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McStas Introduction

McStas

Flexible, general simulation utility for neutron scattering experiments.

=QOriginal design for Monte carlo Simulation of triple axis spectrometers

*Developed at DTU Physics, ILL, PSI, Uni CPH
V. 1.0 by K Nielsen & K Lefmann (1998) RISY

eCurrently 2.5+1 people full time plus students

GNU GPL
license
Open Source

Project website at

McStas homepage

Workshops/conferences
Developments
Eattrns

kinks

Report bugs

Vs

McStas Ubunty live-dvd

Do

Mcstas = A neutron ray-trace simulation package .‘ I 4 .‘? Risg DTU g

McStas - A neutron ray-trace simulation package

McStas is a general 100l for simutating neutron scattering instruments and experiments. It is actively supported by Rise OTU
NBI KU [l
The plot shows the intensity of scattered neutrons (red is highest

and IL
N -»
intensity), The sample is at the center of the sphere with the neutron
beam coming from the left. Clearly seen is the shadowing effect of
/ \ the sample causing a lower intensity opposite the beam. Also seen is
¥ s

the effect of the non-symmetric geometry of the sample, causing
lower intensity directly above and 1o the side of the sample.

Seredated scatierng £om a holow-cyirder (5

Recent news

May 18th, 2009: McStas related slides / posters from ICNS

We have gathered talk and poster matenal from ICNS 2009 in a spacial conference page. Work by the McStas team and
close connections have been added

I you feel like contributing your own taliposter, please send a pdf 10 Peter Willendrug

We would also like thank those of the ICNS attendees that wese in our workshop or came by our posters for interesting
discussions.

Aoril 14th, 2009: Positions ooen in McXtrace proiect

http://www.mcstas.org mcstas-users@mecstas.org mailinglist
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McXtrace - since jan 2009 similar in X-rays

®e00 Main Page - McXtraceWiki (=)

(|} http://www.mcxtrace.org/index.php?title=Main_Page

2 Login/create account |
[article ] [ discussion [“edit | [ history
McXtrace | Main Page |

| W" McXtrace fectd

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

navigation
= Main Page .
Partners o & @ & I Risg DTU [].T.U 2
[ ) O P

.
5 £
= Project People
>
= Project Status L ] o ESRF |
" Vac_amies Funding from NABIIT, DSF ¢ and the above parties.
= Project Goal |
= Mailing List McStas X :
u Links Our code will be based on technology from &. 1
= SMEXOS talks ;
= SRI0Y abstracts For information on our progress, please subscribe to our user mailinglist.
search mailto:webmaster@mcxtrace.org =3 |
¥
Search ) |
toolbox E

= What links here

= Related changes
= Upload file

= Special pages

= Printable version

= Permanent link ‘

This page was last modified 13:15, 25 February 2009. This page has been accessed 2,049 times. Privacy policy About McXtraceWiki Disclaimers [iwil EZ."JEV':'M

= Synergy, knowledge transfer, shared infrastructure
DTU % '.l McStas
>=e = EUTRON
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McStas Introduction

eUsed at all major neutron sources (or instrumentation efforts)

Mcstas Gnsto
n World leading in neutron Monte Carlo
MCNSI7 meeting, NMI3 Garching December 2012 g. FOE{S%%% flf.ggtf.s
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What is McStas used for?

e|nstrumentation
*Virtual experiments, ~

: e T 1
et U )

(KU 2005-2011)

INTRODUCTION TO

THE THEORY OF
THERMAL
NEUTRON
SCATTERING
= Y "“-r
G.L. Squires : 4 e % [ - o | s 9ac] B '.l McStas
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Neutron ray/package: Instrument: positioning +
) . transformation between
Welgh't (p): # neutrons (left) in the package sequential component coordinate
|Coordinates (x,y,z) systems, e.g. neutron source,
Velocity (Vx,Vy,VZ) _ Icrystal, detector.
Spin (sx,sy,sz) Time (t)
< Monochromatic [neutron source
o
: Detector

N

> Y

/

Components: Here the neutron
hysics happen, neutron weight
adjusted according to scattering
robabilities etc. 2012

. / .
Local, internal coordinate
system!
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Reliability - cross comparisons

<Much effort has gone into this
eHere: simulations vs. exp. at powder diffract. DMC, PSI
*The bottom line is

*McStas agree very well with other packages (NISP, VIitESS, IDEAS,

<Experimental line shapes are within 5%
= Absolute intensities are within 10-30%
Common understanding: McStas is reliable

RESTRAX, ...)

