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Abstract. We present a Monte Carlo simulation of the incident neutron beam on the
VESUVIO spectrometer at the ISIS Facility using the McStas code. As VESUVIO allows
for concurrent measurements of neutron diffraction, neutron transmission, and deep inelastic
neutron scattering, both incident and transmitted beams are characterized by a broad energy
range, spanning over several orders of magnitude from fractions of meV to tens of keV. A
transport simulation in the case of the VESUVIO spectrometer is a challenging task, for the
McStas code has been traditionally applied to cold and thermal neutrons, and never used in
the modelling of electron-volt neutron spectrometers, to the best of our knowledge. In this
simulation study, we discuss the modelling of the collimation stages along the primary flight
path so as to reproduce the absolute intensity of the incident neutron beam and its shape, both
recently characterized experimentally. Finally, we show some preliminary results employing
incoherent scattering samples so as to compare the epithermal component of the simulated
backscattering spectra to experimental results from Pb.

1. Introduction
The design of new neutron instruments and the upgrade of existing facilities strongly depend
upon simulation codes for neutron transport [1, 2]. A quick development of available software
has enabled higher simulation speed and an increase of tools and features. One of the most
used pieces of software in neutron-scattering-instrument simulations is the McStas code [3].
The package is based upon a special meta-language designed for Monte-Carlo ray-tracing
calculations, and includes a library of highly-adaptable “components”, with geometrical and
physical properties that can be adjusted to the instrument design.

The development of these tools was supported with validation with experiments, however,
only on a restricted dataset based on the most common kind of instruments. In many cases,
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neutron instruments are designed so as to operate in a narrow range of energies, as for example
diffractometers using cold neutrons and traditional spectrometers using thermal neutrons. As
the operational energies of the instrument are fixed, the modelling of the incident and scattered
neutron spectra can be verified over limited energy ranges, where reliable experimental data from
the real instrument can be provided. In this scenario, the VESUVIO spectrometer [4, 5] at the
ISIS pulsed neutron and muon source [6], represents a challenging instrument to be modelled.
Owing to the absence of permanent energy filters on both the primary and the secondary paths,
VESUVIO allows for concurrent measurements over a broad energy range from the fraction
of meV to tens of keV. In recent years, VESUVIO has been referred to as an epithermal and
thermal neutron analysis station [7, 8], as the same sample can be investigated using deep
inelastic neutron scattering [9, 10], neutron diffraction [11, 12], neutron transmission [13, 14],
and gamma dopplerimetry [8, 15].

In this article, we present some preliminary comparisons of the simulated incident neutron
spectrum and beam profile against recent experimental characterisations [5]. Moreover, we show
simulated backscattering time-of-flight spectra including both coherent and incoherent scattering
from Pb. The development of McStas components able to reproduce VESUVIO spectra over
a broad energy range is the first step in order to successfully simulate deep inelastic neutron
scattering spectra within McStas.

2. McStas Model
Monte-Carlo calculations have been performed using McStas 2.4.1 [16]. Simulations were run
on a local computer with Windows 10 operating system, as well as on the SCARF cluster [17].
The VESUVIO spectrometer, for which a detailed description can be found in Reference [5], was
simplified in McStas with a moderator acting as the neutron source, a series of collimation slits
along the incident neutron path, a sample at about 11 m from the moderator, and a monitor
representing a 6Li-doped scintillating detector in backscattering, as schematically showed in
Figure 1. In particular,

• The moderator component used was Commodus I [18] (the most recent version of
viewModISIS [19]), in order to take into consideration the recent upgrade of the water
moderator serving the VESUVIO instrument at the ISIS Target Station 1 [5]. This
component can simulate the emission of neutrons from the moderator face with a proton
current of 1µA.
• The set of B4C collimation slits in the range of distances 1.71 m to 9.66 m from the

moderator were modelled by ideal “Slit” elements placed at the positions 1.71, 8.46 and
9.66 m. In particular, as the collimation stages are octagonal in transverse cross section,
two square slits titled by 45 degrees with respect to each other were used.
• Images of the beam shape and intensity were obtained using virtual Position Sensitive

