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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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Direct standalone usage:
* Command-line tools +* A .
« Through C++/C/Python APIs PHITS. / « Easyinstall:

* Suitable for usage in scripts and ) * pip install ncrystal

e.g. Python notebooks. @ @ « conda install conda-forge::ncrystal

. *
‘ MCNPG No hassle!

No required dependencies, liberal license (Apache 2)

N NjoY Py *  Uniform cfg-string for all usage
- Same cfg & physics no matter usage context
*: Can not share bindings for projects that are not open-source *  Multi-thread safe, support Linux/macOS/BSD/Windows

Developed by Xiao Xiao Cai and Thomas Kittelmann at ESS.
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NCrystal Materials
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134 materials (v4.3.0): small (few kB) file sizes: Easy universal cf
Crystals (110), amorphous - Entire collection normally embedded ":Il;;gbizrst.::ﬂ;ar:;::l?cozr?K nelas”
solids (16), liquids, gasses, ... in NCrystal shared library. vsics i ——

- Same physics in all applications!

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

1]: dimport numpy as np
import NCrystal as NC
import NCrystal.cifutils as nccif

Step 1: Create base ncmat modelfrom cif information.

2]:  cifsrc = nccif.CIFSource('ni.cif')
c_ni = NC.NCMATComposer.from cif(cifsrc)

Loading data from file ni.cif
Attempting to lead CIF data with gemmi
self-consistency of structure was verified by spglib

Step 2: Replace dynamic information with VDOS.

3]: vdos_data = np.loadtxt('ni.dat')
c_ni.set_dyninfo_vdos(c_ni.find_label{'Ni'), vdos_egrid=vdos_datal:,8], vdos=vdos_datal:,1])

Step 3: Export ncmat file and convert to ENDF-6 format.

4]: a = c_ni.write('ni.ncmat')
I../ncrystal_ncmat2endf.py --name Ni ni.ncmat

Get nuclear data...
Prepare ENDF file tsl Ni.endf...
Renumber lines...
Write ENDF file tsl_Ni.endf...
Files created:

tsl_Ni.endf

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.

CuratedPlugins
s Ktimann aded 4 pag o Oc 20,2025+ 10 s

Curated list of plugins

the wider

GraphiticData

UraniumOxideData

E
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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 Skold 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,w) = Ssoiia(Q, w) @ Syirr(Q, w)

» Where Ssiig(Q, w) is the scattering law from NCrystal for a solid and Sgi(Q, w) is
the diffusive scatteirng law, given by the model of Egelstaff and Schofield.

2 M2 hw 2
Saift(Q, w) = DY e ¢ +0.25 [ V€2 +0.25,/w? + (DQR) ]

keT = w2 + (DQ2)2

User provided parameters:
* ¢ = 12 where D is the self-diffusion coefficient
* w; 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.A
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Eg 10 g
2 5
£ e
g 5 g
E 102,
8
%00 005 010 o015 020 o025 030 035 040 045
Vibration energy [eV] 1075 107% 1073 1072 10t 10° 10t

Incident neutron energy [eV]

The cross section for each temperature is computed in 1 second compared with 2.5
minutes when computed with NJOY.
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Liquid: Coherent scatterer

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

S(Qyw) = Cfrac * Sd(QaW) + (1 - Cfrac) : Sself(ovw)

Vineyard:
Sa(Q,w) = S(Q) - Ssa1f(Q, w)
Skold:

Sd(Q,CU) = S(Q) - Sself (S(::zo)7w)

where S(Q) is the structure factor and cg,. is the coherent fraction. Seeie(Q, w) is the
result of the solid part convolved with the diffusion part.
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Liquid: Coherent scatterer

Heavy Water
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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 Skéld approximation.

Jmax

S(Q,w) = u(Q) Sy(Q,w) Z P, Z G(J.J', Q) Sseis(Q, w + wyy)

with

Sa(Q,w) = S(Q) Sseit (SC»EQ)’W> — Sse(Q,w)

u(Q): coherent prefactor.

» P;: 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

Scattering cross-section [b/atom]
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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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