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Motivation

 Production of TSL libraries that contain high fidelity physics including

coherent inelastic effects

 Graphite and beryllium
 Highly non-cubic forces

 Non-negligible structure in TSL

 High fidelity TSL libraries are of interest in various application, e.g.
 Neutron scattering instrument response analysis

 Directional biases (reflection) in neutronic analysis



Graphite & Beryllium Structures

 HCP crystals

 Graphite has highly directional bonding
 Covalent in-plane

 Van der Waals out-of-plane

 Preferred Orientation

Phonon dispersion curves and vibrational DOS for crystalline graphite, calculated 

using ab initio methods.

Crystalline Graphite 4x4x4 

supercell (256 atoms)

Beryllium 5x5x5 supercell 

(250 atoms)



LEIP Evaluation Process



Thermal Scattering Theory

 Thermal Scattering Law (TSL)
 Material property

 Energy & Momentum States

 𝑆 𝛼, 𝛽 = 𝑆 𝜿,𝜔 ∙ 𝑘𝐵𝑇
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Correlations in Scattering Theory

 Thermal neutron scattering is defined by atomic correlations

 The self-component
 𝑆𝑠
 Correlates an atom with itself

 The distinct-component
 𝑆𝑑
 Correlates an atom with the entire system

 Lattice (Structure) effects
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Typical TSL Approximations

 Incoherent Approximation (𝑆𝑑 = 0)
 Assumes the distinct component is negligible

 Cubic Approximation
 Assumes isotropic forces (non-directional)

 Impacts inelastic and elastic scattering

 Atom Site Approximation

 Harmonic & Gaussian Approximations
 Allows for use of the phonon expansion

 Simplifies correlation functions



Removing the Cubic 
Approximation: Generalization

 This approximation directionally-averages the forces in a crystal
 Application of the approximation must be consistent throughout the evaluation

(inelastic, elastic)
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Removing the Cubic 
Approximation: Generalization

Self-component of the TSL of crystalline graphite at a specific 𝜷 value 

under the cubic and generalized treatments

Inelastic elastic scattering cross section of crystalline graphite 

under the cubic and generalized treatments



Removing the Cubic 
Approximation: Consistency

Coherent elastic scattering cross section of crystalline graphite 

under the cubic and generalized treatments

Total scattering cross section of crystalline graphite under the cubic 

and generalized treatments



Beyond the Incoherent
Approximation

𝑆 𝛼, 𝛽 = 𝑆𝑠 𝛼, 𝛽 + 𝑆𝑑
1 𝛼, 𝛽

𝑆 𝛼, 𝛽 = 𝑆𝑠 𝛼, 𝛽

1-Phonon / 

Generalized:

Approximation:
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Incoherent Atom Site
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Beyond the Incoherent
Approximation

TSL of crystalline graphite 

at various 𝜷 values



Beyond the Incoherent
Approximation

Inelastic cross section of crystalline graphite under the cubic, 

generalized, and generalized + 1-phonon treatments

Total cross section of crystalline graphite under the cubic, generalized, 

and generalized + 1-phonon treatments



Application to Beryllium

Inelastic cross section of beryllium under the cubic and 

generalized + 1-phonon treatments

Total cross section of beryllium under the cubic and generalized + 

1-phonon treatments



Generation of File 7

 File 7 formatting remains the same
 Physics changes embedded in the usual data

 e.g., 𝑆 𝛼, 𝛽 = 𝑆𝑠 𝛼, 𝛽 + 𝑆𝑑
1 𝛼, 𝛽

File 7s for beryllium + 𝑺𝒅 crystalline graphite + 𝑺𝒅
as submitted to ENDF/B-VIII



Overall Evaluation Validation

 Physically-informed gridding 𝛼- and 𝛽-space

 Natural isotopic mass
 Obtained from ENDF/B-VIII.0 tape20

 Natural isotopic free atom cross section
 Obtained from ENDF/B-VIII.0 tape20 (MF=3 MT=2 E=1e-5eV)

 Phonon DOS from ab initio DFT

 Experimental unit cell (coherent elastic)



Validation & Impact on File 7

Total cross section plots for beryllium + 𝑺𝒅 (right) 

and crystalline graphite + 𝑺𝒅 (left). Plots 

generated using MCNP and ACE files



Summary

 Removal of typical approximations
 Incoherent

 Cubic

 Atom Site

 Application of generalized equations to crystalline graphite and

beryllium TSL evaluations
 Both evaluations submitted to NNDC

 Crystalline graphite + 𝑆𝑑
1

 Beryllium + 𝑆𝑑
1

 Validation of data and data formats



Thank You!


