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J.H. Kelley (NCSU/TUNL) - USNDP Structure Group Leader

Nuclear Data
1. What 1s 1t?
2. Where do I get 1t from?
3. What 1s my role?
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What is Nuclear Data”? TUNLv

* Early “large-scale” Nuclear Data Program
was strongly correlated with the Manhattan
Project.

- Fission and criticality
- Neutron cross-sections

- [B-decay energy production

* Description 1s too narrow

* Nuclear data 1s the product of nuclear
science research.

* Description 1s perhaps too broad
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Nuclear Data Evaluation TUNLv
) i (r o

® Nuclear structure and decay data

@ Experimental facilities and detection techniques
® Nuclear data measurements and analysis

@ Nuclear theaories, models and data evaluation

® Standards

® Evaluated nuclear data Iihl'a_r'ies and processing ) . . .
@ Validation, benchmarking of evaluated data too academic for - the applied science community

® Integral experiments
@ Uncertainty quantification
® Data dissemination and international collaboration

.. foo applied for the basic research community

® Fission energy applications In this talk ITwill focus on Compilation, Evaluation and
@ Accelerator-related applications Dissemination of nuclear data, and on organizations
® Fusion technology applications that perform these activities.

@ Dosimetry and shielding applications

® Safeguards and security

® Space, cosmic-ray applications, radiation effects on electronics
@ Astrophysics and cosmology applications

@ Medical and environmental applications

c NC STATE [ETH ) B it R
Duk \’ UNN 9595!1 lr ’-@ ai.{ CHAPEL .I.Ill.l.. .

UNIVFRSITY



Compiled and evaluated nuclear data libraries

* Today we have several original data libraries for Compiled and Evaluated data. These
include:

- NSR: Nuclear Science Reference Database: how to find original publications

- ENSDF: Evaluated Nuclear Structure Data File: recommended level parameter data
and decay data

- ENDF: Evaluated Nuclear Data File: Recommended cross section and decay data

* How did we get to the “modern™ era?
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Periodic table by era of discovery V-T-E
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Aristotelian theory of and the development of “hunting emissicn line signatures™ elements to be reactors)
matter, and Laveisiers  atomic theory for discovered; recognition of
definition of a chemical chemistry the atomic number as
element defining an element

i Frumdecay i Synthetic Border shows natural occurrence of the element
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https://en.wikipedia.org/wiki/Earth_(classical_element)
https://en.wikipedia.org/wiki/Water_(classical_element)
https://en.wikipedia.org/wiki/Air_(classical_element)
https://en.wikipedia.org/wiki/Fire_(classical_element)
https://en.wikipedia.org/wiki/Aether_(classical_element)

Compilation and Evaluation TUNLv

Oxford Dictionaries

The world’s most trusted dictionaries

Compilation: from Latin compilare (14" cent)

“the action or process of producing something o
by assembling information collected from other :
E TABFI L E RIA?@DV l‘EVl K BIBL IOGRAFI A

SOurces ndids DELLE [‘RASMU[‘A?IONI ARTIFICIALT

in scientific fields it serves as a convenient
source of detailed information

o

Evaluation: from French évaluation (1642)

“the making ofa judgment about the amount,
number, or value of something; assessment”

a good “evaluation” always involves
“compilation”

courtesy of E. Browne (LBNL)
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A walk back in time...

The Constitution of the Elements.

In continuation of my letter in Narure of March 4,
further experiments on mass-spectra have been made,
the results of which may be briefly announced as
follows :

Boron (atomic weight 10-g9) is a complex element.

The Constitution of the Elémenls.

Since my last letter under the above title.in NATURE
of July 1, experiments have been made with a few
more elements. The work has been progressively
more and more difficult, for it has not been easy to
find volatile compounds suitable for use, and when

Table of Elements and Isotopes.

Minimam

ItSH 150topes aﬂ.} Ir:.' and 11, b{ltlffai:tﬂrtl}: ca_:nnﬁrrncd I;!}r found the very objectionable chemical properties of :115.-':[ :l:?nnh‘:j' i:?;:: ﬁ;-:ur:;g:;:[ M“:;'gzﬂi;:ﬂfmi:;mdt
second-order lines at 5 and 55. Fluorine (atomic some of them have led to experimental trouble and H I 1-008 I 1008
weight 19-00) is apparently simple, as its chemical | disappointing results. Thus selenium, tin, antimony, He 2 399 I 4
atomic weight would lead one to expect. and tellurium have so far yielded no result of any B 3 10-90 2 11, 10
The results obtained with silicon (atomic weight value. o ) . C 6 12-00 L Ia
28-3) are somewhat difficult to interpret, and lead to .13gSirtt.;‘ﬁ:ﬁlﬁrﬁnr:ﬁgiraﬁa&;u:&?ct: EI%T tpr;,fgg?ﬂ E:hae 3 E iéﬁﬁé I :3
the i:‘(?ﬂ-:‘IUSlDI_i that this element has isotopes 28 and simple clement of mass 127—a result satisfactorily F 0 Ig-00 X 14
29, with possibly :anathf;':r 30. . . ) confirmed by a single line at 142 corresponding to  Ne 10 20020 2 20, 22, (21)
Bromine (atomic weight %g92) is particularly in- CH,1, the vapour used in the experiments. This result Si 14 2830 2 28, 29, (30
teresting, for, although its chemical atomic weight is has particular interest in view of the recent work of P 15 3104 1 3T
so nearly 8o, it is actually composed of approximately Kohlweiler {Zeit. Phys. Chem., vol. xcv., 1920, p. a5k ‘s b 32-00 I 32
equal parts of isotopes 79 and 81. - who deduces five isotopes of iodine, all of even Cl a7 3540 2 35 37, (30)
’ Sulph ‘e weigh .06) h domi integral atomic weights, and claims to have effected A 18 3988 2 40, 36
ulphur (atomic werght j3z-0 :' as a predominant a considerable separation of these by diflusion. As 33 7496 I i
constituent 32. Owing to possible hydrogen com- Owing to the kindness of Prof. Collie and Dr. Br 33 7902 2 79,81
pounds the data are as yet insufficient fo give a Masson in providing me with a sample of gas rich in Kr 30 B2z 6 84, 86, 82, 83, 80, 78
decision as to the presence of small guantities of xenon, I have been able to identify two more probable I 353 12692 ! 12y
isotopes of higher mass suggested by the atomic isatopes of that element and obtain trustworthy X 34 13032 5, (7) 120, ¥32, 1312134,
eicht - values for the atomic weights of the five already 136, (128, 1307)
werght. found. The provisional figures given for these turn Hg %0 20060 (6) (197-200), 202, 204

Phosphorus (atomic weight 31-04) and arsenic
(atomic weight %4-06) are also apparently simple
elements of masses 31 and 75 respectively.

No line given by the above elements shows anw.
measurable divergence from the whole number rule.

F. W. Aston.

Cavendish Laboratorv, June 2o,

out toe be too low, The wvalues gquoted below were
obtained from the position of the second-order line
64-5. They should be trustworthy to about one-fifth
of a unit.

Additional evidence on argon leads to the conclusion
that its isotope 36 need no longer he regarded as
doubitful,

The following table gives the results to date:

{(Numbers in brackets are provisional only.)

F. W. Astox.

Cavendish Laboratory, November jo.

Nature, July 1920 Nature, Decemberl220
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Approaching the modern system TUNLv

REVIEWS OF Nuclear Physics
M O D E R N P H Y S I C S C. Nuclear Dynamics, Experimental*

M. StanpLEY LivincsToN AND H. A. BETHE}
Cornell University, Ithaca, New York

VoLuMme 9 JULY, 1937 MNUMEER 3
TasLe LXXIV. Nuclear excilalion levels,
| LEevEL I
| |
' Energy | Width | Nuclear | Spectr, | !

Nucieus| Ne.| MV | kv Mass | Symbol | Class | Sousce y-RAYS
LiT | 1| 044 — | 7.01865| Pyeuw | A |  Lid-d-pP ~04 LiTa-a
Bes 1 29 | T80 B0111 | Bll.paP, Bd-aF

2 |~438 ! ~ 14 80131 D, g B Lif-e—P 17.5 MV 4—=0

3 | 6-12 | Large | 8.014-20 o Brtd-gP, Li%¢-al 1014 MV 4—1, 2

41750, 9 802672 | 1w A Li'-p-vR {from Li'™-p-y)

5| 1786 | Large | 8027 11 g | B Li*-p-vR | {from L¥-p-v)
[1gro 1 24  Small | 10,019 3 | 1D g? | C Betd-pP ? |
Heo 1 0.5 - 100169 Sg? B Bet-d-un P

2 2.0 10018 5 Dg? | B e

3| 33 | ¢ |10098 | pg? | B N

4| 728 | Large | 10,024 13 ' B | Ee’jr-*rﬁ (from Be*-p-v)
Bt | 1| 2.14 ismu 1101522 | Pu? | A | BudpP

2| aas ! n0i7es | Fai | B ' :

decay energy, half-life/width, production mechanism, decay
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JANUARY, 1940 REVIEWS OF MODERN PHYSICS VOLUME 12
A Table of Induced Radioactiviti
able ot Induce adioactivities |
.44003 E»gu;vg N |
J. J. Livingoop AND G. T. SEABORG o] | -.]F TN 10 28 - PR
Jefferson Physical Laboratory, Harvard University, Cambridge, Massachusetts, :‘3- 19&1{0}3&8& %ﬁghf m
and Departments of Chemistry and Physics, University of California, Berkeley, California ée.Essm..iam E.!‘QPL.L*‘
Vel EFR ol
E.Eﬁg&.-'
TE&_"H g
e% 1.} 5 ¥e
51 126.92 - 131:3

The subsequent editions of Table of Isotopes il 02l

G.T. Seaborg, /bid. 16, 1 (1944)

G.T. Seaborg, L Perlman, /bid. 20, 585 (1948)

J. M. Hollander, I Perlman, and G.T. Seaborg, ibid., 25, 469 (1953)
D. Strominger, J.M. Hollander, G.T. Seaborg, ibid., 30, 585 (1958)
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Katherine Way TUNLv

} In 1938 Kay Way earned a PhD in nuclear theory from the University of North Carolina with John
Wheeler. Wheeler once noted she nearly stumbled on a theory for fission when she could not
resolve the behavior ofa high-spin and high-charge liquid drop. Eventually she landed m the
Manhattan Project at the Metallurgical Laboratory in Chicago, where she worked on reactor
design, evaluation ofreactor constants and the organization ofradioactivity data on fission
products. Theoretical work there with Eugene Wigner led to what became known as the Way-
Wigner formula for fission-product decay.

| Kaysystematized the vast quantities of Manhattan Project results, at first as a hobby and
' J eventually as the work that absorbed her effort for the remainder of her professional career.

In 1945, Kay joned the Clinton Laboratories n Oak Ridge and continued her analysis of fission products and began collecting and
organizing data on nuclear decay. Kay also provided the semmalidea for what has become Oak Ridge Associated Universities.

Moving to the National Bureau of Standards (DC) in 1947, she devoted herself ful-time to the data evaluation needs ofthe basic and
applied research communities. She coauthored a series of nuclear data sheets that later evolved nto the Evaluated Nuclear Structure
Data File (ENSDF) and with endorsement ofthe National Academy of Science she created the Nuclear Data Project m 1953.

