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Agenda

eAn introduction to McStas
eInstruments, components, the neutron ray

*Quick overview of example instruments

°A quick demo
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McStas Introduction

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

*Developed at DTU Physics, ILL, PSI, Uni CPH == ass S
‘60’.‘ MCS1as - Ammmmroesmicsnsaiaee G 22 &9 Risa DTV 53

V. 1.0 by K Nielsen & K Lefmann (1998) RIS@  |== 'f",_°,s,““."‘""’”",°",,_"’",""‘?‘°? S D

-
- - | A
«Currently 2.5+1 people full time plus students ===
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Aoril 14th. 2009: Positions coen in McXtrace oroiect

Project website at o
http://www.mcstas.org mcstas-users@mcstas.org mailinglist
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McXtrace - since jan 2009 similar in X-rays

eno Main Page - McXtraceWiki )
y - e P i~ |
A - i ' & ,ﬁ . bhttp:/ fwww.mcxtrace.org/index.php’titie=Main_Page 7 Y ESLC,|1% Google Q »4{,
Most Visited ~  Getting Started  Latest Headlines &  http:/ /www.google. Geekblog » Nyheder  httpc//www.google.. dr.dk » open streami...
I article ] disCussion ean history
- .
McXtrace Main Page
AW‘ :el “
McXtrace
McXtrace - Monte Carlo Xray ray-tracing is a joint venture by
navigation
I" un - », » .
daarea @ . @ l Risg DTU 'I[ X«RM
= ariners r o <
= Project People . ' e
Project Status [o) e
e Funding from NABIIT, DSF @ and the above parties.
ject Go
Mailing List MecStas &
inks Our code will be based on tlechnology from : 2
A 1
For information on our progress, please subscribe to our user mailinglist.
Go Search
100Ib0x
<] xS here
] ad ( %
0ad hie
Special pages
rimable version
= Permanent ink
This page was last modified 13:15, 25 February 2009 This page has been accessed 2,049 times Privacy policy About McXtrace Wik Disciaimers [feil ',("'j '3':1

Done

* Synergy, knowledge transfer, shared mfrastructure
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What is McStas used for?
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eInstrumentation
eVirtual experiments, ~ P
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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%

eCommon understanding: McStas and similar codes are reliable

| Total (meas)
X llo_h Total (sim)

' ® B4C (meas) |--- ---------- --------- -
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E. Farhi, P. Willendrup et al., in preparation
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P. Willendrup et al., Physica B, 386, (2006), 1032.
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McStas: key concepts

Neutron ray/package:

.

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

Velocity (Vx,vy,vz)
Spin (sx,sy,sz) Time (t)

\

Crystal in Bragg scattering condition

Detector

4 s
v\_}‘
.\‘
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McStas: key concepts

Components: Here the neutron
Y Monochromajphysics happen, neutron weight

& adjusted according to scattering
robabilities etc.

, Detector
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McStas: key concepts

Components: Here the neutron
Y Monochromajphysics happen, neutron weight

& adjusted according to scattering
robabilities etc.

Detector

\ [*Component “classes™:

\ * Neutron sources
F\ » Optical elements
6 \| » Sample descriptions
= * Monitors

Crystal in Bragg scattering condition
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McStas: key concepts Local, internal coordinate
system!

Components: Here the neutron
Y Monochromajphysics happen, neutron weight

& adjusted according to scattering
robabilities etc.

Detector

\ [*Component “classes™:

“  Neutron sources
\ * Optical elements
> \| » Sample descriptions

e * Monitors
|

Crystal in Bragg scattering condition
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McStas: key concepts

Instrument: positioning +
ransformation between
sequential component coordinate
systems, e.g. neutron source,
crystal, detector.

Monochromat

Detector

y B ‘Gup99

z — towards “next” component

Right-handed coordinate system

T
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McStas overview

ePortable code (Unix/Linux/Mac/Windoze)

L]

.
g
Windows
—
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eRan on everything from iPhone to 1000+ node cluster!

