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Monte Carlo Simulations of Triple Axis Spectrometers

Started at Risg, Denmark in 1998
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Ran on everything from iPhone to 1000+ node cluster!

Open Source under GPL!

Permanent staff maintaining the code @ DTU & ILL.

Domain-specific-language (DSL) based on compiler
technology (LeX+Yacc)
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GitHub

McStasMcXtrace/McCode - Mozilla Firefox

vy

&) McStasMcxtrace/McC... x | +

€ | O @ GitHub, Inc. (US) | https://github.com/McStasMcxtrace/McCode ¢ | | ¥ search w B + A& B

E Most visitedv @ Getting Started (B Portscout Port Up... v @ Getting Started
o This repository

McStasMcXirace / McCode

Pull requests Issues Marketplace Gist A +- R

@ Watch~ 7 * Star | 11 ¥ Fork 19

<> Code lssues 58 Pull requests 0 Projects 0 Wiki Settings Insights -
hitp://www.mccode.org Edit
c neutron x-ray scientific-computing simulation raytracing Manage topics

D) 6,962 commits ¥ 15 branches 5 6 releases
I 4@

22 14 contributors
|

Branch: master = New pull request Create new file  Uploadfiles = Find file Clone or download ~

mebknudsen Merge branch ‘master of github.com:McStasMcXtrace/McCode Latest commit 8cedd4e 6 days ago

i cmake A couple of @MCCODE_PREFIX@ needed 12 days ago
i common descriptory files that are now in the comps-package 27 days ago
i doc Update manual for 2.4.1 12 days ago

docpkg/manuals

obsolete-files

Update manual for 2.4.1

Removing Yosemite scripts as the build server is being migrated to DM...

12 days ago

@ mcstas-comps Remove 1.12c style parameter line 10 days ago
i mcstas Increase symbol table length to accomodate MACS instrument from Mads ... 3 months ago
B mcxirace-comps this had apprently not been committed 13 days ago
I mcxirace Make the Component Blah AT (x.y.z) location status in trace mode Incl... 4 months ago
i meta-pkgs We only build 32 bit... 15 days ago
.

& months ago
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Website

& McStas homepage - Mozilla Firefox

[

». McStas homepage x |+

€& (@  www.mestas.org @ | |Q search Al = + & B =

[ Most visitedv @ Getting Started [ Portscout Port Up... v @ Getting Started Bright: New beamlin... [&] Astro-Update Hea... v (&) Portscout Part Up... v

McStas
= A neutron ray-trace simulation package 0 m L e
0 0~ wroe @)

McStas

bout Mcstac McStas - A neutron ray-trace simulation package

Conditions of use
%— w ;ts McStas is a general tool for simulating neutron scattering instruments and experiments. It is actively supported by DTU Physics, NEI KU ESS, PSland [LL.

Screenshots Simulated

/ scattering from
Download AN

hallow- . . o . . .
Components iy”?m?: The plot shows the intensity of scattered neutrons (red is highest intensity). The sample is at the center of the
Linux Install (deb/rpm

- vanadium sphere with the neutron beam coming from the left. Clearly seen is the shadowing effect of the sample
Mac OS5 ¥ Install e . . . N . t
Unix Install (src code) sample. causing a lower intensity opposite the beam. Also seen is the effect of the non-symmetric geometry of the
% (ehare) / \ sample, causing lower intensity directly above and to the side of the sample.

Mailing list

Search web/mailinglist

Documentation
McStas manual
EAQ

Enown problems Recent news

Publications

C Compilers
Other
Tools

Tutoris| June 26th, 2017: Update-release 2.4.1 available

Workshops/conferences

Dear all,

Developments . ) y )
McStas 2 4.1 has been released and is ready for download via hitp: //downloads mcstas org/mcstas-2 4 1

Links
Release changes are listed below, and the full list of project changes is also available at hitp:/imcstas org/CHANGES MeStas.
Report bugs
Git Greetings from the McStas team - hope you will enjoy this new release! -)
McStas Ubuntu live-dvd Peter Willendrup

Changes in McStas v.2.4.1, June 26th, 2017

McStas 2.4 .1 is the sixth release inthe 2 x series and fixes various issues with McStas 2 4, plus provides a small set of new developments.
Thanks:

« Thanks to all contributors of components, instruments etc | This is what Open Source and McStas is all about!

Y N - T T



McStas

Use cases m ?
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Instrumentation
Virtual experiments
Data analysis
Teaching

eLearning-platforms

v (DTU, KU schools & workshops)

INTRODUCTION TO

THE THEORY OF e . .
THERMAL | e

NEUTRON
SCATTERING
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McStas Introduction

McStas

0~

¢ 'Component' files (~150) inserted from library ;’* \'ll
e Sources
¢ Optics
e Samples
e Monitors

e [f needed, write your own comps

e DSL + ISO-C code gen.

