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building blocks for de ning instruments in the Monte Carlo X ray-tracing program McX-
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Chapter 1

About the component library

This McXtrace Component Manual consists of the following mgor parts:
An introduction to the use of Monte Carlo methods in McXtrace.

A thorough description of system components, with one chaptr per major category:
Sources, optics, monochromators, samples, monitors, andher components.

The McXtrace library functions and de nitions that aid in th e writing of simulations
and components in Appendix A.

An explanation of the McXtrace terminology in Appendix B.

Additionally, you may refer to the list of example instruments from the library in the
McXtrace User Manual.

1.1 Authorship

The component library is maintained by the McXtrace system goup. A number of ba-
sic components \belongs" the McXtrace system, and are suppted and tested by the
McXtrace team.

Other components are contributed by speci ¢ authors, who ae listed in the code for each
component they contribute as well as in this manual. McXtrace users are encouraged to
send their contributions to us for inclusion in future releases.

1.2 Symbols for neutron scattering and simulation

In the description of the theory behind the component functionality we will use the usual

symbolsr for the position (x;y; z) of the particle (unit m), and v for the particle velocity

(vx; Vy; Vz) (unit m/s). Another essential quantity is the neutron wave vector k = mpv=-,

where my, is the neutron mass.k is usually given in A 1, while neutron energies are given
in meV. The neutron wavelength is the reciprocal wave vector = 2 =k. In general,

vectors are denoted by boldface symbols.

Subscripts "i* and "f* denotes \initial" and \ nal”, respec tively, and are used in connection
with the neutron state before and after an interaction with the component in question.
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MCXTAS/data Description

* lau Laue pattern le, as issued from Crystallographica. For use
with Single_crystal, PowderN, and Isotropic_.Sqw. Data: [ h k
| Mult. d-space 2Theta F-squared ]

*laz Powder pattern le, as obtained from Lazy/ICSD. For use with
PowderN, Isotropic_Sqw and possibly Singlecrystal.

*.trm transmission le, typically for monochromator crystals and |-
ters. Data: [ k (Angs-1) , Transmission (0-1) ]

*r re ectivity le, typically for mirrors and monochromator ¢ rys-
tals. Data: [ k (Angs-1) , Re ectivity (0-1) ]

*.sqw S(qg;!) les for Isotropic Sqw component. Data: [q] []
[S(a; )]

Table 1.1: Data les of the McXtrace library.

1.3 Component coordinate system

All mentioning of component geometry refer to the local coodinate system of the individ-
ual component. The axis convention is so that thez axis is along the neutron propagation
axis, the y axis is vertical up, and the x axis points left when looking along the z-axis,
completing a right-handed coordinate system. Most componets 'position' (as speci ed
in the instrument description with the ATkeyword) corresponds to their input side at the
nominal beam position. However, a few components are radiadnd thus positioned in
their centre.

Components are not necessarily designed to overlap. This mdead to loss of rays. Warn-
ings will be issued during simulation if sections of the instument are not reached by any
xrays, or if a signi cant number of xrays are removed. This isusually the sign of either
overlapping components or a very low intensity.

1.4 About data les

Some components require external data les, e.g. lattice grstallographic de nitions for
Laue and powder pattern di raction, S(q;!) tables for inelastic scattering, absoprtion and
re ectivity les, etc.

Such les distributed with McXtrace are located in the data sub-directory of the MCXTRACE
library. Components that make use of the McXtrace le system, including the read-table
library (see section A.2) may access all McXtrace data les vithout making local copies.
Of course, you are welcome to de ne your own data les, and evatually contribute to
McXtrace if you nd them useful.

File extensions are not compulsory but help in identifying relevant les per application.
We list powder and liquid data les from the McXtrace library in Tables 1.2 and 1.3.
These les contain an extensive header describing physicadroperties with references, and
are specially suited for the PowderN (see 7.1) and Isotropi§Sqw components (se€?).
McXtrace itself generates both simulation and monitor data les, which structure is ex-
plained in the User Manual (see end of chapter 'Running McXtace ).
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MCXTAS/data coh inc abs Tm c | Note
File name [barns] [barns] [barns] [K] [m/s]
Ag.laz 4.407 0.58 63.3 | 12349 2600
Al203_sapphire.laz | 15.683 0.0188 0.462% 2273

Al.laz 1.495 0.0082 0.231 933.5 5100 .lau
Au.laz 7.32 0.43 98.65 | 1337.4 1740
B4C.laz 19.71 6.801 3068 2718

Ba.laz 3.23 0.15 29.0 1000 1620
Be.laz 7.63 0.0018 0.0076 1560 13000
BeO.laz 11.85 0.003 0.008 2650 Jau
Bi.laz 9.148 0.0084 0.0338 5445 1790
C60.lau 5.551 0.001 0.0035

C_diamond.laz 5.551 0.001 0.0035 4400 18350 .lau
C_graphite.laz 5.551 0.001 0.0033 3800 18350| .lau
Cd.laz 3.04 3.46 2520 594.2 2310
Cr.laz 1.660 1.83 3.05 2180 5940
Cs.laz 3.69 0.21 29.0f 301.6 1090 | cin liquid
Cu.laz 7.485 0.55 3.78 1357.8 3570
Fe.laz 11.22 0.4 2.56 1811 4910
Ga.laz 6.675 0.16 2.75 30291 2740
Gd.laz 29.3 151 49700 1585 2680
Ge.laz 8.42 0.18 2.2| 12114 5400
H2O.ice_1h.laz 7.75 160.52 0.6652 273

Hg.laz 20.24 6.6 372.3 | 234.32 1407
12.laz 7.0 0.62 12.3| 386.85

In.laz 2.08 0.54 193.8 | 429.75 1215
K.laz .69 0.27 2.1| 336.53 2000
LiF.laz 446  0.921 7051 1140

Li.laz 0.454 0.92 705 | 453.69 6000
Nb.laz 8.57 0.0024 115 2750 3480
Ni.laz 13.3 5.2 4.49 1728 4970
Pb.laz 11.115  0.003 0.171 600.61 1260
Pd.laz 439  0.093 6.9| 1828.05 3070
Pt.laz 11.58 0.13 10.3) 2041.4 2680
Rb.laz 6.32 0.5 0.38] 312.46 1300
Sealpha.laz 7.98 0.32 11.7 494 3350
Sebeta.laz 7.98 0.32 11.7 494 3350
Si.laz 2.163 0.004  0.171 1687 2200
SiO2 quartza.laz 10.625 0.0056 0.1714 846 Jau
SiO2 quartzb.laz 10.625 0.0056 0.1714 1140 Jdau
Sn.alpha.laz 4871 0.022 0.626 505.08

Sn beta.laz 4871 0.022  0.626 505.08 2500
Ti.laz 1.485 2.87 6.09 1941 4140
Tllaz 9.678 0.21 3.43 577 818
V.laz .0184 4,935 5.08 2183 4560
Zn.laz 4.054  0.077 1.11 692.68 3700
Zr.laz 6.44 0.02 0.185 2128 3800

Table 1.2: Powders of the McXtrace library [3, 4].

Low ¢ and high

abs Materials are

highlighted. Files are given in LAZY format, but may exist as well in Crystallographica

Jau format as well.

Ris {R{1538(rev.ed.)(EN)



MCXTAS/data coh inc abs Tm c | Note

File name [barns] [barns] [barns] [K] [m/s]

Cs.lig_tot.sqw 3.69 0.21 29.0, 301.6 1090 | Measured
Ge._lig_coh.sgw and Gelig_inc.sqw 8.42 0.18 2.2| 1211.4 5400| Ab-initio MD
He4. lig_coh.sqw 1.34 0 0.00747 0 240 | Measured
Ne_lig _tot.sqw 2.62 0.008 0.039 2456 591 | Measured
Rb_lig_coh.sqw and Rhlig_inc.sqw 6.32 0.5 0.38| 312.46 1300 | Classical MD
Rb_liq_tot.sqw 6.32 0.5 0.38| 312.46 1300 | Measured

Table 1.3: Liquids of the McXtrace library [3,4]. Low c and high 4,5 materials are
highlighted.

1.5 Component source code

Source code for all components may be found in th&/CXTARbrary subdirectory of the
McStas installation; the default is /usr/local/lib/mcstas/ on Unix-like systems and
C:\mcstas\lib  on Windows systems, but it may be changed using theMCXTA8nviron-
ment variable.

In case users only require to add new features, preserving ¢hexisting features of a com-
ponent, using the EXTENReyword in the instrument description le is recommended. For
larger modi cation of a component, it is advised to make a coyy of the component le
into the working directory. A component le in the local dire ctory will in McXtrace take
precedence over a library component of the same name.

1.6 Documentation

As a complement to this Component Manual, we encourage uset® use the mcdocfront-
end which enables to display both the catalog of the McXtracdibrary, e.g using:

mcdoc
as well as the documentation of speci c components, e.g with

mcdoc --text name
mcdoc le.comp

The rst line will search for all components matching the name, and display their help

section as text. For instance,mcdoc .laz will list all available Lazy data les, whereas

mcdoc --text Monitor  will list most Monitors. The second example will display the help

corresponding to the le.comp component, using your BROWSER setting, or as text if

unset. The --help option will display the command help, as usual.

An overview of the component library is also given at the McXtrace home page [5] and in
the User Manual [6].

1.7 Component validation

Some components were checked for release 1.9: the Fermi cpeps, the velocity selectors,
2 of the guide components and Sourcgen. The results are sumarized in a talk available
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online (http://www.ill.fr/tas/mcstas/doc/ValMcStas.pdf ).

Velocity selector and Fermi chopper were treated as black bxes and the resulting line
shapes cross-checked against analytical functions for samcases. The component 'Se-
lector' showed no dependence on the distance between guidediselector axe. This is
corrected at the moment. Apart from that the component yielded correct results. That
was di erent with the Fermi chopper components. The componet 'Chopper_Fermi’, which
has been part of the McXtrace distribution for a long time, gave wrong results and was
removed from the package. The new 'VitesChopperFermi' (transferred from the VITESS
package) showed mainly correct behaviour. Little bugs wereorrected after the rst tests.
At the moment, there is only the problem left that it underestimates the in uence of a
shadowing cylinder. With the contributed 'FermiChopper' c omponent, there were also
minor problems, which are all corrected in the meantime.

For the guides, several trajectories through di erent kinds of guides (straight, convergent,
divergent) were calculated analytically and positions, drections and losses of re ections
compared to the values calculated in the components. This wa done for 'Guide' and
'‘Guide _gravity'; in the latter case calculations were performed wth and without gravity.
Additionally a cross-check against the VITESS guide modulewas performed. Waviness,
chamfers and channels were not checked. After correction ad bug in 'Guide_gravity’,
both components worked perfectly (within the conditions tested).

'Source.gen' was cross-checked against the VITESS source module filie case of 3 Maxwellians
describing the moderator characteristic and typical sizeghe guide and its distance to the
moderator. It showed the same line shape as a functions of walength and divergence
and the same absolute values.

1.8 Disclaimer, bugs

We would like to emphasize that the usage of both the McXtracesoftware, as well as its
components are the responsability of the users. Indeed, ohining accurate and reliable
results requires a substantial work when writing instrumert descriptions. This also means
that users should read carefully both the documentation fron the manuals [6] and from
the component itself (usingmcdoccomp) before reporting errors. Most anomalous results
often originate from a wrong usage of some part of the package

Anyway, if you nd that either the documentation is not clear , or the behavior of the
simulation is undoubtedly anomalous, you should report ths to us at mcstas@risoe.dk
and refer to our special bug/request reporting service [7].

Ris {R{1538(rev.ed.)(EN) 11



Chapter 2

Monte Carlo Technigues and
simulation strategy

This chapter explains the simulation strategy and the Monte Carlo techniques used in
McXtrace. We rst explain the concept of the x-ray weight factor, and discuss the statis-
tical errors in dealing with sums of x-ray weights. Secondlywe give an expression for how
the weight factor transforms under a Monte Carlo choice and pecialize this to the con-
cept of direction focusing. Finally, we present a way of genating random numbers with
arbitrary distributions. More details are available in the Appendix concerning random
numbers in the User manual.

2.1 X-ray simulations

X-ray scattering beamlines are built as a series of opticallements. Each of these elements
modi es the beam characteristics (e.g. divergence, wavetgth spread, spatial and tempo-
ral distributions) in a way which, for simple x-ray beam con gurations, may be modelled
with analytical methods.

However, real x-ray beamlines consist of a large number of digal elements, and this brings
additional complexity by introducing strong correlations between x-ray beam parameters
like divergence and position - which is the basis of the accégnce diagram method - but
also wavelength and time. The usual analytical methods, sut as phase-space theory, then
reach their limit of validity in the description of the resul ting e ects.

In order to cope with this di culty, Monte Carlo (MC) methods (for a general review, see
Ref. [8]) may be applied to the simulation of x-ray instrumerts. The use of probability is
commonplace in the description of microscopic physical proesses. Integrating these events
(absorption, scattering, re ection, ...) over the x-ray tr ajectories results in an estimation
of measurable quantities characterizing the beamline. Magover, using variance reduction
(importance sampling) where possible, reduces the computen time and gives better
accuracy.

Implementations of the MC method for X-ray beamlines alread/ exist, most notable is
probably SHADOW, originally developed by the late Franco Cerrina and coworlers, now
developed further by M. Sanchez Del Rio at the ESRFP]. Other implementation of the
same concept areRay[?] from BESSY and Xtrace([?]).
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2.1.1 Monte Carlo ray tracing simulations

Mathematically, the Monte-Carlo method is an application of the law of large numbers
[8,9]. Letf (u) be a nite continuous integrable function of parameter u for which an
integral estimate is desirable. The discrete statistical nean value off (computed as a
series) in the uniformly sampled intervala < u < b converges to the mathematical mean
value of f over the same interval.

X’] Z
f(u)= ﬁ bf (wdu (2.2)

i=l:a uj b a

Sk

lim
n!'l

In the case were theu; values are regularly sampled, we come to the well known midpot

integration rule. In the case were theu; values are randomly (but uniformly) sampled, this
is the Monte-Carlo integration technique. As random gener&ors are not perfect, we rather
talk about quasi-Monte-Carlo technique. We encourage the reader to refer t@James [8]
for a detailed review on the Monte-Carlo method.

2.2 The x-ray weight

A totally realistic semi-classical simulation will requir e that each x-ray is at any time either
present or lost. On many beamlines, only a very small fractio of the initial x-rays will
ever be detected, and simulations of this kind will therefoe waste much time in dealing
with x-rays that never hit the detector.

An important way of speeding up calculations is to introduce a x-ray "weight factor”
for each simulated ray and to adjust this weight according to the path of the ray. If
e.g. the re ectivity of a certain optical component is 10%, and only re ected x-rays ray
are considered later in the simulations, the x-ray weight wil be multiplied by 0.10 when
passing this component, but every x-ray is allowed to re ectin the component. In contrast,
the totally realistic simulation of the component would require on average ten incoming
x-rays for each re ected one.

Let the initial x-ray weight be po and let us denote the weight multiplication factor in the
j 'th component by . The resulting weight factor for the x-ray ray after passageof the
whole instrument becomes the product of all contributions

w
P=Pn= Po ji: (2.2)
j=1

Each adjustement factor should be 0< < 1, except in special circumstances, so that
total ux can only decrease through the simulation. For convenience, the value ofp is
updated (within each component) during the simulation.

Simulation by weight adjustment is performed whenever posible. This includes

Transmission through lters and windows.

Re ection from monochromator (and analyser) crystals with nite re ectivity and
mosaicity.

Re ections from mirrors.
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Passage of a continuous beam through a chopper.

Scattering from all types of samples.

2.2.1 Statistical errors of non-integer counts

In a typical simulation, the result will consist of a count of x-ray histories ("rays") with
di erent weights. The sum of these weights is an estimate of he mean number of x-rays
hitting the monitor (or detector) per second in a \real" experiment. One may write the
counting result as X

= pi=Np; (2.3)

|

where N is the number of rays hitting the detector and the vertical bar denote averaging.
By performing the weight transformations, the (statistical) mean value of is unchanged.
However, N will in general be enhanced, and this will improve the accuray of the simu-
lation.
To give an estimate of the statistical error, we proceed as ftows: Let us rst for simplicity
assume that all the counted x-ray weights are almost equalp;  p, and that we observe
a large number of x—rp?qE,N 10. Then N almost follows a normal distribution with the
uncertainty (N) = = N 1. Hence, the statistical uncertainty of the observed intensty
becomes p_

()= Np=I= N; (2.4)
as is used in real x-ray experiments (wher@ 1). For a better approximation we return to
Eg. (2.3). Allowing variations in both N and p, we calculate the variance of the resulting
intensity, assuming that the two variables are independent

2(1)= 3(N)p*+ N2 2(p): (2.5)

Assuming as before thatN follows a normal distribution, we reach 2(N)p?> = Np°.
Further, assuming that the individual weights, p;, follow a&aussian distribution (which
in some cases is far from the truth) we haveN? 2(p)= 2(" ;pi))= N 2(p) and reach

1)=N P+ 2(p) : (2.6)
P
The statistical variance of the p;'s is estimated by 2(pi) ( ;p? Np?»)=(N 1). The
resulting variance then reads
!
rop (2.7)

N X

201y =
=51

For almost any positive value of N, this is very well approximated by the simple expression
21 p: (2.8)
i
As a consistency check, we note that for all; equal, this reduces to eq. (2.4)

In order to compute the#’ntensities @nd uncertaintiesF;he cetector components in McXtrace
will keep track of N =~ . p%1 = ,pl,and M, = p.