7000
Total (meas) DMC powder data
x 10 Total (sim) [-In@IN22: structure S(q.C - _ McStas powder data
10+ ® B4C (meas) --------- --------- {
—<— B4C (sim) : : : 5000 - *"'
5 8 — — —In (sim) % i f
'S f : % 4000 | 1 & =
E ALy I 13
g CUFRE £ souo ; 1% q
g ........... e et ‘E’ - -}
o 4 /\-'I f i ¥ &
T 3 ZT m j % 14
B L o 000 } f 1
‘ i * ‘ ‘ * s s
1.8 2 22 24 26 28 0 . : : : ! 1 L L !
) 10 20 30 40 50 80 70 80 0 100 110
Q [Angs ] 20 / [degrees]
E. Farhi, P. Willendrup et al., in preparation P. Willendrup et al., Physica B, 386, (2006), 1032. |
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McStas overview

ePortable code (Unix/Linux/Mac/Windoze)
Y
— =

<Ran on everything from iPhone to 1000+ node cluster!

—

«'Component' files (—100) inserted from library

=Sources

*Optics

eSamples

=Monitors

«If needed, write your own comps

DSL + ISO-C code gen.

;“ li% PARE SCRERRER (RETITHT '.ll Mcstas
MCNSI7 meeting, NMI3 Garching December 2012 = wlE e Erows —0—*
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Under-the-hood 7/ inner workings
Domain-specific-language (DSL) based on compiler technology (LeX+Yacc)

Code generation

«Simple Instrument language —~ |SOC

Component codes realizing beamline parts (including user contribs)

eLibrary of common functions for e.g. |1
«1/0
eRandom numbers
Physical constants

=Propagation 16 .‘* g1 |
=Precession in fields = q] \ “l _’_ l'll”ll' Il PN Hllll

° .. 14/” [’[l - ‘ ‘I‘ |ll

"‘illl AL g
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Principles \‘?/L

ePrefer minimum intrusion solutions -
e(has only proven semi-faulty approach in perl-layer)

e|If someone does it well, rather wrap/interface than re-implement
eMaterial structures from CGRAPH / Lazy mcn '
-Interface with e.g. MCNP P <

Try to minimize external dependencies (libs etc.) ‘
eBasic number-crunching dependency for McStas is Cl =——

*Gui layer requires perl-Tk

Graphics layer requires either -
*PGPLOT, perl-PGPLOT and PDL LENGI%JE DE
<GNUPLOT PROGRAMACION
Matlab g

MCNSI17 meeting, NMI13 Garching December 2012 N @?ﬁgw
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INncluding user contribs

*Well-developed community support
=30-40%0 of existing and new additions are from users
*No direct refereeing of the code, but these requirements:

<At least one test-instrument
=Meaningful documentation headers (in-code docs)
<Contributions go in dedicated contrib/ section of library

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

™

open source

MCNSI17 meeting, NMI13 Garching December 2012
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Writing/modifying comps is not complex...

*Most comps are quite simple and short — 100 lines

«30-40% of existing and new additions are from users
*Requirement: Test-scenario for documentation & unit test

Numl1ooer of codelines per component — 136 comps i

Friday, December 7, 12

Log(#comp lines)
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Isotropic_
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Documentation

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

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

More than 70 example instruments

iso-R-1416(rev.ed.) (EN) - -
nomitors | soive: | contrib | examples |

-Various tutoriglzand téach yourszlf solution: —  oemme s

User and Programmers Guide to the Component Manual for the Cumponel‘lls and Instruments from the Library for
Neutron Ray-Tracing Package Neutron Ray-Tracing Package McStas
McStas, Version 1.12 McSta: i 12
S - Names in uat are properly = i the source code.
mmamel —
¥ame :arua- !rumm f:z"lfkww i
Adupt_check :Riﬂz N loomp foptimization sperifier for e Soure_tept companea.
| | KL,

ESS_moderator_long (Risce  Februsy comp ||A pasmmetrised pulsed source for modedling ESS long pulses.

