Welcome

>

Monday program:

13:00 Lunch

16:00 Afternoon coffee break
16:30 Introduction, continued
18:00 / 18:30 Dinner

19:00 / 19:30 Installation help

15:00 Introduction to McStas and VITESS, including demo

Practical information:
Wifi: Backafall / user: guest / password: password
Printer at ven2010\HP (Windows/Mac/CUPS)

Cabins available from after lunch / afternoon

2010 McStas/VITESS user training in Ven

I Rise DTU
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McStas introduction

ICNX 2009 pre-workshop on McStas

Peter Willendrup?
Emmanuel Farhi?
Erik Knudsen!?

Kim Lefmann3

IMaterials Research Division, RIS@ DTU, Roskilde, Denmark
2Scientific Computing, Institut Laue-Langevein (ILL), Grenoble, France
3Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark.
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McStas project http://www.mcstas.org mcstas-users@mcstas.org
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Agenda

eMcStas project
eApplications of McStas
eReliability

eImplementation and usage

Risg DTU, Niels Bohr Institute, Institut Laue-Langevin
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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
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McXtrace - new startup (2009) in X-ray sim

4

eno

Main Page - McXtraceWiki (=
/ . ~ — =g
L | ! SLC L X (A& )L || bhitp://www.mcxtrace.org/index.php?title=Main_Page W Gl* Google Q »21
Most Visited ~  Getting Started  Latest Headlines &  hutp:/ /www.google.... Geekblog ® Nyheder http://www.google.... dr.dk » open streami...
create a gl
I article disCussion ean history
McXtrace Main Page
[edit]

| McXtrace

McXtrace - Monte Carlo Xray ray-tracing is a joint venture by
F(]'v‘gilf()?‘

a Man Paae
v &y
» Partners 2

I Risg DTU
= Project People
= Project Status . %

= Vacancies

Funding from NABIIT, DSF (£ and the above parties.

McStas ‘ k

n

= Project Goa
= Mailing List
2 LINKS

Our code will be based on tlechnology from

= SMEXOS taks

« SHIOY abstracts

For information on our progress, please subscribe to our user mailinglist.

search

/

——
J )ﬁ:&a

"Go ) [ Search

100Ib0Ox
= What Inks here
» Related changes
« Upload 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 MeXtraceWiki

Disclaimers

P e ) By

l- ¢ ” ModiaWiki

Done

u 7
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McStas Introduction

eUsed at all major neutron sources

McStas oo

n World leading in neutron Monte Carlo

. Risg DTU, Niels Bohr Institute, Institut Laue-Langevin
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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)

V

INTRODUCTION TO

] DU 0
THE THEORY OF

THERMAL

NEUTRON ]
SCATTERING -
r_ﬂ—n

G.L. Squires

NEUTRONS
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Instrumentation

eDesign and optimization of instruments

Y — — e ——
ESm——— E—— =
N 1 __—-—':",___’.'::—:-:’—"‘—F—_ i
e e PSD_afterfast? [PSD_afterfast2.dat]
- X0=0.00175449; dX=0.285046; Y0=0.316326; dY=2.11367; |
g ] i [=1.07644e+08 Err=5128.32 N=31589 PRS- rwa o e ORI

w0 7 = % 0
Pime-ot-ight ] Time-ot-ight ] ereengts ]

6x10°

4x10°

2x10°

T St T e e .= X position [01’1’1]

willend 21—-Jun—2008 16:15

McStas ° "ll
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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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III

analysis programs

A. Daud-Aladine, ISIS
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. McStas powder data McStas powder data
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P. Willendrup, Risg DTU; Uwe Filges, L. Keller, PSI
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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! - :
__-Single Coh.
Isotropic Sqw (concertric arrargieer.u} 4l .
\ g __-Single Inc.
X 1()-3 _______-.Multiplo scatt.

- v ,f" _.;" ¢
R /0 ."l ¥

/7 & o

A A 2~

A, 7 5 1
& . A ‘ ‘I. 0 98
§ | )

A

o [deg] time [¢ sec]

E. Farhi, ILL

> ® FOR SCIENCE
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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

50
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P. Tregenna-Piggott, PSI
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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

> ® FOR SCIENCE
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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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P. Willendrup, Risg DTU; Uwe Filges, L. Keller, PSI

Risg DTU, Niels Bohr Institute, Institut Laue-Langevin
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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

REA-RO
NEUTRONS
> @ FORSCIENCE

. Risg DTU, Niels Bohr Institute, Institut Laue-Langevin
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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

Risg DTU, Niels Bohr Institute, Institut Laue-Langevin
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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

Risg DTU, Niels Bohr Institute, Institut Laue-Langevin
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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

Risg DTU, Niels Bohr Institute, Institut Laue-Langevin
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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

Risg DTU, Niels Bohr Institute, Institut Laue-Langevin
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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)

Risg DTU, Niels Bohr Institute, Institut Laue-Langevin
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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
> ® FOR SCIENCE
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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!

> ® FORSCIENCE
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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

Risg DTU, Niels Bohr Institute, Institut Laue-Langevin
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McStas overview

Let’s see it run!

55 2
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History of VITESS

>

Idea of Ferenc Mezei to realize a package to simulate all kinds of
neutron scattering instruments especially on neutron spallation
sources because of the European spallation source (ESS)

S
%
=
S
3
3
=
3
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0T0C USA

Important dates

1998: Some existing programs put together, GUI added

1999: Release of VITESS 1.0
First complete instruments simulated

2000: SCANS collaboration started (followed by MCNSI in FP6)
(McStas, VITESS, ...)

2001: Release of VITESS 2.0 containing polarisation, absolute flux
values, improved GUI
Several ESS instruments simulated

2003: Decision: ESS will not be built in the near future
VITESS will be used for instruments on other sources

2005: VITESS group at HMI closed

2006: VITESS released under GNU license
larger developer team, all working only partly on VITESS

2008: Version 2.8 released
2009: Latest version 2.9 released
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Present Status

Staff

Michael Fromme (HMI; GUI and release of new versions)

Sergey Manoshin (JINR; development of new modules)

S
%
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S
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Klaus Lieutenant (IFE; module development)
Andreas Houben (RWTH Aachen, module development)
Phillip Bentley (ANSTO; optimisation routine)

Geza Zsigmond (PSI; maintenance of his modules )

Program

Executables for Windows/DOS, Unix (SunOS: versions from 5.6, OSF1
V4.0) and Linux (versions from 2.0.35), Macintosh on demand

free of charge

Can be downloaded from internet address

| Rise OTU 0TU % ‘
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Home Page ‘www.helmholtz-berlin.de/vitess’
>

) VITESS - Mozilla Firefox - |O| x|
File Edit View History Bookmarks Tools Help
- € X w e ‘ elte/ies - [
| v Y % | http: /v helmholtz-berlin.de/forschung/grossgeraete/neutronenstreuung/projekte/vitess/index_de. html AR [ [ 7
I @ 2SHARE - YesMan.flv |£3) J E LED Ergebnisse fiir "Drehknopf" |£3) l VITESS & I - I |T

ﬁ HELMHOLTZ
ZENTRUM BERLIN

fur Materialien und Energie
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» Das Zentrum im Uberblick . Methoden und Instrumente der Neutronenstreuung Vitess 2.9

[~ Grogerate | Virtual Instrumentation Tool for Neutron i
¥ Methoden und Instrumente der Scattering at Pulsed and Continuous gg;%sg%%?;cgﬁ?i T oo
Neutronenstreuung i -
~ Prajekte/Kaoperationen | T E S S Sources 8770428 byte, metSsum
- VITESS Dhi52557c4f0ante

YITESS is a virtual instrumentation tool for neutron scattering at
-Versions

. Q pulsed and continuous sources. It is supported by a graphical user
» Nutzerdienst interface (GUI) which generates and controls command lines
» Angebote according to the given input. Vitess 2.8

[Hwindowes Installer

YITESS has been partly supported by the SCANS network (FP5) and was supported by the NMI3-MCNSI Network (FPB) within [l Tor-Bol
Inux lar-oai

the Research Infrastructures Activities of the Research and Technology Development Programme of the European Commission.

Concept of VITESS

A simulation comprises one or more modules co-working sequentially in a pipe:

* Each module processes and then passes neutron data to the following one.
* The first module is a neutron source module, or reads an old simulation output file.

* The last module should be set up to generate an output file, if simulation results are not shown otherwise.

YITESS has a comfortable modular structure consisting of independently executable program components (e.g. source, guide,
chopper, polarizer, sample, focussing monochromatorfanalyser). Each module changes the neutron beam input and the output
is a function of the parameters chosen for that respective module.

Done

. . “y | rissoru DTU
Introduction to VITESS / K. Lieutenant MM ™" 7 e
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GUI after program start

>

# Xcontrol K:7 - O] x|

File Edit Configure Tools Options Help |

Instrument 1 VITESS 2.9 Click parameter names for help!

— e el oot Beomad =
Sl output file |no_fi|e Browsel BrowseNl
Kill pda_irraen‘l:ettoerr;f |K:.f Browsel NewDirl
Stop random seed |1_ raggglgrg:gger ran3 — | = ";e?gﬂzr"" M gravity on — |
% 8 1 ——inactive—- =1 | 1| = Getting Help I

You can get help about every
- parameter by clicking on its name (see also help for module)
- module by clicking on the module number or choosing the menu Help

340°doysSH10MSSD

0T0C USA

Help

Alternativly, you can use the help system in the internet:
http: www. hmi .de/projects/ess/vitess /DOC/index. html

For further questions, please send an email to vitessi@hmi.de

Getting Started | Tutorial I

Inserting/Deleting a Module I Visualsing Results

= Kl |

Lllee

default parameter file directory has been set to K:f

Introduction to VITESS / K. Lieutenant



GUI after loading an instrument

>

{' Xcontrol K:/7 - O] x|

340°doysSH10MSSD

File Edit Configure Tools Options Help | (D:

Instrument EssSansS05 VITESS 2.9 Click parameter names for help! =
N

Check input f'i'lel Browsel BrowseNI Fresh | °

_Stal‘t output file |no_file Browsel BrowseNI c
Kill "d"’i",.ag":ettoe,.';, [: ESSESS_SANS _FrascatiESF-1_S05-PulseLen Bmwsel NewDirI

Stop random seed|1 ra;gggrggzger ran3 _|| mi ";e?§=§r°"|1_0e.10 gravity off _|| Exit |
“|x| 8] 1 source Ess_tpTs | 8| » Module 2 guide

x 8 2 guide — | 2 =» Shape and size of guide

X ﬂ 3 bender — | 1' » horizosnr::aa':e constant _l| verts‘ihcaap]e constant _||

x 8 4 guide = | 2 » guide shapel Elrowsel BrowseNl Edit | Plot | 1 Autc

x & 5 monl_1ambda =i | 2| »

—] entrance ,1— entrance l1—
x| ﬂ 6 chopper_disc — | 1] - width [cm] height [cm]
= exit exit - |
x 8 7 monl_divy |2l - width Tem ' height ‘Tem] !
x 3 8 slit —| 2l - Guide characteristics
: piece number of

X il 9 EHERERSdiS e — | —'J L length [cm] ,r pieces |1—

- x| #] 10 monl_1lambda =i | 2| = o PO R e —— |
default parameter file directory has been set to KX/

Big --- control file Y JESS/ESS_SANS_FrascatiESF-1_S05-PulseLen/EssSansS05.gui successfully loaded ---

Clear

Save

I Risg DTU
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Concept of VITESS

graphical user interface

340°doysSH10MSSD

0T0C USA

param@ param@l Ipa/rameter |pa/rameter
source |—| module |— —| monitor |— —| module —’- o

2 n

_param.file”~ _param. file”” e I(E) /\ \
/ log_file //iﬁstrument.i/nf/

( X v \
I Risg oTu UTU ﬁ A A7
“‘. K K spglidtion ' ’ \

Introduction to VITESS / K. Lieutenant



Parameter set transferred D

criterion ‘ray tracing’
‘colour’

Time of flight t [ms]

S
%
=
S
3
3
=
3
'S

0T0C USA

wavelength A [A]
count rate p [n/s]

location of neutron x [cm]

Right-handed system

location of neutron y [cm]

X: along the beamline location of neutron y [cm]
y: to the left
z: (vertically) up

flight direction v /|v| = cos a

flight direction v,/|[v| = cos B
flight direction v, /|v| = cos vy
Spin P_
Spin P,
Spin P,

 w— |

TU

I Risg DTU
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Modules representing Hardware
>

slit grid

310°
010¢C USA

sesansfield -

environm

coll.soller coll.radial

: I Risg DTU DTU ;
> spailcrion
““ } vf '} source

.
3
L

Introduction to VITESS / K. Lieutenant



Modules for Data Evaluation

>

Monitor 1 Time Wavelen y-/z-pos div-y/-z
AT 2 y_ZF3|(:)JSos d(!l\ll\;yz TOFA di\%_y/-z ydiv—y Zdiv—z
MonPol 1 Time Wavelen y-/z-pos div_y/-z
MonPol 2 Y'Zp_gsés
Evaluate Elastic Inelast
Frame
Writeout
Visualize