In 1964, Kay moved to ORNL and arranged with Academic Press to establish a journal Nuclear Data (Sheets) to publish the
extensive data that she and her colleagues had prepared, and in 1965 she was instrumental in establishing a second journal, now
titled Afomic Data and Nuclear Data Tables. Kay persuaded the editors of Muclear Physics to add keywords to the title page ofeach
article, a practice that has evolved into the Nuclear Science Reference File. After retirng from ORNL n 1968, Kay relocated to TUNL
where she continued as ADNDT editor until 1982 before retiring in 1988. (Sources: Physics Today

obituary/ Wikipedia)
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Evolution of the USNDP and National Nuclear Data Center

In the early 70’s, the NSF and National Academy supported creation of two rounds of NIRA scholarships (71° and
73”) that supported 12 post-docs to carry out a prompt update of structure information for Nuclear Data Sheets. Soon
after this, the structure and decay data centers formed the US Nuclear Data Program formally connecting
NDP/ORNL, Isotopes/LBL, Idaho(Charlie Reich), U Penn(Fay Selove) and BNL(with Sol Pearlstein). Around 1974,
the US and international collaborators formed the Nuclear Structure and Decay Data (NSDD) network of evaluators
that is coordinated by the IAEA. The network accepted the general policies and procedures developed by Kay Way
and followed by the NDP/ORNL. The NSDD developed and took on responsibility to maintain the Evaluated
Nuclear Structure Data File (ENSDF).

At Brookhaven, the Neutron Cross Section Compilation Group seeded from the Manhattan Project in 1951; they
produced the BNL-325 neutron cross-section evaluations. Around 1960 the group was renamed as the Sigma Center
and a new Cross-Section Evaluation Group was formed that worked closely with the Sigma Center. In 1967 the two
groups merged and became the National Neutron Cross Section Center, and they began producing the Evaluated
Nuclear Data File (ENDF).

In 1977, with the hire of Jag Tuli, BNL took on additional responsibilities involving nuclear structure and decay data
evaluation and they became the National Nuclear Data Center. The NNDC began providing access to nuclear data
via telnet in 1986, and via WWW in 1994. In the late 1990s, under Charlie Dunford’s direction, the scope of the
USNDP was broadened to include management of the ENDF.

TUNL joined the NSDD in 1992 following Fay Ajzenberg-Selove’s retirement.
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National Nuclear Data Center: the primary ND dissemination center in the US

f % National Nuclear Databases Structure & Decay Reactions Resources
Data Center

. —
XUNDL ENSDF | i

.13 I-:--- --E' - :T: . .

8 patabases | MIRD Reference and publication

i -

HHE

J Evaluated Nuclear Structure
= Data

i Evaluated Nuclear Reaction
i cross section data

[ TRERTEE T
Chart of Nudides ; D
I.-n. __|.' ]!.f.

Atlas of Neutron Resonances

Tool and Publications

Nuclear Data Sheets

Nuclear Wallet Cards

THE UNIVERSITY
u_f' NORTH CAROLINA
at CHAPEL HILL

UNIVFRSITY



National Nuclear Data Center: the primary ND dissemination center in the US

f National Nuclear Databases Structure & Decay Reactions Resources

Data Center
i Reference and publication
database

Atlas of Neutron Resonances

Tool and Publications

Nuclear Data Sheets

Nuclear Wallet Cards
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Evaluation begins with Compilation of published results

Nuclear Science References (NSR)
NSR Reference Paper NIM A 640, 213 (2011)
Database version of June 21, 2023

The NSR database is a bibliography of nuclear physics articles, indexed according to content and spanning more than
100 years of research. Over 80 journals are checked on a regular basis for articles to be included. For more
information, see the help page. The NSR database schema and Web applications have undergone some recent
changes. This is a revised version of the NSR Web Interface.

Archive files from previous versions of NSR can be found here.

| CQuick Search l ( ( ( ( (

Author |
Brown or B.A.Brown

Nuch'de| |
31Nz orca-38

Reactfﬂn| |
n,g or (n,gj or (160, 160)
Publication Year from [1857 2| to [2023 2|
Reference Type®All OExperiment OTheory
Output Format@HTML OBibTex OText

I:S ea rch] |:Reset:|
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Nuclear Science Reference database (NSR)

r/ r/ . Indexed Search l r/ r/ (

Initialization Parameters

Publication year range- [1857 < | to [2023 < |

Primary only{#  View All:[[]  Require measured quantity {8 Mot in EXFOR{)
Output year order: (OAscending @Descending

Output farmat: @HTML OBibTex OText OKeynum (OExchange

(®Search all entries ()Search entries added since I:I:i v | / |:22 v | / |:2[]23 v | (month/day/year)

Search Parameters

[Nuclide v ||1005n 2019PA16  Phys.Rev. C 99, 034313 (2019)

AND

|.' Target h HQEE 1.Park, R.Krucken, D.Lubos, R.Gernhauser, M.Lewitowicz, S.Nishimura, D.5.Ahn, H.Baba, B.Blank, A.Blazhev, P.Boutachkov, F.Browne, [.Celikovic, G.de France,
AND P.Doornenbal, T.Faestermann, ¥.Fang, N.Fukuda, J.Giovinazzo, N.Goel, M.Gorska, H.Grawe, S.llieva, N.Inabe, T.Isobe, A.Jungclaus, D.Kameda, G.D.Kim, ¥.-K.Kim,

|'_ Measured .||E-|—DECAY I.Kojouharov, T.Kubo, N.Kurz, ¥.K.Kwon, G.Lorusso, K.Moschner, D.Murai, I.Nishizuka, Z.Patel, M.M.Rajabali, S.Rice, H.Sakurai, H.Schaffner, ¥.Shimizu, L.Sinclair,
) - P.-A.Soderstrom, K.Steiger, T.Sumikama, H.Suzuki, H.Takeda, Z.Wang, H.Watanabe, J.Wu, Z.¥.Xu

I:S ea rch] |:Reset:|

New and comprehensive B- and Bp-decay spectroscopy results in the vicinity of 1005n

The value ofthe |raproacTvrry 87,88,88m 86,89,91,91mp,, 90,90m,91,91m,92,92mpy, 92,93,94,95,95mpy 94,94m,95,96,96m g 96,96m,97,57m,98,99¢q 98,38m,98,100,101y,
. 101gn(pt), (Btp)lfrom ®Be(l24xe, X), E=345 MeV/nucleon]; measured Ey, Iy, yy- and By-coin, Btp spectra, half-lives of ground states and isomers from p
NSR 1S ﬁ'Ol’l’l the decay fy-coin, and Bp decay curves, Q(p*), and %b*p branching ratios using the WAS3ABI double-sided silicon strip detector array for Bt detection and the

eﬁ‘ort to Euroball-RIKEM Cluster Array for ¥ detection at RIKEMN Nishina Center. 88pp, 88,839,917, 90,51,32p,, 52,8384ph 55.56pg, gﬁfg?hg; %8cd: deduced levels, J, n,
multipolarities, B feedings and logft. Comparison with Serduke-Lawson-Gloeckner empirical shell model in proton and neutron piy2 and ggy/2 model space below

produce usable |*sn core.
keywords

NUCLEAR REACTIONS 2Be(124Xe, X)37Ru/33Ru/8%Ru/%0Ru/%1Ru/2Ru/%3RU/EORN/21RN/92RN/23RN/24RN/35RN/21Pd/%2Pd/%3Pd/4Pd/%5Pd/5Pd/27Pd/ 93 Ag/ 4 Ag
/958098 ag/%7 Ag/98 g/ %5 Cd/ %5 Cd/ 27 Cd/%BCd/ /%5 Cd/ 27 In/28In/3%In/1001n/995n /100510150, E=345 MeV/nucleon; measured yields, particle identification plot
using BigRIPS and the ZeroDegree spectrometers, Bp-TOF-AE technigue with position-sensitive parallel-plate avalanche counters, plastic scintillators and gas-
filled ionization chamber at RIBF-RIKEN facility.

doi: 10.1103/PhysRevC.99.034313
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Learn More

Muclear Instruments and Methods in Physics Research A 640 (2011) 213-218

Contents lists available at ScienceDirect = wLEan
Nuclear Instruments and Methods in e

Physics Research A

ELSEVIER journal homepage: www.elsevier.com/locate/nima

The Nuclear Science References (NSR) database and Web Retrieval System
B. Pritychenko®*, E. Bétak®, M.A. Kellett®, B. Singh¢, J. Totans?

* National Nuclear Data Center, Brookhaven National Laboratory, Uptor, NY 1197 3-5000, USA

b Institute of Physics, Slovak Academy of Sciences, 84511 Bratislava, Slovakia

* Nuclear Data Section, Intermnational Atomic Energy Agency, Vienna International Centre, P.O. Box 100, A-1400 Vienna, Austria
4 Department of Physics & Astronomy, McMaster University, Hamilton, Ontario, Canada L8S 4M1

ARTICLE INFO ABSTRACT
Article history: The Nuclear Science References (MSR ) database together with its associated Web interface is the world's
Received 10 February 2011 only comprehensive source of easily accessible low- and intermediate-energy nuclear physics biblio-

Received in revised form
10 March 2011
Accepted 11 March 2011

graphic information for more than 200,000 articles since the beginning of nuclear science. The weekly
updated NSK database provides essential support for nuclear data evaluation, compilation and research

Available online 21 March 2011 activities. The principles of the database and Web application development and maintenance are
described. Examples of nuclear structure, reaction and decay applications are specifically included.
Keywords: The complete NSR database is freely available at the websites of the National Nuclear Data Center

Muclear databases
Bibliography
Semantic analysis
Muclear structure
Reaction data
Decay data

http://www.nndc.bnl.gov/nsr and the International Atomic Energy Agency http: //www-nds.iaea.org/nsr.
Published by Elsevier B.V.
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Nuclear Structure Databases TUNLv
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Evaluated Nuclear Structure Data File (ENSDF

