


Implementation and verification of
ncplugin-MagScat in NCrystal
Work Package 2

S. Xu, S. Laporte, D. Di Julio, J. I. Marquez Damian, T. Kittelmann,

M. Bernasconi, D. Campi, G. Gorini, V. Santoro

PRESENTED BY S. XU

26-05-2023



Introduction

To include other physics or take into account some specific properties of materials,

NCrystal [1, 2, 3] supports custom plugin development since version 2.2.0 released in

December 2020. It provides a plugin template in which users can implement external

physical models and the developed plugin can be compiled directly into the main

NCrystal library.

• ncplugin-SANSND which implements

small angles neutron scattering for

nanodiamonds (Talk by Nicola)

2 / 11

This work was funded by HighNESS project at European Spallation Source ERIC under

HORIZON 2020 grant agreement ID: 951782.



Data flow of implementation and verification
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Neutron slowdown by paramagnetic oxygen

Neutron slowdown by paramagnetic oxygen described in Zimmer’s paper [4]:

d2σmag
dΩdE ′ = b2m

(√
E ′

E
Smag,±(Q, ω) + Smag,0(Q, ω)

)
. (1)

(screenshot of Zimmer’s presentation)

• Molecular oxygen possesses a param-

agnetic spin triplet ground state m =
±1, 0 characterising the spin state pro-
jection along the symmetry axis of the

molecule

• Transitions of the magnetic levels (spin

flip) result in the change of neutron ki-

netic energy due to themolecular zero-

field splitting
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Neutron slowdown by paramagnetic oxygen

Based on Zimmer’s paper, the neutron magnetic scattering kernels or dynamic

structure factors Smag(Q, ω) are derived:

Inelastic: Smag,±(Q, ω) = exp

−(〈u2〉+ ln(2)

Γ2
mag

)Q2
±

 g±(T )δ(h̄ω ± D ). (2)

Elastic: Smag,0(Q, ω) = exp

(
−(〈u2〉+ ln(2)

Γ2
mag

)Q2
0

)
g0(T )δ(h̄ω). (3)

• bm: magnetic scattering length

• Γmag: half width at half maximum (HWHM) of the magnetic form factor

• D: zero-field splitting constant

• i: integer with 1 for magnetic up-scattering, -1 for down-scattering, and 0 for

elastic scattering, omitted for total magnetic scattering
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Implementation of ncplugin-MagScat

Add a supplementary section:

Modify the plugin template:
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Compilation and verification

Verification using built-in modules of NCrystal (advanced modules since v3.6, talk by

Thomas):
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Verification

Table: Tests for the verification of ncplugin-MagScat.

Test E (meV) Magnetic scattering Number of neutrons Parameters

1
0.1

total 107 Intensity
10

2

0.1 elastic

107 P(µ)1 up-

10 down-

3 3.145 total 108 S(Q, ω)

4 3.145

elastic

108 S(Q, ω)up-

down-
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Plugin for texture

Implementation of the March-Dollase texture model in a NCrystal plugin:

• Good agreement obtained be-

tween the developed plugin

and the NXS code [5]

• Implementation of scattering

angle on going
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Summary

• NCrystal supports custom plugin development with detailed documentation and

existing examples.

• The plugin template facilitates the implementation of new physics.

• In this work, we use the built-in modules of NCrystal to verify the

implementation with JupyterLab. Nevertheless, users can still benefit from the

provided testcode toolkit for verification.

• Since NCrystal can be hooked with many Monte-Carlo neutron transport codes

such as OpenMC, McStas, CINEMA and Geant4, new physical models can be tested

more easily with custom plugins.
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Thanks for your time.
Questions?
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