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McStas

Agenda —0—'

* McStas
* What is it?
* What is it good for?
* How Is it done?

e An online demo
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McStas

* Flexible, general simulation utility for neutron scattering
experiments.
* Original design for Monte carlo Simulation of triple axis
spectrometers
* Developed at RISG, ILL GNU GPL license
Open Source
* V. 1.0 by K Nielsen & K Lefmann (1998) ease |
* Currently V. 1.9.1 (1.10 in beta - out 2006) '
* Currently 2.5+1 people full time plus projects
* Apx. 100 users worldwide, some contributors
* Infrastructure:
Project website at neutron-mc @risoe.dk mailinglist
http://www.mcstas.org mcstas @risoe.dk developer contact
e et St i3 S T 3



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

McStas

* Users at major labs

ah i I '
E ISIST“ - é Forschunggntrum Jalich J;L

in der Helmholtz-Gemeinschaft
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McStas

Weight (p): # neutrons (left) in the
package

y xCoordinates (X,Y,2)
\Velocity (erVerZ) >\
Spin (sx,sy,sz)

Crystal in Bragg scattering condition
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McStas

McStas introduction —0-’

Components: Here the
neutron physics happen,
neutron weight adjusted
according to scattering
probabilities etc.

Detector

Crystal in Bragg scattering condition

EU Contract n°: HII3-CT-
2003-505925
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McStas

1 S m__ _ _h__ _m3_ __
McSte _linstrument: positioning + Q

transformation between
sequential component

coordinate systems, e.qg.
neutron source, crystal,
detector.

Detector

Crystal in Bragg scattering condition

Peter Willendrup — McStas intro AMi=3 EU Contract n°: HII3-CT-
MC workshop, PSI Oct 2006 2003-505925




McStas

O

Monochromatic neutron source

Detector

Crystal in Bragg scattering condition
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McStas

* Portable code (Unix/Linux/Mac/Win32)
* Write in (simple) 'instrument' language
*'Component' files (~100) inserted from

library
* Sources, optics, samples, monitors

* If needed, write your own components
* GUI / commandline functionality
* Tools for plotting and datahandling

included
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File Simulation

McStas: h8 test.instr

Meutron site

Instrument file: hd_test.instr

Simulation results: mcstas.sim

Status: Done

Monochromator : (DM =

3. 3539)

Help (McDoc)
Edit/New | Run

Read Plot

mcdisplay controls

Al = 20.60, AZ = 41.20
Ei = Z.662 Angs-1 Ener
Welocity = 1676 m/s, L3
Detector: D0 _Source I={
0_Source. psd"
Detector: D1 SC1 Out I3
8 "0l scl out. psd"
Detector: D2 _&d T=3. Q5]
Detector: D4 SC2 In I=4
4 SC2 In.psd"

Detector: D5 _SCZ Out T3

Run simulation h8_test.instr

Instrument source: hg_test.instr

Instrument parameters (D-=floating point, l=integer, S=string}):

Lambda {D):
OQutput to (dir):

2.36

force

Insert  Toaols Deskiop  Window Help
MRaN@|E|0E|s 3
hig_test
s
/f¥r

HTHML docs

Browse...

"DS_SC2_Out. psd”

Detector: D7 _SC3 _In I=
_SC3_TIn.psd"
Detector: DE_SC3_0ut I3

PGPLOT

2

02 _sSc3_Out. psd"
Detector: D10 _SC4 Tn I3
010_SC4 In. psd"
Detector: HedH I=2. 330
Simulation finished.
moplot mostas. sim
mcplot mocstas. sim

File Edit 3Search Vig
J* end of INITIALIEE *

TRA4CE

Heutron count: 1000000 gravity (BEWARE) Random seed:
Simulate # steps: 1] Plot results, Formadt:
Clustering: Mone {single CPL) Humber of nodes:
Source
D0 Source
Source

DO_Source

Source
DD_Source

Start

f* Source description 7

/* a flat constant source

COMPOMENT Source = S0ULCE |
radius = 0.10,
dist = 2.7473,
= 0.031, vh = 0.054,
E0 = Ei,
dE = 0.5

AT (0,0,0) ABSOLUTE

COMPOMENT DO_Scurce = PSD
xmin = -0. 015, zmax = 0.
ymin = -0. 027, ymax = 0O,

=20, ny=20, filename="
AT (0, 0O, 0.0001) RELATIVE

A% 501 collimator. 40'=3 3

T _TTIOUET ar0T_STIOT | TOF diagram: X

Moderator ...
Monitor_Optimizer ...

