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The Nuclear Data Pipeline

BRI SAFRESHRE

SRS = RER

Our goal is to get the highest
quality data and uncertainties to

— The Nuclear Data Pipeline

security science isotopes energy
T T

Our users use sensitivity studies to
set priorities

When possible, these studies are
informed with underlying uncertainties

FRFRIER BUSAH
EITE

Ref: Nuclear Data Pipeline Getting Data To The User David Brown (BNL/NNDC), Jeremy Conlin, Michael Zerkle, Patrick Talou, Robert Casperson (LLNL), Teresa Bailey, Yaron
Danon (RPI), Workshop for Applied Nuclear Data Activities (WANDA), 3-5 Mar 2020
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Nuclear Data Measurement Activities in China

MERFaER Z AR
CHINA INSTITUTE OF ATOMIC ENERGY
Excitation function, FY, y production
yields, DX and DDX, benchmark
: experiments, etc

@u ez XY

PEKING UNIVERSITY

?<N

N % ;
Excitation function around 14 MeV

e MERS R IR 7S PR

Institute of Moder Physics, Chinese Academy, of Sciences

ADS related data (proton induced)

Charged reaction measurement (n,LCP)

HRBEARAER

Decay data e
----------------é (?“|£G L;@i%ﬂ%%?ﬁm%ﬂﬁ
: Photonuclear data measurement ?
E TR 5l P KRR ED R B EE

SINAP Shanghai Institute of Applied Physics, Chinese Academy of Sciences

Integral experiments, other data

Th-U cycle related data
measurement
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Excitation function i
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Optical Model (OM)

Coupled Channels (CC)

Distorted Wave Born Approximation (DWBA)
Multi-step Direct (TUL)

Multi-step Compound with gamma emission
(NVWY)

Exciton Model with cluster emission in terms of
lwamoto-Harada model (PCROSS)

Hauser-Feshbach model with multiparticle
emission, full gamma-cascade and dynamical
deformation effects

.........
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physics codes

Ref: Patrick Talou Los Alamos National Laboratory

Nuclear Theory

Predictions based on more
fundamental microscopic theories

ABSORPTIONDEFORMATION FRAGMENT PROMPFT EMISSIONS 1 CONVERSIONS DELAYED EMISSIONS
H s ¢ B L

SEPARATION. @

L%
Prampt n Prompt y B-decay Celayedn &y

) wrays
Seission 90% KE ¢ icdly s eissions

Ab initio calculations for light nuclei

Comprehensive, quantitative & predictive theory of nuclear fission

Nuclear structure (level densities, isomeric states, branching ratios),
especially for nuclei away from stability

Consistent theories/models of nuclear reaction & nuclear structure

Integration of fundamental nuclear physics codes (microscopic, quantum
mechanical, event-by-event) directly into transport simulations

Development of machine learning-trained emulators on fundamental

7
s
i

Potential Energy (Mel)
50 501520
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Ref:P. Moller etal, Nature 409,785(2001)
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Ref: M. Herman, R. Capote, B.V. Carlson, P.
Oblo’zinsk’y, M. Sin, A. Trkov, H. Wienke, and
V. Zerkin, EMPIRE: Nuclear Reaction Model
Code System for Data Evaluation, Nuclear Data
Sheets 108 (2007) 26552715 —

parameters
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particle emission

MC List of
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> nuclei

(Z,A, E*,.)

Utilities
Optical Model
Deformations Formatting
Optical potential Merging

Level decays — Processing
Preequilibrium
Level densities Plotting
7-strenght functions P Checkin . . .
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Fission Barriers X
Reactor physics Tables of
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Outputs ENDF-6 [
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fis. neutrons
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+ covariances | Accumulation

of post-neutron S
fragment
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Radiotoxicity

I,.'f ]Il Shielding spectra properties

TALYS ' Accumulation

. fast energies CALENDF FISPACT ) of post scission
Theoretical ‘ gtes + covariances promp gammas
and neutrons

nuclear physics + covariance + covariance
SAVE processing SAVE software
INPUT FILES INPUT FILES

. . . Ref: K.-H. Schmidt, B. Jurado, C. Amouroux, and C.
Ref: A.J. Koning and D. Rochman ,"Modern nuclear data evaluation with the TALYS code system “, Nuclear Data Sheets Schmitt, General Description of Fission Observables:

113, 2841 (2012). GEF Model Code,_131(2007)107-221
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Nuclear Data Evaluations

Combining the best of our knowledge (exp. & theoretical)
about nuclear quantities into tabulated data files

»
Uncertainties and limitations in experimental data
Approximations/assumptions of theoretical models
Discrepant observations/information

Ceneral use of theoretical models

More realistic account of experimental uncertainties )

Use of rigorous mathematical and statistical tools (Bayes) j
Better tools to ensure quality assurance and verification of data files -)1

How to account for model defects?
Realistic simulations of experimental setups, their biases and uncertainties
Quality control and improvements of the library itself, e.g., GNDS

Rigorous derivation of uncertainties and correlations (covariances)
“General purpose” and/or “adjusted” libraries

AR B R R R AT E
SLIa N EHIERIR G
ZEIRTN SR ME RIS RIAS

v
v
v

We strongly encourages entire ND community to embrace
the advances that Al/ML tools can have for your work!

Artificial Intelligence and Machine

“ L3
| Original L f N I D t
. . earnin or Nuciear vata
on of expensive
nd application . i t1 "0 | \enat  Published articles —
i E N xunoL
or fast inference g in nuclear data asar
s 600 ~—— ENDF/B 8.0
‘mulation Lowr
.| Emulated —_ P, Cov (2) Neudecker
12 14 16 18 20 LN !
i E (MeV) Pib T9F(,inl)
Al/ML-augmented , | FE

Identification of

regions to improve z
! Lo S

Estimation of missing
: - covariance information
RN F t : I through Al/ML

Nucioar Science.
2020

Generative /
Modeling | 4 .
Speclﬁcatlons

for the Generalised Nuclear
D{{a“tabase Structure (GNDS)

Schunck
| Networks Supervised
Learning

in Processes

Version 1.9

New Format of Nuclear Data
GNDS

@) 0ECD ynea
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Evaluated and predicted cross sections are critical to national security,
energy and astrophysics applications " e
mll:ﬂmd n
* Reaction data must be evaluated for use in applications & \/ o Fisn
* Central tool: Extended Hauser-Feshbach reaction framework M = e
* Uses diverse mix of structure & reaction models . \g. ™ L)
interacti emission
¢ Challenges for reaction evaluations (ot !
* Correlated reaction channels W,
« Correlations across isotopes Pre-scuitbror VAN == SR V2
* No optimal combination of models reactions ‘ ‘ A | §En HE/*{LE’%%
* No model uncertainties \‘-M 288U(n,y) S N
* Need to sample models and large parameter spaces %m“ 38 e 2 ] ' > "").-l—-j:i 7|§ \_\L%
+ Data do not give unique constraints to disentangle inputs ¢ ] § T S = ':F
+ Additional challenges for predictions %“" IR A =
* Lack of constraints St 1 T ‘““t: ugment expert knowledge in pin-
« Extrapolation of models e | B ‘ . . . .
R S o e ark experiments leading to bias in
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* 1000s of nuclear data are
used to simulate 1(!)
validation experimental /

Al/ML for Nuclear Data value. A human brain cannot  Simulating the

keep track of all these inter- criticality of

dependencies Jezebel takes 100s
of nuclear data
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