1This is not correct in a situation where the detector counts a large fraction of the x-rays in the
simulation, but we will neglect that for now.
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2.3 Weight factor transformations during a Monte Carlo
choice

When a Monte Carlo choice must be performede.g. when the initial energy and direction
of the x-ray ray is decided at the source, it is important to adjust the x-ray weight so that
the combined e ect of x-ray weight change and Monte Carlo prdability of making this
particular choice equals the actual physical properties wdike to model.

Let us follow up on the simple example of transmission. The pobability of transmitting

the real x-ray is P, but we make the Monte Carlo choice of transmitting the x-ray every
time: fmc = 1. This must be re ected on the choice of weight multiplier ; given by the
master equation

fMC i = P: (29)

This probability rule is general, and holds also if, e.g., itis decided to transmit only half
of the rays (fmc = 0:5). An important di erent example is elastic scattering from a
powder sample, where the Monte-Carlo choices are the partidar powder line to scatter
from, the scattering position within the sample and the nal x-ray direction within the
Debye-Scherrer cone.

2.3.1 Direction focusing

An important application of weight transformation is direc tion focusing. Assume that the
sample scatters the x-rays in many directions. In general, oly x-rays in some of these
directions will stand any chance of being detected. These dictions we call theinteresting

directions. The idea in focusing is to avoid wasting computation time onx-rays scattered
in the other directions. This trick is an instance of what in Monte Carlo terminology is

known asimportance sampling

If e.g. a sample scatters isotropically over the whole 4 solid angle, and all interesting

directions are known to be contained within a certain solid angle interval , only these
solid angles are used for the Monte Carlo choice of scattergndirection. According to
Eq. (2.9), the weight factor will then have to be changed by the amount ; = |  j=4 ).

One thus ensures that the mean simulated intensity is unchaged during a "correct"
direction focusing, while a too narrow focusing will resultin a lower (i.e. wrong) intensity,
since we cut x-rays rays that should have reached the nal degctor.

2.4 Strati ed sampling

One particular e ciency improvement technique is the so-caled stratied sampling. It
consists in partitioning the event distributions in representative sub-spaces, which are
then all sampled individualy. The advantage is that we are then sure that each sub-space
is well represented in the nal integrals. This means that instead of shootingN events,
we de ne D partitions and shoot r = N=D events in each partition. We may de ne
partitions so that they represent 'interesting' distribut ions, e.g. from events scattered
on a monochromator or a sample. The sum of partitions should gual the total space
integrated by the Monte Carlo method, and each partition must be sampled randomly.
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Figure 2.1: lllustration of the e ect of direction focusing in McXtrace. Weights of x-rays
emitted into a certain solid angle are scaled down by the fullunit sphere area.

In the case of McXtrace, the strati ed sampling is used when epeating events, i.e. when
using the SPLIT keyword in the TRACE section on instrument descriptions. We empha-
size here that the number of repetitionsr should not exceed the dimensionality of the
Monte Carlo integration space (which isd = 10 for x-ray events) and the dimensional-
ity of the partition spaces, i.e. the number of random generéors following the strati ed
sampling location in the instrument.

2.5 Accuracy of Monte Carlo simulations

When running a Monte Carlo, the meaningful quantities are oliained by integrating ran-
dom events into a single value (e.g. ux), or onto an histogran grid. The theory [8]
shows that the accuracy of these estimates is a function of # space dimensiord and the
number of eventsN . For large numbersN, the central limit theorem provides an estimate
of the relative error as 1= N. However, the exact expression depends on the random
distributions.

McXtrace uses a space withd = 12 parameters to describe x-rays (position, wavevector,
weight, polarisation, phase, time). We show in Table 2.1 a ragh estimate of the accuracy
on integrals as a function of the number of records reachinghte integration point. This
stands both for integrated ux, as well as for histogram bins - for which the number of
events per bin should be used folN .
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Records| Accurarcy
106° 10 %
10 25 %
10° 1%
100 0.25 %
10 0.05 %

Table 2.1: Accuracy estimate as a function of the number of sitistical events used to
estimate an integral with McXtrace.
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Chapter 3

Source components

McXtrace contains a number of di erent source components, ad any simulation will
usually contain exactly one of these sources. The main fun@n of a source is to determine
a set of initial parameters (r; v;t) for each neutron ray. This is done by Monte Carlo choices
from suitable distributions. For example, in most present urces the initial position is
found from a uniform distribution over the source surface, vhich can be chosen to be either
circular or rectangular. The initial neutron velocity is selected within an interval of either
the corresponding energy or the corresponding wavelengthPolarization is not relevant
for sources, and we initialize the neutron average spin to ze: s= (0;0;0).

For time-of- ight sources, the choice of the emission time,t, is being made on basis of
detailed analytical expressions. For other sources, is set to zero. In the case one would
like to use a steady state source with time-of- ight settings, the emission time of each
neutron ray should be determined using a Monte Carlo choiceThis may be achieved by
the EXTENReyword in the instrument description source as in the exampe below:

TRACE

COMPONENT MySource=Source_gen(...) AT (...)

EXTEND
%{

t = le-3*randpml(); /* set time to +/- 1 ms */
%}

3.0.1 Photon ux and Brilliance

The ux of the sources deserves special attention. The totalintensity is de ned as the
sum of weights of all emitted xrays during one simulation (the unit of total photon weight
is thus xrays per second). The ux, , at an instrument is de ned as intensity per area
perpendicular to the beam direction.

The source ux, , is de ned in dierent units: the number of p hoton rays emitted per
second from a 1 cr area on the source surface, with direction within a 1 ster. skid angle,
and with wavelength within a 1 A interval. The total intensity of real neutrons emitted

towards a given diaphragm (units: n/sec) is therefore (for onstant ):

lotat = A ; (3.1)
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sources
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Figure 3.1: A circular source component (at z=0) emitting photon rays randomly, either
from a model, or from a data le.

whereA is the source area, is the solid angle of the diaphragm as seen from the source
surface, and is the width of the wavelength interval in which neutrons are emitted
(assuming a uniform wavelength spectrum).
The simulations are performed so that detector intensitiesare independent of the number
of neutron histories simulated (although more neutron hisories will give better statistics).
If Ngsim denotes the number of xray histories to simulate, the initid photon weight pg must
be set to

_ Ntotal _ ( )

N sim N sim
where the source ux is now given a -dependence.
As a start, we recommend new McXtrace users to use th&ource _simple component.
Slightly more realistic sources areSource _Maxwell _3 for continuous sources oModer-
ator for time-of- ight sources.
Optimizers can dramatically improve the statistics, but may occasionally give wrong re-
sults, due to misleaded optimization. You should always chek such simulations with
(shorter) non-optimized ones.
Other ways to speed-up simulations are to read events from ale. See section 3.6 for
details.

A ; (3.2)
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3.1 Source pt: A mathematical point emitting photons with
a spectrum either uniform, gaussian or generated from

a datale
Name: Sourcept
Author: System
Input parameters d,w,h
Optional parameters 0,d ,E, dE, spectrum file , incoherent,phase

Notes

The simplest source model, where a mathematical point sourcat (0; 0; 0) emits photons.

The wavevector of the emitted photons is picked randomly in ade ning aperture w by h m

at (0;0;d). Please note that this aperture is merely a virtual aperture used to reduce the
sampling space. This has a few implications: Other componds may be placed without

reference to the aperture, but if the aperture does not Il the full acceptance window of
subsequent components your simulations will be biased. Thaperture is simply there to

provide e cient sampling.

If a spectrum_file is not supplied, the xray is given a weight which is the total wavelength-

integrated intensity downscaled by the solid subtended by he de nning aperture.

If a spectrum_file is supplied, a slightly di erent strategy is adopted. In this c ase the
wavelength/energy range implied by the datale is sampled winformly and each ray is
assigned a weight corresponding to the intensity indicatedy linear interpolation between

datapoints at that wavelength. This implies an oversampling of weak parts of the intensity
spectrum.

Currently only completely coherent or fully incoherent beams are supported. Ifphaseis

speci ed emitted photons be assigne dthat phase, otherwisé is chosen randomly.

3.2 Source_at: A at surface emitting photons with a spec-
trum either uniform, gaussian or generated from a data le

Name: Source at

Author: System

Input parameters d,w,h

Optional parameters I Xwidth »Yheight .d, 0,d , spectrum_file , incoherent,phase
Notes

A simple source model, with a at surface emitting photons. The surface in thexy-plane
is speci ed as a rectangle with dimensionXyidth ~ Yheight M, Or as a circle w radiust. The
initial xray position is chosen randomly in the source surfae | its wavevector is chosen
randomly (exactly as in the case ofSource\ pt (section ??) in the de ning aperture with
height h and width w placed at (G; O; dist).

Just as for Source\_pt the aperture is for e ciency purposes and, if misused, may case
biasing

A spectrum le may be supplied as for Source\ pt .

Currently only fully coherent or incoherent beams are suppated. If phaseis set (and not
randomphase which takes precedence) a phase is set such that a photon ertatl from
(x;y; 0) will be in phass with a photon at (0; 0; 0), which has the phasephase.
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Figure 3.2: Geometry of Source_gaussian

3.3 Source _div: A continuous source with specied diver-

gence
Name: Sourcediv
Author: System
Input parameters w,h, n, v, Eo, E
Optional parameters 0 , gauss
Notes Validated. t=0

Source _div is a rectangular sourcew h, which emits a beam of a speci ed divergence
around the direction of the z axis. The beam intensity is uniform over the whole of
the source, and the energy (or wavelength) distribution of he beam is uniform over the
speci ed energy rangeEg E (in meV), or alternatively the wavelength range ¢

(in A).

The source divergences are,, and , (FWHM in degrees). If the gauss ag is set to 0
(default), the divergence distribution is uniform, otherwise it is Gaussian.

This component may be used as a simple model of the beam pro lat the end of a guide
or at the sample position.

3.4 Source _gaussian: Gaussian crossection source

Name: Sourcegaussian

Author: System

Input parameters r, x, y.distance

Optional parameters ,focusyy ,focusyn,Eo,dE, o,d ,phase
Notes

This component models a situation where a photons are emittg from a gaussian crossec-
tion in the XY -plane. Photons are emitted in the forward direction, in a 1-pro le.

3.5 Source _lab: X-ray tube laboratory source

Name: Sourcelab

Author: System

Input parameters w, h, n, v, Eo, E
Optional parameters 0 , gauss
Notes Validated. t=0

Source _lab is a model of a laboratory X-ray tube. An electron ray hits a target of
speci ed material. Currently, only single materiual targets are allowed.

An electron beam of transverse crossectionxp; zp) and energy Ep impinges on the target
of material. Wrt. the electron beam, the target is consideraled in nitely thick. The beam

1To model multiple material targets one could construct a mod el with two or more sources simultane-
ously. This has consequences for intensity of the source whib should be downscaled accordingly.
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Figure 3.3: Geometry of the Source_lab component
Figure 3.4: Intensity vs. wavlenghth for a Cu-anode laborabry source.

is considered to have uniform intenisty. Thus, the spatial dstribution of x-ray generation
will be exponential in the depth of the material.

Further, an exit aperture is de ned with dimensions (Xwidth ; Yheight)- The centre of the
aperture is situated at a distancewd m from where the electron beam hits the target slab
at an elevation of take_off (see Figure 3.5). Note that the center of the exit aperture is
the reference point of the Source\_lab coordinate system. In other words, the position
speci ed in the instrument le AT (x,y,z) RELATIVE somewhereis the center of the exit
aperture. Also note that the exit aperture is merely an openng. If the material absorption
of the window, e.g. Be, is to be taken into account aFilter.comp (section ??) could be
inserted after the exit aperture.

For each photon to be generated, a monte carlo choice is made kither generate either a
Bremstrahlung photon or one from one of the x-ray emission lies of the material. frac of
the photons are generated from characteristic emission, ahl frac from Bremsstrahlung.
In most cases Bremstrahlung is unwanted background, whichsi why the default is 09.
Note that this only governs how much of the available statistics is diverted inb simulating
backgrouns. It does not have an impact on what intensity is déected in subsequent
monitors | only on the errorbars of the detected numbers.

The spectral characteristics of the generated Bremsstrahing is goverened by the model
suggested by Kramer P]. Although disputed in several subsequent papers, the modds
simple, and su ciently accurate for many background estimation purposes.
Characteristic emission on the other hand is sampled from aet of Lorentzian functions
with central wavelengths found in the work by [?] with spectral widths taken from [?].
An example of beam spectral characteristics emitted from a @-anode targate detected 1
mm from an exit aperture of 1 1 cm 10 cm fround the target at atake_off angle of 6.
is seen in gure 3.5.
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3.6 Other sources components: virtual sources (event les)
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Chapter 4

Beam optical components: Arms,
slits, collimators, and lters

This chapter contains a number of optical components that isused to modify the neutron
beam in various ways, as well as the \generic" componenf\rm .

4.1 Arm: The generic component

Name: Arm
Author: System
Input parameters (none)
Optional parameters (none)
Notes

The component Arm is empty; is resembles an optical bench and has no e ect on the
xray. The purpose of this component is only to provide a standad means of de ning a
local coordinate system within the instrument de nition. O ther components may then be
positioned relative to the Arm component using the McXtrace meta-language. The use

of Arm components in the instrument de nitions is not requir ed but is recommended for
clarity. Arm has no input parameters.

The rst Arm instance in an instrument de nition may be change d into a Progress_bar (sec.??)
component in order to display simulation progress on the y , and possibly save interme-
diate results.

4.2 Slit: A beam de ning diaphragm

Name: Slit

Author: System

Input parameters Xmin » Xmax, Ymin, Ymax
Optional parameters I, Peut

Notes

The component Slit is a very simple construction. It sets up an opening atz = 0, and
propagates the neutrons onto this plane (by the kernel call ROP_Z0). Neutrons within
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the slit opening are una ected, while all other neutrons arediscarded by the kernel call
ABSORB.

By using Slit, some neutrons contributing to the backgroundin a real experiment will be
neglected. These are the ones that scatter o the inner side fathe slit, penetrates the slit
material, or clear the outer edges of the slit.

The input parameters of Slit are the four coordinates, &min;Xmax; Ymin; Ymax) de ning
the opening of the rectangle, or the radiusr of a circular opening, depending on which
parameters are speci ed.

The slit component can also be used to discard insigni cant {.e. very low weight) neutron
rays, that in some simulations may be very abundant and theréore time consuming. If
the optional parameter pgy; is set, all neutron rays with p < p¢ye are ABSORB'ed. This
use is recommended in connection with/irtual _output .

4.3 Beamstop: A photon absorbing area

Name: Beamstop

Author: System

Input parameters Xmin » Xmax» Ymin » Ymax
Optional parameters r

Notes

The component Beamstop can be seen as the reverse of th8lit component. It sets up
an area at thez = 0 plane. Photons that hit the plane within this area are ABSORB'ed,
while all others are una ected.

By using this component, some photons contributing to the bakground in a real experi-
ment will be neglected. These are the ones that scatter o theside of the (real) beamstop,
or penetrate the absorbing material. Further, the holder ofthe beamstop is not simulated.

Beamstop can be either circular or rectangular. The input parametersof Beamstop are
either height and width (Xwidth ; Yheight) Or the four coordinates, (Xmin; Xmax; Ymin ; Ymax)

de ning the opening of a rectangle, or the radiusr of a circle, depending on which param-
eters are speci ed.

If the "direct beam" (e.g. after a monochromator or sample) sould not be simulated, it
is possible to emulate an ideal beamstop so that only the sctdred beam is left; without
the use ofBeamstop : This method is useful for instance in the case where only phons
scattered from a sample are of interest. The example below meoves the direct beam and
any background signal from other parts of the instrument

COMPONENT MySample=V_sample(...) AT (...)
EXTEND
%{
if (SCATTERED) ABSORB;
%}
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4.4 Filter: A general absoprtion Iter model

Name: Filter

Author: System

Input parameters xwidth , yheight, zdepth material jatafile
Optional parameters options

Notes not validated, absorption Iter

This component is a lter in the shape of a ectangular block. Gven an input le containing
material parameters. Neccessary paramters are hominal deity and a parametrization of
mu as a function of wavelength (or energy).

The model is very simple: Firstly the X-ray is traced to nd in tersection points between
ray and lter (O or 2). If no intersection is found the xray is | eft untouched and nothing
further happens. Assuming the ray intersects the Iter: Sewondly, the path length dl
within the lter is computed. Thirdly a = f (; material) is computed by interpolating
in a data le, and the xray weight is adjusted according to p= pexp( dl ). The xray is
left at the point where it exits the Iter block (the 2 ny ntersection).

