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Nuclear Reaction Data
Compilations in USA &
Worldwide

Experimental neutron reaction data compilations have been
pioneered at the Metallurgical Laboratory, University of
Chicago and Los Alamos National Laboratory in 1945-1947.

Brookhaven National Laboratory hired many Manhattan
Project alumni when it was founded in 1947, and the lab got
involved in nuclear data.

SCISRS (Sigma Center Information and Retrieval System)
at BNL (1964) was a precursor of EXFOR.

Other data centers were created in Paris, France (NEA-
Databank), Vienna, Austria (NDS-IAEA), and Obninsk,
USSR (IPPE) in 1963-1964.

Around 1970 four neutron data centers agreed on the data
interchange format (EXFOR). The four centers could store
data locally in its formats. The Nuclear Data Centres
Reaction (NRDC) network was founded in 1979 under the
auspices of the IAEA.



EXFOR - Experimental Nuclear Reaction Data

The largest experimental nuclear reaction

database (www.nndc.bnl.gov/exfor or www-
nds.iaea.org/exfor)

« 24,560 experiments (multlple publications are grouped
into a single measuremen

« 183,390 data sets as of May 2, 2023.

« Essential for Evaluated Nuclear Data File (ENDF)
libraries worldwide.

« Presently run by the Nuclear Reaction Data Centres
(NRDC), internationally. This is an IAEA network
which is coordinated by the IAEA.

« Two largest contributors: NNDC & NEA-Databank.

» Every second, third and sixth dataEpomts in the I|brar¥1
were contributed by the NNDC, NEA-Databank and the
rest of NRDC network, respectively.

EXFOR philosophy is to co tplle data as they were
§g lished (in consultat/on with authors) unless
t

?’ rs are found. Published nuclear reaction
ata contain outliers and discrepancies.



Area #1 FY 2022 Statistics

 New compilations: 158
« Updated compilations: 210

* Finished compilation of missing Los Alamos reports, UNOBT data, p-,
d-induced reactions.

» Actively worked on missing a-induced reactions and Mughabghab’s
references.

* Preliminary NRDC transmissions: 29
* Final NRDC transmissions: 31
« EXFOR DB Updates: 41
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Final Transmissions: Area #1 FY 2022
Statistics

° Full EXFOR Compilation Statistics (based on HISTORY)
Overa” NNDC performance’ Information updated: 30-Apr-2023, 14:22:06

