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Caution!

l We start by a few-slide hand-waving 
introduction to scattering from condensed matter 
/ crystallography which are disciplines in their 
own right… :-) 

l Fasten your seat belts! 
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Sources of further reading….
l Others explains the details much better than myself, e.g.: 
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Virtual experiments in a nutshell : simulating neutron scattering from 
materials within instruments with McStas.
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1 Institut Laue Langevin, BP 156, 38042 Grenoble Cedex 9, France
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Abstract. We introduce Monte-Carlo methods for neutron scattering with step-by-step examples, using 
the  McStas simulation tool. A selection of neutron instrument components are presented, as well as 
available sample scattering kernels. All these parts are assembled into more advanced instrument models 
in order to produce so-called virtual experiments, that is simulations which produce results comparable 
with experiments. Ways to couple such simulations with other simulation software including molecular 
dynamics are discussed.

1. INTRODUCTION

Building and improving neutron scattering instruments is a long and thorough process. And all existing instruments 
suffer imperfections, which show-up in sample scattering measurements such as broadening, asymmetry, background 
and additional contributions. Neutron scattering ray-tracing simulation tools, such as  McStas, offer the possibility to 
model many of these effects, which in the end help to understand the instrument pitfalls and improve their usage.

The object of this paper is to present what can be achieved today with Monte-Carlo ray-tracing neutron scattering codes. 
After introducing the Monte-Carlo method principle (section  2), we recall the definition and applications of virtual 
experiments (section  3).  A short introduction to the  Mcstas simulation package is presented in section  4.  We then 
demonstrate the use of the various parts that may enter in the description of a complete virtual experiment, including 
usual  neutron  optics  components  and  sample  models  (section  5).  Short  reminders  about  the  typical  use  of  these 
components on real instrument are discussed, as well as a schematic description of the underlying physics implemented  
in sample kernels. These instrument parts are then assembled into simple virtual experiment models (section  6). The 
most advanced instrument models (section 7) make use of virtual experiments to reveal some of the common artefact  
inherent to neutron instrumentation, and often enter in the definition of the resolution function. Each concept discussed 
in this work is demonstrated with a simple McStas instrument description example.

2. MONTE-CARLO METHODS FOR NEUTRON SCATTERING

In this section, we present a short introduction to the Monte-Carlo techniques, that is those that use random numbers.

2.1 Definition

The Monte-Carlo technique is simply any process making use of random numbers. In this respect, most processes in  
nature are random-based: DNA and species evolution within time, traffic jams, weather forecast, flies in the kitchen,  
stock exchange market, … Monte-Carlo methods are all around us. 
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Single neutron elastic scattering on individual nucleus
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30 Chapter 2. Basics of neutron scattering theory

λi

λf = λi

dA
Detector

kf

ki

rj

Figure 2.1: An illustration of the initial wave, ψi, of wavelength λi, and the final
wave, ψf , of wavelength λf , describing a neutron scattering off a single nucleus with
positive scattering length (meaning a phase shift of π). The area, dA, for measuring
the flux of the outgoing neutrons is the detector area as sketched.

2.2.3 Scattering from two nuclei – interference

In the field of neutron scattering from materials, we are concerned with the effect
of scattering from a system of particles. We begin by considering the scattering
from two nuclei, labeled j and j′, again placed at fixed positions. This simple
system will reveal some very important features, which we will utilize later.

The neutron wave that is scattered from the two nuclei is in fact describing
just one single neutron. Nevertheless, this neutron “senses” the presence of both
nuclei, meaning that the wave scattered from one nucleus will add to the wave
scattered from another nucleus. This interference is a central aspect in most
scattering techniques.

Let us describe this in more precise terms. We assume elastic scattering,
ki = kf ≡ k and identical nuclei, bj = bj′ ≡ b. Generalizing (2.21), the outgoing
(final) wave can be described as

ψf(r) = −b

(

ψi(rj)

|r− rj |
exp(ikf |r− rj |) +

ψi(rj′)

|r− rj′ |
exp(ikf |r− rj′ |)

)

, (2.25)

where ψi(r) is the plane wave given by (2.18). The two nuclei are assumed to
be closely spaced compared with the distance to the observer: |rj − rj′ | ≪ r.
Choosing the origin to lie close to the two particles, the denominators can be
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Interference of elastic scattering from a lattice of nuclei 
(crystal/crystallite)

l $$
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Interference of elastic scattering from a lattice of nuclei 
(crystal/crystallite)

l $$
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7.2. Diffraction from crystalline materials 121

