre (JOPRG), Hokkaido University, Sapporo 060-0810, Japan
b Centre for Nuelear Structure and Reaction Date [CAJaD)), Kurchaotow Instibute, 123182 Moscow, Russia
T Chine Nuclear Data Centre (ONDC), China Institute of Atomie Energy, Beijing 102413, China
B Centre of Nuclear Physics Data (ONPD), All-Russian Resexrch
Institute of Erxrperimental Physics [VNIIEF), 607190 Sarow, Russia
* Nuelear Date Center, .fnfml Atoemic Enerqy Agency (JAEA), Tokai-mura, Nake-gun, fbaraks 319-1195, Japen
"Bhatha Atomic Research Centre, Mumbszi J00085, India
U lerpinian Nuelear Data Centre (UleNDC), fnstitute for Nuelear Research, 03680 Kiev, [lrzine
12 Department of Nuclear Physics, Institute of Physics,

Alovak Academy of Sciences, 845 11 Bratislava, Slovakia
“f_}tpm'!mm! of Physics, Mizoram University, Aizawl T80, India
Y Korea Nuclear Data Center [Kﬁ’ﬂf.',.'. Korea Atomic Energy Hesearch Institute, Dacjeon J05-600, Republic of Korea
Under contract with the National Nuclear Data Center,

Brookhaven National Laboratery, Upton, NY 11975 USA
& Myelotron Application Department, Institute of Nuclear Research (ATOMKI), H-{001 Debrecen, Hungary
Yientre for Photonuclear Erperiments Data [CDFE),
Institute of Nuclear Physics, Moscow State University, 119234 Moscow, Russia



Companion paper

EXFOR Web Database & Tools Paper: NIM A 888 (2018) 31.

Nuclear Instruments and Methods in Physics Research
Section A: Accelerators, Spectrometers, Detectors and

Associated Equipment
Volume 888, 21 April 2018, Pages 31-43

The experimental nuclear reaction data (EXFOR): Extended
computer database and Web retrieval system

V.V. Zerkin 2, B. Pritychenko ® & =

13


https://doi.org/10.1016/j.nima.2018.01.045

New impetus: completeness check of FPY

Reference list (Bibliographic) in Robert William Mills’ Ph.D. thesis and
England-Rider’s evaluation.

Number of Bibliographic in Robert William Mills’ Ph.D. thesis

Mills’ list In EXFOR
Data 1 498 361
2 16 8
3 69 30
4 56 19

= Most of the missing data is from old issues of two journals (written in Russian and
German), some conference proceedings, and master or others Ph.D. thesis.

Compilations need to be done while a CRP on FPY is running
1. Completeness check and statistical analysis by NDS

2. Assemblage of missing entries by NDS

3. Compilation by NRDC

Fission cross-sections are well known, but what about the fission observables?



A culprit, GEFY-5 Pu239
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Z (number of protons)
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Fission yield updates

« Global picture shows method changes
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Fission Product Yield (PCAFI%)
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Z (number of protons)
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EXFOR’s clients

EXFOR serves different scientific communities, the World over
and those are traditionally involved in:

* Physics models
= Allows to pin down the physics at play

* Nuclear data evaluation
= Allows to shape the different data forms

* Verification and Validation of codes
= Allows to constrain the simulations

20
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Traditionally different disciplines focus on different length scales. Multiscale modelling of materials across
the length scales requires overcoming the borders between the disciplines for a seamless integration of the

models on different length scales into one coherent multi-scale modelling framework (After D. Pettifor, 1991).
21



Conclusions

Increases charges particles entries

Completes/corrects the neutron entries

Fills up the fission yields and observables entries

Search for new ways to:

= Better exploit the data

* Deploys, pushes some of its metrics further
» Develops analytics

= Serves a broader community

22



EXFOR future, modernisation, deployment?

NNDC-Help | Output | Plot+ | R33 Databases » ENDF | CINDA | IBANDL CD-ROM =»

i Experimental Nuclear Reaction Data (EXF
L e Database Version of 2018-12-07

Help » Manual PDF | Lexfor

Software Version of 2018-07-11

The EXFOR library contains an extensive compilation of experimental nuclear reaction data. Neutron reactic
systematically since the discovery of the neutron, while charged particle and photon reactions have been co
The EXFOR library contains data from 22353 experiments (see statistics and recent database
EXFOR Reference Paper: Nucl. Data Sheets 120(2014)272
EXFOR Web Database & Tools Paper: NIM A 888 (20138) 31. Mirror-sites

Search:

Go to: [upload your data]

# Options

¥ Exclude superseded daa

Mo reaction combinations (ratios,..)
Exclude evaluated data

Enhanced search of Products

. Retfrieve listing only

'#| Disable Prompt-Help

AB

1] Cross section o{E)

of requests: 1|2|3/4|d€7]...
fupdates/  More -

Request

Target v Dy-164
Reaction ¢ 0-16.a3

Quantity ||
Product[] Sortby: '* reaction ' publication
- " Reaction-Accession®
Energy from | to ! View | basic ® exended
‘ Al..lthor[s) L] 7 ¥ Ranges (Z,A)
Publication Year (] 2l % Reaction Sub-Fields 1
Last modified | | 7| SF1 -| Target
Accession #| | o sFal " Incident F
7 Extended SRzl | 5 Product F
Extended gquantity | H | "~ Product
1-st Author || 2 sesl .| Branch
Area | I | Paramete
Country | 2 SF7 ¥ l:l 7| Particles
Institute | | H sEal | | Modifiers
Compilation date | | ) ,:, | Data Cod
Short Reference | 2| SFSB[ | 7] Quantity |
DOI[ Vi

“ Feedback and User's Input
Clone Request:

NSR-KeyNo | |
Full Reference |

|~

Title ||

[

~ ¥ More Web Tools
¥ Keywords
¥ Expert

Many input forms
(Relational database oriented design)

Single form (with a clever interpreter)

=lolx]

es — Mozilla Firefox

AEA Muclear Data Servi

JrLE REE FTO EEGE Jeag-hE =D AL
& -nds iaea.ore/exfar/ > ||~ Gocel
6 * | | WwWn—NdE. 1ae3.0RES exTar, ' {alu)-41-]

[+] -

Exfor

Dy-164 & O-16 & alpha & gamma & multiplicity

{2} IAEA Muclear Data Services

IAEA NDS




Dy-164 & O-16 & alpha & gamma & multiplicity

y
G Experlmental Nuclear Reaction Data (EXFOR)
S RE NS Database Version of 2019-01-22
[+ Software Version of 20119-01-30
The EXFOR library contains an extensive compilation of experimental nuclear reaction data. Neutron reactions have been compiled systematically since the discovery of
the neutron, while charged particle and photon reactions have been covered less extensively. EXFOR Reference Paper: Nucl. Data Sheets 120{2014)272.

EXFOR Web database retrieval system provides: data search, output to various formats (incl. XML), plotting and comparison to ENDF, re-normalization old data to new standards,
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