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Nuclear Reaction Data Centres (NRDC)

13 centres (China, Hungary, India,
Japan, Korea, Russia, Ukraine, USA,
_ NEA, IAEA) collaborating for EXFOR
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All data measured in USA and
Canada are compiled by NNDC .
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Why there are legacy data missing in EXFOR?

SEARCH FOR STRUCTURE IN THE FAST-NEUTRON INTERACTION WITH U**{
A. B. Smith and J. F. Whalen

Argonne National Laboratory, Argonne, Illinois
{(Received 14 February 1966)
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FIG. 2. Measured differential elastic-scattering
cross sections of U*® expressed in the form of Eg. (1).
Energy resolutions and relative uncertainties are in-
dicated. Note the suppressed zeros.

ENTRY 12369 820519

SUBENT 12369001 820519

BIB 6 9

INSTITUTE (1USAANL)

REFERENCE (J,PRL, 16,525, 6603)

AUTHOR (A.B.SMITH, J.F.WHALEN)

TITLE SEACH FOR STRUCTURE IN THE FAST-NEUTRON INTERACTION
WITH U-235.

STATUS (UNOBT) MEASUREMENTS MADE TO EXAMINE STRUCTURE ONLY.
DATA WILL NOT BE RELEASED.

HISTORY (761006C)
(820519A) CONVERTED TO REACTION FORMALISM

ENDBIB 9

NOCOMMON 0 0

ENDSUBENT 12

ENDENTRY 1

No reply to a data request
(digitization from figure images
was not a solution at NNDC until
c.a. 2004)

Voluminous dataset (e.g., time-of-
flight data) — not suitable for
exchange by cards and tapes but
now it is not a problem!

Unawareness of presence of legacy

data (e.g., cartons kept in a storage
or house)
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N. Otuka, T. Kawano (2013) “Nuclear Data Archaeology”
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Some examples presented in the next slides were
originally collected for this 2013 article.

WANDA2025 (13 Feb.2025)



eier’s (p,n+x) dY/dQdE (EXFOR# C0171, C1440)

(OPEN)

- We noticed Larry Greenwood keeps

Diffarential
Energy(Nav)

0.5750e+00
0.6250a+00
0.6750e400
0.7250e+00
0.7750e+00
0.82500400
0.87%0a400
0.9250e+00
0.9750a+00
0. 1078e+01
0. 1150e+01
0. 1250a+01
0. 1350e+01
Q. 14500401
0. 15508401
0. 16500401
0. 1750e+01
0. 1850e+01
0. 1950a+01
0.2100e+01
0.2300a+
0.2500e+
0.2700a+
0.2900e+
0.31008+
©0.33C00a+
0.3500e4
0.3700a+
0.3900e+
0.4100a+
0.4300a*

ESS9

113 MEV CROSS

cross sections for run 372: Beryl)lium

its printout in a carton. Greenwood

L] L ] L]
SECTIONS Madade a Igh resolution pdf file for
EXFOR p'l ti ( itable for OCR
60 deg. 150 deg.
0.3656e-02 0. 1535e-03 []
0.3613e-02 O.1389e-03
ST CHNE cmew smee  TFOM The printout
0.3584e-02 ©.1234e-03 0.26198-02 0,5280a-04 [
0.3793e-02 0.1201e-03 0.2713e-02 ©0.5331e-04
0.3817e-02 0.1151e-03 0.2706e-02 0.52608-04
0.3918e-02 0.1142e-03 0.2707e-02 0©.593Be-04
0.4367e-02 O.1283e-03 0.2855e-02 0.5588e-04
0.3872e-02 O.1164e-03 0.2561e-02 0.5922a-04
0.3073e-02 0.7281e-04 0.2273e-02 0©.356%e-04
0.30968-02 0.6247e-04 0.2168e-02 0©0.33430-04
0.3113e-02 0.6814e-04 0.21400-02 ©.3575e-04
0.2689e-02 ©0.95724e-04 0.1896e-02 0.3195e-04 ° .
0.2466e-02 0.5777e-04 0.18120-02 0.3780a-04
0.2476e-02 ©0.5688e-04 0.1732e-02 0©.2969e-04
i s cums sums Borls P r|tych enko made them
0.2117¢-02 0.4715e-04 0.1514e-02 0.334Be-04
0.2194e-02 ©0.523%9e-04 0.1472e-02 0.26730-04
0.2222e<02 0.4837e-04 0.1433e-02 0.2804e-04
0.1877e-02 0.3468e-04 ©.1260e-02 0.19168-04

machine readable (~4k data points).