Kay Way worked on evaluation of reactor constants and the organization of radioactivity data on fission
products. She systematized the vast quantities of Manhattan Project results, at first as a hobby and
eventually as the work that absorbed her effort for the remainder of her professional career; she
coauthored a series of nuclear data sheets that later evolved into the Evaluated Nuclear Structure Data File
(ENSDF) and with endorsement of the National Academy of Science she created the Nuclear Data Project

b 1 953 NUCLEAR DATA SHEETS
m . NUCLEAR DATA CUMULATED INDEX TO A-CHAINS
A_Kuclel Reference Date A Muclei Reference Date A Nuclel Refarence Date A_ Muelel FReferemce Bate
A Journal Devoted to c‘f’“"’””““ﬁ apd Evaluations tow T 67 28 ADS 35.741 19€3 | 133 €3 DS [1.493 1974 | 169 M DS 24,57 1978
A — ] 8 2 of Experimental and Theoretical Results in Nuclear Physics HEN o wasiy aenet| o8 B R Sl e tee
- 4+ He WP 2061 1973t [ 70 138 Xe.Bs 202 Wy HDS 25,675 1978
. 3 TI NDS 24,117 1978
Published in Two Sections, A and B " WdiiEs e | v H far s ; 19
" T o HE A413, 50 1884 LE] La 205 TI
& Be WP A413.74 1984 14 Ce 208 Pb
8 Be NP A413,105 1684 78 rr 2OT PO
OB s dase| 7 i 0 m
iz C NP A336,1 1580% kil Nd,Se 210 Fo
211 Pe
Velume Al 3% e aseoias dam | e Tesn fe o
Hf Ta, W, Re, Os, Ir, Pt No. 1 Two-Proton and Two-Neutron Binding-Energy ics and Alpha-Decay Energi o0 b iees | a e o
’ r ’ r o A, H. Wapstra 170 NP 273,72 1682 | 83 52 215 AL
AR 18 0 NP AD0R,1 1983 84 Nd,Sm 216 Po.Rn
Nuclear Transition Probability, B(E2) for 0% = 2* Transitions and Deformation 2o e b A30E.iz0 1993 | 88 3,04 e m
e 15 ara L Eu 216 P
Parameter, £, B oNe  ne aotoias dome | s 2,04 =R
. 23 N NP AJ1D.87 197H a8 d 221 2]
P. I, Stelson, L, Grodzins B ur KP ADID.96 1678 | 90 Gd, Dy 222 R
25 wg WP ADIDLI27 1878 | oI o 221
Compiled by K. Way, December 1965 No. 2 Experimental Excitation Functions for (n,p), (n,), (n,a), (n,20), (n,np), and (n,na) oAb M mronmaaon | o b i
» JR“C“‘"‘; & FD AL B i ne adioezea v | o3 o ey
. Jessen, M. Bormann, F. Dreyer, and H. Neuert 30 SI P Anio.27i o7e | 96 Br.Er 220
Replacement for pages 60—1—125 though 601141 ' ' ! u P w9 e =
and 6-2,3-284 through 6-2,3-286 of Nuclear Data Sheets Future Nos. Charged-Particle Cross Sections for Li, Be, and B i e I s 2
F. McGowan, W. T. Milner, H. J. Kim :i :s; g - :::
Directory to Nuclear Data Tabulations h4 o s i
h . N 1 d da h foll. g 1 K. Way, F. Hurley, H. Voress .‘:: :3: ;: :g;
Level schemes, compilers’ analysis sheets, an ta sheets follow immediately.
y r ¥ : ¥ Total and K Conversion Coefficients and L Subshell Ratias b 108 ™ 5
. H. Hamilt R. G, 7 . C. 5, A, V. . Nooijen, 43 108 L z
Ref planations of ions, symbols, and abbreviations are at the / EF Zéonar IG ;ﬁ:ﬁﬁ:;},‘i €. Pancholi, A, V. Remayya, B. van Necijen i i W B
. F. , I M. e 242
back of this issue. ’ b ht H B
o 13 e 245
i 114 Hew 246
Policies and bases for spin-parity i are di ibed in the front of the Yolume Bl Nuclear Data Sheets b HH - bt
first issue of each volume. 51 i r 248
No. 1 A =182, 183, 184, 185 1978 5 a 1 100 e
Explanation of repost identifications (BNL, ISC, ete.) and a list of USAEC No. 2 A = 186, 187, 185, 189 o Leaflat B i u” B
Depository Libraries in countries outside the USA through which reports may : e b ] o s
be obtained are given with the reference section of the first issue of each No. 3 Recent References - i e gLEe e
volume. References to reports are not used if a journal reference is available. & 120 oa.r o8 Pade
) Future Nos. A =213—, A =—B3, A = 140148 s 120 " 200
Please refer to a specific Nuelear Data Sheet by using the number at the bottom I 130 PLHE 262
of the page in the following way: Nuclear Data B1-1-69 (1966). I - B Te,Ba  HDS 17,223 1878 ‘!\-I:‘u. w03 10301 1ams |
Published by Academic Press Inc. BIPLANLTION
111 Fifth Avenue, New York, N.Y. 10003 The cusulsted index gives, for each mass value &, the most recent evalustion of
exprrinental inforastion om levels of nuel b that A-walue
Section At Volume 1, 1965-19%66 (b issues): $15.00 Single Issues: £3.00 HUCLE The beta-stable meaber(s) of his A-chaln
Section B: Volume 1, 1966 (6 issues): 515.00 Single Issues: $3.00 b A L S vor.0, poazs
Nuclear Data Sheets (1958-1965): Complete Set (10 issues): $55.00 Single Issues: $6.50 KOS B4,26% = Ruclear Dats Sheets, vol Bi. p.26d
Date The year In which the evaluatien was published
I Subseription orders should be sent to the office of the Publishers ap Tadicates that s revision is In progress. see opposile page
- N - e doing the revisfon
Copyright©1966, Academic Press Inc. for the aws conters dzing !
Al Unpublished partial evaluatlons fer A = 1-4 sre included In ERSDF
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ENSDF interface

Nuclide, Mass, or Symbol: _

Quick Search

Use this form to retrieve datasets based on reaction-related quantities. Non-blank
criteria will be "anded" together to filter the datasets. The "Z range" and "A range"
quantities refer to the nuclides for which datasets will be retrieved.

Indexed reaction values: (
Nuclide Z range:
Nuclide A range:

Reaction:

Target: [N
Subject:

Q, search ) Reset

Quick Search

Q search 'O Reset

NC STATE

UNIVERSITY

UMg,, 1 From ENSDF - Evaluaicd March 2022 Mg -1

Adopted Levels, Gammas

History
Type Author Citation
Full Evaluation M. Shamswzoha Basunia, Anagha Chakraborty NDS 186, 2 (2022)

Literature Cutoff Date
31-Mar-2022

Q(F ™ )=—13884.77 23; S(n)=16531.22 3; S(p)=11692.69 I: Qa)=-9316.56 |
S(2n)=29676.23 16, S(2p)=20486.805 22 (2021Wal6).
Other rﬂclinns:

2021Wal6

M 30 McV; measured Ey, i]:»arllcl:n -coin.

“{JI 1F IH‘ ”( ( “( ) l =12, I? ﬁ 20 \|:\ measured reaction products " Mg: deduced “'\lg excited stales and reporied
e sonance :mrg:cﬁ a: 1‘.“ MeV 20 and 14.25 McV 20,

2001Di12: M BN, (! C). E=29.5, 45 McV. Mcasured partick spectra, fusion o. Deduced ‘l\{g 6-a docay foatures,
isospin purity/mixing in ‘t\|g at excitation energy ~47 MeV, GDR y-cmission features,

2006Va20: BSi(p.p X)¥Mg. E=1 GeV: messured Ey; deduced o

Mg Levels

Cross Reference (XREF) Flags

A MNag decay (14.956 h) N ﬂNm.;::R:.\onm, Others:
B 2 = - 0 Do ara)ds rResonances  AA Coulomb excitation
c P ONe(SLid)LLi AB  MMgia.a'y)
D Q ::Nﬂ’Hc.ru AC  BMgPLifLY)
E . R I\m PP pX). AD  Mmg('t0, 0y
Py PP )P g
F "‘P £2p decay 5 PNai*He.d)(*Hedy) AE
6 P o decay T PMgiry) AP Mg He'He)
H 2e(12C.y) U Mgles”) AG TAluv3ny)
I '3('1”(',pl:Rcs<mlwc:«' v ”Mglx',x”r.ur x’) AH Hi\llp.ur
J 2C(M4Nd) W BMg(pp)ipol pp). Al BSidSLi)
K 2eime 2oy X ®Mgan'y) A BsiBsixy
L |2l‘_ll"(lul.l|°().r}'1 Y --Mg.‘H: THe')
N Po®Mg2ROMNe2?0) 2 BMglaad)
Eflevel)t ¥ Tporrt XREF Comments
oP 0% stble ABCDEFGH JKL N PQRSTUVWXYZ X Others: AA, AB, AD, AE, AF, AG, AH, A, A)

Sart> (Mg ¥ Mg)=+0.140 fm? 5 (stat) 25 (syst)
(2012Yo01).

<>V Ng)=3.0570 16 (charge radius) (2013An02
evaluation). Others: 3.0570 fm 7 (stat) 48 (syst)
(2012Yo01), 3.030 fm 30 (1971Li26 - (ee’)).

1368.667°F 5 2t 136 ps 3 A CDEF H JKL N PORSTUVWXYZ XREF: Others: AA, AB, AC. AD, AE. AF, AG, AH AL A

p=+1.08 3; Q=-0.29 3

g=0.538 13 (2015Ku05)

T=0 (2015Ku5)

F: L=2in *Mg(pp’). E2to 0%,

Tyz or I': From r=1.96 ps 5: weighted average of mean
lifetimes of (a,yk 225 ps 9 (1973Br33),
(1€0,a).(1%0,ay) 1.82 ps 14 (1974Foll), 211 ps 16
(1970A110), 209 ps 13 (1975H015), 207 ps 34
(1970Cu02); (c.c’): 1.9 ps 2 (1956Hc83), L.87 ps 5
(1969Ti0L), 1.9 ps 2 (1972Na06), 1.97 ps 11 (1974J0l0);
(y.¥'): 176 ps 21 (1981Cal0), 1.8 ps 2 (1977Cs
ps 15 (1971SwO7), 1.95 ps 26 (19665k01): Coul Ex: |
ps 10 (1979Fc05), 1.92 ps 10 (19775¢36), 2.00 ps 14
(1970Ha04), 2.02 ps 10 (1971Vi01), 1.93 ps 13
(1975Bi03), 1.65 ps 15 (1969F:11): (p.yk 1.97 ps 16

Continued on next page (footnotes at end of table)

Compiled and evaluated

structure and decay data from

various reactions
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ENSDF: building the database from observations

Ef 1,78 Ejflevel)
238510 3 0.037 10 | 7616.42
M2897 15 077408 [ 84302

TIS66.96 20 00657
257747 8 oos0iz 78120
*2630% 4783
754030 14 406 16 4122867
2869.50 6 L104 473835
3203.88 & 3087 8439.79
33TRI 8 00437 761642
34033 0.04 7 T616.42
3505.61 9 198 6 9516.18
36614 10 52022 523506
420054 13 40222 [ 843029
423796 6 a6l2r fe23sas
4280062 13 0664 9516.18
43160012 1336 8430.29
4641.19 9 34225 601034
50607 8 0.036 13 | 9301.08
5177.51 20 098 te | om0Los
53403 4 011513 flos7s.o4
539268 9 17.319 9516.18

¥(**Mg) (continued)

