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Nuclear Data Section

* Personnel changes

— Section Head: Arjan Koning (since July 2015)

— Data Services Unit Head: Jean-Christophe
Sublet (since March 2017)-replaced S. Simakov

— Atomic+Moelcular Data Unit: Bas Brahms retired
(Nov. 2016) — replace by H.K. Chung until Oct.
2017



Nuclear Data Section efforts

« Coordination — European effort (Balabanski’s talk)

« Organisation of meetings (NSDD, Technical and
Consultant Meetings)

 Training

« Technical support: codes, editors, web tools
(Codes/Formats sessions)

* Financial support

* Coordinated Research Projects (Medical isotopes,
beta-delayed neutrons, photonuclear data) —
(Tuesday afternoon)

« Dissemination tools (Live Chart, Isotope Browser,
Decay Data Portal)

» Bibliography access (NSR+EXFOR PDF database)



Meetings 2015-2017

* TM on Improvement of Analysis Codes for
NSDD evaluations, 8-10 Oct. 2015, IAEA

— Assess progress In developing new codes
(JGAMUT, ALPHAD new, Java-NDS, T-RULER,
BrICCemis, BetaShape, uncertainties package,
MYENSDF Webtool, Tree-editor) and discuss
maintenance issues

— Recommendation: develop editor that will
Integrate editing and codes, clarify/introduce
policies/procedures for treating asymmetric
uncertainties

— Summary Report: INDC(NDS)-0696



Training 2015-2017

Specialized Workshop for NSDD Evaluators, 27-29 April 2015,
IAEA

— Directors: E.A. McCutchan, F.G. Kondev
— Lecturers: M. Matrtin, J. Tuli, B. Singh, T. Kibedi, R. Firestone

— Participants: S. Basunia, S. Singh, A. Negret, C. Nesaraja, J. Timar,
A. Hurst, K. Abusalem

Main activity: revision of Evaluators Guidelines, updating of
General Policies, specific issues with over-precise data,
normalization

Feedback: more hands-on approach next time!!!
Workshop summary: INDC(NDS)-0688

Next workshop: 2019



Training 2015-2017

« |CTP-IAEA Workshop on NSDD: Experiment, Theory and
Evaluation, 22 Aug.—2 Sept. 2016

— Directors: P. Dimitriou, E.A. McCutchan, M. Thoennessen

— Lecturers: P. Van Isacker, B. Singh, J. Tuli, S. Basunia, T.
Kibedi, F. Kondev, H. Sakurai, P. Regan, M. Verpelli, V. Zerkin

We expect support from Universities and Labs

with access to PhD students and post-docs!
valuation of mass chain A= week 2)-In review
« Feedback:
— XUNDL (week 1)+ENSDF (week 2) recommended
— More emphasis on codes and web applications with exercises

— Lectures should focuss on experimental and theoretical
aspects relevant to ENSDF evaluation

« Next workshop: in 2018




Technical Support

« ENSDF codes, editor, web tools

— Dissemination (ensure all codes are running on
all platforms)

— Editor: tree-graph editor by V. Zerkin (see
Friday’s talk)

— MyEnsdf Web tool by V. Zerkin (see Friday’s talk)



Financial support

e Mass chain evaluations:
— Pascu (ROM): new in 2017

— Abusaleem (JOR): ended in 2016

60% success rate
— Timar (HUN): ended in 2014

— Negret (ROM): ended in 2013

 Horizontal evaluations:

— Singh (2016-2017): beta-delayed neutron T,,, and P, for Z>28
— Stone (2017-): Tables of Evaluated Nuclear Moments



Dissemination tools

* Live Chart (M. Verpelli) F‘f

— New 2017 masses correctly inserted with proper
treatment/calculation of uncertainties

* Isotope Browser (M. Verpell) '13' '.f.‘f:z
— Translated in 5 UN official languages (french,

spanish, chinese, arabic, russian) + italian,
slovenian, traditional chinese




Dissemination Tools cont’d/

« Recommended Actinide Decay Library (IAEA
CRP 2007-201, STI/PUB-1380)

Decay Data Library for Actinides

Including other Heavy Elements

The evaluations in this data library were produced by an IAEA CRP between 2005 and 2010

e Nuclear waste management e Nuclear material accounting e Nuclear physics research
procedures techniques and non-energy applications

® Fission reactor fuel cycles

CRP page i

Data files per Isotope

Decay schemas

List of evaluated decays with links
to tables, plots, comments, and
formatted files.