Some example data les are distributed with McXtrace in the MCXTAS/datadirectory as
*txt les. These tables have been extracted from the NIST x-ray déabase. To generate
other data les see below- from the same source a simple shealtript: MCXTAS/data/get_xray_db_data
is also distributed with McXtraceRunning this script will ¢ onnect to the NIST webiste and
download a.html le. This output must now be modi ed such that html -tags are removed
and all header lines begin with #

4.4.1 Example

This is an example of how to download and generate data les fothe Filter.comp and
others.

The distributed tables have been extracted from the NIST x-ray database. To ease genera-
tion of more dta les from the same source a simple shell scrip MCXTAS/data/get_xray _db_data
is also distributed with McXtrace

Running this script will connect to the NIST webiste and download a .html le. This
output must now be modi ed wuch that html -tags are removed and all header lines begin
with #.

{usr/local/lib/mcxtrace/data/get_xray db_data 3 ouput .html

where the second parameter (3) is the atom number of the matdal, for which we want
to generate a data le. Now open the generated data le (outpu.dat) with your favourite
text editor and make sure the le ends up looking like this

#Li (Z 3)

#Atomic weight: A[r] 6.941000

#Nominal density: rho 5.3300E-01

# [a](barns/atom) = [/](cm"2 g"-1) 1.15258E+01

# E(eV) [[l(cm™2 gh-1) = f[2](e atom”-1) 6.06257E+06
# 2 edges. Edge energies (keV):
#
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File name | Description

Be.txt Beryllium Iter block
Si.txt Silica Iter block

Al txt Aluminium.txt

Table 4.1: Some material data le to be used with the Filter component

#

# K 5.47500E-02 L | 5.34000E-03

#

#Relativistic correction estimate frel] (H82,3/5CL) = -9 .8613E-04,

# -6.0000E-04 e atom”-1

# Nuclear Thomson correction f[NT] = -7.1131E-04 e atom”-1
#

#

#Form Factors, Attenuation and Scattering Cross-sections

#7=3, E = 0.001 - 433 keV

#

# E f[1] f2] [mu/rho] [sigma/rho] [mu/rho] [mu/rho][k
# Photoelectric Coh+inc Total

# keV e atom”-1 e atom™-1 cm”2 gh-1 cm”h2 gh-1 cm™2 g1 cm”2

5.233200E-03 9.08733E-01 0.0000E+00 0.0000E+00 2.3914E-07 2.3914E-07 0.000E+00 2.369E+
5.313300E-03 8.59283E-01 0.0000E+00 0.0000E+00 2.5404E-07 2.5404E-07 0.000E+00 2.333E+
5.334660E-03 8.03599E-01 0.0000E+00 0.0000E+00 2.5813E-07 2.5813E-07 0.000E+00 2.324E+
5.366700E-03 8.56971E-01 1.0769E-01 1.2165E+05 2.6435E-07 1.2165E+05 0.000E+00 2.310E-

3.788588E+02 3.00000E+00 3.9121E-08 6.2602E-07 8.4389E-02 8.4390E-02 6.123E-07 3.273E-(
4.050001E+02 3.00000E+00 3.3438E-08 5.0054E-07 8.2127E-02 8.2128E-02 4.895E-07 3.061E-C
4.329451E+02 3.00000E+00 2.8581E-08 4.0022E-07 7.9892E-02 7.9892E-02 3.913E-07 2.864E-C

Please make sure you don't forget to remove the html-tags in lte bottom of the le as
well. In the future we will set up a more streamlined way of doing this.
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4.5 Collimator _linear: The simple Soller blade collimator

Name: Collimator _linear

Author: System

Input parameters Xmin » Xmax » Ymin » Ymax, L,
Optional parameters

Notes

Collimator _linear models a standard linear Soller blade collimator. The collnator has

two identical rectangular openings, de ned by the x and y values. Neutrons not clearing

both openings are ABSORB'ed. The length of the collimator bldes is denotedL, while

the distance between blades is called.

The collimating e ect is taken care of by employing an approxmately triangular trans-

mission through the collimator of width (FWHM) , which is given in arc minutes, i.e.
= 60 is one degree. If =0, the collimating e ect is disabled, so that the component

only consists of two rectangular apertures.

For a more detailed Soller collimator simulation, taking ewery blade into account, it is

possible to useChanneled _guide with absorbing walls, see section 5.4.

L g Ymax’ 1 e /
%

ymin” ””” I

N Xmin Xmax

Figure 4.1: The geometry of a simple Soller blade collimatas: The real Soller collimator,
seen from the top (left), and a sketch of the componentSoller (right). The symbols are
de ned in the text.

45.1 Collimator transmission

The horizontal divergence, , is de ned as the angle between the neutron path and
the vertical y z plane along the collimator axis. We then de ne the collimation angle
as the maximal allowed horizontal divergence: = tan (d=L), see Fig. 4.1. Neutrons
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Radial collimator
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Figure 4.2: A radial collimator
with a horizontal divergence anglej ] will always hit at least one collimator blade

and will thus be ABSORB'ed. For smaller divergence anglesj nj < , the fate of the
neutron depends on its exact entry point. Assuming that a typical collimator has many
blades, the absolute position of each blade perpendicularotthe collimator axis is thus
mostly unimportant. A simple statistical consideration now shows that the transmission
probability is T =1 tanj pj=tan . Often, the approximation T 1 j hj= is used,
giving a triangular transmission pro le.

45.2 Algorithm

The algorithm of Collimator _linear is roughly as follows:

1. Check by propagation if the neutron ray clear the entry and exit slits, otherwise
ABSORB.

2. Check ifj nj < , otherwise ABSORB.

3. Simulate the collimator transmission by a weight transfamation:

i=T=1 tanj pj=tan ; 4.1)

4.6 Collimator _radial: A radial Soller blade collimator

Name: Collimator _radial

Author: (System) E.Farhi, ILL

Input parameters wi, h1, wo, ho, len, min, max, Nchan, radius
Optional parameters divergence nblades roc and others

Notes Validated
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This radial collimator works either using an analytical approximation like Collima-
tor _linear (see section 4.5), or with an exact model.

The input parameters are the inner radiusradius, the radial length len, the input and
output window dimensions wq, hi, w, h,, the number of Soller channelsnchan (each of
them being a single linear collimator) covering the angularinterval [ min, max] angle with
respect to the z-axis.

If the divergence parameter is de ned, the approximation level is used as in Cbima-
tor_linear (see section 4.5). On the other hand, if you perfer to dscribe exactly the
number of bladesnblades assembled to build a single collimator channel, then the mode
is exact, and traces the neutron trajectory inside each Sodir. The computing e ciency is
then lowered by a factor 2.

The component can be made oscillating with an amplitude ofroc times w3, which su-
presses the channels shadow.

As an alternative, you may use theExact _radial _coll contributed component. For a rect-
angular shaped collimator, instead of cylindrical/radial, you may use the Guidechanneled
and the Guide_gravity components.
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Chapter 5

Re ecting optical components:
mirrors, and guides

This section describes advanced X-ray optics components sl as mirrors and analyzer
crystals. A description of the re ectivity of a mirror is fou nd in section 5.2.2.

5.1 Mirror: The multilayer elliptic mirror

Name: Multilayer Elliptic Mirror
Author: System
Input parameters , 81, s2, length, width, R
Optional parameters
Notes validated
The component Multilayer Elliptic Mirror models a single rectangular re ecting mul-

tilayer mirror plate with elliptical curvature. It can be us ed as a sample component, to
e.g. assemble a Kirkpatrick-Baez focusing system or in combinabn with a double-crystal
monochromator.

Figure 5.1Left shows a side view of a mirror (the blue section of the ellipse the McXtrace
coordinate system. At the mirror center, the mirror tangent is parallel to the z axis and
the mirror normal is parallel to the y axis. The width of the mirroris wandiny z plane
the mirror has the curvature of an ellipse with major axis a and minor axis b,

2 2

=y

.. W
2tp <3

5 (5.1)
The length of the mirror is L. The coordinates of the mirror center (Q Yg; Zg) and the
ellipse parametersa, b are determined uniquely by the central glancing angle, the gurce-
mirror distance and the mirror-image distance. The positi; of the mirror is chosen to be
at the positive side of they axis.

The input parameters of this component are: [ ], the incident angle; s1 [m], the distance
from the source to the multilayer; s2 [m], the focusing distance of the multilayer;length
[m], the length of the mirrors; width [m], the width of the mirror along the x-axis; R, the
re ectivity.
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5.1.1 De nition of the reference frames

The direction and position of the incoming photon is de ned relative to the coordinate
system illustrated in Fig. 5.1Left (in the code referred to asMcXtrace coordinate system):

the y-axis is parallel to the central mirror normal
the z-axis is parallel to the central mirror tangent
the origin is at the mirror center

However, all the calculations are conducted in another refeence frame which is illustrated
in Fig. 5.1 Right(in the following referred to as the Ellipse coordinate systen):

the z-axis is parallel to major axis of ellipse
the y-axis is parallel to minor axis of ellipse
the origin is at the center of the ellipse

the mirror center at (0; Yp; Zo), uniquely determined by the glancing angle at the
mirror center, the source-mirror distance and mirror-image distance.

McXtrace Ellipse

rdinat tem rdinat tem

15 ~ coo dinate syste L 15 ~_coo dinate syste -
#2
%) %)
50 E
N N
-1.5 a5
-1 0 1
Y axis Y axis

Figure 5.1: The same image in di erent coordinate systems.

Left: McXtrace System with the y-axis is parallel to the central mirror normal, the z -axis
is parallel to the central mirror tangent and the origin is at the mirror center.

Right: Ellipse Systemwith the z-axis parallel to major axis of ellipse, the y-axisis parallel
to minor axis of ellipse and the origin is at the center of the dipse.
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5.1.2 Algorithm

1. The photon is generated with a starting point S and a direction Vi, de ned in the
McXtrace coordinate system.

2. All calculations are performed in the Ellipse coordinate system, so to proceed the
basis is changed to that reference frame.

The 2 intersections of the ray with the ellipse are determmed.
It is checked if any of the intersections are within the ara@ de ned by the mirror.

If one of the solutions is valid, the re ection of that ray i s determined.

2

The coordinates of the starting point and direction of the re ected ray are calculated
using the basis of theMcXtrace coordinate system.

5.2 Re ection of the ray in the mirror

-2(N -Viy)N

Vin

Figure 5.2: The re ection of the unit vector Vi, in the mirror with the normal unit vector

The tangent and normal to the ellipse z2=&? + y?=I% = 1 at the point ( Y;Z) are found by
implicit di erentiation:
2z 2y dy
4+ 22 =0" .
az Pk dz 0: (5-2)

so at the point (Y; Z) the slope of the tangent isg—g = %’; The slope of the normal is
minus the inverse of the tangent slope, so the coordinates dhe mirror normal are

a’yY
rz
With Vi, and N denoting unit vectors (direction and normal respectively), the direction
of the re ected ray is calculated as

Ny=0 Ny= N,=1: (5.3)

0 1
Vinx 2(N Vin)Nx
Vou=Vin 2(N Vi))N =@V, 2N Vip)Ny A (5.4)
Vinz 2(N Vin)Nz
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5.2.1 Mirror re ectivity

At present, the Multilayer Elliptic Mirror component uses a re ectivity table reflect,
which 1st column is g [A 1] and from the 2nd column on as the re ectivity R in [0-1] as
function of tabulated energy [KeV]. An example le, calculated for a particular Si=W
multilayer, is provided (reflectivity.txt ). User provided re ectivity data les can be

parsed by the component.

5.2.2 Mirror re ectivity calculation

To compute the re ectivity of the neutron supermirrors inst ead, we use an empirical
formula derived from experimental data [10], see Fig. 5.3. Te re ectivity is given by

R fQ Qe
R= IRyl tamh[(Q mQ)=WDI (Q Qo) if Q>Q. (®-5)

Here Q is the length of the scattering vector (in A 1) de ned by
. . mp. .
Q=jki kij= —jvi vij; (5.6)

my being the neutron mass. The numberm in (5.5) is a parameter determined by the
mirror materials, the bilayer sequence, and the number of dayers. As can be seerlR = Ry
for Q < Q ¢, where Q. is the critical scattering wave vector for a single layer of tie mirror
material. At higher values of Q, the re ectivity starts falling linearly with a slope until
a "soft cut-o" at Q = mQ.. The width of this cut-o is denoted W. See the example
re ection curve in gure 5.3.

It is important to notice that when m < 1, the re ectivity remains constant at R = Ry
up to g = Qc, and not m:Q.. This means that m < 1 parameters behave likem = 1
materials.

Alternatively, the Mirror, Guide and Guide _gravity components may use a re ectivity
table reflect, which 1st column is g JA 1] and 2nd column as the re ectivity R in [0-1].
For this purpose, we providem = 2 and m = 3 re ectivity les from SwissNeutronics
(supermirror_m2.rfl  and supermirror_m3.rfl  in MCXTAS/lib/data/ ).

5.2.3 Algorithm

The function of the component can be described as
1. Propagate the neutron ray to the plane of the mirror.

2. If the neutron trajectory intersects the mirror plate, it is re ected, otherwise it is
left untouched.

3. Re ection of the incident velocity vi = (Vx;Vy;V;) gives the nal velocity vi =
(Vx; Vy;  Vz).

4, Calculate Q = 2mpv,=.
5. The neutron weight is adjusted with the amount ; = R(Q).

6. To avoid spending large amounts of computation time on vey low-weight neutrons,
neutrons for which the re ectivity is lower than about 10 ° are ABSORB'ed.
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Supermirror reflectivity, m = 4
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Figure 5.3: A typical re ectivity curve for a supermirror, E . (5.6). The used values are
m=4, Rp=1, Qc=0:02A 1, =6:49A, W =1=300A 1.

5.3 Guide: The guide section

Name: Guide

Author: System

Input parameters w1; hy, wo; ho, |, m, reflect
Optional parameters Ro; Qc; W,

Notes validated, no gravitation support

The component Guide models a guide tube consisting of four at mirrors. The guide
is centered on thez axis with rectangular entrance and exit openings parallel b the x-y

plane. The entrance has the dimensionsv{;; h;) and placed atz = 0. The exit is of

dimensions (v; hy) and is placed atz = | wherel is the guide length. See gure 5.4. The
re ecting properties are given by the values ofRg;m; Q¢; W, and , as for Mirror , or

alternatively from the re ectivity le reflect.

Guide may produce wrong results with gravitation support. UseGuide _gravity (section
5.5) in this case, or theGuide _channeled in section 5.4.

5.3.1 Guide geometry and re ection

For computations on the guide geometry, we de ne the planes bthe four guide sides by
giving their normal vectors (pointing into the guide) and a point lying in the plane:

ny = (10 (w2 wq)=2) T = ( w1=2;,0;0)
ny = ( 50wz wi)=2) 2 = (w1=2,0,0)
ni = (0;l;(h2 hy)=2) o = (0; h1=20)
n§ = (0; (h h)=2) OfF = (0;h:=2,0)
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Figure 5.4: The geometry used for the guide component.

Figure 5.5: Neutron re ecting from mirror. v; and v; are the initial and nal velocities,
respectively, andn is a vector normal to the mirror surface.

In the following, we refer to an arbitrary guide side by its origin O and normal n.
With these de nitions, the time of intersection of the neutr on with a guide side can be
computed by considering the projection onto the normal:

_(© r)n_
t=—V (5.7)

where and are indices for the di erent guide walls, assuming the valus (h,v) and
(1,2), respectively. For a neutron that leaves the guide diectly through the guide exit we

have
[ Zp

texit =

(5.8)

z
The re ected velocity v; of the neutron with incoming velocity v; is computed by the
formula _
Vi= Vi 20 —=n (5.9)

This expression is arrived at by again considering the projetion onto the mirror nor-

mal (see gure 5.5). The re ectivity of the mirror is taken in to account as explained in
section 5.1.
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5.3.2 Algorithm

1.
2.
3.

© N o a

The neutron is initially propagated to the z = 0 plane of the guide entrance.
If it misses the entrance, it is ABSORB'ed.

Otherwise, repeatedly compute the time of intersection wth the four mirror sides
and the guide exit.

The smallest positivet thus found gives the time of the next intersection with the
guide (or in the case of the guide exit, the time when the neuton leaves the guide).

Propagated the neutron ray to this point.
Compute the re ection from the side.
Update the neutron weight factor by the amount ; = R(Q).

Repeat this process until the neutron leaves the guide.