HALe decay (2053s)  1981WaT,19T9H 08

History

Author Citation Literature Cutoff Date

AL e decay (2053s)  1981IWal7,1979HoDS
Decay Scheme
Legend _
Intensities: L, per 100 parent decays
L= k=
Iy < 105 = 7= Al o decay (L053s)  1981Wal7,1979Ho08 (continued )
—_— L el
——- - --« ¥Decay (Uncertzin) £,8% radiations
Eldecay) Eflevel) B # 1e# Log f T(e+8%) T Comments
(910 3) 12975 21075 1 52722 0y £K=0.9151; £L=0.07978;
M4+=0.005140
- (1723 3) 12162 000080 18  62x107° 7 53412 Tsx104 =282.5 16; K =0.0755 13;
£l =0.00657 11; eM+=0.000423 7
4 (1765.8 0 12119.0 0.0009 3 69x107% 21 53113 L0x1073 3 ay BE=301.2 II; eK=0.0632 7
4 " £L=0.00550 6; £M+=0.000354 4
[ Ife+8*): Other: 0.0004 1 from % in
I "J?_f_.:- ] 1969514,
S S A i — (1833.56) 120513 0000103 SExI0€ 16 64212 LIxIOH 3 av BE=33000 I0; eK=0.0485 5,
e F Sag & E £L=0.00423 4; eM+=0.0002723 2
7 e, . TR S e e — =
L230) e A *.ﬁ.f-g_a? =g QU660 116932 0.026 6 DOO46 11 467 10 00265 6 av Ef=483.8 12; eK=0.01608 I1;
o & O g F ¥ FF5res £ =0.001400 10; £M==9.02x 1073
=) o
. FFF5ELs & el ‘
i} nlr - i . lig+ g%y Other: 0049 9 from % in
[C80] .l - 19695814,
(25704 15) 113144 0.027 6 0.00020 4 SI1810 00T 6 av Ef=656.9 13; sK=0.00674 4,
. £L=0.0D0587 4; eM+=3T81x 1077
4 2
-5 (26681 3) 1121669 0007220 44x105 72 58672 000728 20 av BE=TOL6 I1; «K=0.005600 24;
3 £L=0.004874 2; sM==3.140x 1075
I M
lie+ ") Other: (L0024 4 from % in
1969514,
(30640 5) 108208 o112 0.00035 6 508 8 0z 834.8 11; eK=0.002020 10;
4 0002541 % eM+=1.637x 1073
N (30883 24) 1057594 067 2 00015 451214 0672 1B=099 6 11; eK=0.002078 7;
| OD01808 6; £M+=1.165x1077
o (436859 24) 951618 354 20 0.0258 15 352525 35420 1E=1504.9 11; «K=0.0006665 1;
.= =5 ya.
G el=5790 1077 12
=3735 107" §
(458369 25) 930108 22975 0.00139 @ 4843 21915 16087 12; £K=0.0005538 1;
=4 B18x 107 I
M3 1040 106 6
(544548 24) 843929 495175 00157 5 3030 14 49515 2027.1 12; «K=0.0002910 5;
253221075 4;
=1631x107% 3
b ©072.8% 7 78120 0.014 13 774 001413 233318 12
(787443 24) 601034 123 6.43 11 123 37712 42
o (B649.61 24)  5235.16 1.37 4 6.59 8 13T M
(976190 23) 4122867 93 60515 97
M
Mgz . R )
From y-ray intensity balance at cach kevel, except where otherwise noted.
* From measured % branching in 1979HoD8.
# Absoluie intensity per 100 decays.
® Existence of this branch is questionable.

Fhamsirroha Basunia, Anagha Chakraborty

NDS 186, 2 (2022) 31-Mar- 2022
547 Qie)=1388477 23; Toe+ T decay=100.0
jels.

. 19T1Tol2, 19720e28, 19798011, 19854410, 19948 a5,
psured Ey, Iy, yy-coin; deduced log fi. 2+ branching. Deduced excited levels, y-branching

(p.n). Ge(Li), Si(Au) detectors. Measured: Ey, 1y, 18, le. A total of 0.035% 6 o branching
bs been meported.

b wedge-gap magnetic spectrometer, and four Si detectors.

anching. A todal of 0.00T7% 7@ o branching intensity for three levels above 11000 ke'V has
ioe barrier detectors.

i feeding from y-ray intensity balance. Ge(Li) detector.

ing, A branching. Ge(Li). a counter telescope of two plastic scintillators.

by Mg (corichment 99.9%, 0.7 mm thick) target. with proton beam, E=18 McV. GeiLi)
d e+ff+ foeding io the cxcited states in Mg, Also 1983Ho05.

h spectra, half-life; deduced delayed proton branching ratio. Gas-AE, 5i-E ripk elescopes.

Ip.'rl]. SiiAu) detector. Measured f-delayed Ear, le.

RMg Levels
—

Comments

QE(kevel;: From Adopied Levels.

Eflevel): Others: 11220 5 {1979Ho08)y, 11190 20 (1971Tol2), 11230 4 (19695t14).

Eilevel): Others: 11693 5 {1979Ho08). 11680 20 (1971Tol 2), 11700 30 (19695t14).
Eflevel): Others: 12051 70 (1979H008), 12040 40 (197 1Tol2).

Eflevel): Others: 12119 10 {1979H008), 12120 30 {197 1To 12y, 12130 30 (19695t14).
Eflevel): Others: 12158 10 (1979Ho08). 11150 20 (197 1Tol2).

Eflevel): Other: 12963 15 (1979H008).

ray energies. 3493 3y from 7616, 0877y from 945781, and 2146.0y from 9516 ke'V level,
¢ differences with recoil corections. The calculated Ey was not considered in the least-squares

e

* From Adopted Levels.

NC STATE

UNIVERSITY

—
L
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ENSDF: Building the database TUNLv

Contents: Evaluated nuclear structure and decay data for allknown nuclei, organized in over 290
mass chains

Adopted :

(best values) (HLxny)
Levels: Decays ®.p)
(E9 JT[’ T1/29 M, Q’ B- (Il, Y): (Il,Xl'lY)
configurations) e+B" Coul Exc.
Gammas: a (o, ), (o, xny)
(E,, BR, M,5, ICC) Bn d,p), etc.
etc.

.- Nc STATE = 'l'.ln-: I_.'N'l\-'l-': %{.‘il'l'\r‘ |

UNIVFRSITY e
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NSDD analysis and utility codes: https://www-nds.iaea.org/public/ensdf _pgm/index.htm

« > C @

L} Most Visited 5 Getting Started @Asksam.'!.com @Free Hotrnail @Google 4 Suggested Sites TUML Muclear Data Pr... @WebSIice Gallery @Vahoo! Mail

International Atomic Energy Agency
Ly

44 ¥ Nuclear Data Services
l ivaChart | NSR | Nuclear Wallet Cards

E Scientific Secratary

Paraskevi (Vivian)

Ivan Mitropolsky
(PNPI)

# Evaluators [
Advisors

Shamsuzzoha
Basunia

O E] hﬂps:ﬁwww-nds.iaea.org,’nsddd B e *

v L

TR MATATI3
Related » ENSDF Manuals | Codes | Muclear Data Sheets | EXFOR

vl >
o afh -
i“NETWORK OF NUCLEAR STRUCTURE AND

AY DATA EVALUATORS (NSDD)

Logft review article

A new review article on the systematics of logft values has been published: Atomic Data and Nuclear Data Tables Volume 152, July 2023,
101584, It is an update of the 1998 publication by Singh et al., Nucl. Data Sheets, 84 (3) (1998), pp. 487-563.

==t off NSDD nestwork:
| dnstitutes and tontstts

oo Lo B )

14 A Evaluation Tools

@ & 9

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

search._______________JGo

Online Webtools

Revised Guidelines fon
Evaluators, 2021

Guidelines for ENSDF
half-life evaluations

24th Technical Meeting of the NSDD network: 24-28 October 2022, Canberra, Australia

The 24th meeting of the NSDD network is being hosted by the Australian National University in Canberra, Australia, from 24 to 28
October 2022, Rep liated evaluators will gather to discuss the current status of mass chain
evaluations, evalugtion responsibilities, and analysis andjchecking code needs, as well as ENSDF formats and policies. Priority activities
for the subsegueng two years will also be agreed.

The meeting is hogted by the Australian National Universi
component. More information 15 available on

(Tibor Kibedi, Andrew Stuchbery). It i1s an in-person meeting with a virtual
e meeting website.

Joint ICTP-IAEA Workshop on Nuclear Structure and Decay Data: experiment, theory and evaluation

The 10th in a row Joint ICTP-IAEA NSDD workshop is beinf@
workshop programme and lecturers is available on the werkshop website.

hre, Trieste. More information about the

NSDD Spring meeting: ENSDF Evaluations, Policies and Procedures, Codes and Disseminatign Tools

A preparatory meeting for the upcoming 24th Technical Meeting of the NSDD netwaork was held on 4-7 April 2022. The purpose was to
discuss policy proposals, evaluation issues, codes and dissemination tools in view of taking final decisions at the 24th Technical Meeting
in October 2022.

The meeting (virtual) was attended by 50 participants, members of the network and collaborating evaluators, from 132 Member States.

Duke

UNIVFRSITY

T EToVETe
ENSDF Codes

4 ¥ NSDD Meetings

| | IAEA-ICTP 2022

| Workshop 2003-part
fla

2 Workshops on
NSDD: Theory and
Evaluation

§2 NCCentral (RIS

—__ N THE UNIVERSITY
” II of NORTH CAROLINA
IR NN UNIVERSITY ¢=I- at CHAPEL HILL
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International Atomic Energy Agency: Nuclear Structure and Decay Data Network

NSDD 2021

{

g N TATE — 'I'H.I-' L'NI\'}'.R.‘\'I'I'Y .
Duke s negentra [HL [ s e
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ENSDF is world unique: aims to provide evaluated data for all nuclei

7 e EGAF: Evaluated

> Gamma-ray Activation
File covers only 250
nuclides

Nucleus

Proton (Z) #

& 100
Neutron (N) #
80—

60—

Proton (Z) #

40—

Laboratoire National
Henri Becquerel covers

.
20-] ~210 nuclides
TABLE 63.1. FISSION PRODUCTS WHOSE FISSION YIELDS ARE USED AS
5 REFERENCE
0— Nuclide Half-life Nuclide Half-life Nuclide Half-life
T T TRy stable B 4480 G 10.72y
30 100 ke stable TKe 763 m K 284h
s 5055d 0S¢ 286 oty 58.51d : 114
Neutron (N) # ; FPY studies util
(N) « e 64.02d Nb 361d %Nb 34.97d studies uftilize
Q Mo stable 7t stable Mo 66.0h
= 'I:;Mo stable I':S'Ru stable :g:ku stable
g Ru 39264 “Rh 3536h Ru 371.63d d d t f
H vl I S It €Cay dafta Irom a
I'}'f&i 5346 h I'j‘st; 273y ”';'1 804d
"Xe 11.9h Xe stable Te 782h
e stable Emye 2.188d Bexe 5245d few hundred
g stable Piexe stable Biseg 2062y
D':‘l 661h '::‘Xe 1529m ';‘er 9.09h 1 . d
Xe stable Cs 13.16d Xe 3.818m
s 3017y e 14.08 m '“Ba 12746 d nuc 1 es .
“La 40272h Hice 32501 d Hipr stable
e 33.0h Nd stable Hce 284.4d
Hepp 1728 m HINd stable ENd stable
oNd stable “INd 10.98d “Tpm 26234y
1Nd stable 1y 41.29d H%py 5370d
T “pm 53.08h “Sm stable lpm 28.40h
60 Slgm 90y 538m 46.7h Sgy stable
'I‘:fEu 88y 53y 4.9y gy 15.19d IAEA-TECDOC-1168
b 6.90d

—__\ THE UNIVERSITY
Du e i? UNN : UNhﬁVSEEgF[E’ J:E of NORTH CAROLINA ANL 2022 Town hall 25
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ENSDF — the core database — cont.

ENSDF is the only Nuclear Structure database that is updated continuously — contains
information for ALL nuclei and ALL nuclear level properties & radiations — currently
contributed by members of the Nuclear Structure and Decay Data Network, under
auspices of IAEA. It is maintained by NNDC and the NSDD role is indispensible!

No viable alternative exists in the world!