ESS_moderator_short/Risoe  [February comp |A parametrised pulsed source for modelling ESS shoet pulscs.

| 2001
[ KN, . . .
Moderator Risoe |\ pen SR A simplo pulsed source fo time-of light
ILL Emmanucl
Maonior Optimizer |:E'mm(J |Farti comp [To be esed after the Sowrce_Optimizer component
Riso DTU, Roskilde, Denmark ; =
May 2011 Source Maxwell 3 [Risce [0, jcomp [Sousce with up 1 throe Maxwellan distsbutions
!M — |A companeet that optimizes the neutron flux passing throagh
Source Optimizer i [t jcomp | (@e Source_Optirizer in order 1 have the maximurm flux at
[ [k e Monitor. it

UTU &% '.l McStas
: : < A
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Spin-echo B scan dependence of wavelength

Friday, December 7, 12

30

willend 14—lun—2011

Example suite: 86 instrumeé

Radial

K= |, J426E: T4 1BBD
=¥ 0 O3 .
i
|
] ]
-+
* L] .
=

3/ monitor,
1447 )

DMC powder dati
McStas powder



Part 11

<A brief overview of the McStas 2.0 release (October 2012)
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Future support tool situation BN

eBasic calc/sim functionality support still provided by C

PROGRAMMING
LANGUAGE

<Perl tools are there - but should be abandoned

@ python

<Python will provide future scripting and glue

[Q{ or standard editor??

*GUI widgets likely wxwidgets or Qt

-Plotting using . Matplotlib (also considering g’n’d GNUPLOT hooks)

<High-level support tools provided using e.g. AT R)

- J

=Johan Brinch done the first developments in this direction for
McStas 2.0 Ul Mesias

MCNSI7 meeting, NMI3 Garching December 2012 NEUTRORS —°—~
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From one monolith to many smaller
packages

DTU % '.ll McStas
MCNSI7 meeting, NMI3 Garching December 2012 b Yl PSR o —o—’
19 - e FOR SCIENCE
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Central, physics implementation

e Core package:
emcstas-2.0
ecode generation
ecentral low-level libraries
*One dependency: a C-compiler

eComponent/library package:
emcstas-comps-2.0
ecomponent libraries
eexample instruments
ematerial definitions
*One dependency: the core package

1 - e "l McStas
= [ Eross -0—»
FOR SCIENCE

-0 MCNSI7 meeting, NMI13 Garching December 2012
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High level tools

= Perl package:
emcstas-tools-Perl-2.0
«Slightly tuned mcgui
emcrun, mcplot, mcdisplay, mcplot
eInteroparability with Python packages

eDependencies: mcstas-2.0, Perl, Perl::Tk, Perl::Tk::CodeText, Perl::PDL,
pgplot & Perl::PGPLOT or Gnuplot

- Python packages: p pUthon

emcstas-tools-Python-mcrun
New Python implementation, compatible with mcrun.pl syntax
eDependencies: mcstas-2.0, Python, Python-yaml
emcstas-tools-Python-mcplot-matplotlib

*New Python implementation, similar in functionality to mcplot.pl
*Dependencies: mcstas-2.0, Python, matplotlib
emcstas-tools-Python-mcplot-chaco

New Python implementation, similar in functionality to mcplot.pl
eDependencies: mcstas-2.0, Python, chaco

MCNSI7 meeting, NMI13 Garching December 2012

'.l McStas
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Modernized build/package system

CMake+CPack replace ./configure && make && home grown scripts

eSupported platforms:

@
o

ubuntu'

K@TV R
”f*\ \ Scientific Linux ‘% .@\J CentOS

D [L"l'j’ Windows 8
nsis  Windows™? ORERNEED

* NEUTRONS
FOR SCIENCE

.. sz, A Ve
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Tool highlights

eConfiguration of used tools etc. via ‘preferences’

MCNSI7 meeting, NMI13 Garching December 2012

23
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Tool highlights

Workdir change in mcgui via button

<Qutput always go to directory, i.e. no accidental overwriting of results (if no
dirname given e.g. PSI_DMC_20121204_133444)

eInteractive zooming in the Python mcplot tools

: Ty g
.. |zoo+-z@ ' , et O
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Core 7/ runtime highlights P

Backward compatibility 1: Some backward-compatibility is lost in the new version of the code-
generation, as we no longer use the information defined in the component STATE_PARAMETERS and
POLARISATION_PARAMETERS macros. A warning is issued in case of components using these
macros

e Backward compatibility 2: We have standardized naming of component parameters - see the file
NOMENCLATURE installed in the McStas library. The code generation will give error messages of e.g.
using xw and yh where one should now be using xwidth and yheight.

= Polarization 1: Support for tabulated magnetic fields. New code for handling fast interpolation in
sparse data is included in the share/interpolation/ area. A new version of the SE_example.instr takes
use of this feature.