There are a few optimizations possible here to avoid redunda computations. Since the
neutron is always inside the guide during the computationswe always have © rg) n 0.
Thust Oifv n 0, soin this case there is no need to actually computé. Some
redundant computations are also avoided by utilizing symméry and the fact that many

components ofn and O are zero.
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5.4 Guide _channeled: A guide section component with mul-
tiple channels

Name: Guide_channeled

Author: System

Input parameters wy; hg, woiho, I, kK, my; my
Optional parameters d; Ro; Qex; Qey; Wi ;)

Notes validated, no gravitation support

The component Guide _channeled is a more complex variation of Guide described in
the previous section. It allows the speci cation of di erent supermirror parameters for
the horizontal and vertical mirrors, and also implements gudes with multiple channels as
used in neutron bender devices. By setting them value of the supermirror coatings to
zero, nonre ecting walls are simulated; this may be used fola very detailed simulation of
a Soller collimator, see section 4.5.

The input parameters are w1, h1, wp, hy, and | to set the guide dimensions as foGuide
(entry window, exit window, and length); k to set the number of channels;d to set the
thickness of the channel walls; andRo, W, Qcx, Qcy, x, vy, My, and my to set the
supermirror parameters as described unde6Guide (the names with x denote the vertical
mirrors, and those with y denote the horizontal ones).

5.4.1 Algorithm

The implementation is based on that of Guide .
1. Calculate the channel which the neutron will enter.

2. Shift the x coordinate so that the channel can be simulated as a single @#tance of
the Guide component.

3. (do the same as inGuide .)

4. Restore the coordinates when the neutron exits the guiderads absorbed.

5.4.2 Known problems

This component may produce wrong results with gravitation support. Use Guide_gravity

(section 5.5) in this case.

The focusing channeled geometry (fokk > 1 and di erent values of wi and w») is
buggy (wall slopes are not computed correctly, and the compent 'leaks' neutrons).
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5.5 Guide _gravity: A guide with multiple channels and grav-
itation handling

Name: Guide_gravity

Author: System

Input parameters wq;hy, woho, I, k, m

Optional parameters d; Ro; Qc; W; , wavy, chamfers,ky, n, G

Notes validated, with gravitation support, rotating mode

This component is a variation of Guide _channeled (section 5.4) with the ability to handle
gravitation e ects and functional channeled focusing geonetry. Channels can be speci ed
in two dimensions, producing a 2D array ; ky) of smaller rectangular guide channels.
The coating is speci ed as for the Guide and Mirror componens by mean of the parameters
Ro;m; Q¢; W, and , or alternatively from the re ectivity le reflect.

Waviness e ects, supposed to be randomly distributed {(e. non-periodic waviness) can
be speci ed globally, or for each part of the guide section. Alditionally, chamfers may
be de ned the same way. Chamfers originate from the substra¢ manufacturing, so that
operators do not harm themselves with cutting edges. Usual idnensions are about tens of
millimeters. They are treated as absorbing edges around gde plates, both on the input
and output surfaces, but also aside each mirror.

The straight section of length | may be divided into n bits of same length within which
chamfers are taken into account.

The component has also the capability to rotate at a given frguenccy in order to ap-
proximate a Fermi Chopper, including phase shift. The appraimation resides in the fact
that the component is considered xed during neutron propagation inside slits. Beware
that this component is then located at its entry window (not centered as the other Fermi
choppers).

To activate gravitation support, either select the McXtrac e gravitation support (mcrun --gravitation ...

or from the Run dialog of mcgui), or set the gravitation eld strength G (e.g. -9.81 on

Earth).

This component is about 50 % slower than theGuide component, but has much more

capabilities.

A contributed version Guide_honeycomb of this component exists with a honeycomb ge-
ometry.

5.6 Bender: a bender model (non polarizing)

Name: Bender

Author: Philipp Bernhardt

Input parameters rWin;l,w;h

Optional parameters k; d; RO[a;i;s]; [aizs ] Miasizs]s Qc[a;i;s]; W[a;i;s]
Notes partly validated, no gravitation support

The Bender component is simulating an ideal curved neutron gide (bender). It is bent
to the negative X-axis and behaves like a parallel guide in tle Y axis. Opposite curvature
may be achieved by a (Q0; 180) rotation (along Z-axis).

Ris {R{1538(rev.ed.)(EN) 39



Bender radiusr, entrance width w and height h are required parameters. To de ne the
length, you may either enter the deviation angle Wi, or the length |. Three dierent
re ectivity proles Rg; Qc; W;m; can be given (see section 5.1): for outer walls (index
a), for inner walls (index i) and for the top and bottom walls (index s).

To get a better transmission coe cient, it is possible to split the bender into k channels
which are separated by partitions with the thickness ofd. The partitioning walls have the
same coating as the exterior walls.

Because the angle of re ection doesn't change, the routinealculates the re ection coef-
cent for the concave and, if necessary, for the convex wall nly onces, together with the
number of re ections. Nevertheless the exact position, thetime, and the divergence is
calculated at the end of the bender, so there aren't any appmimations.

The component is shownstraight on geometrical views (mcdisplay/Trace), and the next
component may be placed directly at distancer:W;, = | without rotation.

Results have been compared succesfully with analytical fonula in the case of an ideal
re ection and cross-checked with the programhaupt.

An other implementation of the Bender is available as the coftributed component Guide_curved.

5.7 Curved guides

Real curved guides are usually made of many straight elemegt(about 1 m long) separated
with small gaps (e.g. 1 mm). Sections of about 10 m long are sepated with bigger gaps
for accessibility and pumping purposes.

We give here an example description of such a section. Let usalke a curved guide of
total length L, made of n elements with a curvature radius R. Gaps of sized separate
elements from each other. The rotation angle of individual sraight guide elements is

;=(L+ d)=R 180= in degrees.

In order to build an independent curved guide section, we dene Armcomponents at the
begining and end of it.

COMPONENT CG_In = Arm() AT (...)

COMPONENT CG_1 = Guide_gravity(I=L/n, ...)
AT (0,0,0) RELATIVE PREVIOUS

COMPONENT CG_2 = Guide_gravity(I=L/n, ...)
AT (0,0,L/n+d) RELATIVE PREVIOUS
ROTATED (0, (L/n+d)/R*180/PI, 0) RELATIVE PREVIOUS

COMPONENT CG_Out = Arm() AT (0,0,L/n) RELATIVE PREVIOUS

The Guide component should be duplicatedn times by copy-paste, but changing the
instance name, e.g. CGl, CG_2, ..., CG_n. This may be automated with the COPYr the
JUMP ITERATfEechanisms (see User manual).

An implementation of a continuous curved guide has been comtibuted as component
Guide_curved.
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Chapter 6

Monochromators

In this class of components, we are concerned with elastic Rgg scattering from monochro-
mators. Monochromator _at models a at thin mosaic crystal with a single scattering
vector perpendicular to the surface. The componenMonochromator _curved is physi-
cally similar, but models a singly or doubly bend monochroméor crystal arrangement.

A much more general model of scattering from a single crystais found in the component
Single _crystal , which is presented under Samples, chapter 7.

6.1 Monochromator _at: Anin nitely thin, at mosaic crys-
tal with a single scattering vector

Name: Monochromator_ at

Author: System

Input parameters Zmin » Zmax, Ymin, Ymax, h» v, Ro, Qo
Optional parameters dm

Notes In re ecting geometry, non polarized

This component simulates an in nitely thin single crystal with a single scattering vector,
Qo =2 =d n,, perpendicular to the surface. A typical use for this compomnt is to simulate
a simple monochromator or analyzer.

The monochromator dimensions are given by the lengthz,, and the height, y,,. As the
parameter names indicate, the monochromator is placed in taz y plane of the local
coordinate system. This de nition is made to ensure that the physical monochromator
angle (often denotedAl) will equal the McXtrace rotation angle of the Monochromator
component around the y-axis. Rg is the maximal re ectivity and 1 and , are the
horizontal and vertical mosaicities, respectively, see g{anation below.

6.1.1 Monochromator physics and algorithm

The physical model used inMonochromator _at is a rectangular piece of material
composed of a large number of small micro-crystals. The ongation of the micro-crystals
deviates from the nominal crystal orientation so that the probability of a given micro-
crystal orientation is proportional to a Gaussian in the ange between the given and the
nominal orientation. The width of the Gaussian is given by the mosaic spread, , of the
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Figure 6.1: Selection of the Bragg order (\2" in this case).

crystal (given in units of arc minutes). is assumed to be large compared to the inherent
Bragg width of the scattering vector (often a few arc seconds (The mosaicity gives rise to
a Gaussian re ectivity pro le of width similar to - but not eq ual - the intrinsic mosaicity.
In this component, and in real life, the mosaicity given is that of the re ectivity signal.)

As a further simpli cation, the crystal is assumed to be in n itely thin. This means that
multiple scattering e ects are not simulated. It also meansthat the total re ectivity, rgis
used as a parameter for the model rather than the atomic scatring cross section, implying
that the scattering e ciency does not vary with neutron wave length. The variance of
the lattice spacing ( d=d) is assumed to be zero, so this component is not suitable for
simulating backscattering instruments (use the componentSingle crystal in section 7.2 for
that).

When a neutron trajectory intersects the crystal, the rst step in the computation is
to determine the probability of scattering. This probabili ty is then used in a Monte
Carlo choice deciding whether to scatter or transmit the nedron. The physical scattering
probability is the sum of the probabilities of rst- second-, and higher-order scattering -
up to the highest order possible for the given neutron wavelegth. However, in most cases
at most one order will have a signi cant scattering probability, and the computation thus
considers only the order that best matches the neutron wavength.

The scattering of neutrons from a crystal is governed by Brag's law:

NnQo = 2Kk; sin (6.1)

The scattering order is speci ed by the integern. We seek only one value oh, namely
the one which makesnQq closest to the projection of X; onto Qg (see gure 6.1).
Once n has been determined, the Bragg angle can be computed. The angle is the
amount one would need to turn the nominal scattering vectorQg for the monochromator
to be in Bragg scattering condition. We now use to compute the probability of re ection
from the mosaic crystal o

=2 2,

Preect = Ro€ ; (6.2)
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Figure 6.2: Scattering into the part of the Debye-Scherrer one covered by the mosaic.

The probability preect iS used in a Monte Carlo choice to decide whether the neutronsi
transmitted or re ected.

In the case of re ection, the neutron will be scattered into the Debye-Scherrer cone, with
the probability of each point on the cone being determined bythe mosaic. The Debye-
Scherrer cone can be described by the equation

ki = kjcos2 +sin2 (ccos' + bsin'); Y21 5L (6.3)

whereb is a vector perpendicular tok; and Qg, ¢ is perpendicular to k; and b, and both
b and ¢ have the same length ak; (see gure 6.2). When choosing (and thereby k),
only a small part of the full [ ; ] range will have appreciable scattering probability in
non-backscattering con gurations. The best statistics isthus obtained by sampling' only
from a suitably narrow range.

The (small) deviation angle of the nominal scattering vector nQq corresponds to a q
of

q 2k sin : (6.4)
The angle' corresponds to a k; (and hence q) of
g 'k sin(2) (6.5)
(see gure 6.2). Hence we may samplé from a Gaussian with standard deviation
2k sin 2k sin
ksin2)  2ksin cos  cos (6.6)

to get good statistics.
What remains is to determine the neutron weight. The distribution from which the scat-
tering event is sampled is a Gaussian in of width -,

fuc()= Pt e = oo (6.7)
2 (=cos)
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In the physical model, the probability of the scattering event is proportional to a Gaussian
in the angle between the nominal scattering vectorQgy and the actual scattering vector
g. The normalization condition is that the integral over all * should be 1. Thus the
probability of the scattering event in the physizcal model is

(')=ezz2 = ez224d (6.8)

where d(' ) denotes the angle between the nominal scattering vector ahthe actual scat-
tering vector corresponding to' . According to equation (2.9), the weight adjustment
is then given by

i =" )=fmc(): (6.9)
In the implementation, the integral in (6.8) is computed using a 15-order Gaussian quadra-
ture formula, with the integral restricted to an interval of width 5 = cos for the same
reasons discussed above on the sampling of

6.2 Monochromator _curved: A curved mosaic crystal with
a single scattering vector

Name: Monochromator_curved

Author: (System) Peter Link, FRM-2

Input parameters Zw, Yh, 98P, h, v, Nh, Ny, Ro, Q, 'y, Iy
Optional parameters dm, , h, w, verbose, transmit, re ect
Notes In re ecting geometry, non polarized

This component simulates an array of in nitely thin single crystals with a single scattering
vector perpendicular to the surface and a mosaic spread. Thicomponent is used to
simulate a singly or doubly curved monochromator or analyze in re ecting geometry.

The component uses rectangular pieces of monochromator matial as described inMonochro-
mator _curved . The scattering vector is namedQ, and as described inMonochroma-

tor _at , multiples of Q will be applied. Other important parameters are the piece héght
and width, y, and z,, respectively, the horizontal and vertical mosaicities, , and ,
respectively. If just one mosaicity, , is speci ed, this the same for both directions.

The number of pieces vertically and horizontally are calledn, and ny, respectively, and
the vertical and horizontal radii of curvature are namedr, and ry, respectively. All single
crystals are positioned in the same vertical plane, but tilied accordingly to the curvature
radius.

The constant monochromator re ectivity, Ro can be replaced by a le of tabulated re-
ectivities reflect (*.rfl in MCXTAS/data In the same sense, the transmission can be
modeled by a tabulated le transmit (for non-re ected neutrons, *.trm in MCXTAS/data
The most useful of these les for Monochromatorcurved are HOPG.rlf and HOPG.trm

As for Monochromator _at , the crystal is assumed to be in nitely thin, and the vari-
ation in lattice spacing, ( d=d), is assumed to be zero. Hence, this component is not
suitable for simulating backscattering instruments or to investigate multiple scattering
e ects.

The theory and algorithm for scattering from the individual blades is described under
Monochromator _at .
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Figure 6.3: A curved monochromator

6.3 Single _crystal: Thick single crystal monochromator plate
with multiple scattering

The Single _crystal component may be used to study more complex monochromators,
including incoherent scattering, thickness and multiple gattering. Please refer to section
7.2.

6.4 Phase space transformer - moving monochromator

Eventhough there exist a few attempts to write dedicated phae space transformer com-
ponents, there is an elegant way to put a monochromator into nove, by mean of the
EXTEND keyword. If you de ne a SPEED parameter for the instru ment, the idea is to

change the coordinate system before the monochromator, andestore it afterwards, as

follow in the TRACE section:

DEFINE INSTRUMENT PST(SPEED=200, ...
(...)
TRACE
(...)
COMPONENT Mono_PST_on=Arm()
AT ..
EXTEND %(f
vX = vX + SPEED; // monochromator moves transversaly by SPPEDm/s
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COMPONENT Mono=Monochromator(...)
AT (0,0,0) RELATIVE PREVIOUS

COMPONENT Mono_PST_off=Arm
AT (0,0,0) RELATIVE PREVIOUS
EXTEND %{
vz = vz - SPEED; // puts back neutron in static coordinate fram e
%}

This solution does not contain acceleration, but is far enogh for most studies, and it is
very simple. In the latter example, the instance Mono_PST_oshould itself be rotated to
re ect according to a Bragg law.
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Chapter 7

Samples

This class of components models the sample of the experimeniThis is by far the most
challenging part of a neutron scattering instrument to modd. However, for purpose of
simulating instrument performance, details of the samplesare rather unimportant, al-
lowing for simple approximations. On the contrary, for full virtual experiments it is of
importance to have realistic and detailed sample descriptins. McXtrace contains both
simple and detailed samples.

An important component class is elastic Bragg scattering fom an ideal powder. The
component PowderN models a powder scatterer with re ections given in an input le.
The component includes absorption, incoherent scatteringdirect beam transmission and
can assumeconcentric shape, i.e. can be used for modelling sample enviroments.

Next type is Bragg scattering from single crystals. The simpest single crystals are in
fact the monochromator components likeMonochromator _at , presented in section 6.1.
The monochromators are models of a thin mosaic crystal with asingle scattering vector
perpendicular to the surface. Much more advanced, the compwnt Single _crystal is
a general single crystal sample (with multiple scattering) that allows the input of an
arbitrary unit cell and a list of structure factors, read from a LAZY / Crystallographica
le. This component also allows anisotropic mosaicity and d=d lattice space variation.
Isotropic small-angle scattering is simulated inSaxs_Spheres, which models scattering
from a collection of hard spheres (dilute colloids).

7.0.1 Scattering notation

In sample components, we use a notation common for scatterqexperiments, where the
wave vector transfer is denoted thescattering vector

q ki ku (7.1)

In analygo, the energy transferis given by

2

~ B Ef= k2 k? : (7.2)

2mp, f
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Figure 7.1: The geometry of a scattering event within a powde sample.