° Library of common functions (Kernel) for e.c

e [/O

¢ Random numbers

° Physical constants
¢ Propagation

¢ Precession in fields

@

7 Jul 2017

Instrument file (average
user, point/click, DSL)

Component
(advanced user,

modify from existing, Kernel
c-code) (McStas
team)
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McStas

Workforce n ;z
sy )
» MR

Work starts on polarization

Release 2.4

people on the team

(0]
1998 T 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

year

Release 1.0
Work starts on McXtrace
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X-ray sister McStas

McXtrace homepage - Mozilla Firefox

o) Mcxtrace homepage % T+
€ | (0 | mextrace.org & | | Q search w B8 4+ & B

[& Most visitedv @ Getting Started [ Partscout Port Up... v @ Getting Started Bright: New bearnlin... [&] Astro-Update Hea... v B Portscout Port Up... v

McXtrace _ _
‘”Wﬂ’ McXtrace - An X-ray ray-trace simulation package

=
—_—
|~

GAMESHA

-
, ra SAXS o@

)

McXtrace

o statue McXtrace - Monte Carlo Xray Tracing, is a joint venture by

Project Partners
Project People
Goal

Installation
Mac 0S¥ Installation
Windows Installation

. SAXS

GAMNESHA

Mailing List Funding from MABIIT, DSF and the above parties.

Links

Publications MCStaS

Minutes of
Meetings
McXtrace Art Our code is based on technology from

About McXtrace Code repository (shared with 'McStas') is located at github com/McStasMcXirace
Documentation For information on our progress, please subscribe to our user mailinglist .
Commands

Tutorial » To download the latest release: download area

Download « Forinstallation instructions : installation

Components » Foraquick list of the available commands: commands

Search

McXtrace News
The latest McXtrace news.

McXtrace 1.4 is released!
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McStas

McStas Procedure m ?
S A 1)
A Js‘\ CCCCCCCCCC

1.Describe your instrument in the McStas
language (In a text file).

2.Automatically convert beamline into ANSI c

3.Compile
4.

1.0Optimized for your platform
J> 2.0nly includes what you use

7 Jul 2017 Erice school 12



Instrument file McStas

-
DEFINE INSTRUMENT simple ()

wetple AU 2
TRACE N "S\FORSCIENCE @t
COMPONENT origin = Progress_bar () . l
AT (0, 0, 0) RELATIVE ABSOLUTE ertten by you

// insert components here (e.g. Insert -> Source -> ...)

COMPONENT source simple = Source simple |
vheight=0.1, xwidth=0.1, focus xw=0.1l, focus vh=0.1,dist=5000,
lambdal0=5, dlambda=1,gauss=1)

AT (0, 0, 0) RELATIVE PREVIOUS

COMPONENT lmoniteor = L _monitor |
vheight=0.1, xwidth=0.1,
Lmin=1, Lmax=20, filename="lmonitor")
AT(0,0,1le-6) RELATIVE PREVIOUS
LDMPDHEHT emonitor = E monitor |
vheight=0.1, xwidth=0.1,
Emin=0, Emax=10, filename="emonitor")
AT(0,0,1le-6) RELATIVE PREVIOUS

COMPONENT psdmonitor = PSD _monitor |
vheight=0.1, xwidth=0.1, filename="psdmonitor")
AT(0,0,1le-6) RELATIVE PREVIOUS

END
13



Component file

H*******************************************************************************

Mocstas, neutron ray-tracing package
Copyright 1997-2002, All rights resecrved
Rizoe National Lahoratory, Roskilde, Dermark
Institut Lawe Langevin, Grenchle, France

Component: Source flat

I

Written hy: Kim Lefmarnn

Date: October 30, 1997

Modified by: EL, October 4, 2001

Modified by: Emmaruel Farhi, October 30, 2001, Serious bug corrected
Version: $Revision: 1.22 §

Origin: Risoe

Release: McStas 1.6

B pircular nevkbron source with flat enecqgy spectrum and acrbitrary £lux

il

The routine is a circular newtron source, which aims at a square target
centered at the beam (in order to improwve MCG-acceptance rate). The angular
divergence is then given by the dimensions of the target

The newtron energy 1s vniformly distributed hetween E0-dE and E0+dE.

Example: Source flat{radius=0.1, dist=Z2, xw=.1, vh= 1, E0=14, dE=C}
b

EP

radins: (m) Radius of circle in (= v, 0) plane where neutrons
are generated

dist: fm)  Distance to target along = axis.

T {m) Width(x) of target

wh: fm)  Height(y) of target

EO: (me¥) Mean energy of neutrons.

dE: (me¥) Energy spread of neutrons.

