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Motivation

O  TSL describes scattering system: impacts Method
neutron thermalization and may inform
resonance broadening Ab initio LD/MD

Hellmann-Feynman

| TSL impacts thermal cross sections, thermal Optimized structure > Forces
neutron spectrum, criticality safety, Doppler Verify bulk, electronic, magnetic $ re, phonon dispersion and DOS
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o _ PHONONS
O  Generate ab initio thermal scattering cross
sections for advanced reactor fuel Phonon Dispersion - Phonon DOS
materials: Uranium Carbide and Uranium
Metal '
L UC and U-Metal have high thermal conductivities LA
and fissile isotope densities F SSH
| UC considered for thermal nuclear propulsion, TSL > Cross Sections
- HTGR TRISO fuel particles, fast breeder fuel Evaluate TSL, verify inelastic and elastic cross section behavior, Bragg

edges, process through ACE and plot in MCNP
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Uranium Carbide AILD

Phonon Dispersion

UC Supercell

O VASP DFT Framework
B GGA-PBEsol Pseudopotential

This work
Experiment

B 1.9 eV Effective Hubbard Term

B Magnetic structure captured with

Frequency [THZz]

Spin-Orbit-Coupling

O AFM-I polarizations in x,y,z > PM

B 2x2x2 Supercell, 64 Atoms

B .02 A Displacements in 1 x- Wave vector & = ag/2n
direction for non-equivalent sites Electronic DOS Phonon DOS
o XPS Experiment I I I I I - I |
o BIS Experiment ] 1 - ' UinUC
. This work - . - ——CinUC .

Lattice Deviation
Constant (%)

a (K) 4.9275 4.960 -0.654

G(E) (Arb. Units)

D(E) (arb. units)
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Uranium Carbide TSL at 296 K
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Uranium Carbide Cross Sections
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Uranium Carbide TSL

1.480000+2 2.360058+2 -1 0 %] %]
0.000000+0 0.000000+0 %} %} Q 6
1.000000+0 5.000000+0 0 0 12 8
0.000000+0 0.000000+0 %} %} 33 3

U in UC LEIP LAB EVAL-Jun21l J.P.W. Crozier, A.I. Hawari
DIST-

----ENDF/B-VIII MATERIAL 48

————— THERMAL NEUTRON SCATTERING

------ ENDF-6 FORMAT

Temperatures = 296 400 500 600 760 800 1000 1200 1600 2000 K

HISTORY

This library was produced by the Low Energy Interaction Physics
(LEIP) group at North Carolina State University, USA. The
thermal scattering law data for Uranium in Uranium Carbide was
developed using ab initio lattice dynamics (AILD)[1,2]. Ten
temperatures are available in this library. The Full Law
Analysis Scattering System Hub (FLASSH) system was used to
produce File 7 MT = 2, 4 data for Uranium in UC [3]. MAT=48 and
ZA=148 are used for U in UC.

REFERENCES

1. A.I. Hawari, "Modern Techniques in Inelastic Thermal Neutron
Scattering Analysis," Nucl. Data Sheets 118, 172 (2014).

2. J.P.W. Crozier, A.I. Hawari, "Generation of the Thermal
Scattering Law of Uranium Carbide with Ab Initio Lattice
Dynamics," Trans. American Nuclear Society, Vol. 124, (2021).

3. Y. Zhu, A.I. Hawari, "Full Law Analysis Scattering System Hub
(FLASSH)," PHYSOR 2018: Reactor Physics Paving the Way
Towards More Efficient Systems, Cancun, Mexico, 2018.
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Uranium Metal AIMD

T

T T T T T T T T
VASP GGA-PBE :

+ BIS Measurement !
- x  XPS Measurement : -

O Ab initio Molecular Dynamics
B Ab initio required to capture accurate electronic structure

B NMD required to capture temperature dependence

Total Electron DOS

OO0 VASP Molecular Dynamics Inputs

B GGA-PBE pseudopotential o Experiment (300 K)

AAAAAAAAAAA LAMMPS VACF
------ VASP AILD
—— VASP AIMD

B No Hubbard corrections or spin-orbit

coupling o &
5x2x3 Supercell, 120 Atoms

0.05 fs timestep . d) O

296 K 1 =

3 ps — equilibration
10 ps - VACF calculation

Phonon Density of States
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Uranium Metal TSL at 296 K
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B Evaluated for 296, 400, 500, 600, 700, 800, and 900 K
a-phase stable up to ~668°C
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Room temperature traditionally used in cross section

measurements
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Uranium Metal Cross Sections