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

eSources

e Optics

eSamples

e Monitors

o If needed, write your own comps

oDSL + ISO-C code gen.
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Under-the-hood / inner workings

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

oSimple Instrument language

Code generation

— ISO C

eComponent codes realizing beamline parts (including user contribs)

eLibrary of common functions for e.g. 11.

eI/O

eRandom numbers
ePhysical constants
ePropagation
ePrecession in fields

Introduction to McStas, Berlin MC school 2013
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Implementation

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

* Component files (Some users)

 ANSI c code (no users)

<S>
&ty - M
cStas
Ck 2
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Instrument file

16

DEFINE INSTRUMENT My Instrument(DIST=10)

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

/* The Arm() class component defines reference points and orientations

/* 1n 3D space.
COMPONENT Origin = Arm()
AT (0,0,0) ABSOLUTE

COMPONENT Source = Source_simplef
radius = 0.1, dist = 10, xv = 0.1, yh = 0.1, E0 = 5, dE = 1)
AT (0, 0, 0) RELATIVE Origin

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

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

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

Introduction to McStas, Berlin MC school 2013
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Component file

B*‘**-.4.-"*“",‘",‘.“4".‘“***"1‘?‘*'#**‘*‘**‘*‘*‘*4**‘*‘****‘*‘#:‘".‘.‘°*“.‘+‘*°*“r+"+'*‘§‘**"*‘ TRACE
: %
* Mcstas, neutron ray-tracing package douvble chi, E, Lambda, v, r, xf, cf, dx, dy;
Copyright 1997-2002, All quhtj reserved
Risoe National Laboratory, Roskilde, Denmark t=0;
Institut Laue Langevin, Grenoble, France z=0;
Component: Source_flat ch1=2+PI*rand01(); * Choose point on source */
r=sqrt(rand0l ()) *radius; ;' with vniform distribution. */
*I x=r*cos{chi);
Written by: Kim Lefmann y=r*sin{chi);
Date: October 30, 1997
Modified by: KL, October 4, 2001 randvec_target rect(&xf, &yf, &cf, &pdir,
Modified by: Emmanuel Farhi, October 30, 2001. Serious bug corrected 0, 0, dist, xw, yvh, ROT A CURRENT COMP);
Version: $Revision: 1.22 ¢ ERETE =
Origin: Risoe dx = xf-x;:
* Release: McStas 1. 6 dy = yf-y;

rf = sqrt(dx*dx+dy*dy+dist+dist);

A circular neutron source with f£lat enerqgy spectrum and arbitrary flux

p = pdirc*pmul;
1f (Lambdal==0) {

%D
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* The routine 1s a circular nevtron source, which aims at a square target
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centered at the bean (1n order to improve MC-acceptance rate). The angular E=E0+dE*randpml () ; /* choose from uniform distribution */
divergence iz then given by the dimensions of the target v=sqrt(E) *SE2V;
The neutron enerqgy 1s nnlfanl_v distributed betveen E0-dE and EC0+dE. } else

Lambda=Lambdal+dLambda*randpml () ;

Exanple: Source_flat(radius=0.1, dist=Z, xw=.1l, yh=.1, E(=14, dE=Z) = K2V*(2+PI/Lambda) ;
L1
P )
radius: (m) Radius of circle in (x,v.0) plane where neutrons vzevtdist/cf,
are generated. vy=vidy/cf;
dist: (m) Distance to target along z axis. vx=v*dx/rf;
i {m) Width(x) of target £}
vh: {m) Height(y) of target
EOQ: (meV) Mean enerqgy of neutrons. MCDISPLAY
t dE : (meV) Energy spread of neutrons. %{
Lambdal (AA) Mean wavelength of neutrons. magnify{ ) ;
dihanbda (AA) Wavelength spread of neutrons. circle( ,0,0,0, cadivs);
flux (1/(s*cm**2#st)) Energy integrated flux %)
=E END

L O I I O O O O O O O O O O O O O O I O I O I O O O
s

DEFINE COMPONENT Source_simple
DEFINITION PARAMETERS ()
SETTING PARAMETERS (radius,
OUTPUT PARAMETERS ()
STATE PARAMETERS (X.vy.z,vx vy, vz, t, sl,s2, p)
DECLARE
%

double pmul, pdir;
¥}
INITIALIZE
%

pmul=flux*PI*led*radivs*radivs /mcget_ncount();
2

ritten by developers
v

dist, xw, yh, E0=0, dE=0, Lambdal=0, cdLambda=0, flux=1)

/[
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Generated c-code

* Automatically generated file. Do not edit

* Format: ANSI C source code o '

* Creator McStas <http: //neutron. risoe. dk> MCStaS IS a (pre)C()l I lpller'
* Instrument: My Instrument. instr (My Instrument) -
* Date Sat Apr 9 15.27.56 2005

&'l.'

