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Agenda

*An introduction Monte Carlo & raytracing techniques
*An overview of the available packages

*An introduction to McStas

°A tour of the example suite

*Build-along exercises
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Numerical experiments before Los Alamos

eIn 1777 Georges-Louis Leclerc, comte de Buffon was the first to "numerical
experiments” for solving a problem of geometrical probability.

*The experiment involves dropping a needle on a lined surface and can be
used to estimate 7

eIn the 1930’s, Fermi used sampling methods to estimate quantities
involved in controlled fission
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Monte Carlo techniques

eDuring WW2, "numerical experiments” were applied at Los Alamos for
solving mathematical complications of computing fission, criticality,
neutronics, hydrodynamics, thermonuclear detonation etc.

eNotable 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

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

eLater, analogue and digital computing devices were used
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Monte Carlo techniques

eEstimating Pi: Red: 9 Blue: 2 Pi: 3.6
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Monte Carlo techniques

eEstimating Pi:
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Monte Carlo techniques

eEstimating Pi:
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Monte Carlo techniques

eEstimating Pi:
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Monte Carlo techniques
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Monte Carlo techniques

eEstimating Pi:
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Monte Carlo techniques

eEstimating Pi:
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Monte Carlo techniques

eEstimating Pi:
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Monte Carlo techniques

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

oState of the art is MCNPX (or soon the merged MCNP6 code) that features
numerous (even exotic) 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

eDoes not to date handle coherent scattering of neutrons due to the focus
on high energies
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Ray-tracing methods
Image

Camera / Light Source
\\\

155

View Ray

Scene Object

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

oOf course parabolas rather than straight lines are uses to implement gravity
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Elements of Monte-Carlo raytracing

eInstrument Monte Carlo methods implement coherent scattering effects
eUses deterministic propagation where this can be done

eUses Monte Carlo sampling of “complicated” distributions and stochastic
hrocesses and multiple outcomes with known probabilities are involved
o- [.e. inside scattering matter

eUses the particle-wave duality of the neutron to switch back and forward
between deterministic ray tracing and Monte Carlo approach

=

eResult: A realistic and efficient transport of neutrons in the thermal and
cold range
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Simulation codes for Monte Carlo ray-
tracing of neutron instruments
(iIncomplete?)

*US codes:
oNISP (P Seeger & L Daemen, LANL)
oIDEAS (X-L Wang ORNL, originally H Lee ORNL)
eInstrument Builder (JK Zhao ORNL)
*McVine (engine of the DANSE vnf project) (J Lin Caltech)

eEuropean codes:
*RESTRAX/SIMRES (J Saroun, NPI & J Kulda, ILL)
oVITESS (K Lieutenant et al. HZB plus S Manoshin JINR)

eMcStas (P Willendrup & E Knudsen DTU, K Lefmann KU, E Farhi ILL, U
Filges PSI)

o[ NADS (P Bentley ESS) ]

eJapanese code:
*PHITS (MCNP-like) has a few features for instrument beam transport

eThere may be others I do not know of...
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NISP

*"The mother of all neutron MC-raytracing”
eBuilds on MCLIB which was derived from MCNP

eDoes almost “anything”, i.e. quadratic form geometries of material, has
ability to scatter from any region to any region of the instrument

eDefined the de-facto implementation standard for polarized neutron
scattering

eDeveloped by P Seeger & L Daemen, LANL

eWebsite at http://www.paseeger.com

eDeveloped by P Seeger (consultant) & L Daemen, LANL
eWindows only (32 bit?)

eLicense conditions undefined, but a kind of public domain code
eUnderlying legacy fortran code run via UI

My 0.02%: Limited audience expert code
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IDEAS

eDeveloped for instrumentation work at SNS

oWas used for roughly half the instruments, the other half was mostly
McStas and a little VITESS

eWas always a side-activity of the authors

o\Website currently gone?

eDeveloped by H Lee (was ORNL now ANSTO) & X-L Wang, ORNL
*Windows only (32 bit?)

eUnkown license

My 0.02%: Dead / sleeping project?
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Instrument Builder

eDeveloped by single SNS employee for own project?
ePartial implementation but looks OK
*C++ and PVM/MPI for parallelization

sWebsite http://neutrons.ornl.gov/instruments/SNS/EQ-SANS/software/ib/
doc/
eDeveloped by JK Zhao (ORNL)

eWindows & Linux
eUnkown license but source code provided

*My 0.02%: Sleeping project?

