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A B S T R A C T

The high performance requirements at the European Spallation Source have been driving the technological
advances on the neutron detector front. Now more than ever is it important to optimize the design of detectors
and instruments, to fully exploit the ESS source brilliance. Most of the simulation tools the neutron scattering
community has at their disposal target the instrument optimization until the sample position, with little focus
on detectors. The ESS Detector Group has extended the capabilities of existing detector simulation tools to
bridge this gap. An extensive software framework has been developed, enabling efficient and collaborative
developments of required simulations and analyses – based on the use of the Geant4 Monte Carlo toolkit, but
with extended physics capabilities where relevant (like for Bragg diffraction of thermal neutrons in crystals).
Furthermore, the MCPL (Monte Carlo Particle Lists) particle data exchange file format, currently supported for
the primary Monte Carlo tools of the community (McStas, Geant4 and MCNP), facilitates the integration of
detector simulations with existing simulations of instruments using these software packages. These means offer
a powerful set of tools to tailor the detector and instrument design to the instrument application.

1. Introduction

The neutron scattering community has been investing a large effort
in developing new detector technologies that can tackle the needs of the
upcoming European Spallation Source (ESS) [1]. The detector designs
are diverse and target different sets of requirements [2,3], e.g.high spa-
tial resolution [4,5], high rate capability [5,6], large area coverage [7]
or combinations thereof. Additionally, as instrument performance is
typically defined by the signal to background ratio [8], the ability to
predict and improve instrument backgrounds will enhance the capabil-
ity of future instruments. To facilitate and accelerate the design process,
the use of Geant4 [9–11] has been adopted. It is a powerful Monte
Carlo simulation toolkit for the description of particle passage through
matter, used by several scientific communities since decades. Specifi-
cally it provides step-based particle simulations in arbitrarily complex
geometrical layouts, and with physics modeling capabilities extending
beyond thermal neutrons to include also other particle types and a wide
range of electromagnetic and hadronic processes – features all essential
for any simulation of detector performance.
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In recent years the capabilities of Geant4 have been extended to
include an increasing number of neutron-related phenomena at lower
energies. The ESS Detector Group continues this effort by creating easily
integrable tools, modeling Bragg and inelastic processes in crystalline
materials. This way, it is becoming possible to expand the relevant func-
tionality of Geant4 and other software packages utilized by the neutron
scattering community. A selection of these tools is presented in this arti-
cle with focus on their functionality and not their technical implemen-
tation. The intention of these tool-sets is two-fold: firstly to enhance the
capability and accuracy of the simulations; secondly to lower the entry
barrier to utilization of the simulation codes and ensure their correct
usage with modern code management and validation of the code and
standard results.

2. The NCrystal project

A large fraction of the instrument components consists of crystalline
materials, which makes it crucial for simulations to correctly model
interactions of thermal neutrons in such materials. One of the first
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Fig. 1. Back-scattered neutrons at the rear end of the Multi-Grid detector module (a) (from Ref. [14]) can be reproduced with Geant4 (b) (from Ref. [15]), provided the coherent
scattering for the crystalline Al detector frame is enabled via NXSG4.

Geant4-extensions written for this purpose is NXSG4 [12,13]. It pro-
vides Geant4 with a description of Bragg scattering on a selection of
powder materials. It is extensively used to study the impact of the detec-
tor material budget on the simulated detector signal. Fig. 1 demon-
strates how such an effect can be reproduced by enabling the crys-
tal properties of Aluminium in a Geant4 simulation of the Multi-Grid
detector [14,15] via NXSG4.

With NXSG4 being a precursor, further advances on this front aim
to expand the material functionalities, including the treatment of scat-
tering on single-crystals, compound materials and non-Bragg processes.
This effort is combined in the NCrystal project [16,17], which comes
with appropriate extensions for integration with both McStas [18] and
Geant4.

In the current state of the code, supported are Bragg scattering
on powders and single crystals, as well as an improved description of
inelastic and incoherent processes. A demonstration of its potential is
presented in Figs. 2 and 3 for a Germanium powder and a single mosaic
C60 crystal respectively. The code is benchmarked against experimental
data for a popular list of materials, both single element (e.g. Al, Cu,

Fig. 2. Total neutron cross sections for Germanium powder as a function of neutron wave-
length, overlaid with the Bragg and background contributions, provided by NCrystal.

Ge, Si, Be, V, Pb, C) and compound (e.g. CuO, MgO, Al2O3, SiO2). Such
a validation example is shown in Fig. 4 for the modeling of neutron
interactions in a Cu powder.

In summary, NCrystal offers accurate yet efficient descriptions
of neutron-crystal interactions, arguably unprecedented in a general-
purpose, open source library, and is expected to play a crucial role
in advancing the simulations of detector performance and instrument
components, such as filters, monochromators and crystalline samples.
It is available for standalone usage as well as from within both McStas
and Geant4. When used in combination with the latter it enables realis-
tic simulations with thermal neutrons in crystals, automatically includ-
ing advanced features like multiple scattering in arbitrarily complex
geometries.

Fig. 3. Bragg diffraction pattern from a single buckminsterfullerene (C60) structure, as
simulated by NCrystal. The pattern is derived with a fixed-orientation white neutron
beam hitting the crystal. Only Bragg scattering is enabled, while multiple scattering
is ignored. The generated Bragg pattern shows the crystal reciprocal lattice, which is
directly comparable with those obtained in neutron and X-ray measurements in a similar
geometry setup.
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