and pe rfo rl I |ance Of NNDC|NEA-DB NDS |CID ATOMKI|CDFE|/CNDC|CNPDJCPRG UkrNDC|NDPCI|KNDC|KAZMON |CAJaD KCPDG|RIKEN
. . . #g.Year [ E | & |O m| = mm | il == o - == B0 e | ™ | e | 5um
individual compilers are 53. 2023 31 a[288
Ve OOd 52. 2022 100 35 27 9 9 5 18 19 17 4 34 7 8 292/[1I1HNN -228
I ) g " 51. 2021 181 102) 40| 23 5 12 29 18 35 15 38 10 182 S20 1NN -143
50. 2020| 217 134, 77| 40 10, 12 31 29 41 11 35 3 23 663i||||||]||||||]||||||][|]||||||||| +90
° A|| data are from 49.2019| 124| 108 44| 24 4/ 34 18/ 31/ 37 58/ 79 7 5 SZ/nniii +54
. 48. 2018/ 123 111 79 13 16 13 29 Nuclear Data Centers abbreviations
httpS'//WWW_ndS Iaea Or / = 1 [®= NNDC 1/Us i Nuclear Data Center, Br USA
. . - 47.2017| 116 62] 39| 30 21| 33 25 2 |& NEA-DB  |2|OECD/NEA Nuclear Data Bank, Billancourt, France
H H 3 |¢2 NDS 3/IAEA Nuclear Data Section, Vienna, Austria
p u bl IC/eXfO r/X4 Col I I pl I/ . 46. 2016 119 72 52 6 29 7 31 4 mm CID 4|Nuclear Data Centre, Obninsk, Russia
- = 5 |== ATOMKI \ATOMKI Nuclear Reaction Data Group, Debrecen, Hungary
Personal co“trlbUtlons to EXFOR 6 == CDFE Centre for Photonuclear Experiments Data, Moscow State University, Russia
Based on Free-text of SUBENT-1 HISTORY Code: (<date> 7 @ cnoc China Nudlear Data Center, Beljing, China
Information updated: 30-Apr-2023, 14:22:06 //by V.Zerki |8 mm cNPD Center of Nuclear Physics Data, Russian Federal Nuclear Center (VNIIEF), Sarov, Russia
Optigns 9 | ® JCPRG Japan Charged Particle Nuclear Reaction Data Group, F ido University, Sapporo, Japan
# |Initials Name Center |#Entries|Area:Entries // Year 10" UkrNDC Ukrainian Nuclear Data Center, | for Nuclear Research, Kyiv, Ukraine
1 |BP B.Pritychenko NNDC 99 NNDC:99 11 i NDPCI Indian C il Group: BARC and others, India
2 =} 1633/ 2022:4'0 2021:59 12| KNDC KAERI Nuclear Data Evaluation Group, Daejeon, Republic of Korea
— : 13|00 KAZMON| |Kazakhstan+Mongolia team
Z[SH Sitiavach NEDC | 3 Ppiageoi72 |k cAtaD Russian Nuclear Structure and Reaction Data Centre, Kurchatov Institute, Moscow, Russia
. — - — - 15™= KCPDG Karlsruhe Charged Particle Data Group, (extinct)
306 0.Gritzay UkNBc ,f%f rzqug:ciggznm;u 16) ® RIKEN RIKEN Nuclear Data Group, Japan (extinct)
4 VT Vidya Thakur NDPCI | 80 |NDPCL58 NDS:22
— /138/ |2022:48 2021:31
5|vs v-Semiova NDS | 76 NeADE2NOS14  EXFOR Compilation Statistics based on N2 and EXFOR archive.
—— ‘ = Information updated: 30-Apr-2023, 14:22:06
6 |MM M.Mikhallyukoval CID | 71  |NEA-DB:41CJD:30 NNDC| NEA-DB| NDS| _CJDJATOMKI| COFE|GNDC| CNPD| JCPRG|UkrNDC|NDPCI| KNDCJKAZMON| CAJaD[KCPDGIRIKEN
- | 656/ [2022:7 2021:64 2023 1 3 1
7 |ON N.Otsuka NDS 57 |NDS:28 JCPRG:3 NE/ 1 1 1 2 4
@ 528/ |2022:17 2021:40 7,351 194 448| 1,205
— 7 10| 3 4 4 1 2| 2 3 1 2| 3 3 1 1|
8 JIMIN Wwang.Jimin Cﬁc 20 21?23%22%21-11 2022 100 3 33 9 9 6 20 19 48 4 34 7 9
o - i 171 407| 118 148 30 86| 28 164 5 15| 271 8 134 20|
9 |UKRNDC KINR, Kiev UkrNDC| 19  |UkeNDC:19 265,747| 122,771| 30,783 1,720| 1035 867| 7,306 4,007 10992  204| 2,872 760| 3347| -614 110/
= 1299/ |2022:4 2021:15 | 28 14] 7 7 2 5 4 9 5 4 8 2 5 2|
; 2021 183 105| 34 23 5 1 27 18 19 16 41 10 12 [
~, 1w V:Varlamov CDFE 17 g()D2F2vE5'127021-12 2721 60| 130| 17| 38| 45| 18| 140 12| a4 2 1 e 17| 1100 sSss
B rDD k h a VE n' - 1359/ i 5 108,438 322,343| 12,683| 3,235\ -3,780 1,168| 1,526 7,337 17,001| 2,789|11,469| 320 1,458 -243] -54| 485,690+
r 2 27 18] 14 10 4 6| B 12 2| 7| 9 5| 3 3 2| 128+
National Laboratory 2020, 221 120 80| 38 10| 12| 32 29 36 13 33 3 26 663 peessn
307] 3r9| 53| 143 9 19 o 223 12 13 8 6| 61 1242[8
27,119 314,506| 53204| 5348| 1276 350| 5642| 3,809| 7,505 1484 2,638 733 27,398 -410| 450,603 seasa
24 15] 10 7 2 6| 5 13 8 6 8| 3 4 3 1 115|sesenseescss




Work Distribution Within Area #1

Stanislav Hlavac is responsible for new experimental data compilations.

Olena Gritzay finished compilation of four NRDC memos: CP/C-0464, CP/C-0465,
CP/C-0466, and CP/D-979 (Experimental fission product yields missing in EXFOR).
Olena presently works on CP-D/937 (Proton-induced reaction articles in
NSR/CINDA but not in EXFOR), CP-D/947 (Alpha-induced reaction articles in
NSR/CINDA but not in EXFOR).

Boris Pritychenko provides the overall project and database management,
compilation of individual user requests, charged particle fission yields, historic
Manhattan Project data, and the NNDC library data.

Otto Shwerer provides quality assurance in the Area #1, preliminary and final
transmission handling, fixes errors and bugs in the existing entries.

Viktor Zerkin (IAEA) helps with Web dissemination and database management.

=~ slagkHarartmentalization, the division of something into sections or categories.
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Missing (Unobtainable) Data: Existing

the dataset is no

published before 2000.