ENSDF format

Evaluated Nuclear Structure Data
File

Format used in the nuclear
structure and decay data
community. Included on the
accompanying CD-ROM to the final
report as Annex III. Available as a
single txt (~0.5 MB).

Data Tables

Tabulated data for 85 nuclides

These tabulations are also printed
as Annex I in the final report.
Available as a single pdf (~6 MB).

ENDF format

Evaluated Nuclear Data File

Format used in the reactor physics
and non-energy applications.
Included on the accompanying CD-
ROM to the final report as Annex
IV. Available as a single txt (~2.5
MB).

Evaluators Comments

The evaluations process

An invaluable resource for future
evaluators. Included on the
accompanying CD-ROM to the final
report as Annex I1. Available as a
single pdf (~4 MB).

Report

IAEA Scientifical and Technical
Report 1618

Final CRP publication with
evaluators comments and data
tables in various formats



Dissemination Tools cont’d/

 Recommended Actinide Decay Library (IAEA
CRP 2007-201, STI/PUB-1380)
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Dissemination tools cont’d.

* Decay Data Portal: collect and compare
avallable decay data (ENSDF, CRPs, XUNDL)

Decay Data Portal
+ 1 7

Libraries

® union ' intersection

¥ ENSDE
|#| TAEA CRPs / DDEP
I#| xuNDL

Color codes

@ <unDL only

@ ENSDF only

B 12EA + ENSDF

) XUNDL + ENSDF

[

# Click on a nuclide to fill the «
tabs.

+ Mouse: to n
Use the wheel

ENSDF IAEA CRP/DDEP | IAEA-ENSDF compare

XUNDL

Automated comparison of the main evaluated guantities



Dissemination tools cont’d.

ENSDF IAEA CRP/DDEP | IAEA-ENSDF compare XUNDL

Automated comparison of the main evaluated quantities

« 238y g decay to 234Th

Half-life Level energy | Branching ratio Q value Authors Cut-off date
ENSDF | IAEA ENSDF |IAEA ENSDF | IAEA ENSDF | IAEA ENSDF | IAEA ENSDF | IAEA
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Functioning of EXFOR-NSR PDF
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Access to full EXFOR-NSR PD

http://www-nds.iaea.org/exfor/myensdf.htm

Web tools for ENSDF evaluators

Web server: www-n as.laea.org

Evaluator:| Name or e-mail: |Viktor

=" Guest
-

1) Enter to MyEnsdf
as Evaluator

MyEnsdf: Web tools for ENSDF evaluators 2) Go to PDF database:
by .Zerkin, IAEA-NDS, 2011-2017, ver.2017-05-15 - NSR PDF database
Upload your ENSDF dataset and run remotely ENSDF codes: FMTCHE, chk_ENSDF, PREFPRO, XPQCHK,
ALPHAD, GTOL, Bricc, BriccMixing, GABS, LOGFT, PANDORA, RADLST, RULER, BARON, NDSPUB, efc. - Jé)mid EXFOR-NSR
: atabase
. Useful links:
or: Viktor . e NEDD
ea: 172 Session: 176 s NuDat2
ile: : ; * LiveChart
Cheese File | Mo file chosen | Submit | | Heset | « ENSDF:
=l = - - web-retrieval
ts: alphad| fintchic| gabs | giol| newgtol | logft| pandora| radist| ruler | xpqchic| 1-5] 152| aa| 177Lu] 235Pa| 221Fx|  g[g)| | VeSSV
- programs
- data archive
« XUMNDL:
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I’ » xdpdf-nsr 1
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ming. Viktor Zerkin, ND.S, International Atamic Energy Agency (V. Zerkin@iaea.org)
13:59:38



Joined EXFOR-NSR PDF databas

X4-NSR PDF collection.

Database updated: 2017-05-12. Files: 101637 from 2000-04-19 to 2017-05-12.