Lambdal (&d) Mean wawelength of neutrons.
dLambda (A#) Wawvelength spread of neutrons.
fluzx (14 (s*cm**2+st) ) Energy integrated flux

EE S S S S T R S ST N S S S S S S S T

iE

*******************************************************************************f

LEFINE COMPOWENT Scource simple
DEFINITION PARAGMETERS ()
SETTING PARAMETERS (radiuvs, dist, =w, vh, E0=0, dE=0, Lambdal=0, dLambda=0, flux=1}
OUTBEUT BARAMETERS ()
STATE PARAMETERS (v, =, v vy, ve, b, 81,82, 1)
DECLARE
E4
double pmul, pdic;
E}
INITIALIZE

prul=flux*PI*led*radivs*radivs/meget_ncount () ;
%}

McStas

NEXV&AP"I DTU

NEUTRONS <@t
SRR SCIFNICE. <@

TRACE
%
double chi,E,Lambda, v, r, =f, vf, cf, d=, dy;

t=0;
z=0;

chi=2+PI*randll}; f* Choose point on soucce */
r=sqrt(rand0l () ) *radius; A gith uniform distribution. *+/
#x=r*cos(chi);

y=r*sinichi};

randwec_target rect(Sxf, &yf, &cf, &pdir
0, 0, dist, »w, yh, ROT & CURRENT COMP) ;

dx = =f-x;
dy = vf-v; ) )
rf = sqrti{dsx*dx+dy*dy+distrdist);

p = pdir+*pmul;

if (Lambdal==0) {
E=E0+dE*randpml () ; #*  Choose from vniform distribution *+/
w=sqrt (E) *SELV;
} else {
Lambda=Lambdal+dLambda*randpml () ;
= EOV* (2+PT/Lanbda) ;
}

ve=wrdist,/rf;

wy=yrdy/rf;

v=v*dx/rf;
%}

MCOISPLAY
#

magnify i

circled ,0,0,0, radius) ;
%}

o Written by
advanced
users/developers

7 Jul 2017 Erice school 14



Components m ?

McStas

Write a new component or update an existing one - It’s Naxﬁmpggg 0Ty
really not that big a task. R S

10000
g 1000
Q
o
©
0n
(0]
£
B~

100

10

I I . I .
i Guide_four_side 10_sh .comp
E Guide_four_side. 2_shells.comy
B ‘ Isotfopic_Sqw.comp3
Single_cirys tal.com
Pol_simpleBfield.comp:
| | | |
0 50 100 150 200

component number

7 Jul 2017

Erice school 15



Generated c-code

A* Batomatically generated file. Do not edit.

* Format: BNSI C source code

* Creator: McEtas <http:/fneutron. risoe. dk:

* Instrument: My Instrument. instr (My_ TInstrument)
* Date: Sat Apr 9 15:27:56 ZOOS

*

J* THOUSAWDS of lines remowved here. ... +/

#* TRACE Component Source. *7
SIG_MESSAGE ( Ti
mcOEBUG_COME | )
mccoordschange (noposrSource, mcrotrSource,
Emecnlzx, Smenly, Smenle,
Emocnlvx, Smonlvy, Smenlwe,
Emcnlt, Smeonlsw, Smonlsy) ;

mcDEBUG_STATE (monlx, menly, menlz, menlwe, menley, menlwz, menlt, menlsx, menlsy, menlp)

 meonlx
v menly
z mcnlz
w2 menlve
vy monlvy
vz monlvz
£ monlt
=1 meonlsx
52 meonlsy
p monlp

HHEH RS S

STORE_NEUTROM (2, mcnlw=, menly, mcnlz, menlws, menlwy, menlwe, monlt, monlsz, monlsy,

mcScattered=0;
mcHCounter [2] ++;
# TCCONpCUrnEne Source
# nccompocurindex 2
{ #* Declarations of SETTING parameters. */
MCHUM radivs = mecSource_radius;
MCHUM dist = moccSource_dist;

MCHUM 20w = mocSO0Uurce_mw;
MCHUM vh = mccSource_vh;
MCHUM EQ = mccSource EO;
MCHUM dE = mecSource dE;

MCHUM Lambd=l = mccSource_Lambdal;
MCHUM dLambdz = mecSource_dLambda;
MCHUM £luwx = moccSource_f£lux;

# ta

d
double chi,E, Lambda, v, ¢, =f, vf, of, d= dy;

t=0;

z=0;

chi=2+*PI*randll(}; #* Choose polnt on source */
r=sgrt {rand0l ()} +radins; A with uniform distribution. *5

x=r*cos(chi);
w=r*sinichi);

randvec_target _rectifxf, &yf, Scf, Spdir,
0, 0, dist, =w, vh, ROT A CURRENT COME) ;

7 Jul 2017
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Written by McStas!
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Monte Carlo Technique McStas

Ny
NE\X}!AP"’ E!E
o TN GRNG o

* During WW2, “numerical experiments” were applied at Los
Alamos for solving mathematical complications of computing
fission, criticality, neutronics, hydrodynamics, thermonuclear

detonation etc.