Cross Section (barn)
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Uranium-Metal TSL
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U-metal LEIP LAB  EVAL-JULY21 N.C. Fleming, A.I. Hawari
DIST-

----ENDF/B-VIII MATERIAL 73

----- THERMAL NEUTRON SCATTERING

—————— ENDF-6 FORMAT

0
o

[S IV R
w oo e

Temperatures = 296 400 500 600 700 800 900 K

HISTORY

This library was produced by the Low Energy Interaction Physics
(LEIP) group at North Carolina State University, USA. The
thermal scattering law data for uranium metal was developed
using ab initio molecular dynamics (AIMD). The coherent elastic
cross sections were calculated based on the lattice constants
obtained from the MD structure. Seven temperatures are available
in this library. The Full Law Analysis Scattering System Hub
(FLASSH) system was used to produce File 7 MT = 2, 4 data for
U-metal [1]. The coherent elastic data were prepared using the
cubic approximation. MAT=73 and ZA=173 are used for U-metal.

REFERENCES

1. N. C. Fleming et al., "FLASSH 1.0: Full Law Analysis
Scattering System Hub," Trans. Am. Nucl. Soc., 125 (2021).
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Summary

OONew Uranium Carbide and Uranium Metal evaluations using the
FLASSH platform

B 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-VII1.1 release
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Contributed TSL Evaluations 2020-2021

Material Motivation Theory Validation
1 n .
2 ?t::: 22?)?111‘111:;‘)‘) DOE NE Advanced nuclear reactors MD Ongoing against IRPhEP
= — No TSL data in ENDF/B-VIII.O FLASSH benchmark
3 FLiBe (lithium)
S q NCSP applications MD Ongoing total cross
4 Liquid hydrogen fluoride (hydrogen) No TSL data in ENDF/B-VIILO FLASSH section
q NCSP/NR applications MD Ongoing total cross
3 Heavy oil (hydrogen) No TSL data in ENDF/B-VIILO FLASSH section
6 Sapphire (Al in A1203) Neutron science / Research Reactors DFT/LD Total cross section
7 Sapphire (O in A1203) No TSL data in ENDF/B-VIIL.0 (cryogenic temperatures) FLASSH
3 Polyethylene (hydrogen, cryogenic NCSP applications — update MD Total cross section &
temperatures) Extended ENDF/B-VIII.O to cryogenic temperature FLASSH benchmarks
9 Nuclear graphite (20% porosity) DOE NE Advanced nuclear reactors MD Various measurements
grap °P Y No TSL data in ENDF/B-VIILO FLASSH & Benchmarks
. . . DOE NE Advanced nuclear reactors DFT/LD
10 Graphite (crystalline with Sd) No TSL data in ENDF/B-VIILO FLASSH TSL measurements
. . . DOE NE Advanced nuclear reactors DFT/LD
11 Beryllium (crystalline with Sd) No TSL data in ENDF/B-VIILO FLASSH TSL measurements
12 Beryllium (with cryogenic Neutron science / Research Reactors DFT/LD Total cross section
temperatures) No TSL data in ENDF/B-VIII.O FLASSH
. . . NCSP applications DFT/LD .
13 Uranium carbide (uranium) No TSL data in ENDF/B-VIILO FLASSH Total cross section
. . NCSP applications DFT/LD .
14 Uranium carbide (carbon) No TSL data in ENDF/B-VIILO FLASSH Total cross section
— q — NCSP applications — update DFT/LD .
15 Silicon carbide (silicon) No TSL data in ENDE/B-VIILO FLASSH Total cross section
- q NCSP applications — update DFT/LD .
16 Silicon carbide (carbon) No TSL data in ENDF/B-VIILO FLASSH Total cross section
. NCSP applications DFT/LD .
17 Uranium metal No TSL data in ENDF/B-VIILO FLASSH Total cross section
. . . NCSP applications — update DFT/LD .
18 SRR L O TE T No TSL data in ENDF/B-VIILO FLASSH Ongoing
A A NCSP applications — update DFT/LD .
19 SRR ORI ) No TSL data in ENDF/B-VIILO FLASSH Ongoing
A A NCSP applications — update DFT/LD .
20 Calcium Hydride (Hydrogen 2) No TSL data in ENDF/B-VIILO FLASSH Ongoing
27 Amorphous carbon (carbon) DOE NE Advanced nuclear reactors MD Ongoin
P No TSL data in ENDF/B-VIILO FLASSH el
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