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Motivation

 TSL describes scattering system: impacts

neutron thermalization and may inform

resonance broadening

◼ TSL impacts thermal cross sections, thermal

neutron spectrum, criticality safety, Doppler

broadening

 Generate ab initio thermal scattering cross

sections for advanced reactor fuel

materials: Uranium Carbide and Uranium

Metal

◼ UC and U-Metal have high thermal conductivities

and fissile isotope densities

◼ UC considered for thermal nuclear propulsion,

HTGR TRISO fuel particles, fast breeder fuel

FLASSH

TSL → Cross Sections

PHONONS

Phonon Dispersion → Phonon DOS

Ab initio LD/MD

Optimized structure →
Hellmann-Feynman 

Forces 

Method

Verify bulk, electronic, magnetic structure, phonon dispersion and DOS

Evaluate TSL, verify inelastic and elastic cross section behavior, Bragg 

edges, process through ACE and plot in MCNP



TSL Methodology

DFT/LD approach MD approach



Uranium Carbide AILD

 VASP DFT Framework

◼ GGA-PBEsol Pseudopotential

◼ 1.9 eV Effective Hubbard Term

◼ Magnetic structure captured with 

Spin-Orbit-Coupling

 AFM-I polarizations in x,y,z → PM

◼ 2x2x2 Supercell, 64 Atoms

◼ .02 Å Displacements in 土 x-

direction for non-equivalent sites
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FLASSH



Uranium Carbide TSL at 296 K

Uranium in UC

Carbon in UC
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▪ Evaluated for 296, 400, 

500, 600, 700, 800, 1000, 

1200, 1600, 2000 K 



Uranium Carbide Cross Sections
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Uranium Carbide TSL



Uranium Metal AIMD

 Ab initio Molecular Dynamics

◼ Ab initio required to capture accurate electronic structure

◼ MD required to capture temperature dependence 

 VASP Molecular Dynamics Inputs

◼ GGA-PBE pseudopotential

◼ No Hubbard corrections or spin-orbit 

coupling

◼ 5x2x3 Supercell, 120 Atoms

◼ 0.05 fs timestep 

◼ 296 K 

◼ 3 ps – equilibration 

◼ 10 ps –VACF calculation
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Uranium Metal TSL at 296 K

◼ Evaluated for 296, 400, 500, 600, 700, 800, and 900 K 

◼ α-phase stable up to ~668ºC

◼ Room temperature traditionally used in cross section 

measurements
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Uranium Metal Cross Sections

Total Scattering (300 K) Total Cross Section (300 K)



Uranium-Metal TSL



New Uranium Carbide and Uranium Metal evaluations using the 
FLASSH platform

◼ Ab initio LD/MD models– converged electronic, magnetic and dynamical properties

demonstrate good agreement with experimental data

◼ Thermal scattering cross sections– generate inelastic and elastic thermal neutron scattering

libraries in FLASSH

◼ New TSL evaluations– production of ENDF File 7 data for Uranium Carbide

and Uranium Metal submitted to NNDC for ENDF/B-VIII.1 release

Summary



Contributed TSL Evaluations 2020-2021
Material Motivation Theory Validation

1 FLiBe (beyllium)
DOE NE Advanced nuclear reactors

No TSL data in ENDF/B-VIII.0

MD 

FLASSH

Ongoing against IRPhEP

benchmark
2 FLiBe (flourine)

3 FLiBe (lithium)

4 Liquid hydrogen fluoride (hydrogen)
NCSP applications

No TSL data in ENDF/B-VIII.0

MD 

FLASSH

Ongoing total cross 
section

5 Heavy oil (hydrogen)
NCSP/NR applications

No TSL data in ENDF/B-VIII.0

MD 

FLASSH

Ongoing total cross 
section

6 Sapphire (Al in Al2O3) Neutron science / Research Reactors

No TSL data in ENDF/B-VIII.0 (cryogenic temperatures)

DFT/LD 

FLASSH
Total cross section

7 Sapphire (O in Al2O3)

8
Polyethylene (hydrogen, cryogenic 

temperatures)

NCSP applications – update

Extended ENDF/B-VIII.0 to cryogenic temperature

MD 

FLASSH

Total cross section & 

benchmarks

9 Nuclear graphite (20% porosity)
DOE NE Advanced nuclear reactors

No TSL data in ENDF/B-VIII.0

MD 

FLASSH

Various measurements 
& Benchmarks

10 Graphite (crystalline with Sd)
DOE NE Advanced nuclear reactors

No TSL data in ENDF/B-VIII.0

DFT/LD 

FLASSH
TSL measurements

11 Beryllium (crystalline with Sd)
DOE NE Advanced nuclear reactors

No TSL data in ENDF/B-VIII.0

DFT/LD 

FLASSH
TSL measurements

12
Beryllium (with cryogenic 

temperatures)

Neutron science / Research Reactors

No TSL data in ENDF/B-VIII.0

DFT/LD 

FLASSH
Total cross section

13 Uranium carbide (uranium)
NCSP applications

No TSL data in ENDF/B-VIII.0

DFT/LD 

FLASSH
Total cross section

14 Uranium carbide (carbon)
NCSP applications

No TSL data in ENDF/B-VIII.0

DFT/LD 

FLASSH
Total cross section

15 Silicon carbide (silicon)
NCSP applications – update

No TSL data in ENDF/B-VIII.0

DFT/LD 

FLASSH
Total cross section

16 Silicon carbide (carbon)
NCSP applications – update

No TSL data in ENDF/B-VIII.0

DFT/LD 

FLASSH
Total cross section

17 Uranium metal
NCSP applications

No TSL data in ENDF/B-VIII.0

DFT/LD 

FLASSH
Total cross section

18 Calcium Hydride (calcium)
NCSP applications – update

No TSL data in ENDF/B-VIII.0

DFT/LD 

FLASSH
Ongoing

19 Calcium Hydride (Hydrogen 1)
NCSP applications – update

No TSL data in ENDF/B-VIII.0

DFT/LD 

FLASSH
Ongoing

20 Calcium Hydride (Hydrogen 2)
NCSP applications – update

No TSL data in ENDF/B-VIII.0

DFT/LD 

FLASSH
Ongoing

21 Amorphous carbon  (carbon)
DOE NE Advanced nuclear reactors

No TSL data in ENDF/B-VIII.0

MD 

FLASSH
Ongoing



Thank You


