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eMcStas project
eApplications of McStas
eReliability

eImplementation and usage

Risg DTU, Niels Bohr Institute, Institut Laue-Langevin

NNNNNNNN
R

tirsdag den 18. maj 2010



McStas Introduction

oFlexible, general simulation utility for neutron scattering experiments.
eOriginal design for Monte carlo Simulation of triple axis spectrometers

eDeveloped at RIS@ DTU, KU and ILL, Grenoble. [ s

” 0__. Mcstas = A neutron ray-trace simulation package oo 1/ .‘? RiSﬂ DTU s

*V. 1.0 by K Nielsen & K Lefmann (1998) merw | MeStas- Aneutron ray.trace simulation package
T TN W
oCurrently 2.5+1 people full time plus students o .
eInternational users/contributors Wl s
GNU GPL license
O pen Sou rce Aoril 14th, 2009: Positions ocoen in McXtrace orolect
Project website at _ o
http://www.mcstas.org neutron-mc@risoe.dk mailinglist

ﬂ—v P ) NEUTRONS
&< ¢ FORSCENCE

Risg DTU, Niels Bohr Institute, Institut Laue-Langevin

tirsdag den 18. maj 2010


mailto:neutron-mc@risoe.dk
mailto:neutron-mc@risoe.dk
http://www.mcstas.org/
http://www.mcstas.org/

McXtrace - new startup (2009) in X-ray sim
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McStas Introduction

eUsed at all major neutron sources

McStas oo

n World leading in neutron Monte Carlo
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What is McStas used for?

eInstrumentation
eVirtual experiments

j

p ]

eData analysis . -;,: |
. | ki A R A U el 6 A
eTeaching \ PSSR

(KU 2005-2009)
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Instrumentation

eDesign and optimization of instruments
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Virtual experiments (VE)

(definition:)

eSimulation of a complete experiment
o... from source to detector

eIdeally controlled like real experiment.
eData analysed by “rea
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Data analysis (1)

(using VE techiques)

eVirtual TOF exp. at IN6, ILL

eLiquid Ge sample ——T 7T —
eCoherent / incoherent
eMultiple scattering

*And sample environment

. . _Total
eAll contributions can be separated by VE! - :
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Data Analysis (2)

(using VE techniques)

*VE data has been used to test data analysis programs
... and to check resolution effects
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Teaching / training purposes

e\Workshops (like this onel!)

eTeaching
eUniversity of Copenhagen course on Neutron Scattering

INTRODUCTION TO -
THE THEORY OF

THERMAL
NEUTRON
SCATTERING

G.L. Squires
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Reliability - cross comparisons

*Much effort has gone into this

eHere: simulations vs. exp. at powder diffract. DMC, PSI
eThe bottom line is
e McStas agree very well with other packages (NISP, VitESS, IDEAS, RESTRAX, ...)
e Experimental line shapes are within 5%

e Absolute intensities are within 10-30%
eCommon understanding: McStas is reliable
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McStas: key concepts

Monochromatic neutron source

M

Detector
A
0 # 0
e
.\‘
Crystal in Bragg scattering condition
McStas [111] &5 &

e Risg DTU, Niels Bohr Institute, Institut Laue-Langevin
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McStas: key concepts

Neutron ray/package:

.-

MonochromafWeight (p): # neutrons (left) in the package
0‘ Coordinates (x,y,z)

Velocity (Vx’vy’vz)
£ Spin (SX:SX’SZ) Detector
A
X
0 7\ 6
\/

Crystal in Bragg scattering condition
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McStas: key concepts

Components: Here the neutron
Monochromaphysics happen, neutron weight
adjusted according to scattering

\

y Detector

(@) «

probabilities etc.

\-/
y\ :

Crystal in Bragg scattering condition
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McStas: key concepts

Components: Here the neutron
Monochromaphiysics happen, neutron weight
adjusted according to scattering

\

Detector

(@) «

probabilities etc.

+ |*Component “classes™:
* Neutron sources
* Optical elements

6 « Sample descriptions
N * Monitors

Crystal in Bragg scattering condition
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McStas: key concepts

Instrument: positioning +

ransformation between
sequential component coordinate
systems, €.g. neutron source,
crystal, detector.

