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Objectives:

Development of software to describe low-energy neutron transport in reflectors and
moderator materials.

Tasks:

2.1. Develop models for magnesium hydride, nanodiamonds, intercalated graphite,
and clathrate hydrites. Models will be implemented in NCrystal to be used in
Geant4, MCNP, PHITS, or OpenMC.

2.2. Develop molecular modelling techniques, such as molecular dynamics and
density functional theory, in order to provide input to the models in task 2.1.

Deliverables:
D2.1. Report and simulation software for nano-diamonds (M12)
D2.2. Report and simulation software for MgH, (M12)
D2.3. Report and simulation software for intercalated graphite (M34)
D2.4. Report and simulation software for clathrate hydrates (M34)




WP 4: Moderator Neutronic Design

WP 6: Advanced Reflector

WP 10: Disemination and Outreach

WP 9: Computing Infrastructure

WP 3: Matgnal Characterization WP 2: Software Development
with Neutrons

(Deployment of cloud computing tools)
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Preliminary Planning

Q4

WP2 Software Development

Task 2.1 Software development (lead: ESS)

Subtask 2.1.1 - NCrystal Development (DTU and ESS)

Basic Ncrystal development

Magnetic scattering (0. Zimmer model)

Scattering from nanoparticles

Develop NCrystal binding for OpenMC and MCNP

Subtask 2.1.1 - Development of MgH2 model

Subtask 2.1.3 - Development of Nano Diamond model

Subtask 2.1.5 - Intercalated graphite model

Subtask 2.1.4 - Clathrate hydrate model

Task 2.2
(lead: UNIMIB) (M1-34)

DFT simulations of diamond

DFT simulations of MgH2

MD/DFT simulations of clathrate hydrates

MD/DFT simulations of intercalated graphite

Deliverables

D2.1, D2.2 Report and simulation software
for ND and MgH2 (M12)

D2.3, D2.4 Report and simulation software
for GIC and Clathrate Hydrates (M34)




Groundwork |

Simulation methods and codes at UNIMIB:

» Density Functional Perturbation Theory. Code:
Quantum-Espresso

= Finite difference calculations of the dynamical matrix
from supercell. Code: CP2k

» Vibrational density of states from velocity-velocity
autocorrelation function within DFT molecular dynamics
for strongly anharmonic systems. Code: CP2k

» Classical interatomic potentials (e.g. Tersoff-like) to

compute phonon density of states for very large
systems.Codes: LAMMPS, DL _poly.

()
( OUUHNTUMESPRESSU

cRak




Groundwork |

Status of NCrystal 2:
» Inelastic scattering in NCrystal is now based on
scattering kernels
= For crystalline materials, scattering kernels can be
generated on the fly from a DOS

» Other materials, like liquids, are supported through
direct specification of a scattering kernel as
tabulated S(q,w) or S(«, 5) values
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Groundwork Il

Thermal scattering work at ESS:
» Processing of libraries using existing tools (NJOY)
» Improvement of neutronic codes (PHITS) to handle
new libraries
= Inclusion of additional physics, such as extinction,
into the creation of new libraries

» Generation of input for scattering kernels using
path-integral molecular dynamics techniques
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Thanks for your time.
Questions?
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