Basic Science ‘

——
e

Simulations

Nuclear Wallet Cards
for Radioactive Nuclides

Monte-Carlo Codes

MCNP, GEANT4, EGS
Safeguards ORIGEN, CINDER90

From Filip Kondev



Nuclear Structure Databases TUNLv

f National Nuclear Databases Structure & Decay Reactions Resources

Data Center

Compiled NS Data
eXperimental UNevaluated
Nuclear Data Library

,—_,.A THE UNIVERSITY
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In the late 1990-2000°s the high-spin physics community
needed ND support via availability of new data m an
accessible format.

The XUNDL database was created to meet this need.

Initial focus was on high-spin and superdeformed data.
Leveland gamma-ray data was compiled into the ENSDF
format with little evaluation ofreview.

Gave researchers quick access to data that could be
mported mto other utility files.

Ability to understand evolution ofbands/band structures
without delay of full evaluation.

Earliest files Icould find are 1994Fr11, 1995Ju09

" Duke s negentra

UNIVFRSITY

eXperimental Unevaluated Nuclear Data Library

19951U09 Phys.Re

S.Juutinen, S.Tormane
1.Myberg, A.Pakkanen,

Band Structures in 132

NUCLEAR REACTIONS 1
levels, 1, n, band struc

doi: 10.1103/PhysRew(
Citations: PlumX Metr
Data from this article have

Ty b S Sap X UNDL-1 2001 Nel 1,1994Fr 11

THE UNIVERSITY

NCSTATE N
o

at CHAPEL HILL

of NORTH CAROLINA

i)
ATHLE
————T
|
|
|
iy
|
|
|
41166
am
V") 36873
BandiAk vi
33 s
{2 314
BN
(X2 TTLT 55
Bard(Ch: 7 mscnde
based om (IT72° )
{(3¥1*) 25139
o 24200
204
{2072 22503 24
(2WI*) 21931
(252 FHR.
— 296 an iz B sy
{252} 19305
s
a3
/ 443
{
I|
| "
2uz) 14355 '
I|
=T |
)
I|
1T a|5|_|"
£
(132 363
03
Rnypm
4

Luling A.Lampinen, T.Lonnroth,

rtanen

(8), yy-coin. 132Ba deduced

ton, click here.
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1995 Jud?, 1996K0 16,1 9%6Da02 (continued)

1250013 C Sny): X UNDL-1

L
eXp e r'l m e 14803 C Sny X UNDL-1  1995Ju09,1 906 Kol6,19961a02
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eéﬁ%@ﬁeﬂé%l y%/ﬁl&%ted Nuclear Data Library

_ Color Code _
[Time Since Cutoff Date v |

Years Since Cutoff

, EEEN T 4 5 s 7 [ IEEEINETE
In the late 2000s, as the first generation

b b Use mouse wheel to zoom infout
of ENSDF evaluators began to retire, it

became clear that currency was an issue
for ENSDF.

Often mentioned a 5-7 year turn-around
time between A-chain evaluations. Never
met that goal

Around 2008 XUNDL was expanded
to cover all nuclear structure, with the
aim of providing reasonably concise
and up-to-date mformation to users.

But it is no substitute for ENSDF
evaluated data.
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Nuclear Structure Databases: Derived from ENSDF

Search and plot nuciear structure and decay NuDat 2.8 NNDC Databases: NuDat | NSR | XUNDL | ENSDF | MIRD | ENDF | EXFOR | Sigma

NuDat 3.0 data interactively will be discontinued | | ¢ oopn o Nuclear Wallet
Learn more 07/19/2023

Search Cards Search

Decay Radiation Advanced Cross-
Search Variable Plot

Decay Mode | Qp- | O.Ecl Qg+ | Sn | Sp | Qg | fule | Szn | Sz2p | Qg | Qzec | Qecp | Qg-n | Qg-z2n | BE/A N-Flot Y-Scale Export
(BE-LDM FitiA|Pair gap|Erstex | B2+ [ Eo [ Eus [Eaun] B2 [BE212BE2I0[ 00w) [0t ) [2350 FY[230Pu [ 2sacrevll| | S3Zoom || OReset | | Linear s ke
- ® ® Mg [JEven [Jodd  z# [JEven[Jodd 7 | Q|0
- N . ' ! B DO
= 1.00e+30
- = mo
o 1.00e+25 W18
100 = 1.00e+20: ma7
1.008+15 7 i Ei’g
2 1.00e+10; 15114 W54
20| £ 1.00e+s-{] "fﬂ @63
T 1.00e+0 : E?bz.?f :;‘;"13
i~ 1.00e-5 S \mao
T 60 1.00e-10 mog
£ 1.00e-15 | m108
g )
= w117
1.00e-20
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1.00e-15 171
The following are available 1.00e-20 |l L
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National Nuclear Data Center: the primary ND dissemination center in the US

f National Nuclear Databases Structure & Decay Reactions Resources

Data Center

Evaluated Nuclear Reaction
cross section data

_ Graphical interface

Elsevier publication ofevaluated
neutron resonances

Atlas of Neutron Resonances
Compiled reaction data
Tool and Publications

i i
Chart of Nudides ; D
I __|.' ]!.f.

Nuclear Wallet Cards

THE UNIVERSITY
of NORTH CAROLINA
at CHAPEL HILL

UNIVFRSITY
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ENDF: Evaluated Nuclear Data File TUNLV

* At Brookhaven, the Neutron Cross Section Compilation Group seeded from the
Manhattan Project in 1951; they produced the BNL-325 neutron cross-section
evaluations. Around 1960 the group was renamed as the Sigma Center and a new Cross-
Section Evaluation Group was formed that worked closely with the Sigma Center. In
1967 the two groups merged and became the National Neutron Cross Section Center,
and they began producing the Evaluated Nuclear Data File (ENDF).

. Neutron: Cross Sections -

SELECTED REFERENCE MATERIAL
UNITED STATES ATOMIC ENERGY PROGRAM =

THE UNIVERSITY
of NORTH CAROLINA 33
at CHAPEL HILL

UNIVFRSITY



ENDF Interface @NNDC

4
PROGRAM INTER VERSION 8.88

About ENDF EvaluatEd N uc' eal Selected Integrations of EMDF File 3 and File 18 Cross Sections

=T . Thermal cross section : Sig(2288) = 5ig(Eth)
A|Request #3315 Thermal energy . Eth= 2.53@88E-82 (eV)

EN DF Data SEIectiun Ezer‘o cross sestion SigEEzer‘o)
zero energy (input) : E@ = 2.53880E-82 (eV)
@ Selected  Unselected  All

- - Maxwellian average 1 Avg-Sigma = (2/sqrt(Pi)) Intg[EL1:EZ] Sig(E) Phi_m(E) dE / Intg[E1:E2] Phi_m(E) dE
Plﬂﬂlﬂg Gﬂtlﬂﬂs: @Quu:k plﬂt (crﬂgs-gectiﬂng ﬂn|'\‘.r: {jj Maxwellian spectrum : Phi_m(E)} = (E/E®*2) exp(-E/EB)
- . Spectrum Temperature : E@ = 2.53888E-82 (eV)
! Universal plot (o+Ag, do/dQ, do/dE, d20/dE/dQ ) bets version Integration Limits ¢ E1 = 1.8@@@0E-85 (eV) E2 = 1.00088E+81 (eV)
[ Integral of Spectrum = 1.00800E+808
-1 sorted by: [Libraries] Reorder by: [Reactions] view: (! basic ® extended:get MAT, FEN, GND, run Inter; Westcott g-factor ¢ G-fact = 2/sqrt(Pi) Ave-Sigma / 51g(2208)
‘= O 1) Info| Summary| MAT| GND-1.2| PEN| Inter| 82-PB-288 MAT=8237 NSUB=18(N} 158MeV ENDF/B-VIII.®  Resonance Integral  : Res.Integ = Intg[E3:E4] Sig(E)/E dE
- - Integration Limits : E3 = 5.80800E-81 (eV) E4 = 1.080000E+85 (eV)
CTSEERT LFD ELE]| e SEEIETE Integral of Spectrum = 1.22861E+81
| |2 Summary| ENDF-E| o| jg) MF3-Flot| Plot| PB-288(M,G)PEB-289,5IG  MT182 QM=3.93738e+6 QI=3.93738Be+6 LR _ L . , ,
== - Fiss.spect. average : Sig(Fiss) = Intg[E1:E2] Sig(E) Phi_+(E) dE / Intg[E1:E2] Phi_+(E) dE
' ) 2} Info| Summary| MAT| GND-1.2| PEN| Inter| 32-PB-288 MAT=8237 NSUB=18(N) 158MeV ENDF/B-VII.1 Fission spectrum : Phi_f(E) = sqrt(E/EF)/EF exp(-E/EQ)
_ - Spectrum Temperature : Ef = 1.35888E+86 (eV)
MAT=8Z27 MF2 [SIG] Cross sections Integration Limits { E1 = 1.BB@BBE+H3 (eV) E2 = 2.08@BBE+07 (eV)

| |2 Summary| ENDF-6| o| js) MF3-Fiot| Plot| PB-288(N,G)FB-289,5IG  MT182 QM=3.93738e+6 QI=3.93738e+E LR Inteeral of Spectrum 1.20000E+00

‘O 3) Info| Summary| MAT| GND-1.2| FEN| Inter| 82-PB-288 MAT=8237 NSUB=18(N)  2@MeV JEFF-3.3 E14 cross-section  : Sig(F14)
MAT=8237 MF3 [5|G] Cross sections Selected Energy : E14 = 1.48888E+87 eV
| I3 Summary| ENDF-6| | js) MF3-Piot| Plot| PB-288(N,G)PE-289,5I1G  MT182 QM=3.9373+5 QI=3.9373e+6 LR=0

B Z A LISO LFS MT Reaction Sig(2zee) Sig(Ezero) Avg-Sigma G-fact Res Integ Sig(Fiss) Sig(E14) MAT
(1O 4) Info| Summary| MAT| GND-1.2| PEN| Inter| 82-PB-2@8 MAT=8237 NSUB=1B(N)  2@@MeV  JENDL-5 [ mom mmmemmsesas o emsill il il il s
0o . 82 288 1 Total 1.13992E+81 1.13992E+81 1.2872E+81 1.12917 1.38577E+82 5.48156E+88 5.38587E+080 8237

_) 5} Info| Summary| MAT| GND-1.2| PEN| Inter| 82-PB-288 MAT=3288 NSUB=18(M) 28Mev ROSFOND-2818 | 53 2es 2 Elastic  1.13998E+81 1.1399BE+81 1.2871E+81 1.12917 1.38576E+82 6.12465E+8@ 2.75869E+80 8237

- 32 208 4 Inelas ©.P000RE+00 0.PDOEEE+BE @.00RRE+HR ©.00PEC O.@EROOE+SE 3.4053BE-81 4.88961E-81 8237

L) -PB- = = = (]
ac 6) Info| Summary| MAT| GNO-1.2| PEN| inter| 82-PB-288 MAT=B237 NSUB=18(N) sl LE e 32 208 16 n,2n 2.P000RE+00 0.PRAEEE+BE @.00RRE+H0 0.00BEC O.@RROOE+BE 6.4756GE-83 2.21532E+80 3237
L 32 208 17 n,3n 2.P000RE+00 0.PPOEEE+BE @.00ARE+H0 0.00REC O.@EROOE+BE 7.40800E-B6 ©.BBOO0E+00 3237