* Notable fathers: John v. Neumann, Stanislav Ulam, Nicholas
Metropolis

* Named “Monte Carlo” after Ulam’s fathers frequent visits to the
Monte Carlo casino in Las Vegas

* Initially “implemented” by letting large numbers of women use
tabularized random numbers and hand calculators for individual
particle calculations

* Later, analogue and digital computing devices were used

7 Jul 2017 Erice school 17



Early Monte Carlo McStas

Ny (Ul
N

/. NEUTRONS et
“®FOR SCIENCE @r—a>

3 fl \
l
FERMIAC ENIAC
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Monte Carlo II1 McStas

* Los Alamos has since then developed and perfected many ﬁfxﬁmiﬁg
different monte carlo codes leading to what is today known as
the codes MCNP5 and MCNPX

* State of the art is MCNPX (or soon the merged MCNPG6 code)
that features numerous particles

* MCNP was originally Monte Carlo Neutron Photon, later N-
Particle

* Mainly used for high-energy particle descriptions in weapons,
power reactors and routinely used for estimating dose rates and
needed shielding

* Other similar types of codes are FLUKA, PHITS, and to some
extent Geant4

° In general, these codes do not handle coherent scattermg of
neutrons due to the focus on high energies

7 Jul 2017 Erice school 19



Rayv tracin McStas

0

\;I\E)k A*;'.ll‘,,,‘w,
» s T 32
Image
camera Light Source
T
LT (G5
- View Ray

Scene Object

* When neutrons move in “free space”, we use ray-tracing - but in most
cases in direction source -> detector

* Parabolas rather than straight lines are uses to implement gravity

7 Jul 2017 Erice school 20



McStas rav tracin McStas

0

NEX}%AP@%Q
“\FOR SCENCE S
1. Particles emitted 3. Will eventually
with random starting meet other objects
conditions via MC e.g. a.studietil |
experimental sample : .
and get scattered via 4. At various points
MC again in the instrument
the particle states
U / are measured in
S R so-called monitor:
> Part SRR S or detectors
. Particles are al S
"ray-traced” A
through space /

* Important efficiency mechanisms:

* “Focusing” - e.g. source to beamport only (41 vs. limited solid
angle only)

* Rather vs. single particle description, absorption handled though
statistics and downscaling the ray weight

7 Jul 2017 Erice school 21



McStas variance reduction/focusing McStas

NEX}%AP"’

NEUTRONS <@t
“®FOR SCIENCE @r—a>

Ex01

wim]

Source radius

Source focus_xw X focus_yh @ dist m
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McStas ray tracing McStas

s Y

2 NEUTRONS @
N “®FOR SCIENCE @r—a>

Monochromatic neutron source

Detector

Crystal in Bragg scattering condition

7 Jul 2017 Erice school 23



McStas rav tracin McStas

Neutron ray/package: Instrument: positioning + NE*,*A*':'II ETE
transformation between component

Weight: (p) # neutrons left in the package coordinate systems, e.g. neutron

Position: (x, y, z) source, crystal, detector

Velocity: (v, v, v,)

/° . NEUTRONS <@
N “®FOR SCIENCE @r—a>

Polarization: (p,, p,, p,)
Time: (t)

Monochromallic neutron source

Detector

Crystal in Bragg scattering condition Y

Components: Here the neutron

phys1cs happen,.neutron welght |Loca1, internal coordinate system! I
adjusted according to scattering

probabilities etc.

7 Jul 2017 Erice school 24



Component order McStas

o

Order does matter:

1. Source 3. PSD 2. Emon

1. Source 2. Emon 3. PSD

Starting at the source

7 Jul 2017 Erice school 25



Component order McStas

DTU

b a-d
o<
>

Order does matter:

1. Source 3. PSD 2. Emon
1. Source 2. Emon 3. PSD

Moving to first comp in the list

7 Jul 2017 Erice school 26



Component order McStas
NEX}!AP"’ DTU

NEUTRONS <@t
“®FOR SCIENCE @r—a>

Order does matter:

1. Source 3. PSD 2. Emon

1. Source 2. Emon 3. PSD

Moving to 3rd comp in list requires “moving back in time”.
Default behavior is to ABSORB this type of neutron.

For monitors use restore neutron=1 in this case.

For homegrown comps use ALLOW BACKPROP macro.

7 Jul 2017 Erice school 27
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M. Bertelsen, Copenhagen University
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McStas

Union
" Jas

Ny
NE)‘(VS!AP'll E!!
o NG e

I
-2
== 01
2.5
s E o
Siis N
+-3.5
0.1~ :
-4
-4.5
-0.2 - =
L -5 1 1 1
-100 -50 O 50 100 -0.2 -0.1 0 0.1 0.2
Longitude [deq] x [m]

Figure 1: Left: Depiction of cryostat/sample model. Center: Time of flight banana monitor showing spurions.