SR,

- L '.ll McStas
BS1 NEUTRONS ‘G—*

FOR SCIENCE

3 u'
Introduction to simulation techniques INS'S


http://neutrons.ornl.gov/instruments/SNS/EQ-SANS/software/ib/doc/
http://neutrons.ornl.gov/instruments/SNS/EQ-SANS/software/ib/doc/
http://neutrons.ornl.gov/instruments/SNS/EQ-SANS/software/ib/doc/
http://neutrons.ornl.gov/instruments/SNS/EQ-SANS/software/ib/doc/

McVine (in vnf, DANSE)

eDeveloped for the “virtual neutron facility” which is a part of the DANSE
Droject

eUses Python “pyre” wraps to create Python versions of the McStas
components

*Python script defines the instrument setup
*Allows to use e.g. bvk phonon simulations with instrument simulation

eWebsites https://vnf.caltech.edu/vnf/1/ and http://docs.danse.us/MCViNE/
1.0-beta/index.html

eDeveloped by J Lin and B Fultz (Caltech)
eBuild to “any” platfrom from source code
*BSD license

My 0.02%: vnf is really nice but so far implement only a few instruments
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RESTRAX & SIMRES

*Builds on RESCAL and TRAX codes for triple axis resolution estimates
(Popovici)

*RESTRAX is TAS-only but SIMRES has certain TOF components also

eHas very efficient “detector to source” propagation method

oExellent monochromator descriptions, including bent Si

eL.egacy fortran code with Java UI that lowers the learning curve

eWebsite http://neutron.ujf.cas.cz/restrax/

«Developed by J Saroun (NPI) and J Kulda (ILL)

eWindows & Linux

*GPL License

My 0.02%$: RESTRAX is probably the best bet for a TAS code. Milage may
vary in other areas.
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VITESS

oVirtual Instrumentation Tool for the ESS
eOriginally only TOF type instruments but now cover all types
eHad early implementation of polarized neutron techniques

oIs intrisically parallelized by running a set of single executables that talks
via pipes, but efficiency can drop somewhat along beamline (now includes
options for system-level parallelization via “helper threads”

eEasy to use GUI and no compilation

eHard(er) to include your own developments

oC-code with little overlap between individually developed modules

*Website http://www.helmholtz-berlin.de/vitess

eDeveloped by K Lieutenant and his team (HZB) and Sergei Manoshin (JINR)
e\WWindows, Linux, Mac OS X

*GPL License

My 0.02%: VITESS has a low learning curve and works very well. Can be
hard to do more complex things. Full visualization of the instrument is
being developed.
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NADS

*Not a Monte Carlo raytracer - uses very quick acceptance diagram
techniques instead

S0 far decoupled simulation of vertical vs. horizontal beam
eOptics only

oWebsite http://code.google.com/p/jnads/

eDeveloped by P Benley (ESS, formerly ANSTO, ILL, HMI)
"Any” system (java implementation)

*GPL License

My 0.02%: Has clear potential but is currently not an all-round package.
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McStas

eThe code that I develop.... :)

o Will now progress to discuss that and its features
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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 e aas i
'6”: McStas - A ayaesmaonsacare Q. M O piso pTy

V. 1.0 by K Nielsen & K Lefmann (1998) RIS@  |== S LS

oCurrently 2.5+1 people full time plus students oo™

Recent news
G N U G P L Workshogs/conferences
14 H Develogment May 18th, 2000: McStas related slides / posters from ICNS
’b‘ | ||Cense Develogments 7 ' .
4% A P S [ L 1088 Connections have been added. '
‘ ;‘ Open Source U O S M
Q..) Y ~ 3 " e » . { . NS e 3’

.

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 ()
, : p— (T
| ! B (C X ) A& )| http://www.mcxtrace.org/index.php?titie=Main_Page vz ¥ LG Google Q Mgl

Most Visited ~  Getting Started  Latest Headlines &  http:/ /www.google. Geekblog ™ Nyheder  httpc//www.google... dr.dk » open streami...

ITUJE—] discussion edt history

McXtrace Main Page

W“ McXtrace o

McXtrace - Monte Carlo Xray ray-tracing is a joint venture by

navigation

@ .0 .ol el =X
R ® '® I ise ] el [ L_»/X,“. "

s Projact People

i

= Project Status [2] e "

. Funding from NABIIT, DSF @ and the above parties.
» Project Goa
« Mailing List McStas
s Links Our code will be based on technology from ’

-

n

1y
= SAIOY abstracts For information on our progress, please subscribe to our user mailinglist.