Monochromati

Detector

z — towards “next” component

y B “up,,
Right-handed coordinate system

-

Crystal in Bragg scattering condition
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McStas overview
ePortable code (Unix/Linux/Mac/Win32)

y
' W .
| ‘ -

.
T ———————

o'Component’ files (~100) inserted from library

eSources

e Optics

eSamples

e Monitors

oIf needed, write your own comps
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Implementation

* Three levels of source code:
e Instrument file (All users)

 Component files (Some users)

e ANSI c code (no users)
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Instrument file

DEFINE INSTRUMENT My Instrument (DIST=10)

/* Here comes the TRACE section, where the actual xL
/* 1nstrument 1s defined as a sequence of components. */
TRACE

/* The Arm() class component defines reference points and orientations */
/* 1n 3D space. */f

COMPONENT Origin = Arm() .
AT (0,0,0) ABSOLUTE Mrltten by you!\

COMPONENT Source = Source_simple(
radius = 0.1, dist = 10, xw = 0.1, vh = 0.1, E0O = 5, dE
AT (0, 0, 0) RELATIVE Origin

1)

COMPONENT Emon = E_monitor (
filename = "Emon.dat", xmin = -0.1, xmax = 0.1, ymin = -0.1,
ymax = 0.1, Emin = 0, Emax = 10)
AT (0, 0, DIST) RELATIVE Origin

COMPONENT PSD = PSD_monitor (
nx = 128, ny = 128, filename = "
xmax = 0.1, ymin = -0.1, ymax
AT (0, 0, le-10) RELATIVE Emon

"
o
—

"

/* The END token marks the instrument definition end */
END

NEUTRONS
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Component file

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

Mcstas, neutron ray-tracing package
Copyright 1997-2002, All rights reserved
Risoe National Laboratory, Roskilde, Dernmark
Institut Laue Langewvin, Grenoble, France

Component: Source flat

Written by: Kim Lefmann

Date: October 30, 1997

Modified by: KL, October 4, 2001

Modified by: Emmanuel Farhi, October 30, 2001. Serious bug corrected.
Version: SRevision: 1.22 §

Origin: Risoe

Release: McStas 1.6

A circular neutron source with flat energy spectrum and arbitrary flux

%D

The routine 1s a circular neutron source, which aims at a square target
centered at the beam (in order to improwve MC-acceptance rate). The angular
divergence 1s then given by the dimensions of the target.

The neutron energy 1s uniformly distributed between E0-dE and EO0+dE.

Example: Source flat{radius=0.1, dist=2, xw=.1l, yh=.1, E0=14, dE=2)
&
P

radivs: (m) Radius of circle in (x,y.0) plane where neutrons
are generated.

dist: (m) Distance to target along z axis.
KW (m) Width(x) of target

yh: {m) Height(y) of target

EOQ: (me¥) Mean enerqgy of neutrons.

dE : (me¥) Energy spread of neutrons.

Lambdal (Aad) Mean wavelength of neutrons.
dLambda (Ad) Wavelength spread of neutrons.
flux (1/({s*cm**2*st)) Energy inteqrated flux

F ok ok ok F ko ok ok ok ok F ko ok ok F ok F F ok ok ok ok F F F ko k ok ok F F o+ F F ok F oF

ZE

*******#**************************************#********#***********************;

DEFINE COMPONENT Source simple
DEFINITION PARAMETERS ()
SETTING PARAMETERS (radius, dist, xw, yh, E0=0, dE=0, Lambda0=0, dLambda=0, flux=1)
OUTPUT PARAMETERS ()
STATE PARAMETERS (x,vy,z,vX, vy,vz, t,sl, s, p)
DECLARE
%
double pmul, pdir;
Z}
INITIALIZE
%
prul=flux*PI*led*radivs*radius/mcget_ncount();

%}
—

TRACE
%{
double chi,E,Lambda,v,r, xf, vyf, rf, dx, dy;

t=0;
z=0;

chi=2*PI*rand01(); /* Choose point on source */
r=sqrt(rand0l () ) *radius; /* with vniform distribution.
x=r*cos (chi);
y=r*sin(chi) ;

randvec_target_rect(&xf, &yf, &cf, &pdir,
0, 0, dist, xw, yh, ROT A CURRENT COMP);

dx = xf-x;
dy = yf-y; : _
rf = sqrt(dx*dx+dy*dy+dist*dist);

p = pdir*pmul;

1f (Lambdal==0) {
E=E0+dE+*randpml () ; /* Choose from vniform distribution */
v=sqrt (E) *SE2V;
} else {
Lambda=Lambdal+dLambda*randpml () ;
v = K2V* (2+PI/Lambda) ;
H

vz=v*dist/rf;

vy=vtdy/rf;

vx=v*dx/rf;
%}

MCDISPLAY
%{

magnify( ;

circle( ,0,0,0, radius);
%}

END

b i

ritten by developers
nd possibly you!
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Generated c-code

/* Automatically generated file. Do not edit.