Right: Histogram over scattering locations in cryostat as seen from above.
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McStas

Mcstas “particle” model . :
Neutron ray/package: ifExﬁ"é Egzgg é

Weight: (p) # neutrons left in the package
Position: (x, y, z)
Velocity: (v, v, V)

Polarization: (s, s, s,) 1 p
Time: (t) Pn:—z Pi, n:raynumber
p i
>
P
A 0 A “ A % N
P1:2(<Sx,1> lx,1+<sy,1> ly,i+<SZ,l> lZ,l) P:%Z Pn

From G. Williams: “Polarized neutrons”, Oxford Science Publ., 1988

7 Jul 2017 Erice school 30



McStas detectors/monitors McStas

NE&ﬁAP"’E!-E
Monitoring: How and What do we monitor? G S

%—» anpni:l
P P n=0

7 Jul 2017 Erice school 31



McStas detectors/monitors McStas

nexiar AN )1)
NEX

42 NEUTRONS @
“®FOR SCIENCE @r—a>

Monitoring: How and What do we monitor?

— &8
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McStas detectors/monitors

Monitoring: How and What do we monitor?

McStas

0

nexsuar AU 1)
PN

NEUTRONS @ty
FOR SCIENCE @

0.8} -

0.6} =

0.4 .

0.2}

Mean Polarisation
I
1

0.2

0.4} - #

-0.6 | P o

0.8} = -

Wavelength [AA]

7 Jul 2017 Erice school
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Polarization monitors

Available monitors:

e Pol monitor.comp: 0D

« PolLambda monitor.comp: 2D

¢« MeanPolLambda monitor.comp: 1D

7 Jul 2017 Erice school 34



McStas precession algorithm McStas

NI |

>
* NEUTRONS @
N “S.FOR SCIENCE >

Magnetic fields in McStas

- The challenge:
* Fast beam/ray transport: # [rays>10°
* Unknown magnetic field and field strength
* >1 Magnet — nested fields.

7 Jul 2017 Erice school 35



McStas precession algorithm McStas

AN y_/
Nexﬂ/\{"l -
- NEUTRONS

R
N “S.FOR SCIENCE >

while n; < ttarget do

store neutron;

sample magnetic feld: B; = B(nx, Ny, Nz, Nt);
propagate neutron: Ot(< At);

sample magnetic feld: By = B(ny, Ny, Nz, Nt);
while |B; — B;| > 0Bthreshold do

restore neutron;

ot .= &t/ 2;

propagate neutron: Ot(< At);

sample magnetic feld: B; = B(ny, Ny, Nz, Nt);

| precess polarization: Py by Wwaround —BlgBQ :

Algorithm 1: SimpleNumMagnetPrecession: Simplistic algorithm for track-
ing polarization of a Monte-Carlo neutron in a magnetic f eld. The neutron’s
state is stored as a position (Ny, Ny, Nz ), a velocity v, time Nt, and polarization
vector P,,.

From: Knudsen et.al., J. Neutron Research, 2014

7 Jul 2017 Erice school 36



McStas precession algorithm McStas
NEX AP'll‘ ‘H‘
ﬂ\%ﬁé&%ﬁﬁ
B2
Bl
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McStas precession algorithm McStas
NI L]

*_ NEUTRONS @
» "S\FOR SCEENCE @t

St=08t/2
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McStas precession algorithm McStas

AN y_/
Nexﬂ/\{"l -
- NEUTRONS

R
N “S.FOR SCIENCE >

while n; < ttarget do

store neutron;

sample magnetic feld: B; = B(nx, Ny, Nz, Nt);
propagate neutron: Ot(< At);

sample magnetic feld: By = B(ny, Ny, Nz, Nt);
while |B; — B;| > 0Bthreshold do

restore neutron;

ot .= &t/ 2;

propagate neutron: Ot(< At);

sample magnetic feld: B; = B(ny, Ny, Nz, Nt);

| precess polarization: Py by Wwaround —BlgBQ :

Algorithm 1: SimpleNumMagnetPrecession: Simplistic algorithm for track-
ing polarization of a Monte-Carlo neutron in a magnetic f eld. The neutron’s
state is stored as a position (Ny, Ny, Nz ), a velocity v, time Nt, and polarization
vector P,,.

From: Knudsen et.al., J. Neutron Research, 2014
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McStas precession algorithm McStas

while Ny < trarget do T
store neutron;

sample magnetic feld: B; = B(ny, Ny, Nz, Nt);

propagate neutron: Ot ;

sample magnetic feld: By = B(ny, Ny, Nz, Nt);

while |B; — B,| >- do

restore neutron;
propagate neutron: Ot(< At);
sample magnetic feld: B; = B(ny, Ny, Nz, Nt);

| precess polarization: Py, by W around Bith: .

Algorithm 1: SimpleNumMagnetPrecession: Simplistic algorithm for track-
ing polarization of a Monte-Carlo neutron in a magnetic f eld. The neutron’s
state is stored as a position (Ny, Ny, Nz ), a velocity v, time Nt, and polarization
vector P,,.