Total: 101637 files from 2000-04-19 to 2017-05-12. NSR files: 73875 files
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) 201611_PNPI /31565/ y 4. 1,ARL107,391,2016 Jour: Applied Radiahion and Isof Yol 107, p.391 (2 : D
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Contributions to NSR PDF
as of 2017-05-16

1) 201200_Totans /3662/  16) 20170322 _PNPI /11229/
2) 201300_Totans /1000/  17) 20170327_PNPI  /305/

3) 201400 _Totans /559/ 18) 201703_Totans /374/
4) 201500 _Totans /618/ 19) 201704_Totans /117/
5) 201510 _Balraj  /263/ 20) 201704 _Zerkin  /132/
6) 201510_nndc2corr/11/ 21) 20170508_Kondev /44/
7) 201510 _Rodionov /2620/  22) 20170512 Zerkin /31/
8) 201512_Audi /2626/  23) 201705_Totans /841/

9) 201600_Totans  /2065/
10) 201603_Rodionov /325/
11) 201603_Shulyak /13469/
12) 201604_Kondev /1145/
13) 201611 _PNPI /31969/
14) 201701_Totans /284/

15} 201702 _Totans /186/
Sum: /73875 Thanks to external

contributors!!!

PDF Statistics (2017-05-16)
Database References PDF’s PDF’s incl. links X4-NSR
NSR 224,317 73,831 (33%) 83,811 (37%)
EXFOR 30,423 21,508 (71%) 22,133 (73%)
CINDA+X4+NSR 86,300 22,997 (27%) 30,685 (36%)




Evaluation of Nuclear

Moments
« Consultant’s Meeting on Evaluation of Nuclear
Moments, 27-30 March 2017, IAEA

— Assessed different measurement techniques and
needed corrections (diamagnetism, hyperfine
anomaly, half-lives and external-field
parameterization for short-lived states, new Electric
Field Gradient calculations for Q)

— Proposed method of implementing all the required
corrections

— Agreed on timeline for producing tables of evaluated
L and Q (2018)

— |AEA Online Nuclear Moments database to be
updated by Mertzimekis

— Summary report in preparation



Evaluation of Nuclear

Moments cont’d
— Magnetic Dipole Moments:

« Jackowski: Diamagnetism (introdicue corrections to NMR, beta-
NMR etc)

« Persson: Hyperfine Anomaly (flag nuclides where sizeable effect
IS expected using nuclear models)

* Stuchbery: update half-lives where relevant; assess uncertainties
in B-external field parameterization (transient field); assess
accuracy of rel. corrections

« Updated table of direct measurements of spin/parities to be
provided by Kondev

— Quadrupole Moments:

« Pyykko: perform accurate calculations of EFG and update
evaluation of Q for extended nuclides for which data have
become available

— General

« Stone: work together with Jackowski, Persson and Stuchbery to
complete evaluation and produce tables

* Neyens to consult on evaluation of Q



Evaluation of Nuclear
Moments cont’d

* Nick Stone

« Karol Jackowski (Univ. Warsaw)

» Pekka Pyykko (Univ. Helsinki)

» Jonas Persson (Univ. Technology Norway)
* Andrew Stuchbery (ANU)

* F. Kondev (ANL)

» Mark Bissell (Univ. Manchester)

» Gerda Neyens (KULeuven)

* Theo Mertzimekis (Univ. Athens)



Coordinated Research
Projects (2015-2017)

» Charged-particle Monitor reactions and
Medical Isotope production (2012-2016)

— Ended in 2016: publications in preparation, new
online retrieval from Medical Portal

— Evaluation of production cross sections and

decay data finalized
« Decay data: A. Nichols, F. Kondev, T. Kibedi, M. Kellett, A.Lucas

— Final publications in Nuclear Data Sheets



Nuclear Data for Charged-particle Monitor Reactions and Medical Isotope
Production