. NRDC 2021:
Area #1: 130
. Area #2: 114
. Area #3: 42
. Area #4: 21

. NRDC 2022, June 10, 2022:
. Area #1: 66
. Area #2: 117
Area #3: 46
Area #4: 20

. NRDC 2023, May 31, 2022:
. Area #1: 47

Area #2: 106
. Area #3: 44
. Area #4: 5

All Area #1 entries are processed, and submitted as preliminary and

rooKnaven
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EXFOR Entries

C32 The subentr%/ coded with STATUS= UNOBT may be deleted if
a suitable for digitization or optical character
recognition (OCR) data recovery, and the source article was

NRDC 2021

m Area # 1 = Area #2

Area #3 = Area #4
June 10, 2022

May 1, 2023 vll

m Area# 1 = Area #2
Area #3 = Area #4

‘-s'

m Area # 1 = Area #2
Area #3 = Area #4




u_“\

Missing Data: Deuteron-Induced

Reactions

Memo 4C-3/395 (Rev.)
Los Alamos work, courtesy of Mark Paris.

Upcoming publication was scanned for historic
references. from:

Subject

1938Ru02, C2844.: First observation of 17 MeV R
neutrons. There

WM Gibson.
EV.Luoma
KLHall+
3 | 5.C Snowdon
LAMiskel*
78 | PKafalast
128 | A Chetham:Siroc
122 | BM Foreman+
115 | R-Vandenbosch+
56 | LH.Bowsnt
86 | 1B Natowitz+

pEE

o1 | or wans

1938RUO2 Phys.Rev. 54, 308 (1938)

A.J.Ruhlig

Nuclear Data Section
International Atomic Energy Agency
P.O.Box 100, A-1400 Vienna, Austria

Memo CP-D/758 (Rev.)

8 August 2012
Distribution

Early Thermonuclear Cross Section Advances 1942-1952

& Comparison to Today’s ENDF Data

M. B. Chadwick; G. M. Hale, M. W. Paris, N. A. Gibson, and J. Wilhelmy
Los Alamos National Laboratory
Los Alamos, NM 87545

Abstract— We describe the developing knowledge of thermonuclear (TN) fusion cross sections of paramount
importance for the development of the first thermonuclear tests fielded by Los Alamos in the Pacific from
1951 on: this technical historv has not been nreviouslv documented. We comnare these nuclear physics

Search for Gamma-Rays from the Deuteron-Deuteron Reaction

NUCLEAR REACTIONS ZH(d, Y), (d, n), E=0.5 MeV; measured reaction products, En, In, Ey, Iy; deduced product yield ratio.

Brookhaven

National Laboratory doi: 10.1103/PhysRev.54.308
Citations: PlumX Metrics
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rements were



Missing Data: Atlas of Neutron
Resonances

« EXFOR completeness was checked ot b T e
against Mughabghab’s Atlas: Memo 4C- o
3/395 (Rev.) T Disciion

« Budapest Conference: Proc. Intern. Conf. .
Nuclear Structure Study with Neutrons, (DS, 20140619
BUdapeSt, 31 Juy = 5 Aug. 1972, J ErO, J. R]ef. g;::;r l:,e::lrn?(?sq—sz,120(2),1977 T;:NCRC I(\:I:'[t)rce ]:;:.':;xYHﬁ—»MSUB S:EDA*

2 Inghram C,55GENEVA, 4,105, 1955 1USARNL ~ NNDC Needs NSR keynumber E
SZU CS, EdS. Plenum PreSS, p-21 8 (1 974) 3 Kane C, 69STUDSVIK,,105,1969 1USABNL  NNDC 14390, Needs NSR keynumber E
4 Chrien C, 70HELSINKI, 1,377,1970 1USABNL ~ NNDC Done, 1970ChZR, 14386 E
. . 5 Mughabghab C,72BUD,,214,1972 1USABNL ~ NNDC 1972MUZG --->14804 E
[ ] T d ff t p d g b k " 6  Choi C,72BUD, ,198,1972 1USADKE  NNDC 1972CHZC ---— 14806 M
WO I ere n ro Cee I n S OO S " 7  Bowman C,58GENEVA, 15,212,1958 1USALRL  NNDC Done, 1958B0oZR, 14387 E
8  Macklin C, 55GENEVA, 5, 96, 1955 1USAORL  NNDC Done, 1955MaZZ, 14388 ER
proceedings and abstracts. ;

Halperin C,55GENEVA, 7,258,1955 1USAORL ~ NNDC 1956H292,1955HaZZ, 14389

10 Block C, 60VIENNA, 535,1960 1USRORL  NNDC Done, 1960BLZZ, 14393 ER

* BOth bOOkS were Scanned ad added tO 11 Musgrove  P,AREC/PR-43-PD, 39,1977 1WSAGRL NNDC | goqNDe (AUL) =27, 39,1977, 1s it N/A

1977MUZA??? Need a copy!!!