Now, the integral on the right hand side vanish if rj ̸= 0. This can be seen by
writing rj = naa+nbb+ncc, q = ha∗+kb∗+ lc∗, and integrate over h, k, and
l (which are here no longer integers). The first one-dimensional integral is of

the form
∫ 1
0 exp(iha∗ · rj)dh =

∫ 1
0 exp(ihna2π)dh = δna,0, and similar for the k

and l integrals. Hence, the only contribution comes from the term with rj = 0.
Therefore, the right hand side of (7.23) simply gives the volume of the Brillouin
zone:

∑

j

∫

BZ
exp(iq · rj)dq = Vr =

(2π)3

V0
= c. (7.24)

Combining (7.18), (7.20), (7.22), and (7.24), the final equation for neutron
diffraction from a crystal becomes

dσ

dΩ

∣

∣

∣

∣

nucl.el.

= N
(2π)3

V0
exp(−2W ) |FN(q)|2

∑

τ

δ(q− τ ) . (7.25)

7.2.5 The Bragg law

We now turn to the qualitative understanding of the diffraction cross section
(7.25). The delta-function in the equation gives rise to the so-called Laue con-
dition

q = τ . (7.26)

This can also be expressed in terms of the lattice spacings, d, associated with
the reciprocal lattice vectors (defined in (7.7)): through the Bragg law:

nλ = 2d sin(θ) , (7.27)

where n is a positive integer and θ is the angle between the incoming neutron
direction and the lattice planes, see figure 7.8. When scattering from a certain
set of lattice planes, the scattering is specular, i.e. the incident angle equals the
outgoing angle. The proof of equation (7.27) is left as exercise 7.7.1. The essence
of the Bragg law is: Diffraction takes place only when (7.27) is fulfilled. How-
ever, the reverse is not always the case. Sometimes no neutrons are diffracted
even though the Bragg condition is fulfilled. This happens for reflections with
|FN(q)|2 = 0, as illustrated e.g. in problem 7.7.2.

Experimental considerations When a crystal is oriented to fulfill Bragg’s law,
one often talks about the reflected neutrons as a Bragg peak or a Bragg reflection.
The neutron intensity in a Bragg reflection can be considerable, and at times the
neutron beam needs to be attenuated in order not to saturate the detector(s).
Saturation effects start at around 104 to 106 counts per second, depending on
detector details. Most often, the attenuation is performed in the incident beam,
often by using plastic sheets, possibly with boron content.

The angle between the incoming and outgoing beam in Fig. 7.8 is seen to
be 2θ. This is denoted the scattering angle, and is the primary observable to
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Figure 7.8: Diffraction in Bragg geometry. ki and kf are the incoming and outgoing
wave vectors, respectively, q is the scattering vector, and d is the relevant lattice
spacing in the crystal. The incoming and outgoing angles, θ, are equal. The labels
d1 through d4 denote other possible lattice planes. Note that the planes with lattice
spacing d2 and d4 do not give rise to diffraction, because the atoms between the planes
make destructive interference (expressed as zero structure factor).

be measured in an experiment. Usually in diffraction experiments, this angle
needs to be determined to precisions of the order 0.01◦.

7.2.6 Integrals over the diffraction cross section

For the quantitative understanding of (7.25), the Dirac δ-function in the cross
section is the crucial part. The infinite amplitude of the δ-function should not be
taken litterally, since infinite amplitudes are unphysical. Instead, the δ-function
symbolizes that the scattering is strongly peaked at very small intervals around
the reciprocal lattice vectors. The integral of the δ-function does, however, have
physical significance. Neutron scattering experiments are performed in non-ideal
conditions, e.g. the incoming beam has a slight variation in wavelength (0.1%
- 1%) and has a finite divergence (0.1◦ - 1◦). In most cases, this makes the
observed intensity depend on the integral over the scattering cross section. We
will here show how to perform integrals over the δ-function. The derivation
below is strongly inspired by Squires [2].

We will calculate the total cross section, i.e. the integral over all neutrons
scattered by a particular Bragg peak.

στ =

∫
(

dσ

dΩ

)

nucl.el.,τ

dΩ. (7.28)

We consider a situation where the incoming neutron wave vector, ki, and the
reciprocal lattice vector in question, τ , are fixed. The angle between ki and τ

determines (one part of) the crystal orientation; this angle is most often denoted
ω. The plane spanned by the two vectors ki and τ is called the scattering plane.