Introduction to VITESS / K. Lieutenant
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Input Data: Parameter File

>

/ Edit IFEtherm.src =10] x|

Moderator 1

340°doysSH10MSSD

shape circular — | §
moderator -
e o I—18 moderator 0 spatial I—U N
width [cm] height [cm] order c
center of p—
moderator IO center Y [cm] IO center Z [cm] IU °
X [cm]
total flux
at moderator |3.23e11 MENERITN 0
[n/(cm=s)] current [n/s]

=0 v:iaivsetI-enfgit]he Browsel BrowseNl Edit |

moderator l_
temperature [K] 300 colour [0
Moderator 2
second moderator unused — | shape rectangular — |
moderator -
: moderator spatial
diameter or IO height [cm] [® or'der'l

width [cm]

center of
moderator I center Y [cm]l center 2 [cm]l

X [cm]
c todta1 tf'luxl-— neutron
at moderator
[n/(cm=s)] current [n/s]

LE =L h:jai\;eg.en%t_lhe Browsel BrowseNl Edlit |

moderator
temperature [K] 0 col Olll"l

Check | Save+Close | Save As I Cancel I
I Risg DTU DTU %
L X

" european
spaliation
s~ source

(
(

Introduction to VITESS / K. Lieutenant
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Output Data: Log File and Instrument Data

>

Starting simulation

C:/Programme/VITESS_2_5_1/MODULES/source.exe -S1 --25 --G1 --U1.0e-25 --B10000
C:/Programme/VITESS_2_5_1/MODULES/guide.exe --25 --G1 --U1.0e-25 --B10000 --
C:/Programme/VITESS_2_5_1/MODULES/guide.exe --25 --G1 --U1.0e-25 --B10000 --
C:/Programme/VITESS_2_5_1/MODULES/velselect.exe --Z5 --G1 --Ul.0e-25 --B1000
C:/Programme/VITESS_2_5_1/MODULES/monitorl.exe -kl --Z5 --G1 --U1.0e-25 --Bl
C:/Programme/VITESS_2_5_1/MODULES/guide.exe --25 --G1 --U1.0e-25 --B10000 --
C:/Programme/VITESS_2_5_1/MODULES/spacewindow.exe --25 --G1 --U1.0e-25 --B10
C:/Programme/VITESS_2_5_1/MODULES/spacewindow.exe --25 --G1 --U1.0e-25 --B10
C:/Programme/VITESS_2_5_1/MODULES/sample_sans.exe --25 --G1 --U1.0e-25 --B10
C:/Programme/VITESS_2_5_1/MODULES/spacewindow.exe --25 --G1 --U1.0e-25 --B10
C:/Programme/VITESS_2_5_1/MODULES/detector.exe --25 --G1 --U1.0e-25 --B10000
C:/Programme/VITESS_2_5_1/MODULES/mon2_pos.exe --25 --G1 --U1.0e-25 --B10000
C:/Programme/VITESS_2_5_1/MODULES/eval_elast.exe --25 --G1 --U1.0e-25 --B100
simulation (f0O e80 1d0 104 f7c 33c ac fd4 1b0D 2b4 25c fac aBc ) (3840 3712 46

S
%
=
S
3
3
=
3
'S

0T0C USA

VITESS wversion 2.5 module Source and Window 1.11
» Simulation of constant wave source <

45.000 K
3.0000e+013 n/({cm?s)

moderator temperature

total neutron flux (in 2%pi)
moderator position 0.000 0.000 0.000) cm
moderator size (W x H) 7.500 cm x  7.000 cm

Small divergence defined by propagation window

time averaged neutron current: 1.6054e+011 n/s in 0.000640 str

~

Clear wavelength band used :  6.000 Ang - 10.000 Ang
window (W x H) 3.000 cm x  5.000 cm
Save I in a distance of 1.530 m
with a declination of 0.000°

0.000 ¥ X: 1.000 Y: 0.000 Z: 0.000
(153.000 0.000 0.000) cm
2.829 ms

polarization
Center of beam at window
Average TOF

Gravity is enabled

Cutoff probability per traj. : 1.000e-025

number of trajectories started e 22000000

1 number of trajectories read 8 0
number of trajectories written g 21999977

(time averaged) neutron count rate : 1.5724e+010 n/s

p p ’ =
NOTE: coating of top wal Datei Bearbeiten Format Ansicht 2
Horizontal: curved, radidlk No ID module Ten [m] x [m] v [m] z [m] hor. [deg] wver. w-Par. H-Par. R-Par number type Descrip’ a
Vertical : constant heig#
Guide consists of 40 pied ©0 1 Source and window 0.000 0.000 0.000 0.000 0.000 0.000 7.5000e+000 0.0000e+000 0.0000e+000 1 1 45.0 K
39 kink(s) with an angle 1 1 Source and Window 1.530 1.530 0.000 0.000 0.000 0.000 3.0000e+000 0.0000e+000 0.0000e+000 0 0
Total length of guide 2 11 guide 21.530 21.529 0.150 0.000 0.859 0.000  3.0000e+000 32.0000e+000 1.3000e+003 40 20
wWidth x Height 3 11 quide 25.530 25.529 0.210 0.000 0.859 0.000 3.0000e+000 3.0000e+000 0.0000e+000 1 0
Tnzide anide ahitment 1nd 4 41 velselect 25.780 25.779 0.214 0.000 0.859 0.000 0.0000e+000 0.0000e+000 0.0000e+000 1 0
« | | S 101 monitorl 25.780 25.779 0.214 0.000 0.859 0.000 0.0000e+000 0.0000e+000 0.0000e+000 1 1
6 11 guide 37.780 37.778 0.3%94 0.000 0.859 0.000 3.0000e+000 32.0000e+000 0.0000e+000 1 0
7 21 window 37.780 37.778 0.3%94 0.000 0.859 0.000 0.0000e+000 0.0000e+000 0.0000e+000 1 0
g8 21 wWindow 41.780 41.778 0.454 0.000 0.859 0.000 0.0000e+000 0.0000e+000 0.0000e+000 1 0
9 87 sample_sans 41,790 41.788 0.454 0.000 0.859 0.000 0.0000e+000 0.0000e+000 0.0000e+000 1 2
10 21 window 45,740 45,738 0.512  0.000 0.859 0.000 0.0000e+000 0.0000e+000 0.0000e+000 1 0
11 71 detector 49,740 49.738 0.573 0.000 0.859 0.000 6.4000e+001 1.0000e+000 4.0000e+002 1 2
12 102 monz_pos 49,740 49,738 0.573  0.000 0.859 0.000 0.0000e+000 0.0000e+000 0.0000e+000 1 0 —
13 111 eval_elast 49,740 49.738 0.573 0.000 0.859 0.000 0.0000e+000 0.0000e+000 0.0000e+000 1 2 7
< >

l
=
—
=

y | Rise 0T \
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Graphical output from Monitors

>

7 Y -7 Plot pos.dat

340°doysSH10MSSD

0T0C USA

Y:V4_SANSVE_2flambda.dat

600000000
N

400000000

-31.5 horizontal
kl -31.5 vertical

value range

200000000
-——

i : A
dismiss | print to file xy.ps | print |

I Risg DTU
>
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Generate Series

4 S=1/ES
IS_ Iterations

space separated Module:Option:Name 1ist
name may be ommitted
e.g. 1:n 3:P

| 1:p:len_guide_piece 1:N:number_pieces 1: W exit_width 1:H:exit_height 5:1:dist_
I | i

—
I Generate Series Q@@

S
%
=
S
3
3
=
3
'S

S
=]
N
)
[
<

EE | | | | | |
BEED | | | | | |
e I I | I l |
1. 150 |3 [4878  |79s6  [so0 | |
2. 150 |2 [5403  |sses  [es0 | |
3.0125 |6 E |5 [200 714 [7572
4. 125 |3 [5133  [s544  [575  [7644 [7572
5. 375 |2 E |5 [20 |53 |73s0
6. 3715 | [5120 [s4s0 |57 |75 [73.50
. o
e |'v: NLH2/Exed?
th: ICe:p-iteod |samp|e.wdz sample ywdy sample.myz sample.mtl
cgggezgggst ['v:NLH2/Exed7? NumPieces
<< | Cancel | Save Series Start Series |

Introduction to VITESS / K. Lieutenant MMl—



Splitting of the Simulation

10000 data sets

10000 data sets

S
)
=
S
Source / File 3
3
=
3
'S

0T0C USA

e Monitor —— I(A) -

A

10000 data sets

10000 data sets

Chopper Sample_iso
10000 data sets 10000 data sets

Window Detector
10000 data sets 10000 data sets

Writeout —= data | Evaluate

Introduction to VITESS / K. Lieutenant




Tools

* Most are used to calculate input data

S
z
=
3
S
S
=
3
'S

0T0T U9IA

 Others to visualize output

: IRisn DTU
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Parallel Computing

Computer Grids

File|*Save as Grid Command’

S
%
=
S
3
3
=
3
'S
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saves the command line in a form that it can be used on computer clusters

Multi-core Processors

Ongoing development

Tests made for

Guide

Fermi chopper
supermirror ensemble
polariser supermirror

Support
Address to Michael Fromme (fromme@helmholtz-berlin.de)

( ¥ { \ A
I Risg DTU DTU &mm ,
> 0 W |
o g
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Thank you for your attention !

: IRisn DTU
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Absolute Flux Values

6x10'%

— neutron flux at moderator

wavelength. [A]

number of ,—
trajectories 2000000

mn. wave- max. divergence
Tengeh [a]ll 0 min., Time [ms]l 22 yg[deo] oS
max. wave- - max. divergence
length [A] [Fo max. time [ms] | % < z [deqg] |9F

* lew=Ji) dA

= (}\’max_%‘mir})/N EJ ()\‘1)
1

* ISS zO\‘max'}\‘min)(tmax_tmin)/I\I E.] (}\‘iﬂti)

Each trajectory represents a
package of a certain number
of neutrons with the same
starting conditions

By statistical processes like
reflection, the number of
neutrons in the package
decreases, while the number
trajectories remains
unchanged

If the neutron package does

not pass a module regularly,
the trajectory 1s taken out of
consideration

A neutron count rate can be
calculated from the number of
neutrons in a package

Summing of the count rates of
all packages gives the neutron
count rate at any point of the
instrument

Introduction to VITESS / K. Lieutenant
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Welcome, day 2

>

Tuesday morning program:

9:00-9:15 Today’s strategy / forming groups

- VITESS / VITESS + McStas groups in conference room
- McStas-only groups in meeting room

9:15-9:45 McStas guided hands-on session
9:45-10:15 VITESS guided hands-on session

10:15-10:30 Coffee

10:30-10:45 Presentation of the next exercises
10:45-12:30 Guide exercises

13:00 Lunch

2010 McStas/VITESS user training in Ven

) I Rise DTU

— |

TU

i
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Ex. 1: Basics, Source, Monitors, Guides §
> =
S

o | . | s

1.1: mcgui, editor, Source simple, Guide, Monitors S =

>~ N

N}

% =

Ex. 1/ Peter Willendrup

Starting mcgui
Start a terminal (OS dependent)
cd to a dir of choice
Issue the mcgui command

43 Applications Places System Ly 10 Dan Ty 4 Wed May 12, 21:57 @ mcstas (D

w

010CT USA

mcstas@mcstas-desktop: ~/Ex1

340°doysy10mMSS

File Edit View Terminal Help 0206 Mcgui

mcstas@mcstas-desktop:~$
mcstas@mcstas-desktop:~$ mkdir Ex1
mcstas@mcstas-desktop:~$ cd Ex1/
mcstas@mcstas-desktop:~/Ex1$ mcgui

Flle Simulation Neutronsite Tools Help (McDoc)

Instrument file: <Nonex Edit/New l Run l

Simulation results: <None> Read I Plot l

Status: Ok

™ [ mcstas@mcstas-deskt... ‘gm Mcgui

Ex. 1/ Peter Willendrup



Press Edit/New to create a new file
On emerging window, choose Insert - Instrument template
Choose File - Save As - ExO1.instr

&y 15 ) Dan Ty Wed May 12, 22:00 @ mcstas (D
© © @ Edit: Insert components in TRACE and save your instrument ) ol

t} Applications Places System

File Edit Search View Insert

= |~

Line: 66 of 66 total, Column: 0

T [ mcstas@mcstas-deskt... m Mcgui m Edit: Insert components...