100IbOx
= What Inks here
= Related changes
Jpioad hie
« Speclal pages
= Primable 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 Disclaimers lfai) ;',gj,'o‘\"':.‘
M L e L i
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e Synergy, knowledge transfer, shared infrastructure
¥ " curopean DTU I —/ McStas
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McStas Introduction
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What is McStas used for? P ————
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Instrumentation

eDesign and optimization of instruments

Fites —

PSD_afterfast? [PSD_afterfast2.dat]

X0=0.00175449; dX=0.285046; YO0=0.316326; dY=2.11367;
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—10 .
g \
£
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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 “real” analysis programs

1400 7000 -
DMC powder data

McStas powder data

A. Daud-Aladine, ISIS

DMC powder data
McStas powder data
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Data analysis (1)

(using VE techiques)

eVirtual TOF exp. at IN6, ILL
eLiquid Ge sample
eCoherent / incoherent
eMultiple scattering

0 100 200 300 400 500 600 7(')0 800 900 1000

eAnd sample environment
eAll contributions can be separated by VE ! |
_~Container
_2 time [p sec]

E. Farhi ILLJ
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Data Analysis (2)

(using VE techniques)

*VE data has been used to test data analysis programs

e... and to check resolution effects
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Teaching / training purposes

*\Workshops

eTeaching
eUniversity of Copenhagen course on Neutron Scattering

INTRODUCTION TO
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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)

Total (sim)
® B4C (meas)

[-In@IN22: structure S(q.(

—<— B4C (s1im)

In (sim)

Counts per monitor
)

.
& 2
'_'_1
=
®
b

K ) .
1.8 2 22 24 2.6 28

Q [Angs_l]

E. Farhi, P. Willendrup et al., in preparation
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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)

Z Spin (sx,sy,sz) Time (t) Detector
A
X
0 0
-
.\‘

Crystal in Bragg scattering condition
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McStas: key concepts

Components: Here the neutron
Y Monochromajphysics happen, neutron weight

& adjusted according to scattering
robabilities etc.

, Detector
A
\ v
0 0
N,
.\‘ ‘

Crystal in Bragg scattering condition

» ' ropeaN LS VU GRS o sconnn e 'l McStas
. . - . ALLATION [JT_'E:] AL
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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

\ » Optical elements
NN  Sample descriptions

o * Monitors
|

Crystal in Bragg scattering condition

v N &
b g 0 L [‘ ]( ‘I %r: -E PARL SCRIRRLR InSININY '.l MCStaS
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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
6 | » Sample descriptions
¥ | * Monitors
|

Crystal in Bragg scattering condition

S B 570
e —/ McS
cdtas
P iz
55 B TARLSCRIRRIR NsTaTe
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McStas: key concepts

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

Monochromati

Detector

y B “up,,

z — towards “next” component

Right-handed coordinate system

T

Crystal in Bragg scattering condition

» ' ropeaN LS VU GRS o sconnn e 'l McStas
. . - . ALLATION [JT_'E:] AL
Introduction to simulation techniques RCE NEUTRONS ﬂ—*
FOR SCIENCE



McStas overview

ePortable code (Unix/Linux/Mac/Windoze)

S ——

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)

Code generation

Simple Instrument language — [SO C

eComponent codes realizing beamline parts (including user contribs)

eLibrary of common functions for e.qg.
oI/O
eRandom numbers
ePhysical constants
ePropagation
ePrecession in fields

L2 EUROPEAN H T H

1 2
B SPALLATION gy
Yy sorc: o o @

cdtas
P iz
5% B TARLSCRIRRIR NsTaTe

NEUTRONS ﬂ—*
FOR SCIENCE
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Implementation

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

* Component files (Some users)
 ANSI c code (no users)

e u 2
Introduction to simulation techniques INSIS
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Instrument file

44

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, xw = 0.1, yvh = 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 simulation techniques INSIS
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Component file

B&‘b*o*‘{--‘##&*‘##&*b*‘*‘&&&*‘*#&-}b*-&*#&-&b«b_‘f&-&&-}&*o_{-&&;&b+—*J&+L*-*¢&$&+-*4§‘#+_b*‘ TRACE

‘ %

* Mcstas, neutron ray-tracing package double chi,E,Lambda,v,r, xf, yf, rf, dx, dy;
* Copyright l 97-2002, All rights 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; F* with vniform distribution. */
* T . 3 x=r*cos(chi);

