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Overview

• Brief NCrystal overview.

• Development of a liquids plugin for NCrystal.

• Some examples: water/heavy water, and liquid hydrogen and deuterium.
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NCrystal

Developed by Xiao Xiao Cai and Thomas Kittelmann at ESS.
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NCrystal Materials

NCrystal supports many materials out of the box. Easy to create more.
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Thermal Scattering Libraries
Development at

Structural
and Other
Materials

100+ materials☆

NCrystal /
NJOY+NCrystal

AFGA☆

☆Developed using NCrystal

Moderators

Thermal Cold VCN/UCN

H2O
(CH2)n

NaOH☆

L-H2

L-D2

L-HD
S-CH4

☆

S-D2
☆

Clathrates
4He-II

Reflectors

Be
(w/crystallite
size effects)☆

Nanodiamonds☆

MgH2 / MgD2
☆

Exp. graphite☆
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NCrystal

NCrystal supports many materials out of the box. Easy to create more.
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Plugins

• NCrystal physics can also be
extended through
development of plugins.

• List at of curated plugins at
https://github.com/mctools/ncrystal/

• Magnetic scattering, texture,
extinction, small-angle
scattering to name a few.
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Development of a liquids plugin

• Currently NCrystal only supports liquids through pre-computed scattering law
tables.

• To model liquids of interest to neutron sources, several new physics need to be
included.

• Diffusive motion: Model of Egelstaff-Schofield.

• Coherent scattering: Vineyard and Sköld approximations.

• Quantum treatment of the rotations: Young-Koppel model.
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Liquid: Incoherent scatterer
• To model incoherent scattering in a liquid, the convolution approach is used.

S(Q, ω) = Ssolid(Q, ω)⊗ Sdiff(Q, ω)

• Where Ssolid(Q, ω) is the scattering law from NCrystal for a solid and Sdiff(Q, ω) is
the diffusive scatteirng law, given by the model of Egelstaff and Schofield.

Sdiff(Q, ω) =
ℏ

kBT
DQ2

π
e

MD2Q2

wt kBT − ℏω
2kBT × c2 + 0.25

ω2 + (DQ2)2 K1

[
ℏ

kBT

√
c2 + 0.25

√
ω2 + (DQ2)2

]
,

User provided parameters:

• c = MD
wtℏ where D is the self-diffusion coefficient

• wt is the effective diffusion weight in the system
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Liquid: Incoherent scatterer
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Liquid: Incoherent scatterer
Liquid water

Input data Calculated cross-section compared to
ENDF/B-VIII.1

The cross section for each temperature is computed in 1 second compared with 2.5
minutes when computed with NJOY. 12 / 17



Liquid: Coherent scatterer
For a liquid that scatterings coherently, we have adopted either the Vineyard or Sköld
approximation. The total scattering law is given by:

S(Q, ω) = cfrac · Sd(Q, ω) + (1 − cfrac) · Sself(Q, ω)

Vineyard:
Sd(Q, ω) = S(Q) · Sself(Q, ω)

Sköld:

Sd(Q, ω) = S(Q) · Sself

(
Q√
S(Q)

, ω

)
where S(Q) is the structure factor and cfrac is the coherent fraction. Sself(Q, ω) is the
result of the solid part convolved with the diffusion part.
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Liquid: Coherent scatterer
Heavy Water

Input data Calculated cross-section compared to
ENDF/B-VIII.1
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Liquid Hydrogen and Deuterium
• To model liquid hydrogen deuterium, the Young-Koppel model for quatum

rotations is used in addition to the Sköld approximation.

S(Q, ω) = u(Q)Sd(Q, ω) +
1

b2
c + b2

i

∑
J

PJ

Jmax∑
J′=0

G(J, J ′,Q)SSelf(Q, ω + ωJJ′)

with

Sd(Q, ω) = S(Q)SSelf

(
Q√
S(Q)

, ω

)
− SSelf(Q, ω)

• u(Q): coherent prefactor.
• PJ : statistical weight of rotational state J.
• G(J, J ′,Q): rotational transition factor.
• S(Q): structure factor.
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Liquid Hydrogen and Deuterium
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Concluding Remarks

• We have developed a liquids plugin for NCrystal.

• Tested on various moderator materials relevant for neutron source design, i.e.
liquid hydrogen and deuterium and water/heavy water.

• Work on expanding materials, models and introducing improvements in the
algorithms.

• This work was co-funded by the European Union under grant agreement
101164596 - APRENDE Project. Views and opinions expressed are however
those of the author(s) only and do not necessarily reflect those of the European
Union or the European Atomic Energy Community (’EC-Euratom’).
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