Ex. 1/ Peter Willendrup

Scroll to TRACE section and insert cursor after the Origin comp
Chose Insert - Source - Source simple

{3 Applications Places System ‘®)@
2000

File Edit Search View Insert

pan Ty 4 Wed May 12, 22:00 @ mcstas (H
Edit: Insert components in TRACE and save your instrument ™

}
ptory, 1997-2
ripti fn, 2003-2010

Running locally.
b
pril/hosts

MPI Grid
ption available. To make ase of this
plect 'Install DSA key'.

/

K] |~

Line: 66 of 66 total, Column: 0

™ [ mcstas@mcstas-deskt... @ Mcgui m Edit: Insert components...

Ex. 1/ Peter Willendrup

340°doysy10mssa
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Scroll to TRACE section and insert cursor after the Origin comp
Chose Insert - Source - Source _simple

43 Applications Places System ‘#) @ pan Ty 4 Wed May 12, 22:04 @ mcstas ()

Edit: Insert components in TRACE and save your instrument

File Edit Search View

340°doysy10mssa
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© © ® Source_simple
Component definition: Source_simple
A circular neutron source with flat energy spectrum and arbitrary flux

Help (McDoc)

Author: Kim Lefmann Date: October 30, 1997 EdiUNew Run

" origin: Risoe

’::. : -\»"hlllncon-mo:l K i‘l}

Example: Source_simple (radius=0.1, dist=2, xw=.1, yh=.1, E0=14, dE=2)

rcular neutron source
" (in order

Line: 59 of 68 total, Column: 0

I ter tyy ¥ t 15U 1
radius: [m] (OPTIONAL, d

Radius of circle in (x,y,0) plane w
are generated. /

ar () Reamve |
rotatep ([ [ [ ) meeamve [

El

T [2) mcstas@mcstas-desk... @ Mcgui @ Edit: Insert componen...

t 0)

e neutrons

m Source_simple

Ex. 1/ Peter Willendrup ‘ming) | 3 | Rise nTu:

Name the component Source
Choose parameters: radius=0.12, Lambda0=5.5,
dLambda=4.5, dist=1.5, xw=0.06, yh=0.06
Place the comp at (0,0,0) RELATIVE Origin

43 Applications Places System ey Ll pan Ty 4 Wed May 12, 22:10 @ mcstas (H

Edit: /home/mcstas/Ex1/Ex1.instr -

File Edit Search View

340°doysy10mMSS
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0 © ® Source_simple
Component definition: Source_simple
A circular neutron source with flat energy spectrum and arbitrary flux

Help (McDoc)

Author: Kim Lefmann Date: October 30, 1997 EditUNew Run
Con ot e L onigin: Risoe
Jin 1 + This Alinstance name: |Source e !

rogress_bar is an Armflqe: [meV] (OPTIONAL, default 0)

“llenergy spread of neutrons (flat or gaussian sigma).

Lambda0 : 65 [AA) (OPTIONAL, default 0)

1tlMean wavelength of neutrons.

dLambda 45 [AA] (OPTIONAL, default 0) fSloLithlis
* The ENI th|[Wavelength spread of neutrons. A|

Line: 59 of 68 total, Column: 0 ||« 1ux: [1/(s*cm**2*st)] (OPTIONAL, default 1)

Energy integrated flux

AT ( 0, 0, 0) neumv5| Origin

ROTATED (| A 5| ) RELATIVE |
Ok Cancel

T [0 mcstas@mcstas-desk... @@ McStas: /home/mcsta... @ Edit: /home/mcstas/E... 'gm Source_simple =N

Ex. 1/ Peter Willendrup



. . . a
Significance of Source simple parameters 2
Ex01 §
01 ;
@ <
0.05 > O
S =
g T
-0.05 % S
n o
-0
i
0s
i
0os 04
Input parameters ) 1 Ty 008 0
Parameters in boldface are required; the others are optional.
‘ Name | Unit | Description |Default
[radius ~ [m [Radius of circle in (x,y.0) plane where neutrons are generated. | 0
[height  [m [Height of rectangle in (x,y,0) plane where neutrons are generated. | 0
[width [m [Width of rectangle in (x,y,0) plane where neutrons are generated. | 0
‘d.ist |m |Dismncc to target along z axis. |
‘xw |m |Width(x) of target |
‘yh |m |Hcight(y) of target |
[E0 [mev [Mean energy of neutrons. [ 0
[dE [mev [Energy spread of neutrons (flat or gaussian sigma). [ 0
‘La.mbdal) |A.A |Mca.u wavelength of neutrons. | 0
‘dLa.mbda |A.A |Wavclcngth spread of neutrons. | 0
‘ﬂux |1f(s’*cm**2*sl) |Encrgy integrated flux | 1 f
[gauss |1 [Gaussian (1) or Flat (0) energy/wavelength distribution [ 0 ¥y
‘Uompat |1 |Apply weighting/sampling as now obsolete Source_flat componcnt| 0 %
I Risg DTU M i
= ¥

Ex. 1/ Peter Willendrup

Significance of Source simple parameters

Exii

340°doysy10mMSS

010CT USA

‘ Name J/ Unit | Description |Dei’ault
‘radius |m /‘Radius of circle in (x,y.ﬁWrc neutrons are generated. 0
‘hcighr |m |Hcight of rccla/nglt;hf&,y,ﬂ) plane where neutrons are generated. 0
[width /lm/ |W@,oﬁjuc[anglc in (x,y,0) plane where neutrons are generated. 0

‘djsl |m /‘ﬁislancc to target along z axis.

|
|
|
|
W m [Width(x) of target [
|
|
|
|
|

‘yh |m |Hcight(y) of target

EJ [meV [Mean energy of neutrons. 0
‘dE |ch |Encrgy spread of neutrons (flat or gaussian sigma). 0
‘Lambdal) |AA |Mcan wavelength of neutrons. 0
‘dLambda |AA |Wavclcng1h spread of neutrons. 0
flux 1/(s*cm**2*st) [Energy integrated flux 1
gauss 1 \Gaussian (1) or Flat (0) energy/wavelength distribution 0
compat (1 \Apply weighting/sampling as now obsolete Source_flat component 0

Ex. 1/ Peter Willendrup

I Risg DTU w %



Ex.

Insert Optics - Guide - of dimension 0.06 x 0.06 m, length 20 m,
1.5 meters along z after Source. Use an m value of ‘M’. Name
the component.

43 Applications Places System >

© © @ Edit: /home/mcstas/Ex1/Ex1l.instr

pan Ty 4 Wed May 12, 22:13 @ mcstas (H

File Edit Search View Insert

Help (McDoc)

Running locally.

rigin k
brl/hosts

|

-

Line: 69 of 78 total, Column: 0

T [ mcstas@mcstas-deskt... m McStas: /home/mcstas/... mm Edit: fhome/mcstas/Ex]...
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Significance of Guide input parms

Supermirror reflectivity, m = 4

Reflectivity p
°
>
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Y
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Momentum transfer Q [A™]

Figure 5.1: A typical reflectivity curve for a supermirror, Eq. (5.2). The used values are

Input parameters M =4, Ry =1, Q. =0.02 A~', o =6.49 A, W = 1/300 A~1.

Parameters in boldface are required; the others are optional.

Ex. 1 / Peter Willendrup

(Name | Unit Description Default
ireflect |str ity file name. Format [q(Angs-1) R(0-1)] 0
wl |m |Width at the guide entry

Ih1 Im Height at the guide entry

w2 |m |Width at the guide exit

Ih2 Im Height at the guide exit

n im length of guide

RO [I  |[Low-angle reflectivity 0.99
Qe |AA-1 |Critical scattering vector 00219
alpha [AA |Slope of reflectivity 6.07
im 1 m-value of material. Zero means completely absorbing. 2
\J IAA-1 Width of supermirror cut-off 0.003 (
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Scroll to the top of the window and locate the
DEFINE INSTRUMENT Test(Parl=1)
line. Define an input parameter called M, with a default value of 1

App 0 P e e DA e X

D ¢
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File Edit Search View Insert

. T Arm() ela nt defir referense points and orients . Help (McDoc)
" GTigin'Ta ssod. This Aemt) ccmponent 15 set S dutine she Siath o . eamow | fun
i ) iina afere , ._ .;' '.‘ ‘ X v_ : v' . "} ‘ Read Plot

Running locally.

~

Line: 69 of 78 total, Column: 0

T [ mcstas@mcstas-deskt... mm McStas: /home/mcstas/... mm Edit: Jhome/mcstas/Exl...

= N
Xy K

Ex. 1/ Peter Willendrup AMi3 1~ ""’g :

Scroll to the top of the window and locate the a
DEFINE INSTRUMENT Test(Par1=1) S
line. Define an input parameter called M, with a default value of 1 = e
<
S S
43 Applications Places System ’)"? pan Ty 4 Wed May 12, 22:15 @ mcstas (H ".Q )
© © @ Edit: /home/mcstas/Ex1/Exl.instr [ =)
N
Flle Edit Search View Insert 0 S —t

S Ex1/Ex1.instr

Help (McDoc)

i s | _oun |
EFINE It {T_teat (M=1)| Read Plot

Running locally.

=

Line: 31 of 78 total, Column: 0

™ [O) mcstas@mcstas-deskt... m McStas: /home/mcstas/... mm Edit: fhome/mcstas/Ex]... ";
Ky ¥
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Insert a PSD monitor of dimension 0.07 x 0.07 m, define an output
filename, AT (0,0,20.01) RELATIVE Guide

Insert a Divergence monitor of dimension 0.07 x 0.07 m, define an

output filename, maximum divergence 5 degrees in both directions.
To be placed AT (0,0,0.01) RELATIVE PREVIOUS

340°doysy10mssa

010T USA

Press save

Go on the main window, press run, you should now get....

Ex. 1/ Peter Willendrup MM 3

. . . Q
Insert a PSD monitor of dimension 0.07 x 0.07 m, define an output 2
filename, AT (0,0,20.01) RELATIVE Guide S
=
I < &
(| Mo Eor sesrch vew _mm% ».p g
] , S =
— = : Help (McDoc) e =
. ‘] “ ' : "l l.: * Instrument source: /home/mestas/Ex1/Ex1.Instr HTML docs EditNew Run
I o """ Instrument parameters (D=floating point, Izinteger, S=string): .
N Y v + 00 Me oupuno(&):[ | force Browse... —j
( Neutron count: | 1000000 _| gravity (BEWARE) ~Random seed:|
PSD = PSD_monit Simulate — lnlop.: |0 _i Piotrosults, Format:  PGPLOT
Clustering:  None (single CPU) INumbuoinodu: 2
origin P o
io‘..co _/
Origin Ll
Kj im.l'co ’j/
Line: 80 of 89 total, Column: 0 Origin P
e /|

™ [£) mcstas@mcstas-deskt... ‘mm McStas: Jhome/mcstas/... m Edit: /home/mcstas/Ex1...

mn €SS
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Select the “TRACE’ mode and press Start - you will get a view of
the instrument. Try zooming (place cursor, press z, drag, click)

3 Applications Places System )@ pan Ty ) EX Wed May 12, 22:24 @ mcstas ()
.~ ®©® PGPLOT Window 1

-+

Z—X view: /home/mestas/Ex1/Ex1.out

340°doysy10mMssa

0T0T WA

10

Z Axis [m]

57 mcstas@mcsta... @@ McStas: /home/... @ Edit: /home/mcs... m [pgxwin]

Ex. 1/ Peter Willendrup

Right-click to unzooom.
Click a few times and see the visualization of neutron rays

< Applications " Places™System (@ oan 1y 4 £ Wed May 12, 22:24 @ mcstas ()
“. v~ ®©0 PGPLOT Window 1

-+

Z—X view: /home/mestas/Ex1/Ex1.out

5 mcstas@mcsta... @ McStas: /home/... @ Edit: /home/mcs... m [pgxwin]

Ex. 1/ Peter Willendrup | Rissow



Press ‘q’ to exit the visualisation, close the window.
Press run again and choose simulate mode, start
Once the simulation terminates, press Plot and you will get...