7.0.2 Weight transformation in samples; focusing

Within many samples, the incident beam is attenuated by scatering and absorption, so
that the illumination varies considerably throughout the sample. For single crystals, this
phenomenon is known assecondary extinction [11], but the e ect is important for all
samples. In analytical treatments, attenuation is di cult to deal with, and is thus often
ignored, making athin sample approximation In Monte Carlo simulations, the beam
attenuation is easily taken care of, as will be shown below. nl the description, we ignore
multiple scattering, which is however implemented in some ample components.
The sample has an absorption cross section per unit cell of2 and a scattering cross
section per unit cell of . The x-ray path length in the sample before the scattering eent
is denoted by |1, and the path length within the sample after the scattering is denoted
by I, see gure 7.1. We then de ne the inverse penetration lengtls as * = 2=\t and
a= 2az\, where is the volume of a unit cell. Physically, the attenuation along this
path follows

fax () =exp( 1( *+ 9); (7.3)

where the normalization f 5 (0) = 1.
The probability for a given x-ray to be scattered from within the interval [11; 11 + dI] will
be

P(l1)dl = Sf a4 (I7)dI; (7.4)

while the probability for a x-ray to be scattered from within this interval into the solid
angle and not being scattered further or absorbed on the way out of the ample is

P(l2;) did = Sfap(I)fac(l2) () d dI; (7.5)

where () is the directional distribution of the scattered x-rays , and I, is determined by
Monte Carlo chocies ofl1, , and from the sample geometry, see e.g. gure 7.1.
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In our Monte-Carlo simulations, we may choose the scatterig parameters by making a
Monte-Carlo choice ofl; and from a distribution di erent from P (l1; ). By doing this,
we must adjust ; according to the probability transformation rule (2.9). If we e.g.choose
the scattering depth, |, from a at distribution in [0; ¢y ], and choose the directional
dependence fromg( ), we have a Monte Carlo probability

f()=90) =hu; (7.6)

It is here the path length through the sample as taken by a non-sdtered neutron
(although we here assume that all simulated x-rays are beingcattered). According to
(2.9), the x-ray weight factor is now adjusted by the amount

(3)= Slueml (it I)( 2+ 5 - @.7)

a()

In analogy with the source components, it is possible to de ® "interesting" directions for
the scattering. One will then try to focus the scattered x-rays, choosing ag(), which
peaks around these directions. To do this, one uses (7.7), whe the fraction () =g()
corrects for the focusing. One must choose a proper distriltion so that g() > 0in every
interesting direction. If this is not the case, the Monte Caro simulation gives incorrect
results. All samples have been constructed with a focusingral a nhon-focusing option.

7.0.3 Future development of sample components

There is still room for much more development of functionalty in McXtrace samples.

7.1 PowderN: A general powder sample

Name: Powder_N
Author: System
Input parameters radius, thickness, h, xwidth , yheight, zdepth, abs, inc, VG

f pack, re ections, format, DW, concentic, and more

Optional parameters
Notes

The powder diraction component PowderN models a powder sample with background
coming only from incoherent scattering and no multiple scatering. At the users choice,
a given percentage of the incoming events may be transmittedattenuated) to model the
direct beam. The component can also assumeoncentric shape, i.e. be used for describing
sample environment (cryostat, sample container etc.).

The description of the powder comes from a le in one of the stadard output formats
LAZY, FULLPROF, or CRYSTALLOGRAPHICA.

7.1.1 Files formats: powder structures

Data les of type lau and laz in the McXtrace distribution data directory are self-

documented in their header. A list of common powder de nition les is available in

Table 1.2 (page 9). They do not need any additional parametes to be used, as in the
example:
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PowderN(<geometry parameters>, filename="Al.laz")
Other column-based le formats may also be imported e.g. wih parameters such as:

format=Crystallographica
format=Fullprof
format={1,2,3,4,0,0,0,0}

In the latter case, the indices de ne order of columns paramgers multiplicity, lattice
spacing, F 2, Debye-Waller factor and intrinsic line width.

The column signi cation may as well explicitely be set in the data le header using any
of the lines:

#column_j <index of the multiplicity 'j' column>

#column_d <index of the d-spacing 'd' column>

#column_F2 <index of the squared str. factor '[F|"2"' column [b]>
#column_F <index of the structure factor norm '|F|' column>
#column_DW <index of the Debye-Waller factor 'DW' column>
#column_Dd <index of the relative line width Delta d/d 'Dd' column>
#column_inv2d <index of the 1/2d=sin(theta)/lambda 'inv2 d" column>
#column_q <index of the scattering wavevector 'q' column>

Other component parameters may as well be speci ed in the dat le header with lines
e.g.:

#V_rho <value of atom number density [at/Angs"3]>
#Vc <value of unit cell volume Vc [Angs”3]>
#sigma_abs <value of Absorption cross section [barns]>
#sigma_inc <value of Incoherent cross section [barns]>
#Debye Waller <value of Debye-Waller factor DW>
#Delta_d/d <value of Detla_d/d width for all lines>

#density <value of material density [g/cm"3]>
#weight <value of material molar weight [g/mol]>
#nb_atoms <value of number of atoms per unit cell>

Further details on le formats are available in the mcdocpage of the component.

7.1.2 Geometry, physical properties, concentricity

The sample has the shape of a solid cylinder, radius and height h or a box-shaped sample
of sizexwidth x yheight x zdepth. At the users choice, an inner ‘hollow' can be speci ed
using the parameterthickness.

As the Isotropic_Sqw component??, PowderN assumesoncentric shape, i.e. can contain
other components inside the inner hollow. To allow this, two almost identical copies of
the PowderN components must be set umround the internal component(s), for example:

COMPONENT Cryo = PowderN(reflections="Al.laz", radius = 0 .01, thickness = 0.001,
concentric = 1)
AT (0,0,0) RELATIVE Somewhere
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COMPONENT Sample = some_other_component(with geometnLIFU enclosed in the hollow)
AT (0,0,0) RELATIVE Somewhere

COMPONENT Cryo2 = COPY(Cryo)(concentric = 0)
AT (0,0,0) RELATIVE Somewhere

As outlined, the rst instance of PowderN must have concentric = 1 and the instance
must have concentric = 0 . Furthermore, the component(s) inside the hollowmust have
a geometry which can be fully contained inside the hollow.

In addition to the coherent scattering speci ed in the reflections le, absorption- and
incoherent cross sections can be given using the input parasters & and 7.

The Bragg scattering from the powder, ¢ is calculated from the input le, with the
parametersQ, jF (Q)j2, and j for the scattering vector, structure factor, and multiplic ity,
respectively. The volume of the unit cell is denotedV ¢ while the sample packing factor
is fpack-

Focusing is performed by only scattering into one angular iterval, d of the Debye-
Scherrer circle. The center of this interval is located at tre point where the Debye-Scherrer
circle intersects the half-plane de ned by the initial velocity, v, and a user-speci ed vector,
f.

7.1.3 Powder scattering

An ideal powder sample consists of many small crystallitesalthough each crystallite is
su ciently large not to cause measurable size broadening. Te orientation of the crystal-
lites is evenly distributed, and there is thus always a largenumber of crystallites oriented
to ful Il the Bragg condition

n =2dsin; (7.8)

where n is the order of the scattering (an integer), is the x-ray wavelength, d is the
lattice spacing of the sample, and 2 is the scattering angle, see gure 7.2. As all crystal
orientations are realised in a powder sample, the x-rays arescattered within a Debye-
Scherrer coneof opening angle 4 [11].

Equation (7.8) may be cast into the form

1Qj = 2jkjsin ; (7.9)

where Q is a vector of the reciprocal lattice, andk is the wave vector of the x-ray. It
is seen that only reciprocal vectors ful lling jQj < 2jkj contribute to the scattering. For
a complete treatment of the powder sample, one needs to takeno account all these
Q-values, since each of them contribute to the attenuation.

The strength of the Bragg re ections is given by their structure factors

2
X

b exp(Rj Q) ; (7.10)
j

where the sum runs over all atoms in one unit cell. This structure factor is non-zero only
when Q equals a reciprocal lattice vector.
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Figure 7.2: The scattering geometry of a powder sample showg part of the Debye-
Scherrer cone (solid lines) and the Debye-Scherrer circlay(ey).

The textbook expression for the scattering cross section ccesponding to one Debye-
Scherrer cone reads [12, ch.3.6], witW = NVj being the total sample volume:

\Vj 3 X 2
= —— jF j: 7.11
cone V2 4sin JF(Q)j ( )
Q
For our purpose, this expression should be changed slightlyFirstly, the sum over structure
factors for a particular Q is replaced by the sum over essentially dierent re ections
multiplied by their multiplicity, j. Then, a nite packing factor, f, is de ned for the
powder, and nally, the Debye-Waller factor is multiplied o n the elastic cross section to
take lattice vibrations into account (no inelastic background is simulated, however). We
then reach

. v o3 5

congQ — JQf eXp( ZW)VT)24Sin JF(Q)J (7-12)
_ N 4 3jqjF (Q)j?
= f exp( ZW)VT)WT (7.13)

in the thin sample approximation. For samples of nite thick ness, the beam is being
attenuated by the attenuation coe cient

Q = Cone;sz: (714)
For calibration it may be useful to consider the total intensity scattered into a detector

of e ective height h, covering only one re ection [12, ch.3.6]. A cut though the Debye-
Scherrer cone perpendicular to its axis is a circle. At the ditancer from the sample,
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the radius of this circle isr sin(2 ). Thus, the detector (in a small angle approximation)
counts a fractionh=(2 r sin(2 )) of the scattered x-rays, giving a resulting count intensty:

I cone;Qerl?n(z); (7.15)
where is the ux at the sample position.
For clarity we repeat the meaning and unit of the symbols:
s !m 2 Incoming intensity of x-rays

I st Detected intensity of x-rays

h m Height of detector

r m Distance from sample to detector

f 1 Packing factor of the powder

i 1 Multiplicity of the re ection

Vo m3 Volume of unit cell

iF(Q)j? m? Structure factor
exp( 2W) 1 Debye-Waller factor
Q m 1 Linear attenuation factor due to scattering from one powderline.

A powder sample will in general have several allowed re ectins Q;, which will all con-
tribute to the attenuation. These re ections will have die rent values oij(Qj)j2 (and
hence ofQj), jj, exp( 2W;), anq:> j- The total attenuation through the sample due to

scattering is given by *= {.+ ; 7 where . represents the incoherent scattering.

7.1.4 Algorithm

The algorithm of PowderN can be summarized as
Check if the x-ray intersects the sample (otherwise ignore lie following).
Calculate the attenuation coe cients for scattering and ab sorption.

Perform Monte Carlo choices to determine the scattering poision, scattering type
(coherent/incoherent), and the outgoing direction.

Perform the necessary weight factor transformation.
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7.2 Single _crystal: The single crystal component

Name:

Single crystal

Author:

Kristian Nielsen

Input parameters

Xwidth ; Yheight ; Zthick »&;D;€; d=d mosaic, re ections

Optional parameters

abs: incs .-

Notes

Pending documentation
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7.3 Saxs_spheres: A sample of hard spheres for small-angle

scattering
Name: Saxsspheres
Author: (System); Lise Arleth, Veterinary University of Denmark
|npUt parameters R; XW! yh1 Z'[! rl as ] ] Rdet, d

Optional parameters

Notes

Pedning documentation
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7.4 Absorpion _phantom: A sample used in tomography type
experiments

Name: Absorption_phantom

Author: System

Input parameters

Optional parameters

Notes

Pending documentation
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Chapter 8

Monitors and detectors

In real scattering experiments, detectors and monitors plg quite di erent roles. One wants
the detectors to be as e cient as possible, counting all phobns (absorbing them in the
process), while the monitors measure the intensity of the inoming beam, and must as such
be almost transparent, interacting only with (roughly) 0.1-1% of the photons passing by.
In computer simulations, it is of course possible to detect gery xray without absorbing it
or disturbing any of its parameters. Hence, the two componets have very similar functions
in the simulations, and we do not distinguish between them. Br simplicity, they are from
here on just calledmonitors .

Another important di erence between computer simulations and real experiments is that
one may allow the monitor to be sensitive to any xray property as e.g. direction, energy,
and divergence, in addition to what is found in real-world deectors (space and time). One
may, in fact, let the monitor record correlations between these properties.

When a monitor detects a xray, a number counting variable is hcremented: n; = n; 1+1.
In addition, the photon weight p; is added to the weight counting variable: I; = I; 1+ pj,
and the second moment of the weight is updatedM; = M2 1+ pi2. As also discussed
chapter 2, after a simulation of N ray& the detected intensity (in units of photonts/sec.)

is Iy, While the estimated errorbar is M2 .

Several di erent monitor components have been developed foMcXtrace, but we have

decided to support only the most important ones. One exampleof the monitors we have
omitted is the single monitor, Monitor , that measures just one number (with errorbars)

per simulation. This e ect is mirrored by any of the 1- or 2-dimensional components we
support, e.g. the PSD.monitor. In case additional functionality of monitors is required, a

few lines of code in existing monitors can easily be modi ed.

Another solution is the \Swiss army knife" of monitors, Monitor _nD, that can handle

almost any simulation requirement, but may prove challengng for inexperienced users or
users who like to make their own modi cations.
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8.1 TOF _monitor: The time-of- ight monitor

Name: TOF _monitor

Author: System

Input parameters Xwidth » Yheight» ¥Ymax, Nt, to, E1, lename
Optional parameters Xmin »Xmax, Ymin »Ymax.festore.xray
Notes ,

The componentTOF _monitor has a rectangular opening in the &; y) plane, given by the
x and y parameters, like for Slit . The xray is propagated to the plane of the monitor by
the kernel call PROP_Z0. An xray is counted if it passes within the rectangular opeaiing
given by the x and y limits.

Special aboutTOF _monitor is that it is sensitive to the arrival time, t, of the xray. Like
in a real time-of- ight detector, the time dimension is binned into small time intervals.
Hence this monitor maintains a one-dimensional histogram bcounts. The n; time intervals
begin at tg and end att; (alternatively, the interval length is specied by t). All times
are given in units of s.

The output parameters from TOF _monitor are the three count numbers,N; I, and M»
for the total counts in the monitor. In addition, a le, filename , is produced with a list
of the same three sets of data divided in TOF bins. This le canbe read and plotted by
the mxplot tool; for details see the System Manual.

8.2 TOF2E _monitor: A time-of- ight monitor with simple
energy analysis

Name: E_monitor

Author: System

Input parameters Xmin» Xmax, Ymin» Ymax, Nchans Emins Emax, to, L ignt , lename
Optional parameters

Notes Not validated

The component TOF2E _monitor resemblesTOF _monitor to a very large extent. Only
this monitor converts the neutron ight time to energy - as would be done in an experi-
ment. The apparent neutron energy, Eapp is calculated from the apparent velocity, given

by

L ight
t to

Vapp = ; (8.1)

where the time o set, to defaults to zero. Epp is binned in nchan bins betweenE y,jn and
Emax (in meV).

The output parameters from TOF2E _monitor are the total counts, and a le with 1-
dimensional data vs. Eapp, similar to TOF _monitor .
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8.3 E_monitor: The energy-sensitive monitor

Name: E_monitor

Author: System

Input parameters Xwidth » Yheight» Ymax»> NE, Emin, Emax, lename
Optional parameters Xmin »Xmax, Ymin »Ymax.festore.xray

Notes

The component E_monitor resemblesTOF _monitor to a very large extent. Only this
monitor is sensitive to the xray energy, which in binned in nE bins betweenEnjn and
Emax (in keV).

The output parameters from E_monitor are the total counts, and a le with 1-dimensional
data vs. E, similar to TOF _monitor .

8.4 L _monitor: The wavelength sensitive monitor

Name: L_monitor

Author: System

Input parameters Xwidth » Yheight: Ymax> N, min, max, lename
Optional parameters Xmin »Xmax: Ymin »Ymax,festore xray

Notes ,

The component L_monitor is very similar to TOF _monitor and E_monitor . This
component is just sensitive to the xray wavelength. The wavéength spectrum is output
in a one-dimensional histogram. between i and nax (Measured inA).

As for the two other 1-dimensional monitors, this componentoutputs the total counts and
a le with the histogram.

8.5 PSD _monitor: The PSD monitor

Name: PSD_monitor

Author: System

Input parameters Xmin» Xmax, Ymin, Ymax, Nx, Ny, lename
Optional parameters

Notes

The component PSD _monitor resembles other monitors, e.g. TOF _Monitor , and also
propagates the neutron ray to the detector surface in the X; y)-plane, where the detector
window is set by thex andy input coordinates. The PSD monitor, though, is not sensitive
to the arrival time of the neutron ray, but rather to its posit ion. The rectangular monitor
window, given by the x and y limits is divided into ny ny pixels.

The output from PSD _monitor is the integrated counts, n;1; M », as well as three two-
dimensional arrays of counts: n(x;y);1(x;y); M2(x;y). The arrays are written to a le,
filename , and can be read e.g. by the tooincplot , see the system manual.
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8.6 Divergence _monitor: A divergence sensitive monitor

Name: Divergencemonitor

Author: System

Input parameters Xmins Xmax, Ymin» Ymax, Nv, Nh,  v:max, h:max, lename
Optional parameters

Notes

The component Divergence _monitor is a two-dimensional monitor, which resembles
PSD _Monitor . As for this component, the detector window is set by thex and y input
coordinates. Divergence _monitor is sensitive to the neutron divergence, de ned by , =
tan (w=v,) and , =tan %(w=v). The neutron counts are being histogrammed into
ny Ny pixels. The divergence range accepted is in the vertical daction [ v:max; v:maxls
and similar for the horizontal direction.