From: Knudsen et.al., J. Neutron Research, 2014
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McStas

McStas precession algorithm z ?
NEY Ll

7% . NEUTRONS et
N “®FOR SCIENCE @r—a>

While nt < ttarget dO

store neutron;
Salnpharnagnetk:fehJVOid mc_pol_set_timestep (double dt); I
propagate neutron: 6t(-);

sample magnet

void mc_pol set angular accuracy(double domega) ;
while |B1 — B2

restore neutron;
propagate neutron: Ot(< At);
sample magnetic feld: B; = B(ny, Ny, Nz, Nt);

| precess polarization: P, by W around —31‘532 ;

Algorithm 1: SimpleNumMagnetPrecession: Simplistic algorithm for track-
ing polarization of a Monte-Carlo neutron in a magnetic f eld. The neutron’s
state is stored as a position (Ny, Ny, Nz ), a velocity v, time Nt, and polarization
vector P,,.

From: Knudsen et.al., J. Neutron Research, 2014
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McStas polarization components McStas
:EX AP'll
» \%@%322

Magnetic fields:

e Pol FieldBox.comp

e Pol constBfield.comp

e Pol simpleBfield.comp

e Pol simpleBfield stop.comp
e Pol triafield.comp

Monitors:

e Pol monitor.comp

e MeanPolLambda_ monitor.comp
e PolLambda_monitor.comp

Contrib:
e Foil flipper magnet.comp

7 Jul 2017

Optlcs
e Monochromator pol.comp
e Pol bender.comp
e Pol guide vmirror.comp
e Pol mirror.comp
e Pol pi 2 rotator.comp
e Transmission polarisatorABSnT.comp
e Pol bender tapering.comp

Idealized components:
e PolAnalyser ideal.comp
e Set_pol.comp

Erice school 42



McStas polarization monitors z 7

PolLambda_ monitor

Monitors E

Wavelength [AA]

McStas

NEY | Ul

2 NEUTRONS @
N “®FOR SCIENCE @r—a>

MeanPolLambda_monitor
\4

Monitor2x [

Mon2x.data]

o llambd llambd -
Y s ™~ Pol-wavelength monitor -~
" . ~ | =-1.97452 Err = 0.00126953 N = 1000000.0; X0=4.94E+00; dX=0.00E+00; 7—7
/ / P 08 h i
04 N va

Pol monitor

velength [AA]

P||(m,,m,,m,)=0.87 =

7 Jul 2017 Erice school
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McStas

McStas magnetic fields m ;z

wiskpur AU OV
e Pol constBfield.comp o NS S
Single constant Magnetic field in a “box”.
- user may specify a wavelength to flip.
- blocking walls
#w
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McStas maqnetic fields McStas
N Ll
e Pol_FieldBox.comp PEIANITTE <2

Single Magnetic field in a “box”
- optional user supplied field c-function

7 Jul 2017 Erice school 45



McStas

McStas maqgnetic fields m ;z
e Pol_simpleBfield.comp nesonr I TV

2 NEUTRONS @
N “®FOR SCIENCE @r—a>

e Pol simpleBfield stop.comp
« - Entry/Exit contruction allows for nested magnetic

field descriptions.
- Any magnetic fields through user supplied c-

function
- Tabled magnetic fields

B A B

\\
\\\
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McStas

McStas Polarization Capabilities 1V m ?

e Pol simpleBfield.comp wiskpur AU OV

e Pol _simpleBfield stop.comp o e 32
« - Entry/Exit contruction allows for nested magnetic
field descriptions.
- Any magnetic fields through user supplied c-
function
- Tabled magnetic fields

_ —= \\/
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Pol monitors along the way... McStas

m Iy U

2 NEUTRONS el
“®FOR SCIENCE @r—a>
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Pol monitors along the way...

arisation projection

B

7 Jul 2017

10

Wavelength [AA]

3.2e-05

3e-05

2.8e-05

2.68-05

2.4e-03

Erice school

McStas

@

Ny
NaxﬁnAP'll ETE
o NG e
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Pol monitors along the way...

Polarisation projection

7 Jul 2017

Polarisation projection

10
Wavelength [AA]

Erice school

3.2e-0%

3e-05

2.8e-0%

2.6e-05

2.4e-0%

2.2e-0%

2e-05

1.8e-0%

1.6e-05

1.4e-03%

1.2e-05

le-05

8e-06

Ge-06

4e-06

2e-06

McStas

ki Y

/° . NEUTRONS <@
N “®FOR SCIENCE @r—a>
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Polarisation projection

Pol monitors along the wayv...

7 Jul 2017

0
Wavelength [AA]

Polansation projection

Polarisation projection

Erice school

10
Wavelength [AA]

11

12

13

14

McStas

oo A VY

EUTRONS <@g
R SCENCE <@t
3e-05

2.8e-03
2.6e-05
2.4e-05
2.2e-05
2e-05
1.8e-03
1.6e-03
1.4e-05
1.2e-05
le-05
8e-06
6e-06
de-06

2e-06

51



Polarisation projection

Nested fields

3.2e-03

3e-05

2.8e-03

2.6e-03

2.4e-03

2.2e-03

2e-05

1.8e-05

16e-03

14e-03

1.2e-03

le-05

Be-05

6e-06

4e-06

2e-06

Wavelength [AA] 0

»””
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McStas

@

Ny
NE\'XﬁIAP"’ ETE
o NG e
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arisation projection