Version of September 7, 2015

Reciprocal lattice vector ⌧ =

2⇡
d ,

where d is the lattice spacing of the given reflection.

When ⌧ = q, constructive interference between scattering

centres occurs,

...and Bragg scattering can be observed at the the relevant 2✓ angle,

where � is the neutron wavelength, n is the order of the reflection

and d is the lattice spacing

Structure factor



NOBUGS McStas school Oct 2016 – P Willendrup

From single crystal / crystallite to powder….

l Single crystal     

7

l Polycrystal with a little 
disorder, i.e. a preferred 
orientation, texture

l Powder with 
complete disorder
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Figure 7.2: A typical three-dimensional cubic crystal structure (NaCl) with two
kinds of atoms, in total 8 atoms in the unit cell. The figure shows one unit cell with
three lattice vectors, a = b = c, and the three-dimensional lattice formed by repetition
of the unit cell.

Each reciprocal lattice vector is perpendicular to two of the three real-space
lattice vectors:

a∗ · b = a∗ · c = 0, b∗ · a = b∗ · c = 0, c∗ · a = c∗ · b = 0, (7.4)

whereas
a∗ · a = 2π, b∗ · b = 2π, c∗ · c = 2π. (7.5)

The three reciprocal lattice vectors span the reciprocal lattice, where a general
lattice point is given by

τhkl = ha∗ + kb∗ + lc∗ . (7.6)

The Miller indices h, k, and l are here integers. The lattice spacing correspond-
ing to a set of Miller indices is defined as the distance between lattice planes
perpendicular to τhkl and is given by

dhkl =
2π

|τhkl|
. (7.7)

From (7.1) and (7.6), we calculate the dot product between a general lattice
vector and a general vector of the reciprocal lattice:

τhkl · r = 2π(nah+ nbk + ncl). (7.8)

This result will be used in later derivations.
It can easily be shown that the volume of the reciprocal unit cell is given by

Vr =
(2π)3

V0
. (7.9)
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Lattices - in direct and reciprocal space…

l Direct space atomic locations 

l     Reciprocal space reflection points… 

l      Each characterised by its Miller indices 
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Figure 7.1: Examples of two-dimensional crystals formed by translation of two-
dimensional unit cells, each consisting of two atoms, (a) a ̸= b, γ = 90◦ and (b) a = b,
γ = 120◦.

7.1.1 Lattice vectors

In a regular crystal, the atoms are arranged in a three-dimensional periodic
structure; a lattice. It is possible to divide the crystal into a (large) number of
identical unit cells, each containing one or more atoms. The position of a unit
cell can be determined by just three integers, na, nb, and nc:

r = naa+ nbb+ ncc , (7.1)

where the vectors a, b, and c are called the lattice vectors. The length of the
lattice vectors are called the lattice constants, a, b, and c, respectively. Usually,
but not always, the order is chosen so that a ≤ b ≤ c.

Two-dimensional crystal lattices are simple to visualise, and two examples
are shown in Fig. 7.1. More realistic crystal lattices are three-dimensional, where
the shape of a unit cell is a parallelepiped spanned by the three (right handed)
lattice vectors, as shown in Fig. 7.2. The angles in the unit cell are defined with
α being the angle between b and c, β being the angle between c and a, and γ
the angle between a and b. The volume of a unit cell is given by the volume
product

V0 = a · b× c. (7.2)

This product is positive due to the right-handedness of the lattice vectors.

7.1.2 The reciprocal lattice

It is convenient to define the reciprocal lattice vectors by

a∗ =
2π

V0
b× c, b∗ =

2π

V0
c× a, c∗ =

2π

V0
a× b. (7.3)
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Figure 7.2: A typical three-dimensional cubic crystal structure (NaCl) with two
kinds of atoms, in total 8 atoms in the unit cell. The figure shows one unit cell with
three lattice vectors, a = b = c, and the three-dimensional lattice formed by repetition
of the unit cell.
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where c′ is a constant to be determined in the following. To proceed, we note
that the integral of a δ-function over the full 3-dimensional space is unity. This
leads to

1 =

∫

δ(ρ− kf)dkf

=

∫
(
∫

δ(ρ− kf)dΩ

)

k2f dkf

=

∫

c′δ(k2i + τ2 − 2kiτ cos(ω)− k2f )k
2
f dkf

=
c′ρ

2
. (7.32)

where ρ2 = k2i + τ2 − 2kiτ cos(ω) = k2f . Hence, we can determine c′

c′ =
2

ρ
=

2

kf
. (7.33)