= Polarization 2: We allow overlapping magnetic fields. All components that use the PROP_ routines
for propagation implicitly allows larmor precession.

 Future keyword: ASSEMBLY allowing ‘metacomponents’

"l McStas
NEUTRONS —Q—*
FOR SCIENCE

MCNSI7 meeting, NMI13 Garching December 2012
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Component highlights

< - Sample_nxs.comp from Mirko Boin, HZB. Diffraction/imaging oriented sample where one defines the structure
- by means of the NXS crystallography library which is now also included with McStas. Comes with the test-

. instruments Test_Sample_nxs_diffraction.instr and Test_Sample_nxs_imaging.instr. NOTE: Special compilation
- required, see instrument source codes!

= - Elliptic_guide_gravity.comp from Henrik Carlsen, NBI. Analytical approach to describing an elliptical guide

- geometry where gravity is taken into account. Included in the Reflectometer.instr from Anette Vickery, NBI.

= - Suite of SANS-samples from Martin Cramer Pedersen, NBI. Various approaches to describing SANS diffraction
- e.g. using the PDB data bank. Component names are SANSShells.comp SANSPDBFast.comp SANSPDB.comp
- SANSNanodiscsWithTagsFast.comp SANSNanodiscsWithTags.comp SANSNanodiscsFast.comp SANSNanodiscs.comp

- SANSLiposomes.comp SANSEllipticCylinders.comp SANSCylinders.comp SANSCurve.comp SANSSpheres.comp. Included

- (some as comments) in the TestSANS.instr.

= - SANSQMonitor.comp also from Martin Cramer Pedersen, NBI. Q-monitor for SANS also included in TestSANS.instr.
= - TOF2Q_cylPSD_monitor from Anette Vickery, NBI. Time-of-flight vs. g monitor of cylindrical shape. Included

- in the Reflectometer.instr test instrument.

= - SNS_source_analytic.comp from Franz X. Gallmeier, SNS. Smooth-fit description of the SNS-moderators. Fits are
- derived from the same underlying raw-data as the ordinary SNS_source.comp is using directly with linear

- interpolation.

= - Brilliance_monitor.comp from Peter Willendrup, DTU Fysik. Monitor for easy evaluation of mean and instantaneous

- source brilliance for source comparison. Used in the ESS_brilliance.instr test instrument.

< - TOF_PSD_monitor_rad.comp from Kim Lefmann, KU. Derived from PSD_monitor_rad by Henrich Frielinghaus, FZJ.

- Position-sensitive TOF monitor with radially averaging.

= - PSD_TOF_monitor.comp from Peter Willendrup, DTU Fysik. PSD-monitor with a number of independent time-slices.

- Derived from PSD_monitor by Kim Lefmann, KU.

< - Source_gen4.comp from Jonas O Birk, NBI and Uwe Filges PSI. Version of source_gen with PSlI-specific changes,

- e.g. a high-energy tail contribution. Included in the RITA-Il.instr from Linda Udby, NBI.

= - Absorber.comp from Peter Willendrup, DTU Fysik. Slab of perfectly absorbing material. Included in the RITA-Il.instr

- from Linda Udby, NBI.

= - PSD_monitor_psf.comp and PSD_monitor_psf_eff.comp from Kim Lefmann and Linda Udby, KU. Two derivatives of

- PSD_monitor.comp both with gaussian point-spread-function and _eff with a 1/k efficiency parameter. Included

- in the RITA-1l.instr from Linda Udby, NBI.

= - Virtual_mcnp_ss_input.comp and Virtual_mcnp_ss_output.comp from Esben Klinkby, DTU Nutech. Allows to read and write
- MCNP/MCNPX 'source surfaces'. For use in simulations where neutrons need transport in both codes.

« - Virtual_mcnp_ss_Guide.comp from Esben Klinkby, DTU Nutech. Single guide piece sitting in a 'sandwich' between

- an input and an output MCNP/X source surface.

= - ESS_moderator_long.comp patches from Kim Lefmann KU (multiple-pulses, TOF-focusing) and Esben Klinkby DTU Nutech
- (geometry and spectrum from ESS MCNPX models). Thanks to Klaus Lieutenant from Vitess/HZB for providing adjusted

- parameters for the ‘Mezei moderator’ and a wavelength-dependent corretion term.

