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Overview

« Recent efforts in validating thermal neutron scattering cross
sections:

— Differential cross section measurements at ORNL for:

« Evaluation [1]
* Validation [2,3,4,5]

— Total cross section measurements at RPI [6,7]
— Pulsed-neutron die-away experiments at LLNL [8]
— Integral criticality experiments by LLNL [?]

e Here, we propose a methodology for not only validating
thermal scattering files that utilizes all available experimental
data, but also for evaluating new libraries as demonstrated on
polystyrene
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Evaluation

e Initial configuration of polystyrene (CgHg) used to calculate
phonon properties using VASP, Phonopy, and OClimax

« Phonon density of states (PDOS) was then optimized using
NCrystal [11] and Dakota [12] using the following:

— Process PDOS using NCrystal to calculate both the total cross section
and VISION spectra

— Calculate y? of these datasets compared to experimentally measured
total cross section and VISION spectra

— Use Dakota to vary the PDOS based on the calculated y? meftric until
convergence is achieved

e« Samples in experiment were of varying chain lengths &
tacticity, which previously showed no impact on cross section

[13]
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Evaluation

« PDOS chosen to vary because it affects all forms of thermal
neutron scattering:
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Evaluation

H in Polystyrene Phonon Density of States - Before and After Optimization
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Evaluation — Differential Scattering

Vision Spectrum - Before and After Fitting
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Evaluation — Total Cross Section

Polystyrene Cross Section
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Validation — Double Differential Scattering Cross Sections

e Direct comparison to double differential measurements is
difficult for several reasons:

— Large number of datapoints (~1e5-1e€é points per incident energy)

— Experimental uncertainties are normally very small, leading to
unrealistic chi-squared values

e Several ways to combat these issues
— Slice data into several 2-D sets (e.g., DDXS at specific scattering angles)
- Integrate data over angle/energy

o Additionally, visual representation of comparisons of 3-D data
not aesthetically appealing

— Currently, we integrate over Q to generate a 2-D sef
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Validation — Double Difterential Scattering Cross Sections

Indirect Geometry

— Currently used for evaluation
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Validation — Double Difterential Scattering Cross Sections
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Validation - Benchmarks SE0UOI- Qs S0 2 mor-T-5x
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Validation - Benchmarks

MCT-012: Results
C/E results
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Validation - Benchmarks

PCM-002: Results
C/E results
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Conclusions

e Polystyrene evaluation conducted using multiple experiments
(differential and integral)

» Proposed methodology shown fo improve neutron fransport
e Files submitted to NNDC for inclusion in ENDF/B-VIII.1 release
« MCT-012 & PCM-002 relatively insensitive to changes in S(a, )

e Differences in differential results don't always propagate to
differences in integral results

- Hence why evaluation of differential data important
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Future Work

« Feedback on evaluation methodology welcome

 More varied experiments (different samples, different
experiment types) -> more consistent results
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