In this derivation, we have implicitly used (7.30). Now the integrals are dealt
with, we can impose the condition of elastic scattering, ki = kf , and use (7.25)
to reach the expression for the integrated cross section

στ =
N(2π)3

V0

2

ki
exp(−2W ) |FN(τ)|2 δ(τ2 − 2kiτ cos(ω)). (7.34)

This equation still contains a δ-function and thus needs additional integration
(over the crystal orientation, ω, or the initial wave vector, ki) to give physical
sense. Hence, (7.34) is only a stepping stone to calculate the cross sections for
some particular experimental arrangements. These are discussed in sections 7.3,
7.5, and 7.6.

7.3 Diffraction from single crystals with monochro-
matic radiation

In the present version of the notes, we will only briefly touch upon the important
topic of single crystal scattering.

7.3.1 Rotation of a crystal in the beam

Consider again the situation of a crystal in a monochromatic beam, shown by
Fig. 7.9. We assume that the crystal is oriented so that the reciprocal lattice
vector under consideration is kept within the scattering plane, which is spanned
by ki and kf . Scattering occurs when the crystal is oriented so that Braggs law
is fulfilled, q = τ .

The plot of the scattered intensity as a function of crystal orientation, ω,
is known as a rocking curve. This curve is not shaped as a δ-function, but

Version of September 7, 2015
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Input for the Single_crystal

Lau datafiles 
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+ 
reflection list 

Can be used with Single_crystal, PowderN, 
Isotropic_Sqw
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# TITLE *Aluminum-Al-[FM3-M] Miller, H.P.jr.;DuMond, J.W.M.[1942] at 298 K 
# CELL 4.049320 4.049320 4.049320 90.000000 90.000000 90.000000 
# SPCGRP F M 3 M   CUBIC STRUCTURE 
# ATOM AL 1 0.000000 0.000000 0.000000 
# SCATTERING FACTOR  COEFFICIENTS: AL     F= 0.345 CM-12 
# Reference: Physical Review (1940) 57, 198-206 
# 
# Physical parameters: 
# sigma_coh 1.495   coherent scattering cross section (single atom) in [barn] 
# sigma_inc 0.0082  incoherent scattering cross section (single atom)in [barn] 
# sigma_abs 0.231   absorption scattering cross section (single atom) in [barn] 
# density   2.70    in [g/cm^3] 
# weight    26.98   in [g/mol] (single atom) 
# multiplicity 4    in [atoms/unit cell] 
# Vc        66.4    volume of unit cell in [A^3] 
# v_sound   5100    in [m/s] 
# v_sound_l 6420    velocity of longitudinal sound in [m/s] 
# v_sound_t 3040    velocity of transversal sound in [m/s] 
# T_m       933.5   melting temperature in [K] 
# T_b       2792.2  boiling temperature in [K] 
# At_number 13      atomic number Z 
# lattice_a 4.04932 lattice parameter a in [Angs] 
# 
# Format parameters: Crystallographica format 
# column_j  4 multiplicity 'j' 
# column_d  5 d-spacing 'd' in [Angs] 
# column_F2 7 norm of scattering factor |F|^2 in [fm^2] 
# column_h  1 
# column_k  2 
# column_l  3 
# 
# h   k   l Mult. d-space 2Theta   F-squared 
-1 -1 -1 8 2.338 24.6973 21.3 
-1 -1 1 8 2.338 24.6973 21.3 
… 
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Debye-Scherrer cones