* THOUSANDS of lines renoved here.... */ ritten by mCStaS! Input iS .comp and oinStr ﬁles +

/* TRACE Component Source. */

e runtime functions for e.g. random

mccoordschange (ncposcSource, ncrotrSource,

Smenlx, Smcnly, Smenlz,
B R e numbers
&mcnlt, &menlsx, &menlsy);
mcUEBU}_S’l‘A{E(mcnlx, menly, menlz, menlvx, ncnlvy, mcnlvz, menlt, ncnlsx, nenlsy, menlp)
ncnlx
ot ‘ . ‘
ol Output is a single c-file, which can
sz menlvz B »
< be compiled using e.g. gcc.
mncnlsy
ncnlp
STORE_NEUTRON(2, mcnlx, menly, menlz, menlvx, menlvy, menlvz, menlt, nenlsx, nenlsy, menlsz, menlp)
mcScattered=0;

ot e Can take input arguments if

ETHEHEHEXT R R

/* Declarations of SETTING parameters. */
{CNUM = mccSource_radius; needed.
{CNUM = mccSource_dist;
{CNUM = meccSource_Xw;
{CNUM vh = mccSource_vyh;
{CNUM = mccSource_EO;
{CNUM = mccSource_dE;
{CNUM = mccSoucce_Lambdal;
{CNUM dLa « mccSource_dLambda;
CNUM : = mecSource_flux;
J Q ‘.'J_I l e
t=0;
z=0;
chi=2+PI*rand0l (}; '+ Choose point on source *

+ /7

c=sqrt(rand01() ) *radius,; + with uniforn distribution
x=r*cos(chi);
y=r*sin{chi);

randvec_target _rect(Sxf, &yf, &cf, &pdir,
3, 0, dist, xw. vh, ROT_A_CURRENT COMP);

'l McStas

SESIE NEUTRONS ‘0—*
° FOR SCIENCE
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Writing new comps or understanding

existing is not that complex...

eCheck our long list of components and look inside... Most of them are quite
simple and short... Statistics:

Numpoer of codelines per component — 136 comps i

|

[da) T SR T |

Guide_four_side 10 _shells

Guide_four_side_2 _sI:heIIs

Isotropic_Sq#ruide_four §

104:‘

% |

o I

=

g' 3

o 107

O [

F

o |

o

_I B
102;/_/
10" |

0 20
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Example suite: 86 instruments

Spin-echo B scan dependence of wavelength

M_omega_g.oll [M_omego_q_oll_130«5034953,;:-.._.,_;;]
X0=1.14384; dX=0.506382, YO=5.70914; dY=2.51156;
I=155.213 Err=1.923977 N=2299

15

HC_OUT_P"
w5 6648¢-05; 4

Energy [meV)

10

2 3
Radial Wavevector [Angs—1]

whend HoodanS217 33CT

monitor [./1e8/monitor_1214466835.x_y]
X0=0.000965468; d(~0 134447, Y0=0.00354993; dY=0.0653568,
I~O 30226 Err=0.000534545 N~ 999)0=

willand 14—Jun—2011



Including user contribs

*Well-developed community support
*30-40% of existing and new additions are from users
*No direct refereeing of the code, but these requirements:
oAt least one test-instrument
*Meaningful documentation headers (in-code docs)
eContributions go in dedicated contrib/ section of library

eNatural life-cycle of contrib’s
*Bug-fixes are applied both by contributor and developers
oIf contributor becomes unavailable either:
eMany users of comp: Promote to official components, e.qg. in optics/
eFew/no users of comp: Move to obsolete/ until next major release

Poss B S7c)
A o
colas
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Documentation

eBasic use info is available inside comp & instr codes, extracte
html

100+ page manuals documenting
eMetalanguage
eWhat is “under the hood”
eExamples of practical use plus advanced features
eAssumptions and algorithms applied in the components

eMore than 70 example instruments

ann NcStas - Components /imtraments Libeary

b D R Y tee () ey reitend fndex harel c (4]
60 [0 B0 Wy curvest  ogle Craeps  Racrall - e sier (PR-01)  Raibvosd Line forums  VEPL (agine . X 10.7 Lion »
[C N B S T L S TR R