Source_adapt ...
Source_div ...
Source_gen ...
Source_Maxwell_3 ...
Source_Optimizer ...
Source_simple ...
Virtual_input ...
Virtual output ...

COMPOMENT SC1 = Guidef
wl = 0.031, hl = 0.054,

Line: 107 of 267 total, Column: 30




McStas

Implementation —0—’

* Three levels of source code:
* Instrument file (All users)
 Component files (Some users)
* ANSI c code (no users)
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Implementation

DEFINE IMSTRUMENT My Instrument (DIST=10)

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

TRACE

McStas

f* The Arm{) class component defines reference points and orientations +/

f* 1n 30 space.
COMPONENT Origiln = Armi)
AT (0,0,0) ABSOLUTE

COMPONENT Source = Source simplel

radius = 0.1, dist = 10, xw = 0.1, vh = 0.1, EO = &,

&T (0, 0, 0) RELATIVE Origin

COMPONENT Emon = E monitor(

filename = "Emon. dat", smin = -0.1, zmax = 0.1, ymin = -0.1,

vmazx = 0.1, Emin = 0, Emax = 10)
&T (0, 0, DIST) RELATIVE Origin

COMPONENT PSD = PSD monltoc
= 128, ny = 128, filename = "PBSD. dat",
e = 0.1, ymin = -0.1, vmax = 0.1}
aT (0, 0, le-10) EELATIVE Emon

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

END

Peter Willendrup — McStas intro ;
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Written by you!
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E*******************************************************************************

Mcstas, neutron ray-tracing package
Copyright 1997-2002, &ll rights reserved
Risoe National Lzhoratory, Roskilde, Denmark
Institut Lave Langevin, Grenohle, France

Component: Source_flat

%I

Written by: Eim Lefmann

Date: October 30, 1997

Modified by: EL, October 4, 2001

Modified by: Emmarmuel Farhi, Octoher 30, 2001. Serious bug corrected
Version: $Revision: 1.22 %

Origin: Risoe

Release: McStas 1.6

& circular neutron source with flat energy spectrum and arbitrary flux

&D

The routine 1s a circular neuktron source, which aims at a square target
centered at the bheam (in order to improwe MG-acceptance rate). The angular
divergence is then given by the dimensions of the target

The nevtron enecgy 1s wniformly distributed hetween E0-dE and E0+JE.

Example: Source_flat{radius=0.1, dist=E, zw=.1, vh=.1, E0=14, dE=Z)
b

=P
radius: (m) Radius of circle in (x v 0) plane where neutrons

are generated

dist: (my  Distance to target along = =xis
vl ) Widthix) of target

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

E0: meV) Mean enecgy of neutrons.

dE: (me¥) Energy spread of neutrons.
Lambdal (A&) Mean wawelength of neutrons.
dLambda (&A) Wawvelength spread of nevutrons.
flux (1 (s*cm**2*st) ) Energy integrated £lux

N N SN A T I A A T TR T R T T S S S S Y

E
*******************************************************************************;

DEFINE COMPOMNENT Source simple
LEFINITION PARAMETERS ()
SETTING PARAMETERS (radius, dist, »w, vyh, EO0=0, dE=0, Lambda0=0, dLambda=0, flux=1)
DUTPUT PARAMETERS ()
STATE PARAMETERS (X, v. 2, v vy, ve, b, 51, 58,0
DECLARE
%
double pmul, pdic;
&}
INITIALIZE
3!
prul=fluxc*PI*led*radivs+radins moget_ncount () ;
E}

TRACE
%

McStas

double chi,E,Lambda, w, ¢, =f, £, cf, dx, dy;

chi=2+PI*rand01();
r=sqrt{randll ()} *fradivs;
#=r*cos(chil;
v=r*sin(chi) ;

f* Choose point on source */f
f* with wniform distribution. */

randvec_target rect(fxf, &yf, Srf, &pdir,
0, 0, dist, xw, yh, ROT A CURRENT COMP) ;

dx = mf-x;
dy = yi-v; _ _
rf = sqrt{dzx*+de+dy*dy+dist+dist);

P = pdic*pmal;

if (Lambdal==0) {
E=E0+dE*randpml {} ; i+
w=sgrt(E) *5ELV;

b oelse {
Lambda=Lanbdal+dLambda*randpml () ;
v = EEV*(2+PI/Lamhda) ;

i
ve=v*dist/rf;
vy=wrdy/cf;
we=vrdarf;
%}
MCDISPLAY
4
magnif?("xy"]l ; .
circle("zv", 0,0, 0, radius) ;
%}
END

Written by developers
and possibly you!