-Q‘ Applications Places System ’)9\ Dan Ty 4 Wed May 12, 22:27 @ mcstas ()

McStas: /home/mcstas/Ex1/Exl.instr

Edit: /home/mcstas/Ex1/Ex1.instr

File Edit Search View Insert

il
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Flle Simulation Neutronsite Tools

Help (McDoc)
| Instrument flle: home/mestas/Ex1/Ex1.Instr EditNew ‘ Run ‘

Simulation results: mcstas.sim Read ’ Plot ‘

| Status: Running Job [pid 24434 :
‘ tor: Div_I=0.015334 .000102847 Div_N=125221 "div.sim" J "";‘EMZ
: [ Running simlation '/home/mcsts/l e - 2 AN

Job [pid 24434] running ('home/mcstas/Ex1/Ex1.Instr)... £ t M H —3

cancel ‘ Update ”

~

Line: 80 of 89 total, Column: 0

™ [ mcstas@mcstas-desk... ' McStas: /nome/mcsta... m Edit: /home/mcstas/E... m [pgxwin]

Ex. 1 / Peter Willendrup | Rseoru 31

>
—

Press ‘q’ to exit the visualisation, close the window.
Press run again and choose simulate mode, start
Once the simulation terminates, press Plot and you will get...

43 Applications Places System n® pan Ty 4 Wed May 12, 22:29 @ mcstas ()
20 6 PGPLOT Window 1

P
XO==0.00201028; dX=1.
0158
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860; dY=1,73603;
125876

e

S
F

¥ [ mcstas@mcsta... @@ McStas: /home/... @ Edit: /home/mcs... m [pgxwin]
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Clicking one of the panels will zoom that monitor, clicking again
zoom out
Shortcut keys:

Click on a plot for full-window view.
Press key for hardcopy (in graphics window), 'Q' to quit
'P' BW postscript
'C' color postscript
'N' PNG file
'M' PPM file
'G' GIF file
'L' Toggle log10 plotting mode
"T' Toggle contour plotting mode

340°doysy10mMssa
010T USA

'Q' quit

Ex. 1/ Peter Willendrup | *= mug S% , |

On the run dialogue, we will now: §

=

. . . . S
1) Define an output directory (otherwise subsequent sims will = -
overwrite results) <Le
Q=
T
2) Perform a scan by 0% §

a) Setting 0,6 for the value of M
b) Fill the ‘steps’ field by the number 7

A series (7) of simulations will now run corresponding to:

M=0 - simple, non-reflecting beamtube (absorbing walls)
M=1,6 - Guide mirrors of increasing quality

After performing the scan, press Plot and you should get...

Ex. 1/ Peter Willendrup | Rise 01U DTy




A report of integrated intensity of the monitors, as fct. of the
scanned variable

43 Applications Places System ‘)@ pan Ty @) B%3 Wed May 12, 22:35 @ mcstas (H
.~ ®© 6 PGPLOT Window 1
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w mcstas@mcsta... @@ McStas: /home/... m Edit: /home/mcs... m [pgxwin]

Ex. 1/ Peter Willendrup

Try using the Tools - Plot other results to compare the individual
scan steps (browse to Scan/0 , Scan/3, ...)

3 Applications Places System ‘2) @ Dan Ty 4 Wed May 12,2238 @ mastas &
x %% PGPLOT Window 2

340°doysy10mMSS

0T0T WA

3 Applications Places System ‘2)@ oan Ty @ BB Wed May 12,22:38 @ mcstas ()
.~ ®©® PGPLOT Window 2

[f [ mcstas@m... m McStas: fho... mm Edit: /home/... m [pgxwin] m PGPLOT1

T () mcstas@m... @ McStas: /ho... m Edit: /home/... m [pgxwin] m PGPLOTL ‘m pcror2 [l
Try using the Tools - Plot other results to compare the individual
scan steps (browse to Scan/0 , Scan/3, ...)
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Task 1.1: Source + Linear Guide + Monitors

>

1. Define new directory for simulation
‘parameter directory’ | “NewDir” -> Browse + Give Name

2. Define Source

Module 1 — chose ‘inactive’|’source’|’source constant wave’
Show parameters by clicking on “->”

Give name of ‘moderator description file’, e.g. “constant.mod”
Choose “Edit” this file

Chose “shape’ “circular” and set ‘moderator diameter’ 12 cm as well as
center of moderator X’, “...Y” and “...Z” = (0,0,0) cm

Give name of ‘user wavelength distribution file’, e.g. “constant.dat”

Give intensities: 0.0 A 1.0e12 (first row)
and 20.0 A 1.0e12 (second row)

Finish with “Save+Close”
Give ‘min. wavelength’ and ‘max. wavelength’ 1 — 10 A
Chose ‘direction defined’ “by virtual window”

Fill propagation with ‘Distance to window’ 150 cm
‘window width” and “window height’ 6 cm

SAVE as ‘GuideLinear.gui’ as
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Task 1.1: Source + Linear Guide + Monitors

>

3. Define Guide
e Module 2 - chose ‘inactive’

"guide’|’guide’
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e Set ‘entrance width’, ‘... height’, ‘exit width’ and ‘... height’ = 10 cm
e Switch “AutoPlot” off
e Give ‘piece length’ (2000 cm)

« Browse InstallationDirectory|FILES|reflectivity filesimirrla.dat to fill
‘left plane’ to have a m=1 coating

e SAVE instrument

4. Include Space
«  Make space for a new module by clicking on ‘arrow_down’ of module 2
 Module 2 — chose ‘“inactive’|’space and window’|’space’
e Give ‘distance’ 150 cm

I | — e isg oty UTU
Task 1.1: Linear Guide AMi—=3 1™~



Task 1.1: Source + Linear Guide + Monitors
. >

4. Define Position Monitor
 Module 4 — chose ‘inactive’|’visualize data’|’mon2_pos’
o Set ‘minimal y-value’ and ‘minimal z-value’ to -3.5
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o Set ‘maximal y-value’ and ‘maximal z-value’ to 3.5
o Set ‘number y-bins’ and ‘number z-bins’ to 70
5. Define Divergence Monitor
 Module 5 - chose ‘“inactive’|’visualize data’|’mon2_div’
o Set all ‘minimal ...” and ‘maximal ...” values to 5
e Switch “AutoPlot” off
 SAVE instrument

6. Finish
* “Check”, “Start”
e Check log file

e Check by looking at “File’|’Edit *.inf file’|instrument.inf
Task 1.1: Linear Guide mingl




Task 1.1: Source + Linear Guide + Monitors — vary m-value
. >

5. Vary m-value of guide

o  Copy mirr300pt, mirr40opt from InstallationDirectory|FILES|reflectivity files to
parameter diectory

o  Start “Tools|GenerateMirrorFiles’ and give
o reflectivity(Q=0): 1
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e m=.. P 2

e Q.=.. . 0.0217

« reflectivity(m*Q,): 0.95

 Width . 0.0033

« Name : “mirr20opt.dat” and terminate

« Click on the texts ’left plane’, ’right plane’and ‘top plane’ of the guide module
 Chose ‘File|GenerateSeries’
o Set4 Iterations

o Go “>>"and fill table with *‘mirrla.dat’, “mirr20opt.dat’, ‘mirr30opt.dat’ and
‘mirr4Qopt.dat’

o Fill “files to be copied’ with ‘pos.dat’, ‘div.dat’ and ‘instrument.inf’

e SAVE instrument and START o
Task 1.1: Linear Guide NMmi=3 IR1suDTU% as
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Ex. 1: Basics, Source, Monitors, Guides, continued
>

1.2-4, curved, ballistic, elliptic and parabolic guides

I Rise DTU M %
= :

Ex. 1/ Peter Willendrup M=

tirsdag den 18. maj 2010
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1.2: Curved guide:

Open the instrumentfile Ex 1 2.instr given to you

340°doysy10mssa

<
)
. . =

Study the instrumentfile, notice use of the PREVIOUS keyword N
=
—

Notice input parameters of guide m-value, angular rotation of =

guide segments

Question: What 1s the relevant rotation angle to achieve a guide

curvature of 1 km? S

Try performing a TRACE

Try varying the guide curvature, notice effect on divergence and
beam profile

Other curved guides:
Use McDoc -> Component Library Index to look at
Guide curved plus Bender from the McStas lib

NN 3 .
s SR 5
: SR AR
. J 1
L2 d N
kY h LYo e |
- = )
n OSS N :
[oF L
/
holy

Ex. 1/ Peter Willendrup | RoY og
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1.3 Ballistic Guides

source

O

de-focusing
guide section

focusing guide

straight guide _
section

section

Goal : transport/focus more neutrons at the sample position
Disadvantage: increasing neutron divergence

Simulation: using standard guide component

tirsdag den 18. maj 2010



1.3: Ballistic guide:
Open the instrumentfile Ex 1 3.instr given to you

Study the instrumentfile, notice use of the DECLARE and
INITIALIZE sections

340°doysy10mssa

0T0C USA

Notice the use of Source gen to describe the PSI cold source

Notice the mput parameter sa_pos, to vary the guide - sample
position distance.

Compile and TRACE to have an overview of the instrument.

Run a simulation and notice the wavelength distr. before and
after guide.

Task: Scan sa_pos between 0 and 1 m in 11 steps. Notice the
effect on beam profiles and divergence.

DTU

Ex. 1/ Peter Willendrup | Rise OTU
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1.4 Elliptic / parabolic
Guides

Guide_tapering Component

tirsdag den 18. maj 2010



1.4: Elliptic guide:
Open the instrumentfile Ex 1 4.instr given to you

Notice the smaller moderator surface, for optimal use of the
elliptic guide

340°doysy10mssa

0T0C USA

Notice the extra input parameter fp, for definition of the guide
exit focal point.

Compile and TRACE to have an overview of the instrument.

Run a simulation and notice the wavelength distr. before and
after guide. Compare with ballistic guide.

Task: At sa pos fixed at 0.5 m, vary fp between 0 and 1 m 1n 11
steps. Notice the effect on beam profiles and divergence.
Compare with parabolic guide (Ex 1 4a.instr).

Ex. 1/ Peter Willendrup
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Task 1.2: Curved Guide
. >

1. Save as a new instrument

e ‘Configure’|*Set Instrument Name’ to “GuideCurved”

2. Change horizontal shape to ‘curved’, set a radius of curvature of 1000 m and
the guide to consist of 20 pieces of 100 cm each
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Task 1.3: Ballistic Guide
. >

Start from the ‘Simple Guide’. Save as a new instrument

2. thJIS% 3 times the guide module to build a ballistic guide (in both dimensions)
a

e opens to twice the cross-section over the first 5 m (shape: linear)
e has constant cross-section over the followin 10 m (shape: constant)

. ?_nd cc))nverges to the original cross-section over the last 5 m (shape:
inear

610 doysy1o0mssa

0TOC UaA
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Task 1.4: Elliptic Guide 8
. > g

1. Start from the ‘Curved Guide’. Save as a new instrument :x) <

2. Change both shapes to ‘elliptic’ and give 100 cm as distance from guide exit E,’ =

to the focal points TN

o O

o

«Q O

Task 1.1: Linear Guide MM 5 | msmug
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1.5 Capture flux estimates
*Definition of capture flux
eMeasurement and accuracy
*McStas simulation

1.6 Guide losses

eMechanisms involved
Simulation

E. Farhi, ILL Computing for Science

Disclaimer: in case of errors and uncertainties, please correct me...

Capture flux and losses / E. Farhi @ill.fr min |i£ | ¥ DTU%



Capture flux: definition
.
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The 'capture flux' is the standard way to measure an integrated flux in
facilities. A white beam 1s absorbed into a gold foil, in an energy
range up to 500 meV neutrons. Then this 1s normalized to the thermal

neutron absorption cross section for A=1.8 A (2200 m/s), and finally:

0.5eV
D, :/ de A d)\
0 dA A2200m /s

Even though the formula 1s valid for thermal neutrons, it has been
extended to cold and hot neutrons.

So, in a few words, the real integrated flux = f 4@ dA

is roughly @ ~ & for a peaked flux around 1.8 A
® ~2.2 ® for a peaked flux around 4 A

Capture flux = integrated, wavelength weighted flux Ky

L —l @ N
Capture flux and losses / E. Farhi @ill.fr | oM ee T T MR NTE
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Capture flux: measurement and accuracy

>

3
i

Ven
essworkshop

The health physics/guide staff put 1 cm® gold foils in the beam, and
they measure their activity after irradiation. The procedure is very
standard, and unchanged for a long time.

G, =98.650 =7.32c_=0.43 [barns]

The intrinsic measurement accuracy of the
method is of the order of 10 %.

Simulating capture flux measurement with McStas:

Monitor nD(options= “capture per cm2”,

D

—

Capture flux and losses / E. Farhi @ill.fr Nm i 3 | Rise o1 U



Capture flux: let's simulate !

>

Aim: Build a guide fed by a continuous thermal-cold source.

Ven 201'.

1) Re-use Ex 1.2 (curved guide)
2) At 50 cm from the end of the guide, add a capture flux monitor.
3) Simulate

4) Re-simulate with a reduced wavelength range, and then again
with shifted range towards hot and cold neutrons. What do you
notice ?