-~

_RP: cross-section measurements and evaluations

Excitation functions

Monitor reactions 27Al(p,x)%%*Na, 2’Al(d,x)?*?*Na, 2’ Al(3He,x)??*?*Na,

27 Al(a,x)?%?*Na, "Ti(p,x)*Sc and 8V, "Ti(d,x)*6Sc and 8V,
aTi(3He,X)*V, "Ti(a,x)°LCr, "Fe(d,x)°6Co, "Ni(p,Xx)>'Ni,
natNi(d,X)56’58CO and 61CU, natCU(p,X)56'58CO and 62,63,652n’
natCy(d,x)62.63.65Zn, natCu(3He,x)83.65Zn and 66Ga,
natCU(G,X)65ZI’I and 66’67Ga, natMO(p,X)96g+mTC

' Diagnostic y emitters |"Ti(a.x)>'Cr, "V/(p,n)>LCr, "@V/(d,xn)>1Cr, "aMn(p,x)>'Cr,
Fe(p,x)?Cr, Zn(n,p)*“Cu, $Zn(y.p)¥'Cu, Zn(n,p)'Cu
682n(n,x)67Cu, 9OZr(n’p)QOg+mY’ 1°°M0(n,2n)99|\/|o,
1°°Mo(p,2n)999+mTc, 1°°Mo(p,pn)99I\/Io, 100!\/I0(d,3n)999+mTc,
100\ jo(d,2pn)?*Mo, 1°Mo(y,n)*Mo, 238U(y,)*Mo,
112Cd(p,2n)n, 124Xe(p,x)12Ll, 124Xe(p,2n)!23Cs,
124%e(p,pn)123Xe, 293T|(p,2n)202mPh, 203T|(p,3n)201Pbh,
203T|(p,4n)2%0Ph

IAEA Nuclear Structure and Decay Data Evaluators’ Network
22-26 May 2017, University of California, Berkeley, USA



Nuclear Data for Charged-particle Monitor Reactions and Medical Isotope

Production

_RP: cross-section measurements and evaluations (continued)

Excitation functions

Direct p* emitters

%8Ni(p,a)*°Co, >*Fe(d,n)*>Co, >6Fe(p,2n)>>Co, "Fe(p,x)*>Co,
5INi(p,n)1Cu, "Ni(d,x)8Cu, %4Zn(p,a)®'Cu,

%6Zn(p,n)®Ga, %3Cu(0,n)®Ga, %8Zn(p,n)%8Ga, °Cu(a,n)Ga,
natGe(p,xn)"2As,

SAs(p,3n)"3Se, "2Ge(a,3n)"3Se,

6Se(p,n)"Br, 7’Se(p,2n)’°Br, As(a,3n)°Br,

8Sr(p,n)8oY, 8Sr(p,3n)80Y, &Rb(a,3n)8Y,

8Y (p,n)®Zr, 89Y(d,2n)8%Zr,

BNb(p,x)*Nb, 8Y (0,x)*Nb,

%Mo(p,n)%*Tc™, 2Mo(a,x)%Tc™,

110Cd(p,n)L0Inm, 10Cd(d,2n)10In™, 197 Ag(a,n)10In™,
120Te(p,n)120|’ 122Te(p,3n)120|

Generator p* emitters

S2Fe/>2Mn™: 5SMn(p,4n)°?Fe, "Ni(p,x)%>?Fe, °Cr(a,2n)>?Fe

62Zn/%2Cu: %3Cu(p,2n)®2Zn, 53Cu(d,3n)%2Zn

68Ge/%8Ga: "Ga(p,xn)®Ge, Ga(p,2n)%8Ge

2Se/"2As: >As(p,4n)’2Se, "Br(p,x)’?Se

82Sr/82Rb: "Rb(p,xn)82Sr, 8Rb(p,4n)82Sr

44Tj/44S¢, 110G /110|nm  118Tg/118Gh 122X /122 12883/128Cs and 140N d/140Pr:
studies undertaken of all main reactions leading to parent nuclide

IAEA Nuclear Structure and Decay Data Evaluators’ Network

22-26 May 2017, University of California, Berkeley, USA



Nuclear Data for Charged-particle Monitor Reactions and Medical Isotope
Production

-~

_RP: cross-section measurements and evaluations (continued)
Excitation functions

Therapeutic o emitters 229Th(a)25Ra(B)25Ac(e) decay chain to 213Bi: 22Th(p,x)?Ra and
225221 ;\c, 226Ra(p,2n)22°Ac

