A Case for Using Robust, Synthetic Data to
Improve Nuclear Data Uncertainty Quantification

Jacob Forbes, Noah Walton, Oleksii Zivenko, Amanda Lewis,
Cole Fritsch, Vlad Sobes

Department of Nuclear Engineering, Tickle College of Engineering

THE UNIVERSITY OF

TENNESSEE

KNOXVILLE



Nuclear Data UQ Need

The nuclear data community needs reproducible methods for. ..

THE UNIVERSITY OF




Nuclear Data UQ Need

The nuclear data community needs reproducible methods for. ..

@ Measuring the impact of select assumption violations on the
accuracy of uncertainty quantifications.




Nuclear Data UQ Need

The nuclear data community needs reproducible methods for. ..

@ Measuring the impact of select assumption violations on the
accuracy of uncertainty quantifications.

@ Augmenting existing uncertainty quantification methods to
mitigate these impacts.

TENNESSEE



Nuclear Data UQ Need

The nuclear data community needs reproducible methods for. ..

@ Measuring the impact of select assumption violations on the
accuracy of uncertainty quantifications.

@ Augmenting existing uncertainty quantification methods to
mitigate these impacts.

The nuclear data community should support the use of
robust, synthetic data to develop methods for improving
uncertainty quantification.




Syndat: Reproducible Synthetic Data

Walton, Brown, Fritsch, et al. [1] provide

“a generative model for the experimental observables pro-
duced by a determined total cross section in a neutron
time-of-flight (TOF) transmission experiment,”

and accompanying open source code [2].

Brown, et al. Synthesized
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SAMMY UQ Limitations

Updated Users’ Guide to SAMMY, Section IV.E.6:

"The posterior resonance parameter covariance matrix
(RPCM) produced by SAMMY is a accurate representa-
tion of the uncertainties in the R-matrix evaluation. Never-
theless, uncertainties for evaluated cross sections repro-
duced by propagating the RPCM have historically been
regarded as ‘too small." [3]
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Ta-181 Example
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Ta-181 Example

A SAMMY Fit with Underspecified Model
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A SAMMY Fit with Underspecified Model
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Ta-181 Example

Cross-section (barns)

16 SAMMY UQ with Underspecified Model

—— Theoretical cross-section
—— SAMMY fit £2 standard errors

14 1

50.0 50.5 51.0 51.5 52.0 52.5
Energy (eV)

53.0

THE UNIVERSITY

TENNESSEE
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16 UQ with Underspecified Model: SAMMY vs. Empirical

—— Theoretical cross-section
—— Fit £2 standard errors (SAMMY)
Empirical fits
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Ta-181 Example

UQ with Underspecified Model: SAMMY vs. Empirical

—— Theoretical cross-section

—— Fit £2 standard errors (SAMMY)
---- Fit 2 standard errors (Empirical)
Empirical fits
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16 UQ with Underspecified Model: SAMMY vs. Empirical

—— Theoretical cross-section

—— Fit £2 standard errors (SAMMY)

---- Fit £2 standard errors (Empirical)
Empirical fits
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Recommendation

The nuclear data community should support the use of
robust, synthetic data to develop methods for improving
uncertainty quantification.
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