Pol

Nested fields McStas

NE\X}:AP"’ DTU

3.20-03 NEUTRONS <@t
N “®FOR SCIENCE @r—a>

3e-05

2.8e-03

2.6e-05

2.4e-03

2.2e-0%

2e-05

1.8e-03

1.6e-03

1.4e-03

1.2e-05

le-05

8e-06

6e-06

4e-06

1 2e-06
5 5 7 ] 9 10 11 12 13 14 15

Wavelength [AA] 0

k"
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How does one go about it? McStas
N ULl
Example walk-through: SE-template » NERN TS
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How does one go about it? McStas

NE&}‘AP"’RIE
Example walk-through: SE-template SRR

‘IIIIW TO/CODE WITII [[E)EHIEB
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Getting help MES’?“S

N e, N 'll 11
NEX}%AP' L’” H,’
*OUNERTRG .

« Check example header.

e Use mcdoc

« Read/check the manual

« User mailing list: mcstas-usersemcstas.org

e Give us a call/write us an email!
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McStas example SEMSANS McStas

nisgoe AU O1Y

/. NEUTRONS et
N “®FOR SCIENCE @r—a>

Courtesy: M. Sales et.al.

Polarizer = Precession Arm 1 Precession Arm 2 Analyser  Sample Detector [~ 7 X short
ﬁ \

n \

BERTAANAN A i

0o fo | | |
B1® B2® L \ / \ / \ / \ / \ / \ /
S Horizontal detector position
L; Ly
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McStas example SEMSANS

Measured
B; =0.00 mT, B, =0.00 mT B; =-1.75 mT, By =-3.00 mT By =-2.56 mT, By =-4.44 mT

McStas

e N

N@AP"' m!
(¢° _ NEUTRONS @

N “S\FOR SCIENCE >

short

2 r
3  r
4 : F i
5
6 sz
3
7 a) Grating, 4.5 mm period b) Grating, 4.5 mm period ¢) Grating, 4.5 mm period =
s
2 o .
= . g alyser  Sample Detector
= o T
24 S .
= i : o
g5 i 1 =
q>.) ; @ n
%6 e =~ a
=, ' £ Q
« BB g
, N = =
) | g’_
5 | PE
4
5 Lg
6 |
7 L2 i
h) Shit, 1.0 mm-wide i) Slit, 1.0 mm wide ) Slit,-1.0 mm wide Simulated
= = — - BY +0.00 mT, B, =0.00 mT By =-1.75 mT, B, =-3.00 mT

21 10 42 73 105 136 168 199 -8 24 55 87 118 150 181 -48 -16 15 47 78 110 14
Flipper position [mm)]

N o o b~ W oN

Al

Wayvelength
N o o

N oo o N~ WwN

a) Grating, 4.5 mm period b) Grating, 4.5 mm period

h)¥Slig, L. 0 mim wide i)Slit, 1.00mm wide

21 10 42 73 105 136 168 199 -8 24 55 87 118 150 181

7 Jul 2017 Erice school

Flipper position [mm)]

Horizontal detector position

B; =-2.56 mT, B, =4.44 mT

¢) Grating, 4.5 mm period

j) 8lit, 1.0 mm wide

-48

-16

[7.55 mm period, e) Double slit, 7.55 mm period | f) Double slit,

15

.55 mm peri

o
]

uBrenpotw Po1daIIod UOIYeNU}IY

47 78 110 141
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A goal: real sims with background McStas

0

et A 1
Q/ﬂﬁ-bégsé e.g. Geant4
MCNPS5/x/6 NISP PENELOPE
FLU
: -
N
MCNP5/x/6
FLUKA

PHITS



McStas
exjonr 0N @

-
# _ NEUTRONS
N FOR SCIENCE

The problem




The solution McStas

st A )

¢° __ NEUTRONS
N “®FOR SCIENCE

McStas

RESTRAX, ~
McXtmce/

i




McStas components on the wa McStas
Things on the "V o L

Magnetic fields: OPUCS

e« Pol FieldBox.com e Monochromator_ pol.comp
Pol bender.comp
ol cons ield.comp Pol_guide_ vmirror.comp

e Pol_simpleBfield.comp Pol mirror.comp

ol Simplentien erop.c tosnemission polarisa
e — - . Omp

Transmission polarisatorABSnT.comp
e Pol triafield.comp Pol bender_ tapering.comp

Monitors: Idealized components:
e Pol monitor.comp e PolAnalyser ideal.comp

e MeanPolLambda monitor.comp e Set_pol.com

Contrib
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McStas components on the wa McStas

0

Ny
NE\X}!AP"’ E!E
o TN GRNG o

Generalized Simple B-Fields: constant, functional,
tabled, ... but in more general shapes

RF-flipper

He3-objects
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McStas components on the wa McStas

v / /DI
McRadia compared with analytical field description ;F"P!ﬁ':@ﬁg =

FOR SCIENCE @

Requires a mathematica license.