* Format: ANSI C source code . . '
*+ Creator: McStas <http://neutron. risoe.dk> M St (p ) p

* Instrument: My Instrument.instr (My Instrument) C aS ]‘S a re Com 1 er o
* Date: Sat Apr 9 15:27:56 2005

/* THOUSANDS of lines removed hvw oy lyy ritten by mCStaS !‘ Input is .comp and .instr files +

/* TRACE Component Source. */

e runtime functions for e.g. random

nccoordschange (meposrSource, mcrotrSource,
&mcnlx, Smcnly, &mcnlz,
il Do numbers
&mcnlt, &mcnlsx, Smcnlsy) ;
mcDEBUG_STATE (mcnlx, mcnly, mcnlz, menlwx, menlwvy, mcnlvz, menlt, menlsx, menlsy, menlp)
1x
nonly
menlz - . -
perio Output is a single c-file, which can

menlvy
menlvz

= be compiled using e.g. gcc.
menlsy
menlp

STORE _NEUTRON (2, mcnlx, mcnly, mcnlz, menlwx, menlvy, menlwz, menlt, menlsx, menlsy, menlsz, meonlp);
mcScattered=0;

e e Can take input arguments if

# 44
/* Declarations of SETTING parameters. */

IFIIZ:I'IUI-I = mccSource_radius; .. ne e ded s

HEHHEHRIEHERR

MCNUM = mccSource_dist;
MCHUM v = mccSource_Xw;
MCNUM = mccSource_vh;
MCNUM = mccSource_EO;
MCNUM = mccSource dE;
MCNUM = mccSource_Lambdal;
MCNUM = mccSource_dLambda;
MCNUM = mccSource_flux;
#
{
d_ Q 1_1_}3 lEt
t=0;
z=0;
chi1i=2+*PI*rand0l ( ) ; * Choose po int on source *
r=sqrt{rand0l () ) *radius; A* with vniform distribution. */

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

kD
NEUTRONS
> ® FORSCIENCE

randvec_target rect{&xf, &yf, &cf, &pdir,
0, 0, dist, xw, yh, ROT_A CURRENT COMP);
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McStas overview

etector
*D1 Scl

Jetector

Detectox

4 SCZ_In.p
Ttor

5 SC2 0

or
3 _In. ps

Detector

SC3 Out

¢ l"Y—r" Ct -Tu'
D10_SC4_In
Detector
Simulation
neplot
nep Lot me

File  Smulation

ﬁlASUI‘U”tH:

out. pad®
DZ_A4 I3

Q
D4 SCZ In I
hi SCe Out
|_|F ps ‘ ’

D7 SC3 In I

d-

D8 SC3 Nut
psd*
D10_Sc4_In
psd*

He3H I=2

finished
Ea 1N
s LAas in

33901

Status: Done
¥onochromator (DM « 3
Al » 20.60, A2 = 41. 20
¥i =« 2 662 Angs-1 Ener:
Velocity » 1676 m/s, L
Detector: DU Source I«

57

Filee  Edit
s ar of
IHAC
* a rlat
radiu
dast
*xw o« U
EU Ea
de 0.«
T (0.0
Anan
YR
rox«20, r
| 4] A
- l

Search Ve

INITIALIZE

dcStas: h8 test.in

Neutron site
Instroment Nile: hd testanstr

Simulation results: mostas.sim

nstrument source: hh tes

Instrument parameters (D

Output to (dir):

Neutron count:

Simulate

Clustenng:

Hone (single CPU)

st
Help (McDoc)
Edit/New Run

Read Fot

Run simulation h8 test.inst
L.nsty

floating point, lkinteger, S«string ):
Lambda (D): 2.36
force
0 gravily (BEWARE) Random seed:
¥ steps: Mot results, Format:
NHumber of nodes:

Source
DO Source

Source
DO_Source

Source
DO_Source

Start
. T TTTONORTIOOYT S TYor T
Moderator ...
urce

Source

Monitor Optimizer ...

Source adapt ...

054 Source div ...
Source_gen ...
Source Maccwell O .,

PSD | Source Oplimizer ...

de Apt

Or tant
SO ce
- 10

473

1 vh « 0

ABSOLUTE
DU Source
0.015, >xmax
1] 27 VLA
y«20, fal
) o0l1)

LT .

SC1 usd
031, hl U

Source_simple ...
Virtual _input ...
Virtuad output .

Line: 107 of 267 total, Column: 30
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McStas overview

Let’s see it run!
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