* Yritten by: Kim Lefmann y=r*sin{chi);

* Date: October 30, 1997

* Modified by: KL, October 4, 2001 2 : randvec_target_rect{&xf, &yf, &cf, &pdir,

* Modified by: Emmanuel Farhi, October 30, 2001. Serious bug corrected 0, 0, dist, xw, yh, ROT A CURRENT COMP);
* Version: $Revision: 1.22 § ERESE =

* Origqin: Risoe dx = xf-x;:

* Release: McStas 1.6 dy = yf-y;

4 : g _ . rf = sqrt(dx*dx+dy*dy+dist+dist);

* A circular neutron source with flat enerqy spectrum and arbitrary flux

+ - B

. p = pdirc*pmul;

* The routine 1s a circular nevtron source, which aims at z square target 1f (Lambdal==0) {

* centered at the beam (1n order to improve MC-acceptance rate). The angular E=E0+dE*randpml () ; /* Choose from uniform distribution */
* divergence is then given by the dimensions of the target v=sqrt(E) *SE2V;

+ The neutron enerqgy 1s nnlfnxmlv distributed betwveen E0-dE and E0+dE. } else

e Lambda=Lambda0+dLambda*randpml () ;

* Example: Source_flat(radius=0.1, dist=Z2, xw=.1l, vh=.1, E(0=14, dE=Z) v = K2V*(2+PI/Lambda) ;

) &

* radius: (m) Radius of circle in (%, v,0) plane wheres neutrons vzevrdist/cf,

* are generated. vy=v*dy/cf;

* dist: (m) Distance to target along z axis. vx=v*dx/rf;

* X0 {m) Width(x) of target £}

* vh: {(m) Height(y) of target

*+ EO: (me¥) Mean energy of neutrons. MCDISPLAY

* dE: (meV) Energy spread of neutrons. %{

* Lambda0 (AA) Mean wavelength of neutrons. magrify( )

¢+ dLanbda (AA) Wavelength spread of neutrons. circle( ,0,0,0, cadivs);

* flux (1/(s*cm**2#st)) Energy integrated flux %)

-

* 5F END
lllll!lllIllhlll‘llllll‘llilllDllhlll‘llll.llllll!llllll:l‘lllllllll!lnlll)ll(l.‘;'

LCEFINE COMPONENT ‘.‘()‘ ple t‘t b d 1
DEFINITION PARAMETERS
SETTING PARAMETERS (radius, dist, xw, yh, E0=0, dE=0, Lanbda0=0, dLambda=0, flux=1) rl en y eve Opers|
OUTPUT PARAMETERS ()
STATE PARAMETERS (X.y.z,vX vy, vz, t,sl, s2, p) '
DECLARE e
%
double pmul, pdir;
¥}
INITIALIZE
%
pmul=flux*PI*led*radivs*radivs /mcget_ncount();

2}

l McStas

-@-m%
FOR SCIENCE
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Generated c-code

* Automatically generated file. Do not edit
Format: ANSI C source code

* Creator McStas <http: //neutron. risoe. dk>

* Instrument: My Instrument. instr (My Instrument)
* Date Sat Apr 9 15.27.56 2005

=

-

McStas is a (pre)compiler!

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

/* TRACE Component Source. */
SIG_MESSAGE( )i
mcDEBUG_COMP ( )
mccoordschange (ncposcSource, ncrotrSource,
Smenlx, Smenly, &menlz,
&menlvx, Smcnlvy, &mcnlvz,
&mcnlt, &menlsx, &menlsy);

runtime functions for e.g. random
numbers

mcDEBUG_STATE (menlx, mcaly, mcenlz, menlvx, ncnlvy, mcalvz, mcalt, ncnlsx, ncnlsy, mcnlp)

nenlax

r nenly
ncnlz
mcalvx
ncalvy
menlvz
ncnlt
mcnlsx
mncnlsy
ncnlp

ETHEHEHEXT R R

Output is a single c-file, which can
be compiled using e.g. gcc.