Fe{p,nex) DTY at Ep

7.5 dep. 30 deg.

0.3537e-02 0.6236a-04
0.3592e-02 0.81290-04 ©.3%47e-02 0.6101e-04
0.3803a-02 0.8184e-04 0.3758e-02 0.5935e-04
0.3859e-02 0.8213e-04 0©.3691e-02 0.6101e-04
0.38410-02 0.73120-04 0.3747e-02 0.5884e-04
0.3869e-02 0.8011e-04 0.38620-02 0.548%-04
0.4405-02 0.82940-04 0.4020e-02 0.5938e-04
0,39358e-02 0.8330e-04 0.3572e-02 ©0.6035e-04
0.32040-02 0.56956-04 0.32440-02 ©0.35920-04
0.,31510-02 0.5333e-04 0.3041e-02 0.4271e-04
0.3143e-02 0.5252e-04 0.31510-02 ©.3840e-04
0.26790-02 0.47940-04 0.2732e-02 0.3947e-04
0.2582e-02 0.45620-04 (.26820-02 0.3853e-04
0.2645@8-02 0.46050-04 0.260%2-02 ©0.3173e-04
0.24760-02 0.4395e-04 0.2586@-02 0.44256-04
0.2255e-02 0.4300e-04 0.2280e-02 0.3430e-04
0,2280e-02 0.3804e-04 0.2393e-02 0.3147e-04
0.2376e-02 0.4353e-04 ©.23440-02 0.42130-04
N.2114a-02 0.27420-04 0.2139e-02 0.2056e-04
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MM Meier et al (1968)-C0171.013

OCR processing is not accurate for
numbers in general.

g Biap [deg]

Fe(p,n+x) double differential thick target yields (Ep=113 MeV)
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Gadioli et al’s (p,o+x) do/dQdE (EXFOR# 02263)