Analytical using Pol_triafield.comp

©

B Voxelized 5x9 pts.
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McStas components on the wa

1.2

08
08

0.4

Polarization

-0.2

04
06+
-0.8

7 Jul 2017

McRadia compared with other field descriptions

A Lower edge of triangular field

02

T T T T

Analytical model ——

Voxelized 5x9 Approximation —=—

McRadia simulation —es—

Polarization ¥ /

Polarization

Erice school

1.2

0.8 |
06 |
04 f
02}

_02 L
04 |
-0.6

1.2

08 r
08

0.4

02

-0.2
04
06+
-0.8

Upper edge of triangular field

"7 Analytical model ———
Voxelized 5x8 Approximation ——=— -
? McRadia simulation —e—

Middle of triangular field

T Analytical model ——
Voxelized 5x9 Approximation —=—
McRadia simulation —s— g

7]

McStas

@

Ny
NE)\(ﬁ!AP'll E_[E
o NG e
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McStas components on the way McStas
Magnetic single crystal NEXJMP,((\ )TU

NEUTRONS <@t
"W FOR SCIENCE <@t

LaCuQ

index iontype x y z beulfm] g¢s Sy S, S: g1 Ly L, L
1 Cu2+ 05 05 0 7718 2 0 05 0 0 0 0 O
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McStas comgonents on the way

Magnetic single crystal — Unpolarized beam

McStas

@

wesciar AN DT
NEX}%AP' ,_L

2 NEUTRONS @
N “®FOR SCIENCE @r—a>

4PImon_spinup [250110_SF_NSF_PX0_PY0_PZ0_1e10/PSD4PImon_spinup. [mon_spindown [250110_SF_NSF_PX0_PY0_PZ0_1e10/PSD4PImon_spindov
X0=-0.104202; dX=88.4169; Y0=0.105552; dY=25.2284; X0=-0.10420%; dX=88.4169; Y0=0.105552; dY=25.2284,
[=1.76923e—08 Err=9.51608e—12 N=4.8065e+06

2x107 11

1.5x10" 1

‘10—1'1

Lattitude [deg]
0
Lattitude [deg]
0

&
] Ic; o
13 — LY
| 5 |
[=]
-100 0 100 -100 0
Longitude [deg] Longitude [deg]

linda 25—Jan—2010 20:45

7 Jul 2017 Erice school

[=1.76923e—08 Err=9.51608e—12 N=4.8065e+06

2x107 1!

1.5%107 1

-10_1-1

5x1071%

100

linda 25=Jan=-2010 20:45
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McStas

McStas comgonents on the way m 7

Magnetic single crystal — Polarized beam . |
NEX};!AP"’
PRGN S S

n_spinup [250110_SF_NSF_PX-0.3800_PY0_PZ0.9249_1e10,/PSD4PImon_s] spindown [250110_SF_NSF_PX-0.3800_PY0_PZ0.9249_1e10/PSD4PImon_sj

X0=-"7. —1026 dX=93.2595; Y0=0.0952368; dY=15.1242; X0=31.9714; dX=52.5151; Y0=0.0249033; dY=48.8128; "
= = = 4 - [=9.69137e—10 Err=9.52702e—13 N=4.2401e+06 To
|S ‘>_<'
® [an]
%
o - [a=]
[Tl N [T
= b
=, =, &
fo p Yo
= = 5
B x> —-—
7 & 5
pex} - e
« © T
— — [=]
o = o
l(l'J S l(l'J
[=] [=]
-100 0 100 —-100 0 100
Longitude [deg] Longitude [deg]
linda 25=Jan=2010 2046

linda 25-dan—2010 20046
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McStas components on the way McStas
Magnetic single crystal iexﬁm'll

The magnetic scattering cross-section for a sample with localised spin+orbital
angular moment ¢J = (¢s + g1)] =2S + L is:

y)
dZO' kf : o;0
P(A;) [(A Qi AN S(hw +E; — E

where | A;) and (A | are the initial and final states of the sample with energies
E; and E respectively, P(4;) is the distribution of initial states and

o;0
U™ = (o | bj—mJ ;-0 | o)

where | 0;) and (o | are the initial and final spin states of the neutron, and o
are the Pauli spin matrices working on the neutron state.

From: G. Shirane et.al. ,”Neutron Scattering with Triple-Axis Spectrometer”,
Cambridge Univ. Press, 2002
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McStas components on the way McStas
Magnetic single crystal wiskpur AU OV

2 NEUTRONS @
N “®FOR SCIENCE @r—a>

If P = P(&,1,() = P{.Thus, the matrix elements of U%f can now be written

ut+ = b— mJ, ¢
U = b+mj,
Uur— = -m(Jis+iliy)
U= = -m(Jie—ilin)

where m = Y ¢f(Q) with r( the classical electron radius, ¥ = 1.913, g the
Landé splitting factor and f(Q) the magnetic form factor of a particular ion in
the sample.
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Outlook/Discussion items

- How can we interact better?
* Better support for the community?
* Code-sharing?
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