Capture flux and losses / E. Farhi @ill.fr Nm | 5 | Rise o1 DTU



Guide losses: total reflection

> File supermirror_m3.rfl Data (text format with fastest import method)

tp542536 <supermirror_m3>
1.5 ‘ .

Guides transporting neutrons are
not 100 % efficient.
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Their reflectivity depends on the
material, number and quality of
the multi-layers deposited on top

of the glass or metal substrate

|

|

|

|

|

|

surface. . | (angle)

0 0.02 0.04 0.06 0.08 0.1

Q perpendicular

Non reflected neutrons are either absorbed or scattered. In both cases,
this creates background and radiation to protect from with proper
shielding.

Reflectivity

o
o

A rule of thumb says that maximum divergence transmitted by a guide
1S:

o [deg] = m * lambda [Angs] * 0.1

IRiseDTuii”--- % .

1 P ol an
spa
Ky ¥ Psource
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Guide losses: causes for losses

>

Some causes of non reflection:
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atoo high divergence, above total reflection angle (depends on material
cross section and m-value)

@low angle incoherent scattering

@poor waviness of surfaces (poor polishing)

adirty surfaces (dust, grease, ...)

In addition to radiations, the losses damage materials by creating He
bubbles which propagate cracks. Glass turns dark and brittle.

o

(J

@i iss o1y DTU % )
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Guide losses: estimating neutron losses

>

From the curved guide assembled previously:

1.Re-use Ex 1.5

2.Insert capture flux monitors in between guide elements
3.Run simulation with m=1 and m=3

4. Estimate the losses per meter (1n absolute and percentage)
5. Does super mirror coating increases background at the end of the
guide ?

Capture flux and losses / E. Farhi @ill.fr min Iiﬂ | ¥ DTU%
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2.1: Monochromators

>
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Components

e Monochromator flat (Ex 2.1.1)

 Monochromator curved (Ex 2.1.2)
e Single crystal (Ex 2.1.3)

Use In instrument

e Monochromator
e Analyser

e Sample

Monochromators / Linda Udby



2.1.1: Monochromator_flat

>

Build an instrument using

¢« Source simple (0.Im*0.1m, dist=10, LO,dL, flat L
distribution)
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« Two Arm :one for rotation of mono and one for scattering

 Monochromator flat (0.Im*0.Im @ z=10m,
mosaic=40,r0=0.8, EXTEND if not scattered then absorb)

e PSD monitor,Divergence monitor,L monitor

Z—X view: MonoFlat.out

~+ = T T T T T T T T T T i T —
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=
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2.1.1: Monochromator_flat
.

Properties:

&
o
(o)
(@\|

o

<B)
>

20
<
&
=
=
=
=
A
)
O

» Infinitely thin, one scattering vector perpendicular to surface
- no multiple scattering/secondary extinction
- total reflectivity r0, not scattering cross sections

* Mosaic, vertical and horizontal #

e No variance of lattice parameter A4d/d=0

Algorithm:

If intersect determine order n, Qo = 2k; siné

From mosaicity 7 and angle a from Q find prob Preflect = Roe

\_"Qn

If reflected, determine direction on D-S cone

Calculate weight for ¢ € [—7; 7]

, —p? ."rE ﬂ'."rEUFH 2
fvc(p) = —= e~ ¥ /2o cost)” N
V271 (a/ cosf) 05
Monochromators / Linda Udby ® 3 0



2.1.1: Monochromator_flat e B

> I ;

Input parameters S S

Parameters in boldface are required: the others are optional. > %

Name Unit Description Default §

Zmin m Lower z-bound of crystal 0 %
Zmax  |m Upper z-bound of crystal 0
YMin m Lower y-bound of crystal 0
ymax — |m Upper y-bound of crystal 0
width 0

height 0
mosaich |arc minutes |Horisontal mosaic (in £ direction) (FWHM) 30.0
mosaicy |arc minutes |Vertical mosaic (in'Y direction) (FWHM) 300

rC 1 Maximum reflectivity 0.7
Q AA-T Magnitude of scattering vector 18734
DM Angstrom [monochromator d-spacing instead of Q = 2*pi/DM 0

e width = 0.1, height = 0.1,
e mosaich = MOSH, mosaicv = MOSV,
e r0 = 0.8, O = 1.8734 GNEOOZ)



2.1.1: Monochromator_flat
.

Basic setup

e Set source wavelength 4.0-4.1A (LMIN=4.0, LMAX=4.1)
e Put mosaicity to 40 min (MOSH=40, MOSV=40)

 Set the monitors at the Bragg angle for the monochromator scattering
for \=4.045A (rotate a?2)

e Set monochromator rotation angle in scattering condition (al=a2/2)
e Observe the wavelength distribution (n=1e6 rays is enough...)
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Play!

» Try to put a broader wavelength interval from the source (2.0-4.1A)
e Observe wavelength distribution

» Change to (vertical) mosaicity and observe the PSD

e Change the (horizontal) mosaicity and observe the energy monitor
If you put a PSD monitor 4PI (radius=1-nm) at the sample

position you can confirm that only one scattering vector is present

! Ny
IRisnnTu - % i
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2.1.2: Monochromator curved
e

Properties

&
o
(o)
(@\|

o

<B)
>

20
<
&
=
=
=
=
A
)
O

» Array of single mosaic crystals (blades) with one scattering vector
e Infinitely thin, one scattering vector perp. to each surface of blade
- no multiple scattering/secondary extinction
- total reflectivity r(k), not scattering cross sections
- total transmission #(k) Monochromator curved
e Mosaic, vertical and horizontal #
* No variance of lattice parameter Ad/d=0

y/[m]

Algorithm

For each individual blade the same as Monochromator flat

Il . Y .|I .I-_
4y
(T ; 2 4
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2.1.2: Monochromator_curved g
> e
N
S
Input parameters i
>
Parameters in boldface are required; the others are optional. =
| Name | Unit | Description IDefault Q
[reflect  |str reflectivity file name of text file as 2 columns [k, R] | 0 §
ftransmit [str transmission file name of text file as 2 columns [k, T] | 0 %
[width  |m lhorizontal width of an individual slab | 001 Q
lyheight |m \vertical height of an individual slab | 001
|gap |m |typir:a| gap between adjacent slabs | 0.0005
INH lcolumns  |number of slabs horizontal K
|NV |rows |number of slabs vertical | 11
Imosaich |arc minutes [Horisontal mosaic FWHM | 300
[mosaicv [arc minutes |Vertical mosaic FWHM | 300
o K IMaximum reflectivity. O unactivates component | 0.7 el u
It0 K transmission efficiency | 10 ;
[® |AA-1 Scattering vector | 18734
|RV |m |radius of vertical focussing. flat for 0 | 0
[RH Im radius of horizontal focussing. flat for 0 | 0
DM |Angstrom  |monochromator d-spacing instead of Q=2*pilDM | 0
Imosaic |arc minutes |sets mosaich=mosaicy | 0
width  |m ltotal width of monochromator | 0
lheight  m ltotal height of monochromator | 0
verbose [0/1 verbosity level | 0

e 5 vertical slabs :NV=5, yvheight=0.02, zwidth=0.1, RV=1
 Use reflecivity list 'HOPG. r£1' provided in McStas datafiles

e Use transmission list 'HOPG. trm' provided in McStas datafiles
er0 = 1,0 = 1.8734 (PG 002)

¥ x
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2.1.2: Monochromator curved
e

Basic setup

—
e
S
N

=

>
>

20
<
&
=
=
=
=
A
)
O

e Set source wavelength 4.0-4.1A (LMIN=4.0, LMAX=4.1)

e Put mosaicity to 40 min (MOSH=40, MOSV=40)

e Set monochromator rotation angle al in scattering condition

e Set the monitors a2 at the Bragg angle for the monochromator

scattering
e Observe the wavelength distribution (n=1¢6 is enough...)

Play!

e Observe the influence of the focusing monochromator on the PSD
(you can put it flat by setting RV=0)

e Observe the influence of the focusing monochromator on the

divergence

* You can change the incoming wavelength (2.0-2.1 A, second order

scattering) and observe the intensity 1s smaller due to smaller .

reflectivity in comparison to constant rQ Ly J

Monochromators / Linda Udby



2.1.2: Monochromator curved
_— -
With focus

No focus

AP\ P mantar bt [Mo SOyt MO, MO0V, LA 41,/ FTlaphimus P50 [iemep vt NOSH 40_MOSAG FPFt Lt G4 /S0, A0t]

Ven 2010

essworkshop.org

T T T T T T T
-1 -] 13
LangHuds [deg] Longuda [dag]

Dtvergence maater o i Divergerce monker
oon [Horelursed BAOSHAL 00 KL LY.0—4,1 fLarbaighion N

o

T dwergancs [dag]
z
1

e — : I
X dwsrganca [dag] m X diverganca [deg]
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2.1.3: Single_crystal
.

Properties

Ven 2010
essworkshop.org

 Thick, flat single crystal
- multiple scattering
- absorption
- Incoherent scattering
e Mosaic, 1sotropic (anisotropic around sample lattice axes)
 Variance of lattice parameter Ad/d=0

Monochromators / Linda Udby



2.1.3: Single_crystal
.

° : :
o Bl N
Algorithm S .S
> 9
The overview of the algorithm used in the Single_crystal component is as follows: f
1. Check if the neutron intersects the crystal. If not, no action is taken. §
1%
2. Search through a list of reciprocal lattice points of interest, selecting those that g

are close enough to the Ewald sphere to have a non-vanishing scattering probability.
From these, compute the total coherent cross-section geon (see below), the absorption

. % : .
cross-section o,ps = a:rggmﬁumf—s, and the total cross-section Gyot = Teoh+Tine +Tabs.

3. The transmission probability is exp(—i’ﬁ;—‘fl where ¢ is the length of the flight path
through the erystal. A Monte Carlo choice is performed to determine whether the
neutron is transmitted. Optionally, the user may set a fixed Monte Carlo probability
for the first scattering event, for example to boost the statistics for a weak reflection.

4. For non-transmission, the position at which the neutron will interact is selected from
an exponential distribution. A Monte Carlo choice is made of whether to scatter
coherently or incoherently. Absorption is treated by weight adjustment (see below).

For incoherent scattering, the outgoing wave vector kf is selected with a random
direction.

[y )

6. For coherent scattering, a reciprocal lattice vector is selected by a Monte Carlo
choice, and ks is found (see below).

7. Adjust the neutron weight as dictated by the Monte Carlo choices made.
8. Repeat from (2) until the neutron is transmitted (to simulate multiple scattering).

For point 2, the distance dist between a reciprocal lattice point and the Ewald sphere is
considered small enough to allow scattering if it is less than five times the maximum axis ¥ ¥y
of the Gaussian, dist < 5max(oy, 79, 09). 0T

A )
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2.1.3: Single_crystal
.

Input parameters

Parameters in boldface are required; the others are optional.

| Name | Unit | Description IDefault
|reﬂec1iuns |string |Fi|e name containing structure factors of reflections. Use empty (") or NULL for incoherent scattering only |

[xwidth  |m [Width of crystal |

lyheight  |m [Height of crystal |

|zthick Im [Thichness of crystal (no extinction simulated) |

|de|ta_d_d |1 |La‘[’[ice spacing variance, gaussian RMS | 1e-4
|mosaic  [arc minutes [Crystal mosaic (isotropic), gaussian RMS | -1
[mosaic_h [arc minutes [Horizontal (rotation around Y) mosaic (anisotropic), gaussian RMS | -1
[mosaic_v [arc minutes [Vertical (rotation around Z) mosaic (anisotropic), gaussian RMS | -1
|musai|::_n |arc minutes |Dut-nf—p|ane (Rotation around X) mosaic (anisotropic), gaussian RMS | -1
|recip_ce|l |1 |Choice of direct/reciprocal (0/1) unit cell definition | 0
[ax [ [ ©
[ay IAA or AA~1 [Coordinates of first (direct/recip) unit cell vector | ]
|az F 0
[bx F 0
[by |AA or AAM1 [Coordinates of second (direct/recip) unit cell vector | 0
bz f 0
[cx F 0
lcy IAA or AAM1 [Coordinates of third (direct/recip) unit cell vector | 0
[ez F [ ©
|p_transmit [l [Monte Carlo probability for neutrons to be transmitted without any scattering. Used to improve statistics from weak reflections | -1
[absorption [barns |Absorption cross-section per unit cell at 2200 m/s | 0
lincoherent |barns Incoherent scattering cross-section per unit cell | 0
|aa ldeg | | 0
|bb ldeg |unit cell angles alpha, beta and gamma. Then uses norms of vectors a,b and ¢ as lattice parameters | 0
|cc \deg | | 0
|0rder |1 |Iimit multiple scattering up to given arder (0: all, 1: first, 2: second, ...} | 0
powder 0

. Risg DTU DTU - -
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2.1.3: Single_crystal
.

