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 Current and advanced thermal reactors have
been proposed including the LWR, AHTR and FHR
 The core is dominated by light water, graphite, molten salt, etc. moderators

 Criticality safety applications

 Neutron sources (research reactors and spallation
sources) and applications

Motivation – Neutronic Systems



Neutronic Characteristics
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The scattering law

Using first Born approximation combined with Fermi pseudopotential, it can 

be shown that the double differential scattering cross section has the form

Van Hove’s space-time formulation
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where G( Ԧ𝑟,t) is the dynamic pair correlation function and can be expressed 

in terms of time dependent atomic positions. 

Neutron Thermalization
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() – density of states (e.g., phonon frequency distribution)

The scattering law (TSL) is the Fourier transform of a Gaussian correlation 

function

( ) ( )s B sS , k T S κ,ω   

Since 1960s



Thermalization in Liquids

 Separation of the 
diffusive DOS from 
the continuous 
(solid) DOS

 Convolution of the 
solid like and liquid 
TSL components

𝑆𝑡𝑜𝑡𝑎𝑙 𝛼, 𝛽 = 𝑆𝑑𝑖𝑓𝑓. 𝛼, 𝛽 ∗ 𝑆𝑐𝑜𝑛𝑡. 𝛼, 𝛽

Solid
Liquid
Total
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 Kick-off in May 2015
during WPEC meeting

 Operated during 2016 –
2018

 Final report developed
during 2018 – 2019 and
issued 2020



WPEC Subgroup 42



 Largest historical contribution of TSL evaluations

 More than 50% are first-of-a-kind evaluations 

SG42 TSL Evaluations



SG42 recommendations

 Support the development of open source tools for thermal

scattering data evaluation and processing

 Strengthen the collaboration with the neutron science and

advanced neutron source communities

 Support the data collection effort in the relevant databases

 Identify benchmark experiments that most appropriate for

supporting the TSL evaluation process

 Converge on a modern format for TSL data in consultation with the

GNDS effort

 Study the accuracy requirements for TSL evaluations, data

processing and utilization

Consequently, during the last session of SG42, the participants unanimously

recommended the start of a follow-up subgroup to continue the coordination

of the international effort in TSL development and evaluation. This

recommendation was also supported by entire WPEC body in the meeting

held on May 20, 2018.
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Continued growth in the area of thermal neutron scattering data motivates the 

formation of a new subgroup within the WPEC nuclear data collaboration

 Motivate the TSL evaluation effort in support of various nuclear science and 

engineering applications

 Advanced reactors (e.g., various molten salts)

 Criticality safety (e.g., various U and Pu based fuels) 

 Neutron science (e.g., cryogenic moderators)  

 Review the development of advanced TSL evaluation methods and tools 

with consideration of modern simulation approaches 

 Address issues related to data validation, covariance generation, and data 

formats, …

 Act as the focal point with other WPEC subgroups (SG44, SG45, GNDS, etc.)



Time-Schedule and Deliverables

During the 3-year period, discussion of new and upcoming TSL 

evaluations, that are being considered for release into the databases 

(ENDF, JEFF, etc.), will continue.  Coordination with other WPEC 

subgroups will be ongoing.

In addition, the following deliverables will be pursued

 2020-2021: Review and documentation of advances in TSL 

evaluation methods and tools.  Consideration will be given to 

emerging modern nuclear science and technology analysis 

modalities.

 2021-2022: Review and documentation of TSL data validation, 

uncertainties, and formats.

 2022-2023: Summary and formulation of the SG findings, 

conclusions and recommendations.
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In Memoriam



Questions

&

Discussion