_ _ 82 208 182 n,gamma 2.32075E-84 2.32875E-84 2.3223E-94 1.89065 9.84766E-84 8.93642E-84 1.13580E-03 8237
*Plotting options: 82 288 183 n,p ©.P0OORE+0P ©.PPOOEE+BE 0.0ORPE+00 ©.0DAEE ©.@PPOOE+EE 1.47827E-87 2.47342E-84 8237
. . . . - 82 208 184 n,d ©.P00ORE+0P ©.PPOOEE+GE B.0OAPE+D0 ©.0DAEE ©.@PPOOE+EE 1.727PGE-88 2.77474E-86 8237
i e e 82 208 185 n,t ©.88000E+D0 ©.00000E+00 0.0B00E+BR ©.00000 ©.8BBOPE+E 2.32423E-18 1.14385E-87 8237
MF3-Plot oross section from file MF3 as is {sometimes presents only "badiground™ data without resocnances in low energy region) 82 288 187 n,alpha 1.81172E-88 1.81172E-88 2.8457E-88 1.12917 2.28630E-87 1.18943E-86 5.32897E-84 8237
Other plots _ S 82 208 g 16 n,2n @.0000DE+00 ©.0DDOBE+DO ©.00DPE+D0 ©.0DPO0 ©.0POOOE+HO 5.160P2E-03 1.830825E+00 8237
= e e el 82 208 * 16 n,2n ©.0000PE+02 0.00RBOE+B2 0.000PE+00 0.00GG0 ©.GABOGE+D0 1.31429E-03 1.18507E+80 8237
aoidE - energy distributions, 82 288 g 184 n,d .00000E+00 O.0DDDBE+B0 O.000OE+B0 ©.00BG8 O.00000E+08 O.85704E-89 2.16165E-86 8237
PoidEidD - double differencial ooss sections, 32 208 n 184 n,d ©.P000RE+00 0.PDOEEE+BE 8.00RRE+H0 ©.00REC O.@RROOE+SE 7.40270E-82 .13090E-87 8237
othAo - oross sections with uncertainties (if given)

| Retrieved by Ed4-util: 2@23/87/86,208:28:21 /PEN:pointwises 18 @ 8 |

: | 82208.8800 206.120000 2 2 2 28237 1451 1]

Page genembed: 3023-07-06,20:26: 58 by Ed=Search? on locallbost [fwd:www-nds.is=a.omg] | ®.8 8.8 a a a 68237 1451 2|

Project: " Multi-platform EXFOR-CINDW-ENDF, W Z=rkin, [AES-KDS, 1955-2023 | 1.eoepopee 1Se000000. 1 a 18 78237 1451 3 |

Reguest from: 0:0:0:0:0:0:0:1 [fwd:152.3.34.92,172.70.137 3] | 293.15@8080 0.8 1 @ 581 2588237 1451 4 |

| 82-Pb-288 LANL,ORNL EVAL-AUGEE M.B.Chadwick, P.G.Young, C.Y.Fu 8237 1451 5 |

1T 50 . | CH96A,CHI6b,ChI9, FUI1DIST-DECEE 20111222 8237 1451 6 |

% heaction Rates | ----ENDE/B-VII.1 MATERTAL 8237 8237 1451 7|

| ----- INCIDENT MEUTRON DATA 8237 1451 8 |

MACS & Reaction Rates | ------ ENDF-5 FORMAT 8237 1451 9 |

A AR AN AN AN AN AN A A AN AN A AN AN AN AN AN AN AN AN AN A AN AN AN A A AN AN AT AN AN AN AN AN AT AN AT AWAWAY
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oigma: graphical interface

(jig Evaluated i ' Plotting

About ENDF Periodic Tabie Browse. | 82-Pb-208(n, inelastic) ENDF/B-VII.1 CEcums o CHEEES
b1t ENDE Data . . . —_— . 1576338.0 | < E, (eV) < 4.2E7 lLog v |
SEIEEt ﬁrSt d |I|:}FEF‘_-.F, thEﬂ d 5u 0.0?53942 |£ o Eb} £|3-4gﬁgnﬁ ||-U'Q e |
The ENDF Format Data are av L
Mormalization: |1.0
The CSEWG Collabora _ ; View evaluated dat
Library: [ENDF/B-VIL1(USA, lew evaluated data
Feedback T 7 Plot experimental data (EXFOR)
: H — Add your data
Comments, Questions =
] 4 5 |’|E||::|
EMDF Discussion List Li | Be =
o : 11 | 12 U
Found a Bug? Report il Ma | Mg ﬁ
ENDF/B Releases 19 1 20 | 21 | 22 | 23 wn
Ko Cafsc | Ti| W u
ENMDF/B-VII.0 37 | 38 | 39 | 40 | 41 E
ENDF/B-VIL1 RbjSr] v | Zr |MNb] W
55 | 86 | &7 | 72 | 73
EMDF/B-VILO Cs [ Ba|la | Hf | Ta
J X E B | B4
Pre-ENDF/B-VIl Releas .an;-
Related F"mjects 73 | 59 | BO
Beyond ENDF-6: GNDS sz ] B
g0 | 91 | 92
Frocessing Codes Th | Pa | U
2 A v ersion History: i i i
=IMew:(December 2011) 5
= ENDF/B-VI.1 evaluated r .
ENew in version 3.1 (October Incident Meutron Energy (eV)

£]New in version 3.0 (Februan
(

FlMew in version 2.0 (April 201 Cusoratx=|  [(eV)y=|  [(b)

+INew in version 1.0 (April 20(

To Zoom, left click on one of the limits and release the button on the other limit.
. Zooming will work with the latest versions of FireFox and Internet Explorer.
b sl Cross sections plots are reconstructed using the code PREPRO at T=300 K.

MACS & Reaction Rates
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ENDF: utility data often hidden from users TUNLv

What codes use ENDF data? » Basic Physics

Testing theoretical models
Designing experiments
ﬂ = Analyzing experimental data

« Astrophysics
= Qrigin of elements
FLUKA « Nuclear Energy Systems

[ ]

- = Reactors R&D
o = Fuel cycle
| 1Y > Nuclear batteries
|\ GEANT4 > Operation safety
s\ = Radiation shielding
= Waste disposal, transportation and transmutation
f:':r « Nuclear Medicine
- Lﬁﬂlﬁm M = Radioisotope production
P = Dose calculation
. = Radiotherapy
M = Diagnostics
wMercury « National/lHomeland Security
= Device R&D
Oﬂl{ Stockpile stewardship
R 1D G F SCALE Criticality safety

Nuclear forensics
Detecting illicit trafficking of nuclear materials
- Emergency response

TRIPOL] « Industrial Applications

[ T B |

Mational Laboraton

= Oil well logging
‘ > Nc STATE =N il ] :S::i ‘::'(')"IYI NA
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CSEWG 2019: Cross Section Evaluation Working Group

%
5+ * CSEWG Member Organizations

fatgh {*-
Ll =

# Laboratory Name

Atomic Energy of Canada Ltd., Canada
Argonne National | aboratory

Atomic Weapons Establishment, UK
Brookhaven National Laboratory

Canadian Nuclear | aboratories, Canada

Centro Atémico Bariloche, Argentina

Defense Nuclear Facilities Safety Board
General Atomics

Idaho National Engineering and Environmental | aboratory
10 International Atomic Energy Agency

11 Institut De Radioprotection Et De Sireté Nucléaire, France
12 Los Alamos National Laboratory

13 Lawrence Berkeley National Laboratory

14 Lawrence Livermore National Laboratory

15 MNational Institute of Standards and Technology
16 Naval Nuclear Laboratory

17 MNorth Carolina State University

18 Qak Ridge National Laboratory

19 Ohio University

20 Pacific Northwest National Laboratory

21 Purdue University

22 Rensselaer Polytechnic Institute

23 Sandia National Laboratories

24  University of California, Berkeley

25 Westinghouse Electric Corp.
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More here than you might expect?

tjig_m Evaluated Nuclear Data File (ENDF) Retrieval & Plotting

Periodic Table Browse |( ( (

Select first a library, then a sublibrary and finally click on a chemical element to obtain results.
Data are available for materials with a cyan background.

Sublibrary:

58
Ce | Pr | MNd [Pm|Sm| Bu | Gd | Th

0 |91 |92 (93 [ 94 ) 95 | 96 | 9F
Th | FPa | L' | Kp | Pu|Am|Cm| Bk
Version History:
EiNew:[DecemberEU‘l‘l]
= ENDF/B-VII.1 evaluated neutron library.
#Mew in version 3.1 (October 2009)
#Mew in version 3.0 (February 2009)
HMew in version 2.0 {April 2008)
ANew in version 1.0 (April 2007)

Results for
Z=82
204
206
207

Plot
Plot
Plot
Plot
Plot
Plot
Plot
Plot
Plot
Plot
Plot
Plot
Plot
Plot

Plot
Plot
Plot
Plot

EMNDF-6 format Human-readable
Whole file - 34
introduction  Interpreted
res. param. Interpreted
Cross sections:

(n,total) Interpreted
(n,elastic) Interpreted
(n,non-elastic) Interpreted
(n.inelastic)  Interpreted
(n,anything)  Interpreted
(n,2n) Interpreted
(n,3n) Interpreted
(n,na) Interpreted
(n,2na) Interpreted
(n,np) Interpreted
(n,nd) Interpreted
(n,nt) Interpreted
(n,4n) Interpreted
(n,2np) Interpreted
(n,n’) (click to expand)
(n,ng) Interpreted
(n.y) Interpreted
(n.p) Interpreted
(n.d) Interpreted

LY L L Il

[ Y

NC STATE T
Duke s n¢ NG STATE T

"I A DR
UNIVFRSITY at CHAPEL HILL
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Evaluated charged particle data: harder to find

{'ji_gm] Evaluated Nuclear Data File (ENDF) Retrieval & Plotting

Periadic Table Browse |(

(

(

U NIVFRSI

Select first a library, then a sublibrary and finally click on a chemical element to obtain results.
Diata are available for materials with a cyan background.