Choose from wniform distribution */




f* hutomatically generated file. Do not edit.

* Format: BNSI C source code

* Greator: McStas <http:/fneutron. risoe. dk>

*+ Instrument: My Instrument. instr (My Instrument)
* Date: Sat Apr 9 15:27:56 2005

*f

J* THOUSANDS of lines remowved here. ... */

/* TRACE Component Source. */
SIG MESSAGE('Source [(Trace)");
meDEBUG_COMP (" Source")

mecoordschange (meposcSource, moerotrSource,

Emenlw, &monly, Smeonlz,
Smenlve, Smenlwvy, Smconlwvz,
fmenlt, Smenlsx, Smenlsy)

Written by mcstas!

meDEBUG_STATE (menlw=, mcnly, meonlz, monlwer, menlwy, menlwez, monlt, monlss, menlsy, menlp)

#define x monlsx
#define v monly
#define = monlz
#define v monlwve
#define vy monlvy
#define vz monlve
#define © monlt
#define =1 meonlsx
#define 52 monlsy
#define p menlp

STORE_MEUTRON (2, menlw=, mcnly, mconlz, monlwe, monley, menlwz, monlt, monls, menlsy, mconlsz, menlp);

mcScattered=0;
mcHCounter [2] ++;
#define mocompocurname Source
#define mococompourindex 2

{ /* Declarations of SETTING parameters.

MCHUM radivs = mccSource radivs;
MCHUM dist = mccSource_dist;
MCHUM or = mecSource_xw;

MCHNUM vh = mocSource yh;
MCHUM E0 = mcoSource EO;
MCHIM JE = mecSource_dE;

MCWUM Lambdal = mecSource Lambdal;
MCHUM dL=mbda = mecSource_dLambda;
MCWUM fluzx = mcoSource £lux;
#line 58 "Source_simple. comp"

{
double chi,E,Lambda, v, r, =f, yf, of, dw, dy;

t=0;
z=0;

chi=E+PI*randll{);
r=sqrt (rand0l () ) *radivs;
x=r*cosi(chi);
y=r*sinichi);

randwvec_target rect(Sxf, &yf, &cf, &pdir,
0, 0, dist, zw, wh, ROT A CURRENT COME);

/* Choose point on source */
F* with vniform distribution. */

McStas

McStas is a (pre)compiler!

Input is .comp and .instr files -
runtime functions for e.g.
random numbers

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

Can take input arguments if
needed.



McStas

What is McStas u

* Instrumentation
* Planning
* Optimization
* Data analysis
* “| am seeing this strange effect, could it be due to....”

* Rehersal spectrometer for students and novice users
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McStas

Time-Of-Flight (LET,ISIS) _0_’

PSD_Res2_t1 [PSD_res2_tl.sim]

™ * Complicated design, total of 7  se-oouses ac-osmesis, vo-1zrom: av-s2uz
' choppers!

"« Notice effect of double

oI, resolution choppers below
y » Subtle effects like of

mismatch in chopper/guide

geometry simulated (right)

-+

Y position [cm]
0 2

-2

—4

\ -
[LOG] E_mon_after_Resl [rerun3/E_mon_after Resl.sim] [LOG] E_mon_after_Res2 [rerun3/E_mon_after_ResZ.sim]
X0=5.33633; d¥X=5.1852"7; X0=5; dX=0;
=4 2431e+ 11 Err—105383e+09 N=319058 _ 1=6.94321e+08 Err=4.15222e+07 N=571
o B T I T T T | T T T T | T T T T | T T T T T ] I | | |
B L —
2 o
+ =
o
g ol |3
|
c =
o | | | | L | 1 L L 1 ] L L L L | L L L L | L

O 1 1 1 1 lO 1 1 1 1 20 1 1 1 1 30 1 lO 20 30 40

Energy [meV] Energy [meV]



McStas

Powder Machine (DMC,PSI1)— Q)

Jdme_visual
—

Prototype ‘'virtual
experiment' web application
exists. Upload your

structure file and estimat
e.g. experiment durati

Na_Ca_ Al F , powder

3 2 14
_Sspectrum

—_—

—— DMC powdsrdata
0 MoStas powder d

g 8

=]

y/[m]
b
o O
'»?n'_,l'_,[,.'
Counts in 25 minutes
E B B
:@—%ﬂ—ko TR
i H_If’ﬂﬂijw-m
s R
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McStas

O

* Short online demo of McStas...
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