STORE_NEUTRON(2, mcnlx, menly, menlz, menlvx, menlvy, menlvz, menlt, nenlsx, nenlsy, menlsz, menlp)

mcScattered=0;
mcNCounter [2) ++;
* . Source
# 2
{ /* Declarations of SETTING parameters. */
MCNUM = mccSource_radius;
MCNUM = mccSource_dist;
MCNUM = meccSource_Xw;
MCNUM vh = mccSource_vh;
MCNUM = mccSource_EO;
MCNUM = mccSource_dE;
MCNUM = mccSoucce_Lambdal;
MCNUM dLas « mccSource_dLambda;
MCNUM : = mecSource_flux;
#
{
douvble
t=0;
z=0;
chi=2+PI*rand0l (}; ‘# Choose point
c=sqrt(rand01() ) *radius,; f* with uniforn

x=r*cos(chi);
y=r*sin{chi);

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

Can take input arguments if
needed.

oN Source L_
distribution. */f

'l McStas

ATILTUUTULLIVIT LU DITITUTauivIl LTuIlImmmyuco
46

SESIE NEUTRONS ‘0—*
° FOR SCIENCE




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 |

~
l T T T T T

Guide_four_side_1Q_shells
10 ¢ i
_ Guide_four_side_2] shells
@ | :
c ' {. &
= | Isotropic_Sg#yide_four §
g- 3 So Jrce_dOpt
10 F
o] :
g |
o |
(o)
_l L
10°

-

10 | | | | | |
0 20 40 60 80 100 120 140
Component no.

) EUROPEAN ‘U $W= T '.l McStas

B SPALLATION gy - ‘
Yy o oe® = NEUTRONS ﬂ—»
FOR SCIENCE
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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

As\s"ﬁ’%
2 %o
o o
AN L/ M S
EM=IES  ranLscunn ssinen
5 K5
V1suT

NEUTRONS ﬂ—*
FOR SCIENCE
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&

Advanced language “:l. ures

V
1
|
|
z

—

eMacros and tricks for your instrument'

b

S\ GOPL

oW McStas
S5 rARLSCMIRRLL INSTNTET

G A

> . - " NEUTRONS AG—‘
A< Y FOR SCIENCE
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DECLARE / INITIALIZE

*DECLARE %¢{
e double myvar;
*%}

oINITIALIZE %<
e myvar = sqrt(PI*input_var)*rand01();
*%}

o- Both use normal c-syntax. B
LENGUAJE DE
PROGRAMACION

oBEWARE: (example) What you do in the c-style areas is c-standard, e.q. C
trigonometric functions from math.h use radians! - McStas placement

specifiers work in degrees, etc... _ o

Poss B S7c)
AAT L T8
= McStas
P iz
BN PARLSCRIRRLR INsTaTeY
a1
‘L1sY '

v
Introduction to simulation techniques |NSIs = » NEUTRONS AQ—‘
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Syntax in one, complex view...

{SPLIT} COMPONENT name = comp(parameters) { WHEN condition}

AT (...) [RELATIVE [referencelPREVIOUS] | ABSOLUTE]

{ROTATED {RELATIVE [referencelPREVIOUS] | ABSOLUTE} }

{GROUP group_name}

{EXTEND C_code}

{JUMP [referencelPREVIOUSIMYSELFINEXT] [ITERATE number_of_times | WHEN
condition] }

0 P Y
L —— e '.ll McStas
SPALLATION Rk
Introduction to simulation techniques ® -EE]- NEUTRONS
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Example suite: 7 TOF spectrometers:

oESS INS5_reprate.instr omas. .ot D omag. o1 1500

XY
l 14‘5':}4 } =0.506382; YO=5 14 2.51156;
=188 2 = Q7297 2N 'J‘—-

oILL BRISP.instr (Small-angle)
oILL_ H15 IN6.instr
o]LL_H16_INb5.instr

oISIS_ Hetfull.instr
oPSI_Focus.instr
otemplateTOF.instr

EUROPEAN McStas

I SPALLATION " l
* “
By SOURCE . IJT—E] N'EUTRONS

<A< ® FOR SCIENCE
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Example suite: 5 TAS

o]l H142_IN12.instr
o]LL_H25_IN22.instr

eh8 test.instr
otemplateTAS.instr

Inu
INu
Inu
Inu
Inu
Inu
Inu

D-1.instr (Risg TAS 1)
D-2.instr
D-3.instr
D-4.instr
D-5.instr
D-6.instr
D-/.instr

Introduction to simulation techniques

INSIS

ST
SR -
o5 15(‘
GRS
SRS AR scaL et
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o EE]
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Example suite: 1 Hybrid spectrometer + 1
Spin-echo