Library: JENDL-3.3 (Japan, 2002) ~ | Sublibrary- | Alpha reactions

NC STATE

UNIVERSITY

Results for
Z=13

5
B
13
Al

ENDFE-6 format Hun

Whale file - 34
introduction Inte
Cross sections:

(@,xn) Inte
Energy-angle distribi
(@,xn) Inte

m

THE UNIVERSITY
u_]' NORTH CAROLINA
at CHAPEL HILL

Interpreted ENDF file for sigma-ei.in

(a,xn) cross section

QM = -2.63630E+06 eV
QI =-2.63630E+06 eV
Interpolation table:

368 2
Cross section table:
eV barns

3.827388+0 ©.oedoRe+a
3.889008+0 7.Vop0RE-G
3.149668+6 3.61008088-6
3.1686888+6 5.5800080-6
3.135608+0 2.500088-5
3.281668+6 3.2700688-5
3.2146888+0 b©.oeRBRE-6
3.231868+6 2.330088-5
3.2456808+6 1.2000088-5
3.258888+0 2.3400088-3
3.279688+6 3.730088-5
3.2906008+06 1.000000-4
3.380008+0 ©6.200000-5
3.318688+6 3.6100088-5
3.330888+0 2.770088-5
3.340688+0 2.8400080-5
3.366008+6 1.1588688-5
3.38leee+o 1.l12p080-4
3.339688+0 1.210080-4
3.469668+6 5.000008-5
3.424888+0 ©.50RRRE-3
3.4426868+6 2.530000-4
3.4546808+6 ©.480000-4
3.470608+0 9.J400000-4
3.432868+6 3.d450000-4
3.4996888+6 3.620000-4
3.514e08+0 2.570000-4
3.529668+6 1.620008-4
3.542888+0 7.3e0088-5
3.557688+0 4.2480080-5
3.576668+6 1.2508688-4
3.589688+0 4.270088-3
3.683608+0 B.2000080-5
3.617668+6 3.5700088-4
3.635888+0 9.b0epoRE-4

3.858088+6
3.1e%eae+6
3.1586868+6
3.170088+6
3.191eae+6
3.289668+6
3.2248608+6
3.235868+6
3.251088+6
3.265888+06
3.282868+6
3.290088+6
3.3e%008+6
3.326868+6
3.341e88+6
3.353008+6
3.370668+6
3.387088+6
3.3909068+6
3.4146668+6
3.4258088+0
3.447668+6
3.459088+6
3.470008+6
3.437668+6
3.580088+6
3.519068+6
3.532868+6
3.549888+6
3.5620808+6
3.536668+6
3.590888+6
3.0e5e08+6
3.624868+6
3.6350088+0

1.876666-6
1.630688-5
3.396668-5
1.126666-5
b.oeeeae-o
3.176668-5
1.720688-5
2.348088-5
4.7e@aea-5
1.146668-4
4.91e0e8-5
3.626668-5
2,380088-5
2.B846668-5
2.536666-5
8.080088-5
6. 5eaea8-5
4.630808-5
1.0eaeae-4
1.736666-4
7.0ea0eae-4
1.leaeaa-3
3.626666-4
3.300080-4
2.2e0000-4
1.296666-4
5.138688-5
3.730668-5
1.766666-4
5.188688-5
1.260668-4
8. Baaaae-4
5.0e0e08-4

a8 a

eV barns
3.869888+6 1.270888-5
3.132808+6 1.870000-6
3.16768684+6 1.248088-5
3.181eea+s 2,220088-5
3.10360646 4.,230080-5
3.2186668+5 1.906088-5
3.2288084+6 1.5200888-5
3.24166684+6 1.926088-5
3.255888+5 2.050888-5
3.269888+6 2.630888-5
3.2880884+6 5.000088-5
3.3eleee+e 8.100888-5
3.314806+6 4.2100808-5
3.3208884+6 2.906088-5
3.3460888+6 2,200088-5
3.353800846 1.620080-5
3.377688+6 S5.600088-5
3.3888884+6 1.5300008-4
3.40400046 S5.600080-5
3.42166868+6 5.06160808-5
3.435888+6 1.590800-4
3.4580804+6 3.730080-4
3.4630868+5 8.700088-4
3.480000+5 8.100080-4
3.4048884+5 3.620080-4
3.586088+8 3.770868-4
3.523808+5 1.970000-4
3.53588684+6 8.4080088-5
3.552888+6 4.400088-5
3.56700846 6.500080-5
3.582088+5 3.300088-5
3.6 +6 B. -5
J.61588845 2.160080-4
3.6300068+5 2.0200808-3
3.6448084+6 4.150000-4
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EXFOR: Compiled reaction data

Help #* Manual PDF Lexfor Output Plot+ R33 Databases * ENDF CINDA IBANDL EEView CD-ROM » EXFOR-CINDA X4lLite CD-Catalog

m Experimental Nuclear Reaction Data (EXFOR)
= Database Version of 2023-06-29

= o

- : frware Version of 2023-05-23
Reaction Disabl ~
. - Neutron Induce[d IIRseaactelchsE] . . . . . .
The EXFOR library contains an & n.* n,0 n,2n n.3n na eaction data. Neutron reactions have been compiled systematicalty since the dizcovery of
the neutron, while charged p 22| S A . d less extensively. EXFOR Reference Paper: Mucl. Data Sheets 120(2014)272, [arxiv].
n.hez ninl n.inl+f n.n+a . . . . .
EXFOR VWeb databaze retrieval s:.rste mes D moEE ntt o nontx mats {incl. XML}, plotting and comparizon to EMDF, re-normalization old data to new standards,
calculating data for inverse reactions an 2 ECT s 2:%‘:3 e s from partial uncertainties, etc. EXFOR Web Database & Tools Paper: NIM A 883 (2018) 31, [arxiv].
n.t+p nths n tot nex Lo ) )
The EKFQ S o ) ents (zee statistics and recent database updates). Mirror-sites &
Proton Induced Reacztlons 3
P Prxg Prea Pren —
pea peatx p.abs p.d W ® Search: | ool 7
o v g+ gt -
bhez gl Drite o o . S
p.non [=9=] p.ptx p.sct j ':,I"I:I_Ir IjEItEI], EE'V|E-"N.CS,':S].,DA
p.tot Pex prxtn Pexn
Deuteron Induced Reactlons . .
o .
g G dabs “ Plotting. See also: [video-guide]
d:heB d:inl d:n d:n—d }EI'EEd'Ed dﬂtﬂ. )
dintx  dion dp d.ptn combinations {ratios,..)
d Npha tnducad Reactions jluated/calculated data
a,ga a 2|n a,sz ch of Products
:::eB il SmAE  on - [ators flags vam
— : o o : ing cnly
- Gamma Induced Reactions mpt-hel
Product = a.* a.2a a.2n a.2p g.2n Pt i
<+ . .abs d el i £ - =
Energy from || tol of 93 She3  ginl g fion ) publication
h { :I = g{!_—tF gfp—p gfn—x g.p g.pn i @ extended
Author(s Il g,:_ N Triton Induced Reg;flgns I A]
. . i t.a tat+ t, =
Publication vear [ i tg tg+d  tgtp o+t
— 1t hez t.inl t.n t.n+n t.n+p =
o 5 b b b b ub-Fields
— (35 t,pt. t.p+f it teet
Last maodified [ i "He3 Indiced Readtions v [P
. = ey ; res: n ser s Inpu
Accession £ | he3.a  he3.a+f he3abs he3.d  he3.d+f P
_ hez, el he3,.f he3.q he3,inl  he3.n est:
¢ Extended R REEP REIT RS R 3
b KEH'WDrdS EF-Sr = Spontaneous Fission B
“ Expert ot .
at p Ion Induced Reactlons ~ }Dls
“ Evaluator Li-6,*  Li-7,*  Li-8,*  Li-9,*  Li-11,*
. . Be-7,* Be-3,* Be-10,* Be-11,* Be-12,*
| Subm[t | B-8,%  B-10,* B-11,* B-17,% C-12,*
C-13,* N-14,% N-15,% o-16,* 0O-17.*
(| Eubml‘t in o 18, * ©O-19,* ©-20,* O-21,* O-23%
—17. . F-18.* . FILB,** Ne-20,: Ne-22,:
o M 24 Mg-26.% Al-27, Si-28, Si-20,
Mote: ) g32 = clg-35,* cl-37,* A:'-4D,* cla-40,"
- all criteria are optional (selected by chacking ¥ Geid Geptes Grosl Fegel Fessl
- selected criteria are combined for search with lodGe-76.% Se-82.* Kr84* Sn-113* Xe-129,*
¥e-132,* Xe-136,* Au-197,.* Pb-208,* U-238,*

- criteria separated in a field by ";" are combined wim Togicaruem -
- criteria starting with """ will be UEEd as logical NOT

- wildcards (*) and intervals (..) are avallable
Statistics of usage: visits: 3982, requests: 13652 I

\Database Manager: Viktor Zerkin, NDS, International Atornic Energy Agency (V. Zerkin@ises.org)
Web and Database Programming: Vikter Zerkin, NDS, Internaticnal Aternic Energy Agency (V. Zerkin@ises. org)
IData Source: Network of Nuclear Reaction Data Centres (NRDC)
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Class Input? What “industries” need nuclear data?

® Nuclear Medicine

NC STATE - BT R 42
UN'VERSITY .::15 at CHAPEL HILL



Where can you fit in? TUNLv

* Nuclear Medicine o NUC|eC1I' Energy ® Space exp|OI’CITiOﬂ

- Isotope production
- Decay energy/Dose

- Irradiation dose

* Defense * Non-proliferation ® Industry
- Interrogation

® Construction ® Stewardship
- shielding

® Basic science ® Basic science
- Reaction models - Structure models
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NDIAWG (1 of 1)

The Nuclear Data
InterAgency Working

Groyp (NDIAWG) _ Cscowne[ ] - - [Fuman Spacefigr
continues quarterly meetings B - [glectronies
for collaboration and " glglear Eneray " Spectroscopy
coordination
~Agency program _ RUSNRG
membership increased | [Fesie Derense Ageng] | ckear Physics

from 8 to 15 since 2020 —

and highlights the diverse M) _

areas where nuclear data - [Netional Cancer Tnstitae | | maerenp snce 2020
has impact

K. Jankowski WANDA 2023



NDWG Roster as of January 2022

49 Members
PARTNERS NDWG Member Organization 17 programs
DOE/SC/Nuclear Physics Lee !3ernste|n LBNL 11 national laboratories
Catherine Romano | Aerospace Corp
NNSA/DNN R&D/PD/NA-22 Fredrik Tovesson ANL LAB | NDWG Member
: Todd Bredeweg LANL ANL Filip Kondev
NNSA/DNN R&D/Forensics Jason Burke LLNL ANL Guy Savard
Ron Soltz LLNL BNL | Alejandro Sonzogni
NNSA/DNN R&D/SNDD David Gerts LANL INL | Sebastian Schunert
Mike Zerkle NNL JLAB Mike Dion
NNSA/NCSP/NA-511 Marco Pigni ORNL LANL| Mark Chadwick
NNSA/NR/NA-30 Mike Zerkle NNL LANL Robert Little
Jo Ressler LLNL LBNL Brian Quiter
LY P (e N Shea Mosby LANL LBNL | Bethany Goldblum
Nathan Gibson LANL LLNL Teresa Bailey
I A L L1 Robert Casperson LLNL LLNL Tim Rose
DOE/Nuclear Energy Mat‘thew Jessg ORNL ORNL TB,D
Javier Ortensi INL PNNL| Stephanie Lyons
NRC Will Wieselquist ORNL PNNL| Bruce Pl.er'son
Jesse Brown SNL Pat Griffin
NNSA/Office of Nuclear Forensics/NA-83 Corfey Keith LANL 2 Phil Dreike
Chris Krenn LLNL SRNL| Kalee Fenker
DOE/SC/Isotope Office Etienne Vermeulen LANL SRNL| Chris McGrath
John Koglin LLNL
NNSA/Emergency Response/NA-82 Pete Jaegers LANL AT LARGE MEMBERS
NIST Brian Zimmerman NIST J'm_ Koster LANL
US Nuclear Data Program Dave Brown BNL Pat}r:ck Tallou LANL Kathy Romano
NNSA/Nuclear Safeguards and . John Enge Univ. WISC WANDA 2023
Security/NA-24 Young Ham Tech Advisor Teresa Bailey LLNL
. _ Morgan White LANL
Missile Defense Agency/Rad Hardness | Courtney Matzkind MDA 45