ionale di Fisica Nucleare

INFN/BE-73/5
14 Dicembre 1973

E. Gadioli, 1. Iori, N. Molho and L. Zetta: (p,a) REACTIONS ON
HEAVY NUCLEIL

68G 1B :TA(P» ALPHA) 16.6 PMEN JC (EC. 275773

Cr EN tIGHA ERR CH EN S1e€vMa ERF CH EN SIGHMA FRR

MEV  MICR/SIeMEYV MEV MIZR/SReNEV MEV MICR/SIeMEV

Fe9 ol ol Cet o o 9% ol «C
9.8 - o) 1.1 o) ) | ) el «J
1C.7 «0 o0 11.¢ o o 11.¢ ol o
11.7 ) o 12.9 .9 -4 12.3 1.1 5
12.6 « 4 3 12.9 .5 ol 12.2 5 . 4
13.5 1.1 5 13.3 el - 5 Lyel 1.8 1]
14.4 9 ol 14,7 . P | 15.( 3.5 .S
15.3 7 4 156 a1 -8 159 L 9
1¢6.2 6.C 1.2 1.5 4,2 1.C 16 .F 55 1.1
17.1 5.8 1.1 17.4 7.3 1.3 17.7 be2 1.2
18.C 9.5 1.5 18,1 10.C 15 18 .¢ B.4 1.8
13.9 12.6 1.7 19.2 195 1.9 19.5 15«1 1.8
19.8 17.5 2.0 (.1 1E.¢ 2.C il L.t 25.7 2.4
290.7 23.7 2,3 21.) 31.3 2.6 21.> 51.3 246
21.6 33.5 2.7 €1.9 31.5 2.8 22e¢ 35.C ‘e 8
22.5 2h. 6 2.4 228 2442 2.5 23.1 26.8 2.8
23.4 25.9 2.4 22,7 275 2ot 4.0 el .4 es2
24.3 23.9 2.3 28 .6 1i.5 1.3 24.7 12.9 1.7
25.2 12.4 1.7 2%5. 11,5 1.¢ 5.t 8.9 1.4
25.1 5.5 1.1 26 Yel L) 26473 3«5 9
27.1 1.1 5 27.4 N o €77 L] 3
28.90 2 ol 2,3 « b «3 2846 U o)
28.9 o0 o z9. et o €9t o Y
29.8 P | « U Jial o) . Juen o) s)
3C.7 o o0 Ll G ol o 11,2 el ol
3l.6 J o 31.9 . ot 32.° ) )
3Z2.5 «C o0 2. oC «C 23.) sl ol
33.4 - . 33.7 o) o) S4.0 o) o)
38,3 «C Ny Ju,¢ ol oC 4.5 ol LS
35.2 ol oM 355 o P 353 -t o)
36.1 o o0 16, ol o Ibel oL ol
37.9 9 o 37.3 . ) ) 370 «) .

NDS received a report copy (incl. ~15 k
data points) from Australia by post.

NDS created a pdf copy (not good for
OCR), sent pdf and original to Moscow.

The compiler (Svetlana Dunaeva) made
them machine readable, checked the
results against the original .

Svetlana sent the original back to
Australia by post.

Data centres must keep an original
hard copy until completion of final
checking.
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ORELA time of flight spectra (EXFOR# 14324 etc.)

INDC(NDS)-0647
Q 4 » ', IA EA Distr. AC/G/JINCIST
International Atomic Energy Agency

INDC International Nuclear Data Committee

Summary Report of the Consultants' Meeting on

EXFOR Data in Resonance Region and
Spectrometer Response Function

IAEA Headquarters, Vienna, Austria

8 —10 October 2013
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Fig. 4. (Color online) Neutron capture for **Cr oxide com-
pared to ENDF/B-VII evaluation parameters.

These data are compared to the cross sections or trans-
mission calculated using the most recent resonance pa-
rameter set from the ENDF/B-VII library. SAMMY [5]
was used to calculate the neutron capture cross section
and transmission, including all experimental effects. In

Not for direct comparison with
ENDF resonance parameters
because of experimental effects.

2013 IAEA Consultant Meeting
discussed experimental descriptions
for proper use of TOF spectra.

Boris Pritychenko worked with Klaus
Guber in 2015 for release of many
ORELA datasets in EXFOR.

Compilers should know what must
be described in EXFOR for proper

use Of the dﬂxﬂzozsm Feb.2025)



More TOF spectra missing in EXFOR?

———— Mick Moxon’s son informed NEA DB
presence of printouts of “resonance
data” from the Harwell linac.

e \We have only ~10 EXFOR entries

& providing high resolution TOF spectra
measured by him.

A Japanese researcher (retired) also has
a pile of papers keeping transmissions
' from the JAERI linac in his house...

I Extra resource needed to discover and
digitize them for dissemination by
EXFOR.

WANDA2025 (13 Feb.2025)



Kammerdiener’s (n,n+x) do/dQdE (EXFOR# 14329)

Very few actinide (n,n+x) DDX datasets
in EXFOR before EXFOR# 14329.
(2 for 23°U, 1 for 23°Pu)

Boris Pritychenko digitized more than
8k data points from graph images as per
request from Toshihiko Kawano.

OIFFERENTIAL ENERGY SPECTRUM

= % = N9 : X 2 9 7T Y % % | O%oe

- s e og0 the data files may be IOSt °
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ORI Accurate digitization from log scale was
2 H == | challenging.
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Bair’s 13C(a,n)°0 cross section (EXFOR# C0489.002)

PHYSICAL REVIEW C VOLUME 7, NUMBER 4 APRIL 1973

Total Neutran Yield from the Reactions “Cle,n)*0 and %0t 1/ Ne Important in the relation with
Oak Ridge National lnbomr::yld(::; Ridge, Tennessee, 37830 160 ( n’ a) 13C eva I u atio n fo r CI E LO !