Detector (PSD) components and virtual monitors “PSD monitor” before and after the first
slit, and at the sample position.
• A “Filter-gen” component at the sample position was used to take into account discrepancies

between the simulated and experimental beam profiles prior to the scattering from the
sample. The Filter gen component reads a table generated from the left setup in figure 1,
and corrects it to match the experimental one. The corrected flux is then back-traced to the
last slit position and used to illuminate the sample. The table is an ASCII file where in the
first column are listed the energy values and in the second column are reported correcting
factors corresponding to the ratio of experimental-to-simulated intensities, so as to correct
for the discrepancies in the two intensities.
• The components used to reproduce the backscattering data from a Pb sample were

“PowderN” [20] and “Isotropic Sqw” [21].
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• The simulated spectra corresponding to a backscattering detector were recorded using a
“Monitor nD” component, and the count rate was corrected by the known efficiency of
6Li-detector efficiency η(E) according to

η(E) = 1− e−nσ(E)d. (1)

where n is the atom density, σ(E) cross section and d detector thickness.

Monitor_ND

Filter_Gen

PSD

PSD

PSD

Slit

Beamport Source

Start Collimation

End Collimation

Slit

Sample Position Energy Monitor Sample

G.C.

PowderN

Incoherent_Sqw

Figure 1. Simulation setup for collimation analysis (left) and backscattering analysis (right)
after the inclusion of the “generating correction” (GC) component, “Filter Gen”.

3. Results and Discussion
Inspection of Figure 2 shows how the collimation stages modify the shape of the beam from a
large square of about 8 cm side to a circle of diameter about 4 cm. The sole reduction of the size
of the beam corresponds to a decrease of about one order of magnitude in the beam intensity
at the sample position compared to that before the collimation. Indeed, the ratio of simulated
beam fluxes at the two positions is found constant, with no visible dependence upon the incident
neutron energy. Moreover, the original beam, homogeneous in the (x, y) plane transverse to the
sample-moderator direction, is modified into a Gaussian-like profile. The file representing the
brightness of the upstream water moderator was provided by the ISIS Neutronics Group and
was created using current MCNP-X model of ISIS Target Station 1 [2].

The simulated results for the energy spectrum and the beam profile of incident neutrons at
the sample position were compared with recent experimental measurements [5]. As the result
from the simulation are expressed for unit proton current, the simulated spectra were multiplied
by the actual proton current ca. 155 µA to TS1 during the measurement. The experiment was
performed with the detector and about 1.5 m of the beamline in air, causing an attenuation of
the neutron beam of about 0.895 with respect to standard measurement in vacuum. Moreover,
the neutron beam needs to cross about 1.5 cm of Al windows between the moderator and the
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Figure 2. Transverse shape of the neutron beam before (left) and after (center) the beam port
slit. (right) Shape for the neutron beam at sample position. The PSDs consist on a 120x120
pixel square matrix with 10 cm side length.

detector, therefore requiring an additional attenuation factor of about 0.855. Figure 3 shows how
the present model gives an absolute intensity of the neutron beam between 1.5 and 3 times larger
than the experimental data [5]. The agreement between experiment and simulation improves as
the incident neutron energy approaches the epithermal region. Similar discrepancies have been
previously discussed in Ref[22] about the modelling of the TOSCA spectrometer, where a ratio
of simulated-to-experimental intensities ca. 1.77 was reported between 0.28 Å and 4.65 Å , that
favourably compares to the factor 2.39 in our case and in the same energy window.
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Figure 3. Simulated
(blue) and experimen-
tal (green) fluxes at
the sample position,
and the simulated-to-
experimental ratio in the
bottom panel.