RisgR-1416(rev.ed.) isg—§-1538(reyged. EN)

eVarious tutorialtand teach |y |f solution: T ————

-
User and Programmers Guide to the Component Manual for the Components and Instruments from the Library for
Neutron Ray-Tracing Package Neutron Ray-Tracing Package McStas
McStas, Version 1.12 McStas, Version 1.12
Peter Willendrup, Erik Knudsen, Emmanuel Farhi and Peter Kjzr Willendrup, Erik Knudsen, Kim Lefmann and Nases in Boldface dcnote componceats Bat se properly docurmenied with comsments in (he sowuce code
Kim Lefmann Emmanuel Farhi Sources
. . Sowrce
) Neome Origin Authar's) Devcripoon
: McStas ode
{ Kristan
i Adapt check Risoe Nichen 009 [Optimizaton spocifier for the Source_adapt component
KL,
ESS_moderalor_ng Risoe Febroary xomp A parametrised pelsad sosrce for modellisg ESS boog pubses
2001
L 4
ESS_moderalor short Risoe Febroary Lomp A panarretrised palsad source for modelling ESS shoet pubies
201
Moderator = KN, Lo [A sieple puiied sousce for sme ot aighe
) isoe M Hagen (059 [A simple pubied sousce for Sme-of-ight
Mositor Optiicer -I}'LL.\‘(; ?;'f‘“m Lo To be used afier e Seurce_Optimirer composenn
Risp DTU, Roskilde, Denmark Risp DTU, Roskilde, Denmark - ;
May 2011 May 2011 Source Maxwell 3 Risoe :.:;:um LoD Sowrce with e 0 theee Maxwelkan distidetions
L — A corponcnt that optirnises the ncuton Bux passing theough
Source Optimicer LOomp he Source_Opdiesizer in onfier 10 have the muaxissem fux &

dane  Tuty e Moaltor_Optimizer position

'.l McStas
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Enough Talk!
Let’'s see McStas run?

File Simulation

Neutron site

Instrument file: h§ testinstr

Simulation results: mcstas.sim

McStas: h8 test.instr

Help (McDoc)

Edit/New Run

Read Mot

v

Insert  Tools

Desktop

b | R QMO | ¥

mecdisplay controls

Window

0 |

Help

-

ha_test
Status: Done
Monochromator (DK = 3. 3539)
Al = 20.60, A2 - 41 20— = = =
Ki = 2 662 Angs-1 Ener Run simulation h8 test.insti 3
Velocity = 1676 m/2, L3 .
Detector: DO Source I={ Instrument source: h8 test.instr HTML docs
0_Source.psd” . s p .
Detector: D1 Scl out 74 Instrument paramelers (D=Tloating point, I=inleger, S=string): g
8 "D1_Scl_out psd* . > 3R Ay
Detector: D2_A4 I=3. 957 Lambda (D) s L) ~ a5
Detector: D4_SCZ_In_I=4 Output to (dir): force Browse... ¥ -
4_SC2_In.pad" ¢ i
L'?gg'l tgf : U‘i-_ﬁU'i_UL't_l‘ NHeutron count: 1000000 gravity (BEWARE)  Random seed: -
"D5_SCZ_Out. psd” =
Detector : Dl-‘_SC'-‘=_Ir~_I=' Simulate # steps: ) Plot results, Format:  PGPLOT ; > S
SC3 In. psd" ) e
ITprr-Ff'orl D8 SC3 Out I4 -0 ~ [ s 6
e DV —+1 CQustenng: None (single CPU) Number of nodes: 4
[:_:_‘__wl_t J_Out p:.‘j‘ [ o~
ffgocc?rl Illl-IqSlZI-'l_In_D Source =" i 6.5
J_SC4_In. pad’ o
Detector: He3H I=2. 339( l_)qfsoume OSSN
Simulation finashed — o o 2fm]
mcplot mcstas. sim SOurce R e & -
m -}.].,.' mestas, san Dﬂ_Smm:e PGPLC A el | !@ m
Source
DO_Source
Fle Edit Search Vie T
/* end of INITIALIZE *
C Q . Stm
TRACE
/* Source description ¥/ CIS_Tl oT_STiY
/* a flat constant source Moderator ...
MPONENT Source = Source| Monitor_Optimizer .
radius = 0 10, 2
dist = 2 7473, Source_adapt ...
xw = 0.031, vh =« 0.054, | Source div ...
E0 - Ea1,
dE = 0.5 Source_gen ...
AT (0,0,0) ABSOLUTE Source_Maxwell_3
D0_Sovrce = PSD| Source Optimizer ..
snan = -0, 015, >max = 0 :
ynan = -0.027, ymax = 0 Source_simple ...
nx=20, ny=20, filenames Virtual_input ...
AT (0, 0, 0.0001) RELATIVH %
Virtual output ...
/* SC1 collimator. 40'=3
MPONENT SC1l = Guide(
wl = 0,031, hl = 0 054,

Line: 107 of 267 total, Column: 30
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People

eThe success of the project is also about the people:

ePresent McStas team members

e K Lefmann E Farhi P Willendrup E Knudsen U Filges MCStaS

ePast McStas team members

35 & 57,
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Demo time?
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