Basic setup
* A 2mm slab 0.1m*0.1m, small variance of lattice par, var. mos.:
xwidth = 0.002, yheight = 0.1, zthick = 0.1,

delta d d = le-4, mosaic = MOS
e Put the crystal with ¢ axis along x, and b axis along z:
ax = 0, ay = 2.14, az = -1.24, (a=120deg)
bx = 0, by = 0, bz = 2.47,
cx = 6.71, cy =0, cz = 0,
e Set the right reflection list (h k 1 F* [barns]) for graphite
reflections = "Graphite long.dat",
- 6,0 _ [barns] for graphite
absorption = 0.014, incoherent = 0.004,
e Multiple scattering order = 0 (all) =

Ven 2010

essworkshop.org

*Set monochromator rotation angle al in

scattering condition

e Set the monitors a2 at the Bragg angle
for the monochromator scattering

» Using wavelength 4.0-4.1A you should

get the same Bragg spot as before
Monochromators / Linda Udby



2.1.3: Single_crystal
.
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Play!

e Set a broader wavelength band from the source (2.1-4.1 A)

* Observe the many reflections on the 4t PSD! ( use log-scale)
-this 1s why we need monochromator shielding :)

* You can also increase the incoherent scattering or absorption
crosssection to observe the effect

» Or with the mosaicity or variance of latticespacing

Monochromators / Linda Udby



2.1.3: Single_crystal

A=4.0-4.1A

4P| P=0 monHor
14,

Longhude [deg]

Dhargeres meniter
ticn Nhome.liode fendid O Hosefit boma Ltc— 41 Tikida

A=2.1-4.1A

4P PEO montor
g5, b ] —4—1,

PO manttar

Longuda [dag]

Dharaeres meniter

+—1 Dhidon [WoretS boma d 0 1—4 —1 Tdvbdonaob] |
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Task 2.1.1: Flat Monochromator (ma_flat)
. >

1. Use the ‘user wavelength distribution file’ from Task 1.1 (linear Guide) to
build a source of 10 x 10 cm?

2. Send a beam in the range 1.0 — 7.0 A to a flat monochromator (ma_flat) of 10
x 10 cm? size and 0.5 cm thickness in a distance of 10 m

3. Choose

D
92
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o
s
o
=
«

0TOC UaA

» amosaicity of 40’ (horizontal and vertical)

« ad-spacing of 3.3539 A

«  atake-off angle of 74.28° to get a wavelength of 4.05 A
 Ad/d =0, mosaic range factor 2.5

» reflectivity normalization and repetition rate 1

« standard frame generation

4. Add monl lambda, mon2 pos (20x20 cm2) and mon2 div (-5° to 5° in both
directions) in 0.828 m distance

5. Check resulting wavelength, adapt generated wavelength range

{ QUE, o 7 ¥ r |
T = | R DTU % Th T A
4 T3 o N RS
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Task 2.1.1: Parameters of a Monochromator Element

>
ff ma_fat module 2 1Ol =l
Monochromator Analvser
parameter f'i1E|mDnu:u_fIat.par Elru:uwsel EIrDWSE.'Nl Edit |
repetcition I_ osaic spread mosaic spread
r'ate1 horiz. [deg] 0.7 wvert. [deg] 087
I_ reflectivity
Bragg angle d spread|0o normalization [-] 1
d-—distribution Lorentzian —l|
Done |
ff Edit mono_flat.par 1O =]
Beam Monochromator-Analyser parameters
main position Ii ain position main position
cm] 10 * [cm] o Z [cm] u
e ———————————
S surface offset Ii rface offset
\\ horizontal [deg] 5288 ¢ertical [deqg] o
~ e ———
Bragg offset =2 86 Bragg offset 0
horizontal [deg] : ertical [deg]
thickness Cryst. 05 width Ccryst. 0 height Cryst. 10
/ element [cm] |I™ element [cm] element [cm]
Take-off angle _
g d-spacing [A] |33539 r'eu‘l::ldeecrtiuntl |1
mosaic Ii _ Ii
@E factor 2Dd range fTactor [{
output frame definiti standard frame generstion —l|
\ /
x* [cm] [z00 ¥' [cm] o z* [cm] o

horizontal 130 wvertical 0
angle [deqg] angle [deqg]

M Save+Close | Save As | Cancel |

YT | e DTU %
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Task 2.1.2: Focusing Monochromator (ma_focus)

>

1. Exchange the flat by a focusing monochromator that

e consists of 5 pieces of 2 cm height, 10 cm width and 0.5 cm thickness

.d.’
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v
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* has a shape of a vertical cylinder, radius 1 m
* has a minimal vertical angle of -2.292°
* has the same mosaicity, d-spacing and take-off angle as the flat one

2. Compare wavelength and divergence distribution as well as spot size

— ise o1y UTU
Task 2.1: Monochromator MIrmii= 1™



Task 2.1.2: Parameters of a Monochromator Ensemble
. >

610 doys)10mssa

(D
{ ma_focus module 2 - 10O] x| =
Monochromator Analyser N
o
parameter fTile Im-:un-:l_c:urved.par Browse| BrowseM| Edit | I
o
repetition I_ mosaic spread mosaic spread
rate 1 horiz. [deqg] 087 wert. [deqg] 087

I_ reflectivity

d spread|0n normalization [-] 1
chs i1 e [lamb_foc dat >
d—distribution Lorentzian _ll@g option wert. cylinder _l| )

Browese| Browseh

Edit |

number of CE I_
horizontal 1

number of CE I_
wertical 2

radius radius angle I_\
horiz. [cm] o vert. [cm] 100 @deg] '2'292/

gap between 00 gap between 00
columns [cm] I=: rows [cm] I=:
orient. dew. 00 orient. dew. 00

hor.

[deq] vert. [deqg]

- | RiseoTu %
i y

BUTDEON
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2.1.3: Normalization

>
_ipjxg| Dasic idea: determine ratio of outgoing to
Monochromator Analyser mcoming lntenSIty for
parameter fi1le [mano_fiet par Browse| Browsen| Eat | * beam of divergence 0

mosaic spread

vert. [deg] %% » sufficiently large monochromator
element

repetition |—1 mosaic spread
rate =

reflectivity 1
normalization [-]

d-distribution Lorentzan —i | Necessary for each take-off angle

d spread|00

E. Intensity normalization

The sophisticated computation procedures of this module (e.g. considering a 2-dim. distribution function for the mosaicity)
leads to a very good description of the factors which influence the resolution behavior of the whole instrument.

For reliable intensity comparisons (to other types of instruments) it might be necessary to renormalize the calculation. The
following procedure is recommended:

1. Use the module source_CWS and adjust the ideal wavelength which is defined by fulfilling the Bragg condition with a
mosaic of the crystal element under consideration which corresponds to the ideal direction n_.. Generate neutrons with
nearly no or a very small divergence in each direction.

2. Simulate the reflection of this neutron beam at the crystal element described by this module (using the data known about
the material, mosaicity a.s.o. and adjusting appropriate mosaic- and d-ranges).

3. Divide the output count-rate of this module by the input count-rate to obtain the rate of reflection R _sim.

4. Compare R_sim with the experimental peak reflectivity R_exp, known from mosaicity measurements (referring to the

same ideal wavelength as used above) for the crystal under consideration, to obtain the rescaling parameter P=
(R _exp/R_sim).

5. Now the intended VITESS simulation (e.g. an instrument which uses crystal elements of this type) can be performed. For
this do not change the values and ranges (which have been used under 2.) for the mosaicity, d-spacing and neutron
repetition rate, but renormalize the chosen reflectivity R by multiplication with P. Although the new value for R may
now exceed 100% and differ from R_exp, the module will simulate correctly both, the intensity and resolution behavior
of the crystal element system.

:_____j _[,] : '4}: I Risg DTU
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Background estimate: what is background ?

>
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Background is ... everything you do not want to see.
Origin of background:

eFast neutrons, gamma rays ...

eScattering from any unwanted part in the beam
*Mechanics, dust, hydrogenated molecules, ...
eSample environment

Appears usually as a low level signal, below measurement.
It has no reason to be constant...

2.1.4 Background:Monok / E. Farhi AMi=3 1= =



Background estimate: mechanics contribution
.

Monochromators are used to extract a

sharp neutron energy distribution from a white beam.
Rely on Bragg's law.

Use single crystal assembly, with focusing geometry.
Size: Typically 20x20 cm

. Monochromator rocking curve
Monochromator curved

0.05 1

y/[m]
o
Intensity

(# Cu(200) Reflection,

Optics mechanics DO scatter, and may be massive

2.1.4 Background:Monok / E. Farhi min |iﬂ |Ris“DTU%




Background estimate: monochromator simulation g
> < 2

We shall insert a piece of metal next to the S S
monochromator, and a dedicated monitor to Mechanics > 2
record only neutrons scattered from this 3
piece. i / Z

1) Get the Ex 2 I 4 example
2) Define a new instrument input 'string’
parameter 'mount' that will specify the
material, set as « Al.laz » as default

3)Define a 'flag mechanics' variable in the
DECLARE block

4) Add a PowderN 1nstance at 6 cm from

the Monochromator, as a 2x2x10 cm bar

5) Make it so that it sets the 'flag mechanics' to 1 when neutron has
scattered
6) Add a sphere detector that records only flag mechanics neutrons

2.1.4 Background:Monok / E. Farhi | " ez T i PEREANE
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Background estimate: exercise
.

We shall now use that instrument
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1) Run the simulation with 1e7 neutrons and Aluminium mount in
directory 'Al

2) Repeat with mount=Cu.laz (copper) in directory 'Cu'

3) Compare the parasitic Bragg peaks and the background level.
Which is best ? You may press the 'L' key to toggle log-scale

4) Wavelength is around A=4 Angs What will happen for faster

neutrons ?

I Risg DTU
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Ex. 2.2: Rotating, moving parts

>

2.2.1 Velocity selector
2.2.2 Disk Chopper

2.2.3 Fermi Chopper

Ex. 1/ Peter Willendrup

AMi= 1™

ory DTU eSS
§ :
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2.2.1: Velocity selector:

As you saw, monochromators define a very monochromatic beam.

340°doysy10mssa

A greater bandwidth monochromatization device is a velocity §
selector %
VelocCity selector =)
—
0.1, =
04
E 0.1 —
=
-0.2
0 =
0.5 s
z/m] 1
-0.1 O 0.1

Ex. 1/ Peter Willendrup minnl
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Input parameters
Parameters in boldface are required; the others are optional.
Name Unit Description Default
width |m  |Width of entry aperture 0.03
height m  |[Height of entry aperture 0.05
10 m  |Distance between apertures 0.30
0 m  |Height from aperture centre to rotation axis| 0.12
phi |de.g Twist angle along the cylinder 48.298
11 m  (Length of cylinder (less than 10) 0.25
th m  |Thickness of blades 0.0004
rot  |rpm |Cy]i11de.r rotation speed, counter-clockwise | 20000
nb 1 [Number of Soller blades 72
Ex. 1 / Peter Willendrup NMmi—
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Exercise 2.2.1
Open the Ex 2 2 1.instr instrument

Notice use of wavelength monitors L _mon

340°doysy10mssa

0T0C USA

Notice use of the V_select component
Input parameter ROT defines selector rotational velocity (RPM)
Perform a TRACE at the default ROT=20000 RPM

Perform a SIMULATE of 1e7 neutrons at default ROT
Estimate the relative bandwidth 0A/A of the transmitted beam

Perform a series of simulations in the range
10000 < ROT < 50000 (5 steps)

Compare the transmitted beam in the different cases

DTU

Ex. 1/ Peter Willendrup | Rise OTU

onsdag den 19. maj 2010



2.2.2: Disk chopper:

A Disk Chopper i1s also a rotating device, selecting neutrons. The
travelled distance in the device is much smaller (disk), for defining
time structure in the neutron beam.

i

Y

340°doysy10mssa

0T0C USA

Optional beamstop of width 6,

g
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2.2.2: Disk chopper:

A Disk Chopper i1s also a rotating device, selecting neutrons. The
travelled distance 1n the device 1s much smaller (disk), for defining

time structure in the neutron beam.