Mourd Laboratory, Miamisburg, Ohio
(Received 20 November 1972)

In 1999, NNDC added in EXFOR a
dataset digitized by the NACRE
project.

©  1973Bair (HACRE)

o In 2014, Gerry Hale shared with
. " {~= EXFOR 885 data points originally

(harns)

received from Duane Larson (not
% I an author) around 1997.

AT

1l Fo T ~0.05 :
gt Legacy data in your computer?
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Tovesson’s 240242py(n,f)cross sections (EXFOR# 14223)

PHYSICAL REVIEW C 79, 014613 (2009)

Neutron induced fission of 2*242Py from 1 eV to 200 MeV Se ri eS Of m ea S u re m e nts re I ative to
Oty ey e SR 235U(n,f) extended to 200 MeV (very

J. D. Baker and C. A. McGrath

Idaho National Laborarory, ldaho Falls, Idaho 83415, USA u S Efu I ! )

(Reccived 19 June 2008; revised manuscript received 12 November 2008; published 29 January 2009)

The article does not show
240,242py(n,f)/ 23°U(n,f), and the

< compiler did not request the data,
“mswo || Which are no longer available...

N
! I[l!

cross section (b)
(5]
\

i — ENDF/B-VII
o 20 D JENDL-3.3
0.5y
PR S Data centres must have compilers
10° 10’ 10°

£ (eV) having good nuclear data background

FIG. 11. Measured **’Pu(n, f) cross section from threshold to .
200 MeV. The 3% uncertainty in the overall normalization is not nd can Ju dge what must be

shown. The experimental data are compared with the ENDF/B-VII

and JENDL-3.3 evaluations. p reserve d .
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Arlt et al’s absolute o; measurements (EXFOR# 22304)

Author Keference Ahas, translation, source Cross section (b)
Laboratory KRl  KRI 21K ZiK TUD ZIK
EMcV) 192 147 48 85 147 188
n.SOuUrce DD DT D-D D-D D-T D-T
EXFOR 22304.005 COUUELIC, 510,191 1.773(33) 2.395(40) 233059
22304.009 CIOUUELIC.510,1991 2449021
40927.006 J.YK..(4).19.1986 2.01(5)
30706.006 SZFK-592,152,1986 2.457(88)
30706.005 SZFK-592,152,1986 2350644)
30706.004 SZFK-592,152,1986 1.740¢35)
40911.007 C.83MOSKVA 2,201,1983 2.309(28)
51001.003 JAES55218,1983 2.309(29)
51001.003 JAES5218,1983 T30E%)
40547.017 C.79KNOX..995.1979 2305051
40547.009 R.YK-24.8.1977 2.620046)
199105 Merla+ CODUELIC, 3101991 1.773033) 2.395(30) Z44N2TF 2413039
198612 Shpakov  J.YK,(4),19,1986 RINDC(CCP)-302,33,1989  2.01(5) 1.740033) 235044 T4%7(88)
198604 Herbach+  SZFK-592,152.1986 S.INDC(GDR)-42.152,1986 1.740(35) 2.350044) 2.487(88)
198510 Kovalenko+ J.IP.21.344,1985 1.739034)* 2406(70% 2.394(24) 2.47%86)
198506 Herbach+  RINDC(GDR)-36,1985 1.740035F 2.350(44/¢ 2.487(88)
1985035 Herbach+  RINDC(GDR)-35,1985 1.740(35) 2.350044) 2.487(88)
198410 Arlt+ JAE.57.249.1984 J.SJA 57.702,1985 240C7)
198312 Alkhazov+ C83MOSKVA,2,201,1983 2309028V [2.385)¢
198310 Arlt+ C.83KIEV.2,129,1983 240(7)
198310  Dushin+ JAES5.218,1983 J.SJA 55.656,1984 2.309(30) 2.377(23)
198310  Dushin+ JAES55,218,1983 J.SJA 55.656,1984 pEETELT] 2.394(24)
198212 Arlt+ SZFK-491,135,1982 S.INDC(GDR)-26,135,1982 2.394(24)
198102  Arht+ JKE,24.48,1981 2.505(45) 2.394(24)
198006  Arlt+ PINDC(GDR)-12.9.1980 2.505(45) 2.304(24)
198005 Arlt+ PZFK-408,.26,1980 SINDC(GDR)-14.26,1980 2.505(45) 2.394024)
198001  Arlt+ SZFK-410,122,1980 SINDC(GDR)-133,122.1980 2.505(45) 2.394(24)
197910 Arlt+ C.T9KNOX..990,1979 2.505(45) 2304024
197910  Adamov+ C.TIKNOX.995.1979 2.505(51)4
197906 Arlt+ PZFK-385,18.1979 2.360(26)
197901  Arlt+ S ZFK-382,180,1979 S.INDC(GDR)-9,180,1979 2.360(28)
197704 Alkhazov+ CTTKIEV3,155,1977 2.620046)
197703  Adamov+ R.YFI1-23,17.1977 2.620(46)
197700 Adamov+ R.YK-24.8.1977 2.620(46)