1 Hybrid spectrometer:
eprismaZ2.instr

1 Spin-echo (two implementations)
oSE example.instr
oSE_example2.instr

Scan of dBz
detector_I [7/mcstas.dat]
L} L} L} I L} L} L} L} I L} L} L] L} I L} L} L} L}

i

100
|
+ ]

Intensity detector_I

o 1 1 1 1 1 1 1 l 1 1 1 1
-107* -—5x107° 0 5x107° 1074

dbz McStas

]
255 3 52,
AT -
5w\ Fote
oi aay :2
SRR  TARL SCRIRRLR INSTNTEY
\>%, B 5
o B
V1isis
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[ LOG ] detector [ PSD.dat ]
0.00321169; dx=4.72727: Y)==0.00402465%; d¥=4.73425;

Example suite:
Large scale structures

o2 SANS:

o/Z] KWS2 Lens.instr

oFZ] SANS KWS2_ AnySample.instr
oFZ] SANS KWS2 DebyeS.instr
o/Z] SANS KWS2 Guinier.instr o
eFZ]_SANS_KWS2_NoSample.instr \
eSANS.instr /o
e1 Reflectometer: ‘
¢ISIS CRISP.instr (Not an accurate model) |

McStas

EUROPEAN " o '
€3 B o Tl P51
e @ NEUTRONS
°

-
FOR SCIENCE




S L | REL =LAl |

A | JATEE, ke T A28 Viw(] S

Example suite: ._
Diffractometers 7
oILL_ D1A.Iinstr “ :
*PSI_DMC.instr
etemplateDIFF.instr
stemplatelLaue.instr )
Log tude [deg) N —

T

1400 Y Y 1 .
1 DMC powder data
.'t_: McStas powder data
1200 | ]
' “
1 =
A v!]
1000 | | &
) J
.‘l J ] r i
'L f
% rl } [
. 800 | 1 P
S | ' } | |
. ‘
K= - 4 .
£ 00! ( I |
§ - ‘ [ {
(&) Y ' -
| :
400 | - F ' |
[ f i
~ ' 1 { A
\ ¢

! f' j' -," . R . G ".", i
200! Wonl ey Gedagwgold e

..-":‘-: A - -. " - —_— —r— ™)
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monitor [./1e8/monitor_1214466835.x_v|
X0=0.000965468; dX=0.134447, Y0=0.00354993,; dY=0.0653568;
. [=0.4301 1=0.000534545 5
] . ".'l . ' = {'n

'
- .

Example suite:
Imaging

eTomography.instr

e- comes with simple
ofiltered backprojection
ereconstruction (Matlab)

250
200 |
150
100 -
50 -
150
0 100
150 - 50
100 % nat
., EUROPEAN FMIHH ¢ & TRl ORI R 'll’m—
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Documentation

eBasic use info is available inside comp & instr codes, extracted by perl to
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

eVarious tutorial and teach yourself solutions are available

) seaLamo & oo Sl McStas

B SPALLATION &b

) -

[ source o O [JT—E] NEUTROS o
FOR SCIENCE

B 2 o

3 u'
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Technique limitations / words of advice

eThese codes all describe the "wanted” neutrons / tailor your beam

eEvery code has unique features, advantages, disadvantages. If possible,
choose the one where someone you trust has experience

eLess easy to discuss instrument backgrounds and spurions etc. but effort is

going in this direction on the McStas team (concentric components,
interfaces to the MCNPX code etc.)

eThese codes can not be considered “black box” utilities, a lot of thinking /
calculus required before, during, after simulation

Poss B S7c)

A o
colas
GO RA]  PARLSCRLRRLR INsTITT

s B

- EE]

NEUTRONS ﬂ—*
FOR SCIENCE
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Knowing more / continuing at home

oAll development teams are very dedicated and want to help, pass your
problems on!

eMcStas+VITESS teams often do schools/workshops together where you
solve problems with one, the other or both codes. Exercises and code from
a workshop in Ven 2010 is available here:

ehttp://ven2010.essworkshop.org/storage/

*We will provide you with a take-home Linux Live DVD (ILL/NMI3) where
several of the european codes are preinstalled

%Ei%; FABLSCRIRRIR N I '.ll McStas
[JT—ED NEUTRONS ‘G—*
FOR SCIENCE
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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

G- PAUL SCHERRER INSTITUT
7 K3 ‘,’,}“
Zyrrsu - — A
—

NEUTRONS
FOR SCIENCE

. K Nielsen PO Astrand K Lieutenant P Christiansen
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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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