Using Machine Learning Algorithms for
Large-scale Nuclear-data Validation.
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Seminar at Universidad Politecnica de Madrid,

shortened for SG-46, Nov. 11, 2020
Thanks to: M. Grosskopf, M. Herman, W. Haeck, S. Vander Wiel,
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Based on: D. Neudecker et al., Nucl. Data Sheets 167, 36-60 (2020)

and continuing work for the LDRD-DR project EUCLID.
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Why should we use
machine learning for
nuclear-data validation??
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A set of nuclear data are validated by simulating and
comparing to integral experiments.
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1 k¢ value simulated by 20,000 nuclear data values.
Which nuclear data causes difference to exp. K.¢?

S N Problem: human brain cannot

' ting t .

" ritical assombly assess which of 20,000 nuclear
data are related to imperfect
simulation of integral exp.

Gap: need systematic method to
) identify imperfect nuclear data via
- NG integral experiments
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Impact of solving problem:

* more targeted (cost-effective)
nuclear data research

 ldentify need for integral and
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al « Better data for application calc
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Machine learning
algorithms used for
nuclear-data validation
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We address this problem by augmenting nuclear
data validation by using machine learning methods.

Machine learning methods used:

 Random forests: Build a prediction model for the bias as a non-linear
function of the Iargetset of potentially informative features:
Akegr = koge — keff = f(X1, -, X21000) + €

@ .99

* Importance of features assessed with SHAP metric

Data:

* Input: 875 Ak« values using ENDF/B-VII.1 and ENDF/B-VIII.0
» Features: for each experiment:
= ~21000 sensitivity coefficients of nuclear data related to k4™

= ~ 50 measurement features (e.g., reflector material, spectrum)
ya

)
» Los Alamos

NATIONAL LABORATORY

UNCLASSIFIED Slide 6

T.1943
Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA NA'S:@‘%
National Nuclear Security Administration




BUT DOES IT WORK??

INVESTIGATING FABRICATED
BIASES IN NUCLEAR DATA
PERTURBED TO SIMULATIONS
OF ICSBEP CRITICAL
ASSEMBLIES
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ML algorithms is tested by perturbing changes in
total 239Pu fission source term data to ks'™ . values.
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Yes, ML correctly finds fabricated nuclear data
biases impacting simulation of ICSBEP crits.

BUT:

Physics correlations
between nuclear data
arising from how k. is
simulated have to be
considered for the

S S correct interpretation of
5% change in T of 23°Pu y i ML results.

Observable
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BUT DOES IT WORK FOR
REAL CASES??

INVESTIGATING WHETHER ML
FINDS UNKNOWN
SHORTCOMINGS IN CURRENT
LIBRARIES

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Slide 10

.1943 S8

Managed by Triad National Security, LLC for the U .S. Department of Energy 's NNSA NA‘ S;&é‘x
National Nuclear Security Administration




ML points towards potential issue in 1°F ENDF/B-
VII.1=VIIl.0 nuclear data relevant for small-scale exp.
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Several "9F nuclear data observables,
over a broad energy range, were
highlighted as important to predict bias.
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Yes, ML correctly identifies unknown issues in
current nuclear data libraries.

A |
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Issue in °F(n,inl) nuclear data was hiding in plain sight due to:

« sheer amount of nuclear data to look through.
« expert judgment validation overlooked it because lesser

importance for simulating K.
ML caught it given the strong trend but suffers from correlation effect.

ML AUGMENTS EXPERT JUDGMENT NUCLEAR DATA
VALIDATION RATHER THAN REPLACES IT.
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Validation of 241Pu nuclear data: this is a
challenge for ML due to compensating errors
Energy ranges and observables highlighted as problematic by ML.
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Validation of 241Pu nuclear data: multiple option
of wrong data ...

P
(MeV)

Thermal
7e-8-1e-5
1-5.5e*
5.5e4-2.5e2

Some questions
on the functional
form.

2.5e2-2.479
2.479-4.8
4.8-8.187 T

Unphysical
_ functional form!!!
» Los Alamos

0.2 0.5 1
NATIONAL LABORATORY UNCLASSIFI Incident Energy (MeU)

2
EST.1943 —
Managed by Triad National Security, LLC for the U.S. Department of Energy’s NNSA N“ S;&é‘x
National Nuclear Security Administration



Energy (n, (n,g (n,in|) 0.006 Dirty Jezebel (PU-MET-FAST-002)
(MeV) f) ) . — n,el

Section (harns)

Validation of 241Pu nuclear data: multiple option of
wrong data ... experts & differential data can help!
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solve issues in simulating critical
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Take-home message:

* We can use exciting new statistics techniques, such as
ML, to further nuclear-data science.

* But do not underestimate the value of expert judgment!

Thank you for “your attention!
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