The output from PSD _monitor is the integrated counts, n;I; M ,, as well as three two-
dimensional arrays of counts:n( v; n);1( v; n);M2( v; n). The arrays are written to a
le, filename , and can be read e.g. by the tooMC _plot , see the system manual.

8.7 DivPos _monitor. A divergence and position sensitive

monitor
Name: DivPos_monitor
Author: System
Input parameters Xmin s Xmaxs Ymins Ymax, Nx, Nh,  h:max, l€name
Optional parameters

Notes

DivPos _monitor is a two-dimensional monitor component, which is sensitiveto both
horizontal position (x) and horizontal divergence de ned by = tan (vx=v;). The
detector window is set by thex and y input coordinates.

The neutron counts are being histogrammed intony  ny pixels. The horizontal divergence
range accepted is [ nhmax; h:max], and the horizontal position range is the size of the
detector.

The output from PSD _monitor is the integrated counts, n;I;M », as well as three two-
dimensional arrays of counts:n(x; 1);1(x; n);M2(X; ). The arrays are written to a le
and can be read e.g. by the tooimcplot , see the system manual.

This component can be used for measuring acceptance diagranil3]. PSD _monitor can
easily be changed into being sensitive ty and vertical divergence by a 90 degree rotation
around the z-axis.
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8.8 Monitor _nD: A general Monitor for 0D/1D/2D records

Name: Monitor _nD

Author: System, E. Farhi

Input parameters Xmin s Xmax» Ymin,» Ymax, Options

Optional parameters file , Xwidth ; Yheight ; Zdepth, DINS, min, max
Notes

The component Monitor _nD is a general Monitor that may output any set of physical
parameters regarding the passing neutrons. The generatedles are either a set of 1D
signals ([Intensity] vs. [Variable]), or a single 2D signal ([Intensity] vs. [Variable 1] vs.
[Variable 1]), and possibly a simple long list of selected pysical parameters for each
neutron.

The input parameters for Monitor _nD are its dimensionsXmin ; Xmax; Ymin» Ymax (in me-
ters) and an options string describing what to detect, and what to do with the signals, in
clear language. TheXuyidth ; Yheight ; Zdepth May also be used to enter dimensions.
Eventhough the possibilities of Monitor_nD are numerous, its usage remains as simple as
possible, specially in theoptions parameter, which 'understands' normal language. The
formatting of the options parameter is free, as long as it contains some speci ¢ keywds,
that can be sometimes followed by values. Theno or not option modier will revert
next option. The all option can also a ect a set of monitor con guration parameters (see
below).

As the usage of this component enables to monitor virtually aything, and thus the
combinations of options and parameters is in nite, we shallonly present the most ba-
sic con guration. The reader should refer to the on-line conponent help, using e.g.
mcdoc Monitor_nD.comp

8.8.1 The Monitor _nD geometry

The monitor shape can be selected among seven geometries:

1. (square The default geometry is at rectangular in ( xy) plane with dimensions
Xmin ; Xmax; Ymin» Ymax, OF Xwidth ; Yheight -

2. (boX A rectangular box with dimensions Xuigth ; Yheight ; Zdepth -

3. (disk) When choosing this geometry, the detector is a at disk in (xy) plane. The
radius is then

radius = max(abs [Xmin ; Xmax; Ymin ; Ymax; Xwidth =2; Yheight =2]): (8.2)
4. (spherg The detector is a sphere with the same radius as for thelisk geometry.

5. (cylinder) The detector is a cylinder with revolution axis along y (vertical). The
radius in (xz) plane is

radius = max(abs [Xmin ; Xmax; Xwidth =2]); (8.3)
and the height alongy is
height = j¥max  YmaxjOI'Ynheight - (8.4)

Ris {R{1538(rev.ed.)(EN) 61



6. (banang The same as the cylinder, but without the top/bottom caps, and on a
restricted angular range. The angular range is speci ed usig atheta variable limit
speci cation in the options .

7. (previous) The detector has the shape of the previous component. This @y be a
surface or a volume. In this case, the neutron is detected onrpvious component,
and there is not neutron propagation.

By default, the monitor is at, rectangular. Of course, you can choose the orientation of
the Monitor _nD in the instrument description le with the usual ROTATEDodi er.

For the box sphereand cylinder, the outgoing neutrons are monitored by default, but you

can choose to monitor incoming neutron with theincoming option.

At last, the slit or absorboption will ask the component to absorb the neutrons that do

not intersect the monitor. The exclusiveoption word removes neutrons which are similarly
outside the monitor limits (that may be other than geometrical).

The parallel option keyword is of common use in the case where thdonitor _nD is

superposed with other components. It ensures that neutrons@re detected independently
of other geometrical constrains. This is generally the casahen you need e.g. to place
more than one monitor at the same place.

8.8.2 The neutron parameters that can be monitored

There are many di erent variables that can be monitored at the same time and position.
Some can have more than one name (e.genergy or omega.

kx ky kz k wavevector [Angs-1] ( usually axis are

VX VY VZ V [m/s] x=horz., y=vert., z=on axis)

XYy z [m] Distance, Position

kxy vxy xy radius [m] Radial wavevector, velocity and positi on

t time [s] Time of Flight

energy omega [meV]

lambda wavelength [Angs]

p intensity flux [n/s] or [n/cm”2/s]

ncounts [1]

SX sy sz [1] Spin

vdiv ydiv dy [deg] vertical divergence (y)

hdiv divergence xdiv [deq] horizontal divergence (x)

angle [deq] divergence from direction

theta longitude [deg] longitude (x/z) [for sphere and cylin der]

phi lattitude [ded] lattitude (y/z) [for sphere and cylinde f]
as well as two other special variables

user userl will monitor the [Mon_Name]_Vars.UserVariable  {1|2}

user2 user3 to be assigned in an other component (see below)

To tell the component what you want to monitor, just add the variable names in the
options parameter. The data will be sorted into bins cells (default is 20), between some
default limits, that can also be set by user. Theauto option will automatically determine
what limits should be used to have a good sampling of signals.
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8.8.3 Important options

Each monitoring records the ux (sum of weights p) versus the given variables, except
if the signal=<variable> word is used in the options . The cm2 option will ask to
normalize the ux to the monitor section surface, and the capture option uses the gold
foil integrated 'capture' ux weightening (up to the cadmiu m cut-o ):
Z 0:5eV d
c= d—i_d (8.5)
0 2200m=s

The auto option is probably the most useful one: it asks the monitor todetermine auto-
matically the best limits for each variable, in order to obtain the most signi cant monitored
histogram. This option should preceed each variable, or beolcated after all variables in
which case they are all a ected. On the other hand, one may maually set the limits with
the limits=[min max] option.
The log and abs options should be positioned before each variable to spegifogarithmic
binning and absolute value respectively.
The borders option will monitor variables that are outside the limits. T hese values are
then accumulated on the 'borders’ of the signal.

8.8.4 The output les

By default, the le names will be the component name, followal by a time stamp and
automatic extensions showing what was monitored (such asyMonitor.x ). You can also
set the lename in options with the le keyword followed by the le name that you want.

The extension will then be added if the name does not contain alot (.). Finally, the

filename parameter may also be used.

The output les format are standard 1D or 2D McStas detector les. Theno le option
will unactivate monitor, and make it a single OD monitor detecting integrated ux and

counts. The verboseoption will display the nature of the monitor, and the names of the
generated les.

The 2D output

When you ask the Monitor _nD to monitor only two variables (e.g. options = "x y"), a
single 2D le of intensity versus these two correlated varidles will be created.

The 1D output

The Monitor _nD can produce a set of 1D les, one for each monitored variablewhen
using 1 or more than 2 variables, or when specifying thenultiple keyword option.

The List output

The Monitor _nD can additionally produce alist of variable values for neutrons that pass
into the monitor. This feature is additive to the 1D or 2D outp ut. By default only 1000
events will be recorded in the le, but you can specify for ingance "list 3000 neutrons"
or "list all neutrons”. This last option might require a lot of memory and generate huge
les.
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8.8.5 Monitor equivalences

In the following table 8.1, we show how the MonitornD may substitute any other McStas
monitor.

8.8.6 Usage examples

COMPONENT MyMonitor = Monitor_nD(
xmin = -0.1, xmax = 0.1,
ymin = -0.1, ymax = 0.1,
options = "energy auto limits")

will monitor the neutron energy in a single 1D le (a kind of E _monitor)

options = "banana, theta limits=[10,130], bins=120, y bins =30"
is a theta/height banana detector.

options = "banana, theta limits=[10,130], auto time"
is a theta/time-of- ight banana detector.

options="x bins=30 limits=[-0.05 0.05] ; y"
will set the monitor to look at x and y. For y, default bins (20) and limits values
(monitor dimensions) are used.

options="x y, auto, all bins=30"
will determine itself the required limits for x andy.

"

options="multiple x bins=30, y limits=[-0.05 0.05], all au to
will monitor the neutron x andy in two 1D les.

options="x y z kx ky kz, all auto"
will monitor each of theses variables in six 1D les.

options="x y z kx ky kz, list all, all auto"
will monitor all theses neutron variables in one long list, e row per neutron event.

options="multiple x y z kx ky kz, and list 2000, all auto"
will monitor all theses neutron variables in one list of 2000events and in six 1D les.

options="signal=energy, x y"
is a PSD monitor recording the mean energy of the beam as a fution of x and y.

8.8.7 Monitoring user variables

There are two ways to monitor any quantity with Monitor _nD. This may be e.g. the
number of neutron bounces in a guide, or the wavevector and eargy transfer at a sample.
The only requirement is to de ne the userl (and optionally user2,user3 ) variables of a
given Monitor _nD instance.

64 Ris {R{1538(rev.ed.)(EN)



McStas monitor

Monitor _nD equivalent

Divergencemonitor
DivLambda_monitor
DivPos_monitor

E_monitor
EPSD_monitor

Hdiv_monitor

L _monitor
Monitor _4PI
Monitor
PSDcyl_monitor

PSDIlin_monitor

PSD_monitor _4PI
PSD_monitor

TOF _cylPSD_monitor
TOFLambda _monitor

TOFlog_mon
TOF _monitor

options="dx bins= ndiv limits=[ = 2= 2], lambda bins=nlam
limits=[ ¢ 1] le= file "

options="dx bins= nh limits=[ hmax=2hmax=2], dy bins=nv
lIMits=[  Vmax =2Vmax =2]" lename=file
options="dx bins= ndiv limits=[ =2=2],
XMIN=Xmin XMaX= Xmax

options="energy bins= nchan limits=[ E nin Emax]"
options="energy bins=ng limits=[ Emnin Emax], X bins=nx"
XMIN= Xmin  XMaX= Xmax

X bins=npos"

options="dx bins= nh limits=[  hmax =2hmax =2]"
lename=file
options="lambda bins= nh limits=[  max=2 max =2]"
lename=file

options="sphere"
options="unactivate"

options="theta bins= nr,y bins=ny, cylinder" Iename=file
yheight height xwidth=2*radius

options="x bins= nx" XMIN=Xmin XMaX=Xmax YMIN= Ynin
ymax=Ymax lename=file

options="theta y, sphere"

options="x bhins= nx, y bins=ny" Xmin=Xmin
YMIN=Ymin YMax=Ymax lename=file
options="theta bins= n , time bins=nt limits=[ tg;t1], cylin-
der" lename=file yheight= height xwidth=2*radius
options="lambda bins= n limits=[ ¢ 1], time bins=nt
limits=[ to; t1]" lename=file

options="log time bins= nt limits=[ to; t1]"

options="time bins= nt limits=[ tg; t1]"

XMaX= X max

Table 8.1: Using Monitor_nD in place of other components. All limits speci cations may
be advantageously replaced by arauto word preceeding each monitored variable. Not all
le and dimension speci cations are indicated (e.g. lename, xmin, xmax, ymin, ymax).
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Setting directly the user variables (simple)

The rst method uses directly the userl and usernamelcomponent parameters to trans-
fert directly the value and label, such as in the following example:

TRACE

(...)

COMPONENT UserMonitor = Monitor_nD(
userl = log(t), usernamel="Log(time)",
options ="auto userl")

The values to assign touser2 and user3 must be global instrument variables, or a com-
ponent output variables as in userl=MC_GETPAR(some_comp, outpar)Similarly, the
user2,user3 and username2,username3parameters may be used to control the second
and third user variable, to produce eventually 2D/3D user variable correlation data and
custom event lists.

Setting indirectly the user variables (only for professionals)

It is possible to control the user variables of a given Monite_nD instance anywhere in the
instrument description. This method requires more coding,but has the advantage that a
variable may be de ned to store the result of a computation locally, and then transfert it

into the UserMonitor, all tting in an EXTEND block.

This is performed in a 4 steps process:

1. Declare that you intend to monitor user variables in a Monitor _nD instance (de ned
in TRACE):

DECLARE
%{ (...

%include "monitor_nd-lib"
MONND_DECLARE(UserMonitor); // will monitor custom thing s in UserMonitor
%}

2. Initialize the label of the user variable (optional):

INITIALIZE
%{

(-.)
MONND_USER_TITLE(UserMonitor, 1, "Log(time)");
%}

The value '1' could be '2' or '3' for the user2,user3 variable.
3. Set the user variable value in a TRACE component EXTEND block:
TRACE

(...)
COMPONENT blah = blah_comp(...)
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EXTEND

%{ /I attach a value to userl in UserMonitor, could be much mor e comlex here.
MONND_USER_VALUE(UserMonitor, 1, log(t));

%}

(..)

4. Tell the Monitor _nD instance to record user variables:

TRACE

(-.)
COMPONENT UserMonitor = Monitor_nD(options="auto userl’)

(.)

Setting the user variable values may either make use of the n#ron parameters (X,y,z,
vX,Vy,vz, t, sX,sy,sz, p), access the internal variables othe component that sets the user
variables (in this example, those from theblah instance), access any component OUTPUT
parameter using theMC_GETPA&Rmacro(see chapter A), or simply use a global instrument
variable. Instrument parameters can not be used directly.

Example: Number of neutron bounces in a guide

In the following example, we show how the number of bounces ia polygonal guide may
be monitored. Let us have a guide made of many Guidgravity instances. We declare
a global simulation variable nbounces, set it to O for each neutron entering the guide,
and sum-up all bounces from each section, accessing th@vars OUTPUT variable of
component Guidegravity. Then we ask Monitor_nD to look at that value.

DECLARE
%{

double nbounces;
%}
TRACE
(...
COMPONENT Guide_in = Arm() AT (...
EXTEND
%{

nbounces = 0;
%}

COMPONENT Guidel = Guide_gravity(...) AT (...) RELATIVE PREVIOUS
EXTEND
%{

if (SCATTERED) nbounces += GVars.N_reflection[O];
%}
(... many guide instances, copy/paste and change names auto  matically ...)
COMPONENT COPY(Guidel) = COPY(Guidel) AT (...) RELATIVEVRRJS
EXTEND
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%{
if (SCATTERED) nbounces += GVars.N_reflection[0];
%}

/[ monitor nbounces

COMPONENT UserMonitor = Monitor_nD(
userl=nbounces, usernamel="Number of bounces",
options="auto userl") AT (...)

(..
8.8.8 Monitoring neutron parameter correlations, PreMoni tor _.nD

The rst imediate usage of the Monitor_nD component is when one requires to identify
cross-correlations between some neutron parameters, e.goosition and divergence @ka
phase-space diagram). This latter monitor would be merely btained with:

options="x dx, auto", bins=30

This example records the correlation between position and idergence of neutrons at a
given instrument location.

Name: PreMonitor _nD
Author: System, E. Farhi
Input parameters comp

Optional parameters

Notes

But it is also possible to search for cross-correlation beteen two part of the instrument
simulation. One example is the acceptance phase-diagram,hich shows the neutron car-
acteristics at the input required to reach the end of the simdation. This spatial correlation
may be revealed using thePreMonitor _nD component. This latter stores the neutron
parameters at a given instrument location, to be used at an dbher Monitor _nD location
for monitoring.

The only parameter of PreMonitor _nD is the name of the associated MonitomD in-
stance, which should use thgpremonitor option, as in the following example:

COMPONENT CorrelationLocation = PreMonitor_nD(comp = CaelationMonitor)
AT (...)

(... e.g. a guide system )

COMPONENT CorrelationMonitor = Monitor_nD(
options="x dx, auto, all bins=30, premonitor")
AT (...)

which performs the same monitoring as the previous exampldyut with a spatial correlation
constrain. Indeed, it records the positionvs the divergence of neutrons at the correlation
location, but only if they reach the monitoring position. Al | usual Monitor _nD variables
may be used, except the user variables. These latter may be ded as described in section
8.8.7 in an EXTEND block.
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Chapter 9

Special-purpose components

The chapter deals with components that are not easily inclued in any of the other chapters
because of their special nature, but which are still part of he McXtrace system.