230U()%26Th(a) decay chain: 231Pa(d,3n)23°U, 231Pa(p,2n)23°U,

232Th (p,3n)23Pa(B-)230U

22ITh(a)?2Ra(a) decay chain: 232Th(p,x)%2’Th

Therapeutic -, ®7Cu (see Diagnostic y emitters), 299*MY (see Diagnostic y emitters)
discrete electron and 103Rh(p,n)13Pd, 193Rh(d,2n)03Pd,
X-ray emitters 130Ba(n,y)13!Ba(EC)131Cs, 13LXe(p,n)13LCs, 133Cs(p,3n)13LBa(EC)!3LCs,

176Hf(a,2n)178W(EC)178Ta’ natTa(p’Xn)].?SW, natTa(d’Sn)].?SW’ natHf(p’X)]JSTa

IAEA Nuclear Structure and Decay Data Evaluators’ Network
22-26 May 2017, University of California, Berkeley, USA



Nuclear Data for Charged-particle Monitor Reactions and Medical

Isotope Production

status of requested decay data, April 2017

Category Radionuclide Requested/Comments
monitor reactions 61Cu Recommended decay data re-assessed —
completed
627Zn Recommended decay data — no volunteer/no action
63Zn Recommended decay data — completed
diagnostic y emitters 67Cu Recommended decay data — completed
99Mo-PMTc Recommended %Mo and pure °°"Tc decay data —
completed
Hn Recommended decay data — completed
B+ emitters 44T Recommended half-life — completed
52Fe/>2Mn, %2"Mn | Recommended decay data — completed
4Cu Recommended decay data re-assessed —
completed
6Ga Recommended decay data — completed
2As Recommended decay data — no volunteer/no action
3Se Recommended decay data — completed
5Br Recommended decay data — completed
8y Recommended decay data — awaiting
measurements
71 Recommended decay data — completed
SR Recommended decay data — completed

120}

Recommended decay data — completed




Nuclear Data for Charged-particle Monitor Reactions and Medical

Isotope Production

status of requested decay data, April 2017

Category Radionuclide Requested/Comments
therapeutic a 230U decay
emitters chain:

230y Recommended decay data — completed

226Th Recommended decay data — evaluation underway

222Ra Recommended decay data — evaluation underway

218Rn Recommended decay data — re-assessment
underway

214pPg Recommended decay data — re-assessment
underway

210pp Recommended decay data — re-assessment
completed

210Bj Recommended decay data — completed

210pg Recommended decay data — completed




Nuclear Data for Charged-particle Monitor Reactions and Medical

Isotope Production

status of requested decay data, April 2017

Radionuclide

Requested/Comments

99TC mi
103p gt

1110t

125|4

131CST
178Ta#

Focus on Auger electrons and X-rays:
Recommended pure °°Tc™ decay scheme — completed
Recommended decay scheme: Auger-electron benchmark? —

completed
Recommended decay scheme: Auger-electron benchmark —

completed
Recommended decay scheme: Auger-electron benchmark —

completed
Recommended decay scheme — completed

Recommended decay scheme of low-spin (1+) 18Ta
Recommended decay scheme of high-spin 7- 1’8Ta — completed

#Tibor Kibedi (ANU), Filip Kondev (ANL), Alan Nichols (University of Surrey), agreed at discussions on 31 January 2013,
ancillary to IAEA meeting of the International Network of Nuclear Structure and Decay Data Evaluators, Kuwait.

T Agreed at 2"¥ RCM on 11/12 December 2014.
# Agreed at 39 RCM on 1/2 June 2016.

