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Introduction
Reflectors play an important role at reactor and spallation neutron sources, providing a means for otherwise lost neutrons 
to be potentially re-directed towards the neutron science instruments. Such materials typically surround the moderating 
volume, but can also be placed in the neutron beam extraction area. We present developments of improved modelling 
methods such as including crystallite effects in traditional beryllium reflectors [1] in addition to developments using the 
NJOY+NCrystal [2] code for new proposed reflector materials such as magnesium hydride and deuteride [3]. Of particular 
interest to very-cold and ultra-cold neutron sources is the possibility of using nanodiamonds in the neutron beam 
extraction area [3,4]. For the simulations of such a system, we present two alternative approaches. The first being the 
implementation of a small-angle neutron scattering model in OpenMC, to be combined with the standard bulk diamond 
ACE file and the second being the implementation of the small-angle scattering model inside NCrystal, which is then 
called directly during the Monte-Carlo simulation. In this work we present examples of cross-section computed for the 
above-mentioned materials and examples of Monte-Carlo calculations using the new developments.

Magnesium hydride and deuteride
NJOY-NCrystal was used to calculate thermal scattering libraries for magnesium 
hydride and deuteride in the mixed-elastic format. The input for the models were 
calculated using density-functional theory and Quantum Espresso.  

Calculated phonon-frequency distributions for magnesium hydride and deuteride (left) and the 
calculated spectrum for magnesium hydride compared to experimental data (right) [2,7].

Calculated scattering cross-sections for magnesium hydride (left) and for magnesium deuteride 
(right), using the phonon frequency distributions shown above and NJOY-NCrystal [2,7].
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Nanodiamond particles
Two methodologies were investigated for the inclusion of nano-diamond 
small-angle scattering into the Monte-Carlo simulation process. One approach was 
based on the creation of an NCrystal small-angle scattering plugin which was 
interfaced with OpenMC during the simulation process and the second was the 
coding of the small-angle scattering model directly into OpenMC and combined 
with an ACE library in the standard format.  

OpenMC calculation of the simplified transmission experiment on nanodiamonds (left). OpenMC
calculation of reflectivity vs neutron velocity of nanodiamonds (right). [7].

We also investigated the impact of the finite size of the nano-diamond particles on 
the scattering cross-section, using molecular dynamics techniques.

Snapshots of the evolution of a 2.5 nm ND annealed at the highest temperature of 2000 K
with the AIREBO potential extracted at (left) 0 ps, 10 ps, (central) 500 ps and (right) 1 ns and the phonon 
frequency spectrum for 5.0 nm ND calculated with the GAP potential and compared to experimental [8]

Impact of the finite size effects of the nano-diamond particles 
on the components of the total cross-section.

Impact of the crystallite size effect parameter S on 
the scattering cross-section of Be [1].

The libraries were used together with MCNP6 to estimate the impact on the 
brightness of the cold moderator at the European Spallation Source (ESS). 
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Beryllium with crystallite effects
NJOY-NCrystal was modified to include the effect of crystallites on the coherent 
scattering cross-section of polycrystalline materials. The model selected was that 
of [5], which introduces a correction factor to the coherent scattering cross-section, 
given by

where   is the extinction factor and given in [5] and related to the 
crystallite size parameter S. The model was tested against data in [6] and used to 
create ACE libraries for Monte-Carlo transport using NJOY-NCrystal.  

Comparison of calculations using the crystallite size 
effect model with data from [6] for BeO.

Impact of the libraries on the cold brightness of the ESS, compared to the library with no crystallite effects

MCNP6 model used for the calculations. On the left is a vertical cut through the moderator/reflector and 
target assembly and on the right is a horizontal cut through the moderator.

Our beryllium samples were found 
to have grains, and thus crystallites, 
less than 10 microns in size, which 
results in a maximum 3% effect on 
the cold brightness