One part of these components deals with splitting simulatios into two (or more) stages.
For example, a guide system is often not changed much, and ang simulation of neutron
rays \surviving" through the guide system could be reused fo several simulations of the
instrument back-end, speeding up the simulations by (typially) one or two orders of
magnitude. The components for doing this trick is Virtual _input and Virtual _output ,
which stores and reads neutron rays, respectively.

Other components perform the simulation of the instrument resolution functions. These
are Res_sample and TOF _Res_sample, which are to be placed at the sample position,
and Res_monitor , that should be localized at the position of the instrument detector.
Progress _bar is a simulation utility that displays the simulation status , but assumes the
form of a component.
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9.1 Virtual _output: Saving the rst part of a split simula-

tion
Name: Virtual _output
Author: System
Input parameters lename
Optional parameters bu er-size, type
Notes

The component Virtual _output stores the neutron ray parameters at the end of the
rst part of a split simulation. The idea is to let the next par t of the split simulation be
performed by another instrument le, which reads the stored neutron ray parameters by
the componentVirtual _input .

All neutron ray parameters are saved to the output le, which is by default of \text" type,
but can also assume the binary formats \ oat" or \double". Th e storing of neutron rays
continues until the speci ed number of simulations have bea performed.

buffer-size  may be used to limit the size of the output le, but absolute intentities are
then likely to be wrong. Exept when using MPI, we recommend touse the default value
of zero, saving all neutron rays. The size of the le is then catrolled indirectly with the
generalncounts parameter.

9.2 Virtual _input: Starting the second part of a split simu-

lation
Name: Virtual _input
Author: System
Input parameters lename
Optional parameters repeat-count, type

Notes

The component Virtual _input resumes a split simulation where the rst part has been
performed by another instrument and the neutron ray parameters have been stored by the
component Virtual _output .

All neutron ray parameters are read from the input le, which is by default of \text" type,
but can also assume the binary formats \ oat" and \double". T he reading of neutron
rays continues until the speci ed number of rays have been siulated or till the le has
been exhausted. If desirable, the input le can be reused a naber of times, determined
by the optional parameter \repeat-count”. This is only useful if the present simulation
makes use of MC choices, otherwise the same outcome will rds@or each repetition of
the simulation (see Appendix 2).

Care should be taken when dealing with absolute intensitieswhich will be correct only
when the input le has been exhausted at least once.

The simulation ends with either the end of the repeated le caints, or with the normal
end with ncount McXtrace simulation events. We recommand to control the sinulation
on repeat-count by using a very larger ncount value.
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9.3 Res_sample: A sample-like component for resolution

calculation
Name: Ressample
Author: (System); Alan Tennant, HMI
Input parameters r, 1, N, I'ocus, Xtarget » Ytarget s Ztarget: Eo,  E
Optional parameters Xws Yh, Zd, Xfocuss Yiocuss @v:focus: @h:focus, target index
Notes

The componentRes _sample scatters neutron rays isotropically in direction and uniformly
in energy. Regardless of the state of the incoming neutron rg all directions and energies
for the scattered ray have the same probability, within spe¢ed intervals.

The component is meant for computation of the resolution furction, but may also be
used for test and debugging purposes. For actual calculatits of the resolution function,
Res_sample should be used together withRes_monitor , described in section 9.5.

The shape of Ressample is either a hollow cylinder or a rectangular box. The lbllow
cylinder shape is speci ed with the outer radius, r and thickness, respectively, and the
height, h. If these parameters are unspeci ed, the shape is instead adx of dimensionsxy,,
Vh, and zg. The component only propagates neutron rays that are scatteed; other rays
are absorbed. The scattering probability is proportional to the neutron ight path length
inside the sample, to make a true volume weighting of the samlp. The reason for this
is that the resolution function of an instrument is independent of any sample properties
such as scattering and absorbtion cross sections but will igeneral depend on sample size
and shape.

The point of scattering inside the sample is chosen unifornyl along the neutron ight
path inside the sample, and the scattered neutron ray is give a random energy and
direction. This energy is selected in the interval Eg E;Eo+ E] which hence must
be chosen large enough to cover all interesting neutron engies. Similarly, the scattered
direction is chosen in a user-speci ed range, either withina sphere of radiusrocys, Within
a rectangular target with measures Ksocus; Yiocus) OF in the speci ed angular range. This
target is positioned at the Xtarget » Yarget » Ztarget POINt in space, or using the targetindex
for which e.g. 1 is the further component, -1 is the previousetc...

A special feature, used when computing resolution functios, is that the component stores
complete information about the scattering event in the output parameter res_struct. The

information includes initial and nal wave vectors, the coordinates of the scattering point,

and the neutron weight after the scattering event. From this information the scattering

parameters @Q;!) can be recorded for every scattering event and used to compe the

resolution function. For an example of using the informatian in the output parameter, see
the description of the Res_monitor component in section 9.5.
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9.4 TOF _Res_sample: A sample-like component for TOF
resolution calculation

Name: TOF _Ressample

Author: System

Input parameters li, o, N, Tfocus: Xtarget » Ytarget» Ztarget» to, 1
Optional parameters Xws Yh, Zt, Xfocuss Yfocuss @v:focuss @n-focus, target index
Notes

The component TOF _Res_sample scatters neutron rays isotropically in position within
a speci ed angular range. As forRes_sample, this component is meant for computation
of the resolution function, but in this case for one time bin in a time-of- ight (TOF)
instrument. The component selects uniformly the neutron erergy so that neutron arrival
time at the TOF detector lies within one time bin, specied by tg and t. For actual
calculations of the resolution function, TOF _Res_sample should be used together with
Res_monitor , described in section 9.5.

The shape of TOF _Res_sample is either a hollow cylinder or a rectangular box. The
hollow cylinder shape is speci ed with the inner and outer ralius, ri and r,, respectively,
and the height, h. If these parameters are unspecied, the shape is instead adx of
dimensionsxy, Yn, and z.

The component only propagates neutron rays that are scatteed; other rays are absorbed.
As for Res_sample , the scattering probability is proportional to the neutron ight path
length inside the sample. The point of scattering in the samje is chosen uniformly along
the neutron ight path inside the sample, and the scattered direction is chosen in a user-
speci ed range, either within a sphere of radiusrc, within a rectangular target with
measures Xiocus, Yiocus) OF in the speci ed angular range. This target is positioned at the
Xtarget » Ytarget » Ztarget POINt in space, or using targetindex.

This component stores complete information about the scatering event in the output
parameter res_struct, seeRes_Sample .

9.5 Res_monitor: The monitor for resolution calculation

Name: Res monitor

Author: (System); Alan Tennant, HMI

Input parameters Xmin» Xmax, Ymin,» Ymax, lename, res.sample, bu er size
Optional parameters Xw, Yh, Zt, options

Notes

The component Res_monitor is used for calculating the resolution function of a par-
ticular instrument with detector of the given shape, size, aad position. The shape of
Res_monitor is by default rectangular, but can be a box, a sphere, a disk, roa cylinder,

depending on the parameter \options". The component works lke a normal monitor, but

also records all scattering events and stores them to a le tht can later be read by the
McXtrace frontend tool mcresplot .

For time-of- ight (TOF) instruments, Res _monitor should be understood as giving the
resolution of one time bin of the TOF-detector only; the bin properties being specied in
the precedingTOF _Res_sample .
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As described in section 9.3, theRes_monitor should be used in connection with one of
the componentsRes_sample or TOF _Res_sample, the name of which should be passed
as an input parameter to Res_monitor . For example

COMPONENT mysample = Res_sample( ... )

COMPONENT det = Res_monitor(res_sample_comp = mysample) .

The output le is in ASCII format, one line per scattering event, with the following
columns:

ki, the three components of the initial wave vector.

k¢, the three components of the nal wave vector.

r, the three components of the position of the scattering evenin the sample.
pi, the neutron weight just after the scattering event.

ps, the relative neutron weight adjustment from sample to detector (so the total
weight in the detector is p;ps).

From k; and ki, we may compute the scattering parameters = k; kf and ~! =
~2=(2mp)(k? k?). The vectors are given in the local coordinate system of theesolution
sample component. The wave vectors are in units oA ! the energy transfer in meV.
The output parameters from Res_monitor are the three count numbers,Nsum, psum,
and p2sum and the handle le of the output le.
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9.6 Progress _bar: Simulation progress and automatic sav-

Ing
Name: Progressbar
Author: System
Input parameters percent, ag_save, pro le
Optional parameters
Notes

This component displays the simulation progress and statudut does not a ect the neutron
parameters. The display is updated in regular intervals of tie full simulation; the default
step size is 10 %, but it may be changed using th@ercent parameter (from 0 to 100).
The estimated computation time is displayed at the beginingand actual simulation time
is shown at the end.

Additionally, setting the flag_save to 1 results in a regular save of the data les during
the simulation. This means that is is possible to view the daa before the end of the
computation, and have also a trace of it in case of computer @sh. The achieved percentage
of the simulation is stored in these temporary data les. Tednically, this save is equivalent
to sending regularly a USR2 signal to the running simulation

The optional 'pro le' parameter, when set to a le name, will produce the number of
statistical events reaching each component in the simulatn. This may be used to identify
positions where events are lost.

9.7 Beam _spy: A beam analyzer

Name: Beam.spy

Author: System

Input parameters

Optional parameters

Notes should overlap previous component

This component is at the same time an Arm and a simple Monitor. It analyzes all neutrons
reaching it, and computes statistics for the beam, as well aghe intensity.

This component does not a ect the neutron beam, and does not antain any propagation
call. Thus it gets neutrons from the previous component in tke instrument description,
and should better be placed at the same position, withAT (0,0,0) RELATIVE PREVIOUS

74 Ris {R{1538(rev.ed.)(EN)



Appendix A

Libraries and conversion constants

The McXtrace Library contains a number of built-in function s and conversion constants
which are useful when constructing components. These are agted in the share directory
of the MCXTRAUdiBrary.

Within these functions, the 'Run-time' part is available for all component/instrument
descriptions. The other parts are dynamic, that is they are rot pre-loaded, but only
imported once when a component requests it using th&oinclude McXtrace keyword. For
instance, within a component C code block, (usually SHARE orDECLARE):

%include "read_table-lib"

will include the 'read table-lib.h' le, and the 'read _table-lib.c' (unless the --no-runtime
option is used with mcstas). Similarly,

%include "read_table-lib.h"

will only include the 'read_table-lib.h'. The library embedding is done only once for al
components (like the SHARE section). For an example of implenentation, seeRes_monitor .
In this Appendix, we present a short list of both each of the lbrary contents and the
run-time features.

A.1 Run-time calls and functions (  mcxtrace-r )

Here we list a number of preprogrammed macros which may easéhé task of writing
component and instrument de nitions.

A.1.1 Neutron propagation

Propagation routines perform all necessary operations toransport x-rays from one point
to an other. Except when using the specialALLOW_BACKPRG@&#l prior to exectuting

any PROP_*Propagation, the x-rays which have negative propagation tmes are removed
automatically.

ABSORB . This macro issues an order to the overall McXtrace simulato to inter-
rupt the simulation of the current x-ray history and to start a new one.
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PROP _Z0. Propagates the x-ray to the z = 0 plane, by adjusting (x;y;z) and t
accordingly from knowledge of the x-ray wavevector Kx; ky; k). If the propagation
time is negative, the x-ray is absorbed, except if 2ALLOW_BACKPR@®reeds it.

For components that are centered along thez-axis, use the_intersect functions to
determine intersection time(s), and then aPROP_D¢all.

PROP _X0,PROP _YO. These macros are analogous tBROP_Zéxcept they propaget
to the x =0 and y = 0 planes respectively.

PROP _DL (dl). Propagates the x-ray by the length dl, adjusting (x;y;z) and
accordingly, from knowledge of the x-ray wavevector.

ALLOW _BACKPROP . Indicates that the next propagation routine will not re-
move the x-ray, even if negative propagation lengths are foond. Further propagations
are not a ected.

SCATTER . This macro is used to denote a scattering event inside a congment.
It should be used e.g to indicate that a component has interated with the x-ray

(e.g. scattered or detected). This does not aect the simuldéion (see, however,
Beamstop ), and it is mainly used by the MCDISPLA&ection and the GROURodi er

See also the SCATTERED variable (below).

A.1.2 Coordinate and component variable retrieval

76

MC _GETPAR (comp;outpar). This may be used in e.g. the FINALLY section of
an instrument de nition to reference the output parameters of a component.

NAME _CURRENT _COMP gives the name of the current component as a string.

POS _A_CURRENT _COMP gives the absolute position of the current compo-
nent. A component of the vector is referred to as POSA_CURRENT _COMP.i where
i isx,yorz.

ROT _A_CURRENT _COMP and ROT _-R_CURRENT _COMP give the ori-
entation of the current component as rotation matrices (ab®lute orientation and
the orientation relative to the previous component, respetively). A component of a
rotation matrix is referred to as ROT _A_CURRENT _COMP[m][n], where m and n
are 0, 1, or 2 standing forx;y and z coordinates respectively.

POS _A _COMP (comp) gives the absolute position of the component with the name
comp. Note that compis not given as a string. A component of the vector is referred
to as POSA_COMP(comp):i wherei is x, y or z.

ROT _A _COMP (comp) and ROT _R_COMP (comp) give the orientation of the
componentcomp as rotation matrices (absolute orientation and the orientaion rela-
tive to its previous component, respectively). Note thatcompis not given as a string.
A component of a rotation matrice is referred to as ROT.A_COMP(comp)[m][n],
wherem and n are 0, 1, or 2.
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INDEX _CURRENT _COMP is the number (index) of the current component
(starting from 1).

POS _A _COMP _INDEX (index) is the absolute position of componentindex.
POS_A_COMP _INDEX (INDEX _CURRENT _.COMP) is the same as
POS_A_CURRENT _COMP. You may use

POS.A_COMP _INDEX (INDEX _CURRENT _.COMP+1)

to make, for instance, your component access the position dhe next component
(this is usefull for automatic targeting). A component of th e vector is referred to as
POS_A_COMP _INDEX( index):i wherei is x, y or z.

POS _R_COMP _INDEX works the same as above, but with relative coordinates.

STORE _XRAY (index;x;y;z;kx;Kky;kz;phi, Ex;Ey;Ez;p) stores the current x-
ray state in the trace-history table, in local coordinate system. index is usually
INDEX _CURRENT _COMP. This is automatically done when entering each compo-
nent of an instrument.

RESTORE _XRAY (index;X;y;z;kx; ky;kz;phi;Ex;Ey;Ez;p ) restores the x-ray
state to the one at the input of the componentindex. To ignore a component e ect,
use RESTORE XRAY (INDEX _CURRENT _COMP,

X;V¥; z; kx; ky; kz; phi; Ex; Ey; Ez; p ) at the end of its TRACE section, or in its EX-

TEND section. These x-ray states are in the local component @ordinate systems.

SCATTERED is a variable set to 0 when entering a component, which is in@-
mented each time a SCATTER event occurs. This may be used in ta EXTEND
sections to determine whether the component interacted wit the current x-ray.

extend _list (n, &arr, &len, elemsizg. Given an array arr with len elements each of
sizeelemsize make sure that the array is big enough to hold at leastn elements, by

extending arr and len if necessary. Typically used when reading a list of numbers
from a data le when the length of the le is not known in advanc e.

mcset _ncount (n). Sets the number of x-ray histories to simulate ton.

mcget _ncount (). Returns the number of x-ray histories to simulate (usualy set by
option -n).

mcget _run _num (). Returns the number of x-ray histories that have been simuated
until now.
A.1.3 Coordinate transformations

coords _set(x;y; z) returns a Coord structure (like POS_A_CURRENT _COMP) with
X, Y and z members.

coords _get(P; &x, &Yy, &z) copies thex, y and z members of the Coord structure
P into x;y;z variables.

coords _add (a; b), coords _sub(a; b), coords _neg(a) enable to operate on coordi-
nates, and return the resulting Coord structure.
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rot _set_rotation (Rotationt, x; y; ) Gettransformation matrix for rotation rst
x around x axis, then  aroundy, and last , around z. t should be a 'Rotation
([3][3] 'double’ matrix).

rot _mul (Rotation t1, Rotation t2, Rotation t3) performst3 = t1:t2.
rot _copy (Rotation dest, Rotation src) performs dest= src for Rotation arrays.
rot _transpose (Rotation src, Rotation dest) performs dest= src!.

rot _apply (Rotation t, Coords a) returns a Coord structure which ist:a

A.1.4 Mathematical routines

NORM (x;y;z). Normalizes the vector (x;y;z) to have length 1.

scalar _prod (ax; ay; az; bc;by;b;). Returns the scalar product of the two vectors

(ax;ay;az) and (b by by).

vec_prod (&ay,&ay,&az bbby, ¢x,y,C;). Sets (ax; ay; a;) equal to the vector prod-
uct (be;bysby) (o cy;Cr).

rotate (&X,&Y,&z,Vx,Vy,Vz,' ,ax,8y,8z). Set (X;y;z) to the result of rotating the
vector (vx; vy, V;) the angle' (in radians) around the vector (ay; ay; az).

normal _vec(&ny, &ny, &ny, X, y, z). Computes a unit vector (ny; ny; n;) normal
to the vector (x;y; z).

solve _2nd _order (*t, A, B, C). Solves the 29 order equation At2+ Bt + C = 0
and returns the smallest positive solution into pointer *t.