History for 23°Pu(n,f) at 6 energies (1977-1991)

D-D and D-T neutron fission cross
sections measured at a few
energies with ?H(d,n)3He and
3H(d,n)*He recoil detections.

Many publications in 1977-1991
without citations. It is very hard

to know how many independent
measurements were done.

Needs to trace history of each
experimental project by the
same compiler of the centre.
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Little’s o, for 232Th total (EXFOR #10956)

NUCLEAR SCIENCE AND ENGINEERING: 79, 175-183 (1981)

EXFOR 10956.003 provides

Neutron Capture and Total Cross Section of 739
et B o roe e et 19.1+0.04 b as the 23°Th+n thermal

R C_ Lt & C. Blockand . .t Total cross section interpolated from
T T TOF data points from RPI. Looked too
Rt Mok, etk g mom small for me.

Iranaminecen reacerrant et maols
M/"r? APL o _birion accelbroaln ono Xhy

C}//l el 2 Aefoimmire Zhe Xetold . .
W«Z:fy 7532 72 emcllesd polet Little’s letter in Nov. 1981 was

- Aol WOMO/M@A

4
ENOF/G- (aut,‘: ) ENOE/S - . .
Tl sty g o A ol 4V scanned (with other CSISRS archives

A A A in McLane’s office) by NNDC. It shows

&zonw,ﬂaa.?«uwaﬁ-\‘w ~d eV wndd

EVOF 16-TE . O A Ao, L oond ot the uncertainty must be 0.4 b.

cuo aeckin 4o Ue /9.1 0Y | EnpF/ATE

- 1

e -
L g
Y

Wi Not only numerical data but private

Oe = /922 b, and EnNPF/8-T e
Ue = 7035 b ot wmel -

7Ze RPT ang o a 1 1
””‘m":”i o bt communications between data
Aheckrgey (o, 15 SBaun Q herine 4
P i W centres and authors must be
e preserve ’ WANDA2025 (13 Feb.2025)



Summary

 Redoing an experiment is a waste of money. Worth spending money to add
legacy data in EXFOR.

* Where are legacy data? In cartons in a warehouse? In your computers?

 The authenticity of the discovered legacy data is important if they are
received via a third person not involved in the experiment.

 Compilers must have good nuclear data background so that they can judge
what can/must be kept in EXFOR. (This requires proper training.)

e Centres are busy for regular compilation (e.g., ~¥450 articles are waiting
compilation by NNDC). Legacy data compilation requires extra resource.

WANDA2025 (13 Feb.2025)



Thank you!
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View of Vienna International Centre (VIC) Buildings from Kaiserwasser
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