340°doysy10mssa

0T0C USA

_I_

g LV

| PSD1 [PSD1 sim]
1% XO=—090216, dX=T7.63337; T0=-091963; d¥Y=5.61107,;
I=0.077593 Err=0 000278555 N=7T7583

= 10

{1

1)

i

02

Y position [cm]
1]

103

2= 10

0.4

-20

=

X position [cem]

I Rise DTU ess
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2.2.2: Disk chopper:

Parameter significance

340°doysy10mssa

<
@
Input parameters :)
=
Parameters in boldface are required; the others are optional. .
| Name |Unit | Description Default —
theta_0 deg |Angular width of the slits. |
|R |m |Radius of the disc |
h m [Slit height (if = 0, equal to R). Auto centering of beam at h/2. | 0
|omega |radfs |ﬁngular frequency of the Chopper (algebraic sign defines the direction of rotation) |
|ﬂ |1 |Numbcr of slits | 3 e T
i s |Jitter in the phase | 0
|thel:a_l |dcg |Angular width of optional beamstop in chopper windows | 0 —
0 |5 |Time 'delay'. | 0
|]5F1'rsl: |o; 1 |Sct it to 1 for the first chopper position in a cw source (it then spreads the neutron time distribution) | 0
n_pulse I |Number of pulses (Only if IsFirst) | 1
labs_out [0/1 |Absorb neutrons hitting outside of chopper radius? | 1 e
|phi_{]l |dr::g |ﬁngular 'delay’ (suppresses 1_0) | 0 7 o
|w |m |'widl:h' of slits for compatibility with Chopper.comp | 0 =
|wc: |m |'widl:h' of beamstops for compatibility with Chopper.comp | 0
0

compat (1 |Chopper placement compatible with original Chopper.comp

Ex. 1 / Peter Willendrup MIMi—3 = 4 ¥

onsdag den 19. maj 2010



2.2.2: Disk chopper:

Used parameters
- R, radius of disk-chopper (we use 0.5 m)
- n, number of openings (we use 2)
- phi_0 (angular phase at t=0, in degrees, we use 90 deg)
- omega (angular frequency of chopper)
- theta 0 (angular width of each chopper opening)

340°doysy10mssa

0T0C USA
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Exercise 2.2.2
Open the Ex 2 2 2.instr instrument

Notice use of the EXTEND %{ %} section, defining a time
structure (1 second, flat distribution)

Notice use of Monitor nD, our “Swiss army knife” monitor
options="t auto bins=200"
options="t auto bins=200 x auto bins=200"
- Automatic binning 1f wished
- Monitors any state (or user) variable vs. any other
- Assumes various shapes/geometries

Instrument input parameters:
f (Hz) - chopper frequency ow=2n*f in component parm list)
Theta0 (degrees) - opening width of slit(s)

Ex. 1/ Peter Willendrup | Rise OTU

onsdag den 19. maj 2010
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Exercise 2.2.2
Make a TRACE to get an overview of the instrument

SIMULATE 1e7 neutrons at the default of f=5Hz and Theta0=10
degrees. While simulation 1s ongoing, estimate the number of
pulses per second?

340°doysy10mssa

0T0C USA

Try another 1e7 at =1 hz. Notice space-time correlation in the
third TOF panel

At a given frequency, try changing the ThetaO chopper opening to T
higher and lower value. Comment on the results. .

n ESS

— |
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2.2.3 Fermi1 chopper - summary

|_ 21 E
Al=Cd=slil package

ulis

aogp

oz

340°doysy10mssa

010 UIA
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2.3 Slits - short summary

Name: Slit
Author: System
Iﬂ]]llt ]]HI'E.IIIEtEI‘E Lmins Tmaxs Ymin: Ymax

Optional parameters r, pout

Notes

Ex. 1/ Peter Willendrup

—
—
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2.4 Collimators - linear collimator - short summary

Name:

Collimator_linear

Author:

System

Input parameters

Tmin, Tmazy Ymin, Ymazx, L: ]

Optional parameters

Notes

340°doysy1omssa

010 UIA
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Ex. 1/ Peter Willendrup
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2.4 Collimators - radial collimator - short summary

Name: Collimator _radial

Author: (System) E.Farhi, ILL

Input parameters w1, hy, wae, ha, len, Omin, Omaz, nchan, radius
Optional parameters divergence, nblades, roc and others

Notes Validated

Radial collimator

Ex. 1/ Peter Willendrup NMi=3

onsdag den 19. maj 2010
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Task 2.2.1: Velocity Selector
. >

1. Exchange the monochromator by a velocity selector and set selector
parameters to

e 72 channels of 25 cm length and 42.298° curvature
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o 333.3 rotation per second
» radius of selector 12 cm, blade width 0.04 cm
» chose proper distance beam and axle

2. Change source

«  Sent neutrons between 1 and 12 A to a spot of 3x 5cm? (WxH) in a
distance of 3 m

3. Run instrument and compare wavelength distribution with that of a

monochromator
4. Run a series of 5 different rotational speeds in the range 10000 — 50000 rpm
~=lol x|
wvel SE1 1EE"cgtth[ ctr.n-q 25 ruptei;'t 1-sll--:a-"l:s. I333'3 nucn:lh:"r" Eu1fs IT'r2
curvature [deg] [42298 radius [cm] [12 vert. distance [q

axle-orig.-. [cm]

spacer
width [cm] 004

Done | ¥y . b ;
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Task 2.2.2: Disc Chopper
. >

1. Exchange velocity selector by a disc chopper and set the following
parameters
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e radius 50 cm

e 2 openings of 10° (at positions 0° and 180°)
e initial phase 90°

o frequency 300 rpm

f chopper_disc module 2 ;Iglil
chopper fﬂEln::hu:upEx'lEl.n:hp Browese| Browserl| Edit
- I_ distance to
rounds / min. (300 offset [deg] |20 prev. module [cm] 0

ne 1-;1: nEdqul:u-s I}I
absorption ideal —l| set zero time no —l| treatp;sesuit"rgunhsy YES _||
set colour vyes _||

Done |

Task 2.2-5: Velocity Selector, Choppers, Slits, Collimators NAMi=3 1=
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Task 2.2.2: Disc Chopper - File
. >

# Edit chop2x10.chp -0 = X
-
number I_ -
of windows | radius [cm] |50 < Tf’ ¥ ﬁchuppcl‘ tadius )
vert. position horiz. position —
of axle [cm] 4% o UKMIE— origm = L D
first window heoticn beam D
B
window 0 window 12 window 10
position [deg] height [cm] width [deg] D
left side [ right side [ chopper disk

vell. dislance axle—cltigin

deviation [deg] deviation [deg]

2nd window {if at least 2 windows)

Fig. 2
window window window
@n [deg] 1BD height [cm] |12 width [deg] |1'3\

Teft =ide 0 right =side 0

deviation [deqg] eviation [deg]

Jrd window {on

__ window _ window
RS ST HEDH e tadial windo w height
Teft =ide right side
deviation [deg] deviation [deg] .
lefl g hl
4th window {only if 4 windows) deviation dewiation
window window window
position [deqg] height [cm] width [deqg]
left side right side
deviation [deg] deviation [deg]

M Save+Close | Save As | M

gy e 2 =3 1 risgoTU DTU %

— Ly K o
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Task 2.2.2: Disc Chopper
. >

2. Change source

e  Add proper time interval for the neutrons to start (in the source module) to
select neutrons between 2 A and 4 A

610 doysy1o0mssa
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distance

A

/ detector

chopper

» time
t=0

Task 2.2-5: Velocity Selector, Choppers, Slits, Collimators NmMmi=3 1
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Slits and Collimators

>

1. Apertures
o glit (rectangular, ideal)
« spacewindow (circular + rectangular, material in window and outside)
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e spacewindow_multiple (several windows)

2. Collimators
o collimator_soller (simple, analytic)
e collimator (better)
e collimator_radial

Task 2.2-5: Velocity Selector, Choppers, Slits, Collimators AMi=3 e D“’%
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3- Sample environments
3.1 concentric geometries
3.2 background estimates

E. Farhi, ILL

Mk

Sample Env / E. Farhi NAMi=3 |Ris”DTU% e




Sample environment: definition i ?s"
= = 2
= S
. . O =
A sample environment 1s all that surrounds sample. > 3
~
S
Any material in the beam acts as a sample: it may absorb and scatter. §
V)
Usual environments are concentric:
*Furnaces
*Cryostats

Some may be non-concentric/symmetric
*Magnets
*Pressure cells

Some materials used in sample environments:
Al, Cu, Nb, ...

DT

Sample Env / E. Farhi | Riss 0T



Exercise 3.1: source+sample+detector
.
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Goal: build a simulation of a scattering sample.

1)Start McGUI, and click on Edit

2)Select menu 1n Editor: Insert/Instrument Template

3)Change instrument name as Ex 3 1 and save

4)Add input parameters (lambda=2, string

sample="S102 quartza.lau”)

5)In the TRACE after Origin, insert a Source simple(radius=0.005,
dist=4,xw=0.02,yh=0.02,Lambda0=lambda,dLambda=0.1)

6)At 4 m, add a sample PowderN(reflections=sample,
radius=0.005,yheight=0.02,d phi=50)

7)Around the sample, add a banana detector

Monitor nD(xwidth=2,yheight=1, options="banana theta y, auto",
bins=180) S
8)Run simulation. Observe onion rings (scattering from a powder gives &
rings which angle give the atomic spacing). Press 'L' key for log-scale

¥ ¥ x
glls i
. . ot OSS AN
Sample Env / E. Farhi AMIiIi=3 e 7 e -



Simulating a concentric arrangement

>

With McStas, any concentric geometry should be described
symmetrically w.r.t. the sample position, e.g. :

COMPONENT entry side= Comp(blah, concentric=1)
COMPONENT sample= ...

COMPONENT exit side= COPY (entry side)(concentric=0)

This works for the powder and liquid/amorphous/glassy materials.

Sample Env / E. Farhi | Riss 0T

Ven 2010 |

essworkshop.org




Simulating a concentric arrangement

>

Ven 2010 i

essworkshop.org

Goal: surround the previous sample with a cylinder of Aluminium

1)Before the Sample, add a cylinder

entry side=PowderN(reflections="Al.1az”’, radius=0.035,

radius 1=0.035-0.0002,d phi=50,tfrac=0.8,concentric=1) centred on
the sample

2)After the sample, add a exit side=COPY (entry side)(concentric=0)
3)Re-run simulation. Are there additional rings ?

4)In the DECLARE %/{ ... %} add int flag env,flag sample;
5)EXTEND the Origin with flag env=flag sample=0;

6)EXTEND PowderN components with e.g. if (SCATTERED)

flag blah=1;

7)Duplicate the Detector with copies that only activates WHEN

(flag blah)

8)Re-run. Compare the intensity from the sample and the environment.

u-l'-l' ...--q-.--—'l._'l.'l. T
—

. i wont OSS EANE
Sample Env / E. Farhi minnl ﬁ | ¥ e T T RS



What you should get
.

fhometfarhi/Ex_3_1_2

b

Ven 2010

essworkshop.org

[Lo¢H] Det_samlpe [hh/Det samlpe 12742681461.th y]
A88B: — .21

0.05

= 0
=
-0.05

—100 0 100 ;
Longitude [deg] . Longitude [deg] Longitude [deg]

Sample Env / E. Farhi | PGS



Task 3.1: Powder Sample
>

1.

2

cm~ 1n a distance of 4 m

height in 2 cm distance

Add ‘mon2 div’ to visualize
Bragg rings

Remove neutrons that
are not scattered

ff sample_powder module 2

x [cm] |20

sample
geometry

thickness or

radius [cm] 0.5

Use a ‘user wavelength distribution file’ from a previous task to create a
source of 1 cm diameter and bring neutrons of 1.99 — 2.01 A to a spot of 2 x 2

Add a cylindrical sample powder (sample: NAC) of 1 cm diameter and 2 cm

cylinder — |

‘doysy1omssa
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Sample

¥ [cm] |00 2z [cm] |00

height [EM]IﬂD width [cm]l

structure
factor file

X directiunlun

[Hac str

incoherent scat-

tering [1/cm] 0.01267

unit cell
volume [AAZ]

Check |

107591

Save+Close |

Eruvvsel EruvvseNl Edit |

Z directiunlmn

¥ direction IIZIEI—

Scattering

total scat-
tering [1/cm]

absorption

02735 [1/cm]

0.0

Save As |

sample fiIEWAQ}pDW

Elruwsel EIru:uwseNl Edit |

Theta [deg]l dTh;}h\Efeg]l

Phi [dEg]I

Restriction of the solid angle into
which neutrons are scattered

dPhi [dEg]' repeticians i

treat all
neutrons

incoherent

sCcattering —

no no —

Done

D

Mark scattered neutrons

1 AO0OIN J. uulllt}l\./ T I7VIVUVLIUL
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Task 3.1: Detector

o
1. Add acylindrical detector of 1 m height and 2 m radius all around the sample

2. Add ‘eval elast’ to see intensity as a function of scattering angle and to
determine d-spacings
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total length of the
detector

ff detector module 7 1O =]
Detector gecmetry

geometry cylindrical —l|

determines size of | oF rows [ o e 1258 effmency os
the detector cells ehi [d=al theta [deq][o distance [cm] [Z000s

1
repecition | J
1
1
usage normal —i detector grid on — /TOF option calc _||
’l
1
!
1
!