A.1.5 Output from detectors

Details about using these functions are given in the McXtrae User Manual.
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DETECTOR _OUT _0D(:::). Used to output the results from a single detector.
The name of the detector is output together with the simulated intensity and es-
timated statistical error. The output is produced in a format that can be read by
McXtrace front-end programs.

DETECTOR _OUT _1D(:::). Used to output the results from a one-dimensional
detector. Integrated intensities error etc. is also repored as for DETECTOR _OUT _0D.

DETECTOR _OUT _2D(:::). Used to output the results from a two-dimentional
detector. Integrated intensities error etc. is also repored as for DETECTOR_OUT _0D.

DETECTOR _OUT _3D (::). Used to output the results from a three-dimentional
detector. Arguments are the same as in DETECTOROUT _2D, but with an addi-
tional z axis. Resulting data les are treated as 2D data, but the 3rd dmension is
speci ed in the type eld. Integrated intensities error etc. is also reported asfor
DETECTOR _OUT _0D.
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mcinfo _simulation (FILE *f, mcformat, char *pre, char *name) is used to append
the simulation parameters into le f (see for instanceRes_monitor ). Internal
variable mcformat should be used as specied. Please contact the authors for
further information.

A.1.6 Ray-geometry intersections

inside _rectangle (&x, &y, X, xw, yh). Return 1 if xw=2 X xw=2 AND
yh=2 'y yh=2. Else return 0.

box _intersect (&1, &l2, X, Y, z, Kx, Ky, kz, dx, dy, d;). Calculates the (0, 1, or 2)
intersections between the x-ray path and a box of dimensionsy, dy, and d,, centered
at the origin for a x-ray with the parameters (X;y;z;Kx;ky;kz). The intersection

lengths are returned in the variablesl; and |,, with 11 <I,. In the case of less than
two intersections, t; (and possibly t,) are set to zero. The function returns true if

the x-ray intersects the box, false otherwise.

cylinder _intersect (&1, &I, X, Y, Z, Kx, Ky, Kz, r, h). Similar to box _intersect ,
but using a cylinder of height h and radius r, centered at the origin.

sphere _intersect (&I1, &l2, X, Y, Z, Ky, Ky, kz, r). Similar to box _intersect , but
using a sphere of radiug .

ellipsoid _intersect (&I1, &12, X, Y, Z, Ky, Ky, kz, 3,b,c,Q, ). Similarto box _intersect ,
but using an ellipsoid with half-axis a,b,c oriented by the rotation matrix Q. If Q =1,
a is along the x-axis, b alongy and c along z

A.1.7 Random numbers

randOl (). Returns a random number distributed uniformly between 0 and 1.

randnorm (). Returns a random number from a normal distribution centered around
0O and with =1. The algorithm used to sample the normal distribution is explained
in Ref. [14, ch.7].

randpml (). Returns a random number distributed uniformly between -1 and 1.

randtriangle (). Returns a random number from a triangular distribution b etween
-1 and 1.

randvec _target _circle (& vy, &vy, &v;, &d, aim y, aimy, aim;, r¢). Generates
a random vector (vy;Vy;V;), of the same length as (aim}, aimy, aim;), which is
targeted at a disk centered at (aimy, aimy, aim;) with radius r¢ (in meters), and
perpendicular to the aim vector.. All directions that intersect the circle are chosen
with equal probability. The solid angle of the circle as seerfrom the position of the
x-ray is returned in d . This routine was previously called randvec _target _sphere

(which still works).
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randvec _target _rect _angular (&vx, &vy, &V, &d, aim y, aimy, aim;,h; w; Rot)
does the same as randvetarget_circle but targetting at a rectangle with angu-
lar dimensions h and w (in radians , not in degrees as other angles). The rota-
tion matrix Rot is the coordinate system orientation in the absolute frame,usually
ROT _A_CURRENT _COMP.

randvec _target _rect (& vy, &vy, &V, &d, aim y, aimy, aim;,height; width; Rot ) is
the same as randvedarget_rect_angular but height and width dimensions are given
in meters. This function is useful to e.g. target at a guide etry window or analyzer
blade.

A.2 Reading a data le into a vector/matrix (Table input,
read_table-lib )

The read_table-lib  provides functionalities for reading text (and binary) data les. To
use this library, add a %include "read_table-lib" in your component de nition DE-
CLARE or SHARE section. Tables are structures of typet_Table (seeread_table-lib.h

le for details):

/* t_Table structure (most important members) */

double *data; [* Use Table_Index(Table, i j) to extract [i, ] element */
long rows; /* number of rows */

long columns; /* number of columns */

char  *header; /* the header with comments */

char *filename; /* file name or title */

double min_x; /* minimum value of 1st column/vector */

double max_x; /* maximum value of 1st column/vector */

Available functions to read a single vector/matrix are:

Table _Init (& Table rows, columns) returns an allocated Table structure. Use
rows = columns = 0 not to allocate memory and return an empty table. Calls
to Table_Init are optional, since initialization is being performed by other functions
already.

Table _Read (& T able filename , blocK) reads numerical block nhumberblock (0 to
catenate all) data from text le filename into Table which is as well initialized in
the process. The block humber changes when the numerical datchanges its size,
or a comment is encoutered (lines starting by # ; % /'). If the data could not be
read, then Table:datais NULL and Table:rows= 0. You may then try to read it
using Table_.Read O set _Binary. Return value is the number of elements read.

Table _Read _O set (& Table filename, block &o set, niows) does the same as
Table_Read except that it starts at o set o set (0 means begining of le) and reads
Nrows lines (0 for all). The o set is returned as the nal o set reached after reading

the nyows lines.
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Table _Read _O set _Binary (& T ablg filename , type, block, &0 set, Nrows, Ncolumns )
does the same as Tabld&read O set, but also speci es the type of the le (may be

" oat" or "double"), the number n;ows Of rows to read, each of them havingncolumns
elements. No text header should be present in the le.

Table _Rebin (& Table) rebins all Table rows with increasing, evenly spaced rst
column (index 0), e.g. before using TableValue. Linear interpolation is performed
for all other columns. The number of bins for the rebinned tabe is determined from
the smallest rst column step.

Table _Info (T able) print information about the table Table
Table _Index (T able; m; n) reads the T ablgm][n] element.

Table _Value (T able; x; n) looks for the closestx value in the rst column (index 0),
and extracts in this row the n-th element (starting from 0). The rst column is thus
the 'x' axis for the data.

Table _Free (& T able) free allocated memory blocks.

Table _Value2d (Tablg X, Y) Uses 2D linear interpolation on a Table, from (X,Y)
coordinates and returns the corresponding value.

Available functions to read an array of vectors/matrices in a text le are:

Table _Read _Array (File, &n) read and split file into as many blocks as necessary
and return at_Table array. Each block contains a single vector/matrix. This only
works for text les. The number of blocks is put into n.

Table _Free _Array (& Tablée free the Tablearray.
Table _Info _Array (& T able) display information about all data blocks.

The format of text les is free. Lines starting by '# ; % /' characters are considered to
be comments, and stored inT able:header Data blocks are vectors and matrices. Block
numbers are counted starting from 1, and changing when a comant is found, or the

column number changes. For instance, the le '"MCXTAS/data/ BeO.trm' (Transmission

of a Berylium lter) looks like:

# BeO transmission, as measured on IN12
# Thickness: 0.05 [m]

# [ k(Angs-1) Transmission (0-1) ]

# wavevector multiply

1.0500 0.74441

1.0750 0.76727

1.1000 0.80680

Binary les should be of type " oat" (i.e. REAL*32) and "doub le" (i.e. REAL*64), and
should not contain text header lines. These les are platform dependen(little or big
endian).
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The filename is rst searched into the current directory (and all user additional locations
speci ed using the -l option, see the 'Running McXtrace ' chapter in the User Manud),
and if not found, in the data sub-directory of the MCXTAl#rary location. This way, you
do not need to have local copies of the McXtrace Library Data les (see table 1.1).

A usage example for this library part may be:

t Table Table; /I declare a t_Table structure
char file[][="BeO.trm"; // a file name
double x,y;
Table_Read(&Table, file, 1); // initialize and read the fir st numerical block
Table_Info(Table); /I display table informations
x = Table_Index(Table, 2,5); // read the 3rd row, 6th column e lement
/I of the table. Indexes start at zero in C.
y = Table_Value(Table, 1.45,1); // look for value 1.45 in 1st column (x axis)
/Il and extract 2nd column value of that row
Table_Free(&Table); /I free allocated memory for table

Additionally, if the block number (3rd) argument of Table _Read is 0, all blocks will
be catenated. TheTable _Value function assumes that the X' axis is the rst column
(index 0). Other functions are used the same way with a few adiional parameters, e.g.
specifying an o set for reading les, or reading binary data.

This other example for text les shows how to read many data bbcks:

t Table *Table; /I declare a t_Table structure array

long n;

double v;

Table = Table_Read_Array("file.dat", &n); // initialize a nd read the all numerical

n = Table_Info_Array(Table); /[ display informations for a Il blocks (also returns

y = Table_Index(Table[0], 2,5); /I read in 1st block the 3rd r ow, 6th column eleme
/I ONLY use Table[i] with i < n !

Table_Free_Array(Table); /I free allocated memory for Tab le

You may look into, for instance, the source les for Monochromator _curved or Vir-
tual _input for other implementation examples.

A.3 Constants for unit conversion etc.

The following prede ned constants are useful for conversin between units
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Name Value Conversion from Conversion to
DEG2RAD 2 =360 Degrees Radians
RAD2DEG 3602 ) Radians Degrees
MIN2RAD 2=(360 60) Minutes of arc Radians
RAD2MIN (36?) 60)=(2 ) Radians Minutes of arc
FWHM2RMS 1= 8log(2) Full width half maximum | Root mean square
D (standard deviation)
RMS2FWHM 8log(2) Root mean square (stan-| Full width half maxi-
dard deviation) mum
MNEUTRON 1:67492 10 2" kg | Neutron mass,m,
HBAR 1:05459 10 3*4 Js | Planck constant, ~
PI 3:14159265:
FLT -MAX 3.40282347E+38F | a big oat value
CELE 1.602176487e-19 | Elementary charge (C)
M _C 299792458 Speed of light in vacuum
(m/s)
E2K 0.506773091264796 Wavenumber (1/AA) Energy (keV)
K2E 1.97326972808327 Energy (keV) Wavenumber (1/AA)
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Appendix B

The McXtrace terminology

This is a short explanation of phrases and terms which have apeci c meaning within
McXtrace. We have tried to keep the list as short as possible ith the risk that the reader
may occasionally miss an explanation. In this case, you are are than welcome to contact
the McXtrace core team.
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Arm A generic McXtrace component which de nes a frame of referece for other
components.

Component One unit (e.g. optical element) in a neutron spectrometer. These are
considered as Types of elements to be instantiated in an Insiment description.

Component Instance A named Component (of a given Type) inserted in an In-
strument description.

De nition parameter An input parameter for a component. For example the
radius of a sample component or the divergence of a collimato

Input parameter  For a component, either a de nition parameter or a setting
parameter. These parameters are supplied by the user to de @ the characteristics of
the particular instance of the component de nition. For an i nstrument, a parameter
that can be changed at simulation run-time.

Instrument  An assembly of McXtrace components de ning a neutron spectometer.
Kernel The McXtrace language de nition and the associated compile

McXtrace Monte Carlo Simulation of Triple Axis Spectrometers (the name of this
package). Pronounciation ranges frommex-tas to mac-stasand m-c-stas

Output parameter  An output parameter for a component. For example the counts
in a monitor. An output parameter may be accessed from the insument in which
the component is used usingC_GETPAR

Run-time C code, contained in the les mcstas-r.c and mcstas-r.h included in
the McXtrace distribution, that declare functions and vari ables used by the generated
simulations.
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Setting parameter  Similar to a de nition parameter, but with the restriction t hat
the value of the parameter must be a number.
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Bugs, 9, 36, 37

Concentric components, 47
Coordinate system, 6

Data les, 6
Di raction, 47, 52, 53

Environment variable
BROWSER, 8
MCXTAS, 8, 80
MCXTRACE, 73

Incoherent elastic scattering, 52

Keyword
%include, 73
EXTEND, 8, 16, 64, 74
GROUP, 74
MCDISPLAY, 74
OUTPUT PARAMETERS, 65
SHARE, 73

Library, 73
Components
data, 6{8, 80
misc, 67
monitors, 55
optics, 22
samples, 45
share, 73
sources, 16
mcxtrace-r, see Library/Run-time
read table-lib (Read_Table), 6, 78
Run-time, 73
ABSORB, 73
ALLOW _BACKPROP, 73
MC_GETPAR, 65, 74
NAME _.CURRENT _COMP, 74
POS.A_COMP, 74
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POS_A_CURRENT _COMP, 74
PROP_DL, 73
PROP_Z0, 73
RESTORE _NEUTRON, 74
ROT _A_COMP, 74
ROT _A_CURRENT _COMP, 74
SCATTER, 73
SCATTERED, 74
STORE_NEUTRON, 74
run-time
PROP _X0, 73
PROP_YO, 73
Shared, seelLibrary/Components/share

Monitors, 55

Banana shape, 62

Beam analyzer, 72

Capture ux, 61

Custom monitoring (user variables, Mon-
itor _nD), 62

Divergence monitor, 58

Divergence/position monitor, 58

Energy monitor, 57

Neutron parameter correlations, PreMon-
itor _nD, 66

Number of neutron bounces in a guide,
65

Position sensitive detector (PSD), 57

Position sensitive monitor recording mean
energy, 62

Resolution monitor, seeSamples/Resolution
function

The All-in-One monitor (Monitor _nD),
59

Time-of- ight monitor, 56

TOF2E monitor, 56

Wavelength monitor, 57

Monte Carlo method, 10
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Accuracy, 14
Direction focusing, 13
Strati ed sampling, 13

Virtual source, recording neutron events,
68
X-ray tube laboratory source, 19

Multiple scattering, 52 Symbols, 6
Optics, 22, 29 Tools
mcdoc, 8

Beam stop, 23

Bender (non polarizing), 37

Curved guides (polygonal model), 38

Fermi Chopper, 37

Filter, 24

Guide with channels (straight, non fo-
cusing), 36

Guide with channels and gravitation han-
dling (straight), 37

Linear collimator, 26

Mirror plane, 29

Monochromator, 39

Monochromator, curved, 42

Monochromator, thick, 43

phase space transformer, 43

Point in space (Arm, Optical bench), 22

Radial collimator, 27

Slit, 22

Straight guide, 33

Removed x-ray events, 74
Removed xray events, 6

Sample environments, 47
Samples,45

Absorption Phantom, 54

Dilute colloid medium, 53

Powder, multiple di raction line, 47
Resolution function, sample for, 69
Single crystal di raction, 52

Simulation progress bar, 72
Small angle scattering, 53
Sources,16
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Continuous source with speci ed diver-
gence, 19

Flat surface source, 18

Gaussian crossection source, 19

Point source, 18

Virtual source from stored neutron events,
68

Ris {R{1538(rev.ed.)(EN)



Ris {R{1538(rev.ed.)(EN)

89



Bibliographic Data Sheet Ris {R{1538(rev.ed.)(EN)
Title and author(s)

Component Manual to the Neutron Ray-Tracing Package McXtrace, Version 1.0rcl

Peter Kjr Willendrup, Erik Knudsen, Kim Lefmann and Emmanu el Farhi

ISBN ISSN

ISBN 978{87{550{3680{2 0106{2840
Dept. or group Date
Materials Research Department Mar, 2011
Groups own reg. number(s) Project/contract No.

I |

Pages Tables lllustrations References
90 2 15 10

Abstract (Max. 2000 char.)

The software package McXtrace is a tool for carrying out Mone Carlo ray-tracing simu-
lations of xray scattering beamlines with high complexity and precision. The simulations
can compute all aspects of the performance of instruments ahcan thus be used to op-
timize the use of existing equipment, design new instrumerdtion, and carry out virtual
experiments for e.g. training, experimental planning or dda analysis. McXtrace is based
is based on a unique design, inhereted from its sister McStasvhere an automatic compi-
lation process translates high-level textual instrument descriptions into e cient ANSI-C
code. This design makes it simple to set up typical simulatios and also gives essentially
unlimited freedom to handle more unusual cases.

Descriptors

X-Ray Instrumentation; Monte Carlo Simulation; Software

Available on request from:

Information Service Department, Ris DTU
(Afdelingen for Informationsservice, Ris DTU)
P.O. Box 49, DK{4000 Roskilde, Denmark
Phone +45 4677 4004, Telefax +45 4677 4013