N S R/EXFO R . 1974BEVN Proc.Intern.Conf.Nuclear Structure Study with Neutrons, Budapest, 31 Juy - 5 Aug. 1972, J.Ero, J.Szucs, Eds. Plenum Press, p.218 (1974)
* One article of 55Geneva is still n e s aems

Total radiation widths and non-statistical effects in neutron resonance capture

NUCLEAR REACTIONS 54/57Fe, 50,52,53,54¢Cr, 60Nj, 51y(n, y), E=5-200 keV; measured reaction products, Ey, Iy; deduced radiation width, resonance parameters. The Karlsruhe 3 MV
Van-de-Graaff accelerator,
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Takeaways

 NNDC (or camp Upton) EXFOR
compilation efforts are complex and
well-organized: B. Pritychenko (BNL),
O. Schwerer, S. Hlavac, O. Gritzay
(Under contract with BNL), V. Zerkin
(IAEA).

 FY 2022: 158 new and 210 updated
compilations.

R{VfWS OF
MODERN PHYSICS

Vorume 19, Numser 4 Ocroser, 1947

Neutron Cross Sections of the Elements
A Compilation®

H. H. Gorpsmira
Brookhaven National Laboratory, Uplon, Long Island, New York

H. W. IBsEr
University of Wisconsin, Madison, Wisconsin

AND
B. T. FELp

« UN O BT d - -iNn d u Ced reaction (missin il Dot oui e o o e sed Goreieg, et Lt
] 3y of Technology, Cambridge, Massachusetts

RIOR to the war, most t meas- i 910 the region be-

data ) issues are fixed in EXFOR e e T i o

. for distributions ranging around 1/40 ev (thermal low voltage apparatus and the D(ds) reac-

neutrons).~ There were, in addition, some tion;~" finally, the very broad energy distribu-
measurements in the resonance region (1-1000 tion, averaging around 4 Mev, obtained from
. . ev) made*with various resonance detectors and Ra-Be sources.?
th buron—absorptlm techniques.»** At high ener- However, the nuclear physicist's interest in
o a l l l I Ive rsa O I I l l ‘ ea r rea‘ IO l l a a gies, measurements were made in essentially the study of nuclear energy levels, level spacing,
three energy regions: between 0.1 and 1 Mev, by  level widths, ete., demands greater detail in the

use of photo-neutrons derived from naturally —determination of cross section as a function of

compilations talk was presented at the Pt

at the Mmm.mm Lal

H. A. Bethe, Rev. Mod. Phys. 9, 69 (1937).

K. Dw:bv&eElW}Hermmnn and E. Grassmann, Phys.

Pegram, G, A. Fink, and D,
This Goh,

ciigned , Phys, Key. 45, 265
Projoct Laboratorie It s dectasied in, June, 1946, A Zeits. f, Physik 121, 201 (1943),
for publication in the Manhattan Project Technical Series. - Frech and. G, Placeeks Naturo 137, 367 (1936)
Taformal circulation resulted in wi uatmd demand for 3 "1 H. Goldsmith, and 1. 1. Manley,
. the publication of such a collection. However, many of - Rev. ‘2. o .
rheoﬂgml articles were then being prepared for appeac- . H. Manley, ,f.-old!wﬂ!‘:\ﬂﬂ] S. Schwing
n the periodical literas dLre “The puh]lm\lm
o ports on

) permi X
ible of these papers to appenr in the normal fashion. 0.
this delay ‘Va T et e completely FW, B Good and G. Scharl-Goldbaber, Phys. Rev.

< Brookh ] =
r rDD a VE n gn (-{w J:.:'::clou‘:a[duim.:h-]né“c:np‘mm' m‘mn nsk{,] P;nrs vs.sxxa 231 (1940).

N t, | L tl _t unpublished, mwl\'Vly bmusf o(mllle pressare of of other A Pt }wh g S m;-lzi 232 (1939).
oomm:tmmh on the original authors. In all such cas il, Phys.

ational Laboratory jon. haa heen socured from. the authors for St W Do, & ety and V. WV, G P Rev. 56,

Flueton of their data 1o ehis colection. (1939).




The International Atomic Energy Agency:
(https://www.iaea.org/about/mission)

is an independent intergovernmental, science and technology-based organization, in the United
Nations family, that serves as the global focal point for nuclear cooperation;

assists its Member States, in the context of social and economic goals, in planning for and using
nuclear science and technology for various peaceful purposes, including the generation of
electricity, and facilitates the transfer of such technology and knowledge in a sustainable
manner to developing Member States;

develops nuclear safety standards and, based on these standards, promotes the achievement
and maintenance of high levels of safety in applications of nuclear energy, as well as the
protection of human health and the environment against ionizing radiation;

verifies through its inspection system that States comply with their commitments, under the Non-
Proliferation Treaty and other non-proliferation agreements, to use nuclear material and
facilities only for peaceful purposes.
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