\ Done

normal: wavelength
dependent detection
probability + diffusion into
neighboring cells

Task 3: Sample + Detector MMmi—=3 e




Task 3.2: Background by Sample Environment
. >

1. Add a concentric aluminum cylinder of 7 cm diameter and 0.2 mm

doys10mssa

(Alu_cont.env) thickness around the sample using twice the module ®
‘sample environment’, now transmitted neutrons must be treated as well <&
. £ sample_powder module 3 ;lg-|5| O
2. EStlmate the baCkgI'OU.Ild by sample f'i1e|N.&C_D.pnw Elrc:wsel ElruwseNl Ediit | B
° COloring neutr()ns and Theta [deg dTheta [deg]l Phi [deg]l
. drhi [deq] repetitions 1 cn'lnur'l‘z
»  checking the log file and/or Incoherent [ T
separating the contributions ]
using eval_elast JR=TE]
(some trajectories are not treated properly, ractor fiTe A0St Browse | rowsen e |
bug will be fixed 1 the next version) thickness [cm] [02 diameter [cm] [75 height [cm] [£00
|"| Scattering
- o ll'.‘% ;J/ ‘-"‘:ggﬂﬁgt[:;gﬁi 0.0004g tetr"itnig [Slcﬁz';] 0091 ahs“r[pl'ijc':""] 0014
\ unit cell 66 35

volume [AAT]

Cancel |

!'| ///"/ Check | T Save+Close | Save As |
I {’f:'l // {f sample_environment module 2
. 7

parameter file |A|uCDrﬂl.em-'

Ceoronr B
direction in _||

Stop beam in front of the

sample environment _oone | _
Task 3: Sample + Detector M= 1"
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Task 3.2: Radial Collimator
. >

1. Ifyou like: add a radial collimator around the aluminum cylinder and check

the reduction of background

ff collimator_radial module 5
theta [deg] IIII width [deg] [350 f_iEJJJ ﬂi:tJEﬂg'a q
entrance -0 exit -0

height [cm] height [cm]

distance [cm] 17 =R1 Tength [cm] 7 =R2-R1

number of Ii blade Ii
channels 127 width [cm] 0.015
Done |

=10l x|

Task 3: Sample + Detector




Task 3.2: Eval _elast

f eval_elast module 9

‘ e

evaluation
parameter

spectra
file

intensity
file

info
file

number
of bins

increase to
next bin[%]

probability
weight

Tlight
path [cm]

time interwval
begin [m=]

parameter:

scattering angle
d-spacing

scattering angle [dey] — |

Ideteu:tu:urz.sca

Browwsze| BrowwszelM| Edit Plat

Browwsze| BrowwszelM| Edit

WEE -Jl

260 minimum 0

[A; 1/A, deq]

dead-=pot
[deqg]

time of
flight ™ —'l
time offset [MS]ID

time interwval
-1.e10 end [m5]|1E1U

Done

Browwsze| BrowwszelM| Edit

max imum

[A, 1/A, deg] 1™

exclusive

counts 0 —
reference

wavelength [A]

=10l %]

_1 AutoPlat

Task 3: Sample + Detector

AAMi=3 1~
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Welcome, days 4+5

>

Thursday program:

9:00-13:00 Morning session, including
Samples / sample environment

Detectors
(Coffee break)

13:00-15:00 Lunch + break (walk to Kyrkbacken harbour?)
15:00-1900 Afternoon session,
Entire instrument, assembled from previous exercises

(Coffee break)

After dinner: Online presentation “how to write a component”™

2010 McStas/VITESS user training in Ven

>
—

340°doysy10mssa

0T0C USA
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Welcome, days 4+5

>

Friday program:

9:00-11:30 Morning session:
Discussion
Training feedback
Individual user projects
Closure

apx. 12:20 Departure from Backafallsbyn

12:40 Ferry to Landskrona

2010 McStas/VITESS user training in Ven

340°doysy10mssa

0T0C USA

torsdag den 20. maj 2010



4- Detectors
4.1 A small Gas detector (BIDIM?26, do 1t yourself)
4.2 Effect of the housing

X}f}‘%

i s i DTU
Detectors / E. Farhi - ILL AMi3 1~ ”T”E o




Detectors: introduction
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Simple 1deal detectors are usually part of any simulation.
Efficiency 1s 100%. I personally use Monitor nD.

I will present how we simulate more realistically gas detectors.
When neutron enter a gas cell, it creates at some point a (p,t) pair.
These charges drift, under electrical field, to a wire where the
position 1s detected e.g. by charge division and coincidence criteria.

A cloud of charges 1s thus created around an incoming trajectory.

Let's see that...

X ¥ x
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. Lol CSS KNS
Detectors / E. Farhi - ILL | ¥°0 e W RN AR
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Detectors: a multi-wire gas chamber
.

< S0
R

7
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Detector model for MWPC:
Gas chamber with wires, (p,t) charge drift

Can study:

ddetector spatial resolution

dbackground generated from detector housing.
Jdestimate detector saturation (cur. not implemented)

Detection area 1x1 cm, He 5 bars, CF4 1 bar.
mydet [psd—c .dat]

X0=0.000887%: {(=0.0702681; 77, dY=0.0687747;

“T% | n

L

/A

Resolution 0.4 cm

X position [cm]

Detectors / E. Farhi - ILL | 0PV ee T e

I



Detectors: simulating a simple gas cell

>

Select button Edit/New. The Editor opens
Select menu Insert/Template in
the Editor

Ven 2010
orkshop.org

File Simulation Neutronsite Tools . Doc)
Change the instrument name as mm—— (e |

L

or create a new one from a Template

PSD test and parameter lambda=2 ===

McStas version

Copyright (C) Ri

Additiens {(C) I
i

GSPC-March-2010 (Mar. 16, 2010)
Naticnal Laboratory, 1337-2010

Position the cursor after the A s
TRACE keyword and Progress bar | oo ==

=E]

= [

Insert a Source/Source simple
and call this instance 'Source'

Component ... <Alt-m>

Make it a disk of radius=0.1 [mm], 2 =" " o
focusingto a 0.1 x 0.1 [mm°] at2 m with™™™" "™ " s

Monitor

neutron wavelength lambdaO=lambda | - .
dlambda=0°1 ;Lin?e:ence.—’HI.‘{L link i E::r:e

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

LT T T T T T T Y

section allows us to declare wvariables or small ) 'o"

Detectors / E. Farhi - ILL M P

Line: 56 of 66 total, Column: 0




Detectors: simulating a simple gas cell

>

Insert a Contrib/PSD_Detector
at 2 [m] from the PREVIOUS
component. Make 1t a BIDIM26
Detector, but with 2.6x2.6 cm?2
FN Conv="He3inHe.table", |
FN Stop="He31inCF4.table"

Save instrument as 'PSD _test.instr,
and click the Run button.

Select Trace (3D) instead of Simulate.

Click on the Start button.

HENT Scurce = Scurce_simple |
radius = 0.le-3, focus_xw = .le-3,
lambdal = lambda)

AT {0, 0, 0) EELATIVE PREVIOUS

WENT MILANDLR® = P5D Detector (xwidth=0.132,
threshold=100, borderx=-1, bordery=-1,

zdepth=0.03,

PressureConv=5, Pressureitop=l,
FH_Conwv="(Gas_tables/He3inHe.table",

filename="BIDIM13.psd

RELATIVE PREVICQUS
Run simulation /home/ubuntu/PSD_Test.instr

AT (0,0,

®¥ChDivRelS5igma=0, yChDivRelSigma=0,

e
Eais
Q<

focus_vyh = .le-3,

yheight=0.1%2, nx=64, ny=404,

Instrument source: /home/ubuntw/PSD_Test.insir

Instrument parameters (D=floating point, I=integer, S=string):
lambda (D): 1

Output to (dir): |

Neutropgouai-l .
—
Trace (3D view) | _| Plot results, For @
ClUSTETmgr==ereTEingle CPU) |Numharo1 nodes:
nect . Origin
nspect component: R
Origin
First component: Source
Lat . Origin
st component: PR

Cancel

Look at neutrons inside the detector

zoom with Z key, pass neutrons wi
Change to Format=PGPLOT and z

Detectors / E. Farhi - ILL

th SPACE key
oonmnl.

le&lele
i ¢ |
o Al R it

FN_5Stop="Gas_tables/He



Detectors: adding housing
.

Close the Trace view and click again on the Run button.
Now select Simulate mode with Neutron count=1e6.
Start simulation and Plot results.
What is the detector resolution ?

Ven 2010

essworkshop.org

Add a 1 [mm] Al layer with reflections="Al.laz"
in front of the detector, using the PowderN
component. This 1s to model the detector
entry window.

Launch a single simulation with /lambda=1 and
Plot results. Show Log scale with 'L' key.
Estimate the background from the window.

I Risg DTU
<

Detectors / E. Farhi - ILL



Detectors: wavelength behaviour
.

Get the Ex_4.instr file from essworkshop.org/storage.

Ven 2010

essworkshop.org

Improvements:
*'window' parameter to specify the housing material
Ideal detectors for total signal and scattered from housing

Launch simulation with default window=Al, 1@@@ B o .
S cen of lambda

Bran of Bran of lambda

Repeat with window=Fe.laz (to stand the pressur

Launch a set of simulations scanning Witii indow:Al;
lambda=.2,5 [Angs] in 20 steps.  } [

om_|
g1

Plot results [ Ideal total | scattered on ha@m | BIL H\E/I
Comments about the gas detector effi cze%cy P i
Comments about the scattered signal fro;fn the' hpysing,|;

Intensity BIDIMES 1
1 4x10”"®

£
g
g

L it X
ot
(@
O
ot
Y

e v . .| Qas detecto
rotal © . HKouysing - b e

. —l @ b X
Detectors / E. Farhi - ILL | ¥ e T i RN
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Ex. 5, a complete instrument

>

Ex. 1/ Peter Willendrup

torsdag den 20. maj 2010
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Ex. 1/ Peter Willendrup

Retrieve the instrumentfile Ex S.instr from the website
Edit the instrumentfile, removing monitors.

Insert an Arm instead:

340°doysy10mssa

0T0C USA

COMPONENT Arm3 = Arm()
AT (0,0,1) RELATIVE Arm?2
EXTEND %/

flag env = 0;

flag sample = 0; S
%} 4

Paste the relevant sections of the instrumentfile from Exercise 3:
- Insert sample and sample environment

- The “string sample=.... “ input parameter
- DECLARE section with flags and

- Add relevant EXTEND section of the Origin component

Put the sample and sample environment AT (0, 0, 0) RELATIVE
Arm3

SN Ny
| '
% .
- & 1A
.'h\v : 1 o
A ) LN
NI )
- \
Riss oty UIU 4
I
. ‘ A
ohoy

>
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1) Perform a TRACE and a simulation, to retrieve results similiar to

Exercise 3 (Will require a higher ncount to achieve similar quality
data)

(If a long simulation time - 15 minutes + - is required, this could be
a good time for coffee...)

340°doysy10mssa

0T0C USA

Info: To reduce simulation time in the following task, change your
Arm3 to:

SPLIT 10 COMPONENT Arm3 = Arm() =
AT (0,0,1) RELATIVE Arm?2 ..
EXTEND %/ ==
flag env = 0;
flag sample = 0;
o}

(explanation will be given by organisers) i ‘

L

Ex. 1/ Peter Willendrup _ - | Rise OTU

i

torsdag den 20. maj 2010



2) Using the component manual (Help (McDoc) - Component
manual, page 113), adjust the options=""" string to record a (26,])
dataset (a powder pattern) of good quality (n=1e7 or more).

Also append the word “parallel” to your options string.

340°doysy10mssa

0T0C USA

3) Vary the monochromator vertical radius of curvature (e.g.
0.5-3.5m) and observe the effect on the powder patterns .

Based on the integrated intensity (and line shapes), pick an optimal
curvature T

4) Optional exercises:
Insert a radial collimator between sample and detector (using
pen/paper, choose the relevant divergence/geometry)

Insert a beamstop to remove the direct beam. (Where should it
be put in the instrumentfile?)

' TR AR
“".5- . < »’ i
I Rise DTU VIV i £
’
:l

>

Ex. 1/ Peter Willendrup
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Task 5: Instrument

> =
S
1. Combine the Monochromator from Task 2.1 with sample, sample environment =~
. ; o<
and detector from Task 3 to build a whole instrument = =
O N
s

Task 5: Instrument MMi 5 | Rise mu%
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