IAEA Nuclear Structure and Decay Data Evaluators’ Network
22-26 May 2017, University of California, Berkeley, USA
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Coordinated Research
Projects cont’d

« Reference database for Beta-delayed neutrons (2013-2018) (see
Balraj’s talk)

— 2nd RCM: 27-31 March 2015: INDC(NDS)-698

— Z<29: evaluated T1/2, Pn published in Nuclear Data Sheets (Birch et
al, NDS 133 (2015))

— Z>28: evaluation completed; final checks before submitting for
publication; new systematics in progress

— Benchmarking of existing evaluated/compiled tables completed

— Benchmarking of new evaluated tables: in progress

— All available DN spectra digitized and made available: in progress
— 39 RCM in 12-16 June 2017

(B. Singh, A. Sonzogni, E. McCutchan, X. Huang, G. Mukherjee)



CRP on beta-delayed neutrons:
Benchmarking Pn and CFY
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Coordinated Research
Projects cont’d

. Photc))nuclear Data and Photon Strength Functions (2016-
2020

— 1St RCM: 4-8 April 2016; INDC(NDS)-712
— New evaluations of photonuclear cross sections

— New measurements of photoneutron cross sections using direct
multiplicity sorting

— Correction factors for partial photoneutron cross sections above the
GDR

— Compilation and assessment of all existing Photon Strength Function
data

— Global models (QRPA, SLO/MLO), TLO (for e-e)
— Empirical M1 formula (enhanced scissors mode)
— User-friendly web interface linked to RIPL

— 2"d RCM in 16-20 October 2017

(R. Firestone, L. Bernstein)



Photoneutron cross sections:
multiplicity puzzle
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Photon Strength Function
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Meetings 2015-2017

* Technical Meeting on Fission Product Yields:
current status and perspectives, 23-25 May
2016, IAEA

— Assessed measurements, theories and current
status of evaluated FYP libraries

— Recommended a CRP to update evaluated
libraries for 235,238U, 239,241Pu and 252Cf

— Summary Report INDC(NDS)-0713



Presentations - Discussions

 New improved experimental techniques producing more precise and
reliable experimental data: Lohengrin-ILL, SOFIA-GSI, IGISOL-
Jyvaskyla, TUNL-HIGys, IRMM (2E-2v), SPIDER-LANL (2E-2v)

« Improved models: microscopic HFB (Gogny force), micro/macro+
random walk, GEF empirical model

« Evaluated data/libraries: dated, inconsistent (CFY vs decay data),
discrepant

« Covariances: methods under development (OECD/WPEC-SG37
concluded), ENDF-6 format not available

« Validation procedures and results



Example 2

86.87.88Ge yields in the historical releases of ENDF/B yields
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Recommendation for CRP

« Objective: improve existing evaluated Fission Product Yields (FPY)

* Scope:
— Compilation of all new FFY and FPY experimental data

— Improve systematics and models

— Incorporate new knowledge in FPY evaluations: correct errors and inconsistencies,
update evaluations, provide reliable estimate of uncertainties

— Agree on treatment of covariances, provide FPY covariance data and propose suitable
format for inclusion in ENDF-6

— Validation of new evaluations

« Participant countries: Belgium, China, Finland, France, Germany, India,
Japan, Russia, Sweden, UK, USA



Technical Meeting on FPY
cont’d

 TM recommendations endorsed by

International Nuclear Data Committee (INDC)
at meeting on 6-9 June 2016

* Future CRP could start after the completion
of the CRP on beta-delayed neutron (2019)



Future Meetings

« 39 RCM of CRP on beta-delayed neutrons:
12-16 June 2017

* 4rd CM on R-matrix codes for charged-
particle reactions in the RRR: 28-30 June
2017

« 2"d RCM of CRP on Photonuclear Data and
Photon Strength Functions: 16-20 October
2017



Future Meetings cont’d

 CM on Total Absorption Gamma-ray
Spectrometry, Dec. 2017, |IAEA:

— Update tables of high-priority nuclides for TAGS
measurements based on recent comprehensive
Inventory calculations on a variety of fuel cycles
and energies and irradiation times

— Assess impact of new TAGS measurements on
decay heat calculations, anti-neutrino spectra
and beta-delayed neutrons



Future Meetings cont’d

* TM on Improvement of Analysis Codes for
NSDD evaluations, early spring 2018, IAEA

— Follow-up on the work of the Codes/formats
committee based on recommendationsactions
from NSDD 2017 and USNDP 2017

» ICTP-IAEA NSDD workshop: 2018

« Specialized/advanced Workshop for NSDD
evaluators adjacent to NSDD 2019 (IAEA)
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