In particular, the flux in the epithermal region is expected to behave as ∝ Eα−1 for real
moderators with α leakage exponent. By fitting this model to the experimental and simulated
data, we obtained α = 0.04 and α = 0.08 for simulation and experiment, respectively. Such a
small discrepancy could be related to the uncertainties present in the MCNP model which the
table of emission TS1 S02 Vesuvio.mcstas that describes the moderator in McStas is based on. It
is interesting to notice how, despite the discrepancy in the absolute value of the flux intensity, the
simulated shape of the beam compares very favourably to the experimental results. The slightly
wider experimental profile, shown in Figure 4, can be partially explained by the broadening due
to the spatial resolution component from the nGEM detector used in Ref. [5].
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Figure 4. Simulated
(blue) and experimental
(green) along the two di-
rections in the transverse
plane, as well as their
difference in the bottom
panel. The experimental
beam profiles from Ref. [5]
have been shifted in order
to share the same axis as
in the simulation. Data is
normalized to unit area.

Finally, the simulation of the backscattering from a 2-mm-thick lead foil was attempted,
to be compared to the standard sample available on VESUVIO. Backscattering detectors
on the instrument have distances from the sample between 0.45 m and 0.70 m, dimensions
of 4×2×0.6 cm3, and they cover a range of scattering angles between 130 degrees and 163
degrees. Comparisons were drawn with the detector S44 at the Cartesian coordinates (x, y, z) =
(−0.158 m,−0.048 m, 0.460 m) [24], with the origin at the sample position, the direction z
along the incident neutron beam pointing from the sample to the moderator, and the directions
(x, y) in the transverse plane. A table with positions of the detectors is available within the
MANTID software [25, 26, 27]. In order to properly compare the spectra from the simulation
and the experiment, a series of normalisations and corrections were applied. First, the output
of the McStas simulation expressed as a count rate in neutrons per second was converted into
neutrons per microsecond, generally provided within MANTID. Then, the simulation spectra
were multiplied by detector efficiency described in Equation 1. Simulation results generated for
a proton beam current of 1 µA were normalised to the nominal current of ca. 160 µA in TS1,
and finally multiplied by the duration of the measurements expressed in seconds. In order to
reproduce the experimental time-of-flight spectra, we used both a “PowderN” virtual sample,
and an “Incoherent SQW” virtual sample. The former component uses the “Pb.laz” file where
the scattering properties of the sample are stored, including the information about Bragg peaks.
Additionally, the incoherent cross section was manually set to 11.118 barn [28]. In the case
of the “Incoherent SQW” component, a table was generated including the scattering law as
predicted in the framework of the impulse approximation [29]. Figure 5 shows the comparison
between simulation and experimental data in the case of detector S44, after the correction by
the “Filter gen” component. The shape and intensity of the spectra in the energy region of
epithermal neutrons, for time-of-flight values lower than 2000 µs, are in satisfactorily agreement
between the experiment and the simulation. Moreover, in the case of cold and thermal neutrons,
the position of the Bragg peaks is very well reproduced by the simulation. Discrepancies in the
intensity of the Bragg peaks, in particular the excess intensity in the case of the simulated peak,
is completely ascribed to the fact that the actual sample was a foil rather than a powder, and
lacking of the correction by the Debye-Waller factor in the simulation.



6

1234567890 ‘’“”

VII International Workshop on Electron-volt Neutron Spectroscopy IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1055 (2018) 012014  doi :10.1088/1742-6596/1055/1/012014

102 103 104

time of flight [µs]

0

200

400

600

800

1000

In
te

n
si
ty

 [
n
e
u
tr
o
n
/µ
s
−1

]

Experimental

Simulation PowderN

Simulation S(q,ω)

Figure 5. Raw exper-
imental data (blue) for
detector S44 and simu-
lation results with Pow-
derN component (green)
and custom S(q,ω) from
Pb (red). Data are nor-
malized to 1µAh

4. Outlook and Conclusions
We presented preliminary results of the modelling VESUVIO spectrometer using McStas. Due
to the geometry of the instrument, a broad-range white neutron beam flows in both the
primary and secondary paths, making the modelling of VESUVIO challenging with respect
to other instruments using cold and thermal neutrons. We have shown how the incident neutron
beam intensity and shape are overall satisfactorily reproduced by the simulation, and that the
backscattering time-of-flight data can be reproduced for cold-to-epithermal neutron energies.
Having assessed the capabilities of McStas to cope with the broad energy band of VESUVIO,
this work paves the way for the simulation of electron-Volt spectrometers and deep-inelastic-
neutron-scattering virtual-experiments.
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