Extra thoughts: Horizontal Evaluations

Atomic Mass Evaluation & NuBase

| £+ Table of Atomic Mass Evaluation

Atomic Mass Table
+NUBASE
(®) AME2020 () AME2016 (_) AME2012

References

Nuclid

- O

? |l

*

| Get | [f] rounded

General

1 Binding energies Physics & Physics Atomic
Chemistry g oiogstTa"ts Physics
\/ mass mOdeIS basic information binding energy,

required QED in HCI

V' shell structure

atomic
masses

] Reaction & decay phase space
v Qvalues
v/ decay & reaction probabilities

dmim < 1-108

Weak

Interactions
symmetry tests,
CVC hypothsis

Nuclear
Physics

mass formulae,
models, halo

Astro-
physics

nuclear synthesis,
r-, Ip-process

1 The limits of existence
v/ drip lines
v specific configurations and
topologies

J combines the experimental results from mass and energy measurements
produced in many nuclear physics laboratories using a procedure established by
A.H. Wapstra in the early 1950’s

v recommended (best) values for the atomic masses and their uncertainties

v/ extrapolation to the extremes using the smoothness of the mass surface

| NC STATE [T BRI reri
Duke s# negentrat I | oo

UNIVFRSITY

56Fe26 (AME+NUBASE2020) --- rounded

.21
.21
.23
.16
.28
.28

27
3

[see note)

(micro-—u)

Qib-) = -4566.6 +/- 0.4
Q{ec) = -3695.50 +/- 0
¥%Q(b+) = -4717.50 +/- 0
S{n) = 11197.0& +/- 0O
S{p) = 10183.59 +/- 0
Q{a) = -7612.57 +/- 0
S{2n) = 20495.18 +/- 0
S{2p) = 18249.73 +/- 0.
Qilep) = -12785.8 +/- 0.
Qib-n) = -14648.5(check) +/- 0.3
Q({2kb) = -6699.5 +/- 0.3
mass = 55934935.54 +/- 0.28
B.E./L = 8790.356 +/- 0.005
M Excess = -g0607.1le +/- 0.27
Qidkb) = -35220% +/- 400%
Q(d,a) = 56&61.9 +/- 1.0
Qip,a) = -1052.8 +/- 0.4
Q(n,a) = 326.88 +/- 0.27
Energy = 0.0
JPI = 0+
T1/2 = =sthl

DecayMode = IS=91.754 1l0&

prev=3tMn

next=36Co

Qi{b-)=3695.50 +/- 0.21
Qlec)=-1626.5 +/- 0.6
Q(b-)=-2132.9 +/- 0.4
Qlec)=45€6.68 +/- 0.4
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Horizontal Evaluations & Topical Reviews

| Nuclear Data Sheets v. 97 (2002) 241 |

Table of Superdeformed Nuclear
and Fission Isomers* Third Edition (O¢ *

Balraj Singh7, Roy Zywinat, and Richard B. Fire:

% MeMaster University, Hamidlton, Ontarke LES 4M 1, Canada (hispin@ mcmaster.ca) o
¥ Lawrence Berkeley Mational Laboratory, Berkeley CA 94720, USA (bl Ihlgov)
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 Log ft values in (3-/(e+b+) decay

IAEA-CRP evaluation of fission yields: A. Sonzogni, A. Mattera
T. Kawano, F. Kondev — continuing.

IAEA-Ied activities on improving ENSDF codes: ). Chen, F. Konde
IAEA-ICTP organized workshops: 5. Basunia, J. Chen, E. McCutch
The Atomic Mass Evaluation (AME) and the evaluation of basi
ground states and isomers (NUBASE): F. Kondev — continuing.
Update of r0 radius parameter and revision of ALPHAD-radD «
and ALPHAD-RadD codes available in November 2020; even
published in NDS (20205i16). This work was done in collaboratior
Akal University, India, and with Dr. A.K. Jain, Amity University, N
Modernization of ALPHAD-radD analysis code: ). Chen, B. Sii
developed and completed to replace the legacy ALPHAD-radD fi
parameters from 2020Si16 in NDS. Update of rO parameter to ir
alpha decays and from 2020 to 2023 and to incorporate data
updated evaluation of alpha-decay data for even-even nuclei, ;
paper on updated rO parameters is being done in collaboration
Akal University, India,

IAEA-Ied decay data library for monitoring applications: J. Chi
continuing.

Compilation of current papers on mass measurements on an ¢

available on nuclearmasses.org: B. Singh. Compiled file for 2020 cvce vwus sumiin

Update of 1998Si17 Review of log ft values: B. Singh — all the beta decay schemes available up to
the December 2022 version of ENSDF and from significant newer literature were considered,
updated for AME-2020 Q values. All the files have been run through new BetaShape code for log
ft values. Filtering codes developed at Dresden have been executed. A paper is nearly ready for
submission in February 2023. This work is being carried out in collaboration with Dr. X. Mougeot,
CEA, Saclay, Mr. S. Turkat and Prof. K. Zuber, TU, Dresden.

Update of 2000Am02 magnetic dipole rotational bands: B. Singh — this work has now evolved to
compilation of multi-gp high-spin dipole bands with dominant M1 transitions, which is a much
larger project - continuing. This work is being done in collaboration with Drs. 5. Singh and S.
Kumar, Akal University, India, and Dr. A.K. Jain, Amity University, Noida, India

B(E2) project for first 2+ and 4+ states of all the even-even nuclei: B. Pritychenko and B. Singh.
Work on the first 2+ states was published in 2016Pr01: ADNDT. The on-going project is an update
of the 2016 work as well as first evaluation of B(E2) values for the first 4+ to first 2+ states.
Gamma-ray transition probabilities for all experimentally known multipolarities for all the
nuclei: ). Chen and B. Singh — update of Endt’s work of the 70's. This project has started recently
and will take two-three years to complete.

Proton Radioactivity: B. Singh, J. Chen, A.A. Sonzogni: compilation and evaluation of known 1p
and 2p decays of nuclei on drip lines, about 1-2 year project —started Dec 2022.

R T VPP

08

and is available on nuclearmasses.org webpage. Work is continuing for 2023 update.

IAEA-CRP on Delayed Neutron Emission Probabilities: Reference database at IAEA-NDS: B. Singh, o4
E. McCutchan, A. Sonzogni — completed, two articles published in NDS. Updates for Z>28 region
completed in Jan 2021. Update for Z=2-28 nuclei in progress: B. Singh. This work is being done in

collaboration with Drs. P. Dimitriou and M. Verpelli, IAEA-NDS.

0.3

0.2

WalletCraft: Object-oriented database for ground and long-lived isomeric properties: E.

McCutchan, B. Shu, A. Sonzogni — continuing.

Atlas of Isomers project: B. Singh — update of 2015Ja04 Atlas has been completed with updated
version to cover literature up to Oct 2022 for isomers of half-life =10 ns, in addition to re-
evaluation of half-lives and isomer energies. Paper has now appeared in ADNDT (Jan-Feb 2023
issue). This work was done in collaboration with Drs. S. Garg and Y. Sun, University of Shanghai,
Dr. B. Maheshwari, University of Zagreb, and Drs. A.K. Jain and A. Goel, Amity University, Noida,

India. Work is continuing for isomers in the half-life range of 0.1-10 ns.

THE UNIVERSITY
u_f'N()l(IH CAROLINA
at CHAPEL HILL

—
Il

47



-*:I ‘i.l International Atormnic Energy Agency ) £ IAEA.org | NDS Mission | Mirrors:

<& ¥ Nuclear Data Services |
ﬁ-.-—-éy (s dadBe 4 g gl coldlaal] add el

Hot Topics » IAEA-CIELO « TENDL-2021 « JENDL-5 « ENDF/B-VIIL.O

News * Pointwise2020//TENDL-2019

# Download

N Ew Empire-32.2.2/20232 - nuclear reaction model code system for data evaluation: [page] [download] [ Main ” Al ” Reaction Data ” Structure & DECE]I' by Applicatio

EXFOR-X5 - comprehensive presentation of full EXFOR library with supplementary data in J50N: [about] [ver| 4 Structure and Decay Data
TENDL-2021 TALYS-based Evaluated Nuclear Data Library. 2021: [page] [list] [retriava]
JENDL-5 Japanese evaluated nuclear data library, 2021 [page][errata][list][retrieve] 225 NSR

# Quick Links d 4 - 4 4 . ", Muclear Science References *

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

4 Download data,
= codes, packages

ADS-Lib A i

Atomic Mass Data | : £ = ——

i ! 4y EXFOR LiveChart of Nuclides /= CINDA == ENSDF . s
------------------- + ¥ Exp=rimantal mocl=ar reaction data Interactive Chart of Nuclides £&¥ MNuclear reac T evaluated nuclear structure and decay data [+XUNDL])
BEtE'dElE'{Ed i Mobile &pp: Isotope Browser R

neautrons d i

CINBN: - o DT | ENDF == ENSDF NSR o NuDat-3

Charged parl:il:le '-/\‘/;§ Evaluated muclzar reaction libraries ._.{..‘_ evaluated nucdear strschurs and decay data {+XUNDL) ** Nuclear Sci=nc x selected evaluated nuclear structure data ¥

reference cross

section ... LiveChart of Nuclides

Int=rmational TR B
Network of Muclzar M ey

Dats Evaluators

Molmzyular Workshops Fuzs=arch Diata C=nber % Decay Dals

; Medical Portal
Dints Frojects Metwork Hatwork

Muclear Sciences

Publications and Applizations

CoNDERC IntErlactive Chart of Muclides
"""""""""" Maobile App: Isotope Browser
ELI‘:;:(?EDDD ------ NuDat-2 RIPL IBANDL Charged particle re
E slzcte=d evalust=d mucle tructure : refeenos alers for madle i = iz Nuclzar D Li = . —
EiKE ............... :-:It-s:t"-"— =valusted muclar =tructurs ;!:L!urt-:rismn ters Tor nuclesr model [zn Bmam Snabysis Nuclesr Dats Libeary _;:acl:lu:rﬁ . DE‘CE"" Data |_||:“-'a|"...,|I for Actinides
------------- : : T A Evaluated data with detailed comments and decay schemes
EEEEQ.D.E';E' L b=y PGAA FENDL Photonuclear IRDFF-II
o iUl S TR Prompt gamma rays from meutron Fumsion Evalusted Nuclear Data Librany - IAEA Photonucl=ar Data Library, 20159 International Reasctor Dosin .
EMPIRE-3.2 capturs - EPICS Electron & Phioton Interaction Data, 2017 MNuclear Electrnmagnetlc Moments
ENDF Archive | i i £ P Experimental and recommended nuclear moments
------------------- | HAA Safeguards Data Medical Portal Standards
_ENG!:_F}!EFU_E_'-':Ql _____ 1 Neutron Activation Analysis Portal La=t updated: May 2021 M=dical Portal - Meutron cross-sections, 2
1 - Decay data, 2005
ENDF-6 Codes { MIB
ENDF-& Format ' ¥ Dalabase ot the TAER, Veenna  **Dolabase atthe S NROC . Medical isotope browser [Isotopia)
ENDVER |
. | | IAEA Nuclear Data Section |
Akt et . Beta-delayed neutrons
< > | f-&?ﬁ" @ » . Emes [ . l ﬁ Reference Database for Beta-Delayed Meutron Emission
| ; ) e : g v}
| N e . r mﬂ :
NDS  Atomic = & q
i D'-'-MEiF:ﬂr;Eh :'_r::.l Maetings h-n:l ‘l't-r: Coorfinated pp o guar F‘.:-:l"h_r Nuclear Structune= Technical Documents "?_':f:: I.?L-iE'lﬁ'nIn?H' Medical PDI’tEﬂ
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!
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