10
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Input for the PowderN

Laz + Lau datafiles 
header 
+ 
reflection list 

Can be used with PowderN, Isotropic_Sqw

11

# TITLE *Corundum-Al2O3-[R3-CH] Graafsma, H.;Souhassou, M.;Harkem[1998] [corundum saphire:blue, ruby:red] 
# CELL 4.757000 4.757000 12.987700 90.000000 90.000000 120.000000 
# SPCGRP R -3 C   TRIGONAL STRUCTURE 
# ATOM AL 1 0.000000 0.000000 0.352110 
# ATOM O  1 0.306260 0.306260 0.250000 
# SCATTERING FACTOR  COEFFICIENTS: AL     F= 0.345 CM-12 ; O      F= 0.581 CM-12 
# Reference: Acta Crystallographica B (1998) 54, 193-195 
# 
# Physical parameters: 
# sigma_coh 15.683  coherent scattering cross section for Al2O3 in [barn] 
# sigma_inc 0.0188  incoherent scattering cross section for Al2O3 in [barn] 
# sigma_abs 0.4625  absorption scattering cross section for Al2O3 in [barn] 
# density   4.05    in [g/cm^3] 
# weight    101.96  in [g/mol] for Al2O3 
# multiplicity 6    in [Al2O3/unit cell] 
# Vc        254.52  volume of unit cell in [A^3] 
# T_m       2273    melting temperature in [K] 
# T_b       3773    boiling temperature in [K] 
# lattice_a 4.757   lattice parameter a in [Angs] 
# lattice_c 12.9877 lattice parameter c in [Angs] 
# lattice_cc 120    lattice angle gamma in [deg] 
# 
# Format parameters: Lazy format <http://icsd.ill.fr> 
# column_j 17 multiplicity 'j' 
# column_d 6  d-spacing 'd' in [Angs] 
# column_F 13 norm of scattering factor |F| in [barn] 
# column_h 1 
# column_k 2 
# column_l 3 
# 
# H  K   L  THETA  2THETA D VALUE  1/D**2 SIN2*1000  H  K   L INTENSITY  /F(HKL)/       A(HKL)    B(HKL) PHA.ANG. MULT   LPG 
  1  0   1   6.35  12.71   4.5175  0.0490    12.25   1  0   1   367.0       4.1 -4.08       0.00  180.00  6  82.14 
  0  0   3   7.10  14.20   4.0467  0.0611    15.27   0  0   3   110.0       4.3  4.32       0.00    0.00  2  66.01 
  0  1   2   7.57  15.13   3.7972  0.0694    17.34   0  1   2    10.9       0.8  0.84       0.00    0.00  6  58.18 
… 
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Where to get these files…
l $MCSTAS/data 

l Windows: c:\mcstas-2.3\lib\data 
l Linux: /usr/(local)/share/mcstas/2.3/data 
l OS X: /Applications/McStas-2.3/Contents/Resources/mcstas/2.3/data 

l - Or make your own via 
l Finding a CIF file for the given structure 

l e.g. from ICSD http://icsd.fiz-karlsruhe.de 
l Process it using 

l cif2hkl at http://barns.ill.fr/cif2hkl.html 
l Crystallographica, using the guide  

l https://github.com/McStasMcXtrace/McCode/wiki/Single-crystal---
and-generating-its-input 

12

http://icsd.fiz-karlsruhe.de
http://barns.ill.fr/cif2hkl.html
https://github.com/McStasMcXtrace/McCode/wiki/Single-crystal---and-generating-its-input
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Laue diffractometers

l … for single crystal diffraction

13
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Powder diffractometers

14

l … for powder diffraction
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You will now simulate both

l Exercise 5.2 on powders 

l Exercise 5.3 on single crystals

15



NOBUGS McStas school Oct 2016 – P Willendrup

5.2 PowderN - intro

16
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5.2 PowderN - construct a simple instrument file

17

/************************************************************************************************
* Instrument: powder_simple.instr
* %Description
* A powder scattering example.
* 
* %Parameters  
* lambda: [Angs] incoming neutron wavelength (monochromatic)  
* material: [Angs] Powder structure file (lazy/fullprof/crystallographica) 
************************************************************************************************/ 

DEFINE INSTRUMENT powder_simple (Lambda=2.36, string material="Na2Ca3Al2F14.laz")  
TRACE

 
COMPONENT Source= Source_simple(dist=1, radius=0.01, focus_xw=0.01, focus_yh=0.01, lambda0=Lambda, 
dlambda=Lambda*0.01) 

AT (0,0,0) ABSOLUTE 

COMPONENT powder= PowderN(reflections = material, radius = 0.005, yheight = 0.05) 

AT (0,0,0.5) RELATIVE PREVIOUS  

COMPONENT banana= Monitor_nD(xwidth=1, yheight=0.3, options="banana ; theta limits=[10,130] bins=240 ; y bins=50”)

AT (0,0,0) RELATIVE PREVIOUS 

END 

Construct the below instrument file using mcgui…. 
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5.2 - PowderN and datafiles

18

The equations from Squires relating to powders have been directly implemented in the PowderN component. 

This handles single, coherent scattering and many d-spacing structure factors, with absorption correction and incoherent 

elastic scattering. However, no multiple or inelastic scattering is taken into account, 

which the Isotropic_Sqw component can cope with, in its powder mode (see exercise 9.4). 

In the example at hand, we present a usage example which produces so-called Debye-Scherrer rings from a structure factor list. 

The model geometry is shown in the left figure on next page, and the 2D ideal diffraction detector in the right figure on next page,

for a Na2Ca3Al2F14 reference powder. The choice of the material may be any file adapted from Lazy/Pulverix implemented in the 

ICSD database and Fullprof (extension .laz) or Crystallographica (extension .lau also used for crystals). Currently, McStas includes 

a material data base of about 70 powder and crystal definitions commonly used in neutron scattering. These can be listed from the 

McGUI/Help/Component Library Index menu item, and you may easily add your own materials. The material volume may be a box, 

a sphere and a cylinder, which all can be bulk or hollow geometries, including concentric arrangements, which we will hear about in

exercise 11.
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5.2 Perform simulations

19

Please run your newly created instrument file in trace mode and simulation mode 
to see output like the ones below. 

Investigate how the peak positions change with varied wavelength, try +/1 Å in  
wavelength. 

Also try choosing another material from your MCSTAS/data directory.
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5.2 Optional extras

20

As a final optional PowderN exercise, try 

• Decreasing and increasing 
• Comment on the results 

• What is the effect of changing the sample size? 
• Comment on the results 

 



NOBUGS McStas school Oct 2016 – P Willendrup

5.3 Single_crystal - intro

21

When the sample is a single crystal, the averaging on many crystallites that is 
responsible for the scattering rings in a powder does not apply. 

The Bragg law is still valid, but similarly as a mirror, each atomic plane selects a single 
reflected monochromatic ray. As there are many structural planes available, a 
polychromatic neutron beam will be scattered as a large number of distinct rays, 
forming spots on detectors. 

This happens in the monochromators as discussed during the session on optics, but in 
this case only one reflection of interest is used, the others are scattered around, 
generating background. 
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5.3 Single_crystal - construct a simple instrument file

22

Construct the below instrument file using mcgui…. 
/************************************************************************************************ 

* Instrument: single_crystal.instr  
* %Description  
* A single crystal scattering example. 

* 
* %Parameters  
* lambda: [Angs] neutron wavelength selected by the monochromator 
************************************************************************************************/

DEFINE INSTRUMENT single_crystal (Lambda=1, string material="C_graphite.lau") 

TRACE 
COMPONENT Source= Source_simple(dist=1, radius=0.01, focus_xw=0.01, focus_yh=0.01, lambda0=Lambda, dlambda=0.2*Lambda)

AT (0,0,0) ABSOLUTE

COMPONENT SX = Single_crystal(
xwidth = 0.002, yheight = 0.1, zdepth = 0.1, mosaic = 30, reflections = material, barns=0, ax=0, ay=2.14,az=1.24,  
bx=0, by=0, bz= 2.47, cx=6.71,cy=0, cz= 0, sigma_abs = 0.014, sigma_inc = 0.004) 

AT (0,0,0.5) RELATIVE PREVIOUS 

ROTATED (0,45,0) RELATIVE PREVIOUS 

COMPONENT banana= Monitor_nD(xwidth=1, yheight=1, options="banana ; theta limits=[10,130] bins=240 ; y bins=100") 

AT (0,0,0.5) RELATIVE Source 

END 
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5.3 Single_crystal input parameters

23

This component models coherent and incoherent elastic scattering, with multiple 
scattering and secondary absorption.  

The material volume may be a box, a sphere and a cylinder, which all can be bulk or 
hollow geometries, including concentric arrangements.  

The instrument geometry resembles the previous one for PowderN, now with a tilted 
graphite plate at the sample. As expected, the scattering shows a number of spots, 
which each select a single wavelength. The central spot is the direct, transmitted 
beam.  

Currently, McStas does not provide simple ways to add inelastic scattering on top of 
a mono-crystalline structure, even though there is a way to simulate the neutron 
scattering on a a simple phonon dispersion.  
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5.3 Perform simulations

l Now perform trace to see that all looks OK, then 
a simulation that should give you output like this: 

24
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5.3 Optional extras

l Create an instrument input parameter omega to 
allow rotating the sample. 

l Perform a scan and look in the subfolders how 
the spots move on the detector. 

l Also try  

• Decreasing and increasing the wavelength spread 
• Comment on the results 

 

25
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9.3 Optional extras
An additional complex geometry enables to use any point set to describe 
the material volume (geomview OFF file).  

Try the same simulations with an OFF file from the MCSTAS/data directory

26