= - Many other components received updates...

o A McStas
gy Al

* NEUTRONS —e—>
FOR SCIENCE
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Instrument highlights

- HZB NEAT.instr from Emmanuel Farhi, ILL - written in collaboration with Ruep E
Lechner. The NEAT spectrometer from the HZB.

e - TestSANS.instr from Martin Cramer Pedersen, NBI. Test SANS setup for the new
SANS components described above.

e - Reflectometer.instr from Anette Vickery, NBl. Reflectometer on pulsed source. Test
instrument for a couple of components from NBI contributors decribed above.

» - Test_ Sample nxs_imaging.instr and Test_Sample nxs_diffraction.instr from Mirko
Boin, HZB. Test instruments for the use of Sample _nxs.comp. NOTE: Special
compilation required, see instrument source codes!

e - RITA-Il.instr from Linda Udby, NBI. Very detailed and complete, experimentally
benchmarked description of the RITA-1l spectrometer at PSI. Use the RITA-I1_test.sh
script for test-scans.

e - Test SSR_SSW.instr and Test SSR_SSW _Guide.instr from Esben Klinkby DTU
Nutech. Test instruments for the above mentioned components.

e - ESS_ bispectral.instr from Henrik Jacobsen, NBI. Test setup of ESS source and
bispectral extraction

MCNSI7 meeting, NMI3 Garching December 2012 NEUTRONS —0—*
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Other developments 1 - work on McStas-MCNPX interfaces

e T HE task: The solutioaa
ggt\lll-?l-cl.:ETION “ . e Tall
Interfacing the g

DIV e MICNP and McStas

Monte Carlo codes s Pirac - MICNPX
for improved

optimization of the

ESS moderator- « SSW
beam extraction

systems”

L}
e Supermirror -t

Flagged
MCNP-McStas

° Comp"e f:'ossmarsurfaca

DTU McStas
n‘@“ 'llﬂ*
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Other developments 2 - New Python—baia@

tools and web frontend
See J. Brinch poster

McStas

Neutron simulations from the web

Johan Brinch!, Peter Willendrup!, Emmanuel Farhi?
1. Physics Department, Technical University of Denmark; {JSBN,PKWI}@FYSIK.DTU.DK
2. Institut Laue-Langevin, Grenoble, France

L TR - EREEEConrcure | [EEEEGRESET )

McStas is developing a web-interface for the e Permanent URLs: Both the URLs for config-
. . & mcstas-02 risoe,dk ACaxEy e . .
simulation software, based on HTML and :_ B = uration and results are unique and per-
Javascript. The web-interface allows a user Configure your simulation manent; they can easily be shared with
to run the MCStaS simulation software from Select the smulation and its parameters [ List latest smulations) fellow students or Colleagues.
a server; without installing it herself. Step 1: Select simulation . . .
J _ Parameter verification: A sanity check elim-
Choose simulation: | TASsimele = . . . .
~ B e inates basic mistakes before running
m oo z the simulation. Most helpful for stu-
dents.
Step 2: Configure p { iom)
T T [236) Authentication: A simple authentication
measure prevents anonymous users
Dt Dt from using the system.
Seed: 1
. Limits: Upper limits can be set for the neu-
Rays (neount) 1000000
_ tron count to prevent users from run-
Sean num-poists: 1 . . .
ning very long simulations.
- e Parallelism: Simulations can be run in par-
N allel; both with many workers and on
a per simulation basis using MPL
J J J
A h h
[LCon U LT OVERVIEW AMETER
First, the instrument to simulate is chosen ) meates 2teon htssitusiACarbescc o 18 1541363160 e —————
. . L S b o P ey < Ssimple: 2012-09-18 15:01:21
and configured. Parameters are adjusted and 5 R U S e PO s iy e
saved before the simulation is started. )| === '
rata plots [LIN] {click here for log arithmic - or press L)
BESioLaTs ) s
g ‘ -
| Once the simulation has been configured, it |
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Other developments 3. Guide losses...

eEasy to use method using a set of components...
ere-“Looping” part of the guide

Qe .. '.ll McStas
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Other stuff
» Interface-code for the iFit data analysis package http://ifit.mmccode.org

» Interface-code for the Mantid analysis package in the making (Post Doc
hired at ESS DMSC)  Mantid

- Database of source brilliances plus component parameters (Common with
Vitess) currently: ILL, ISIS, ESS, FRM-II, HZB, SNS in prep NBITESS

e 2.0RC2 version fully functional! Please go ahead and try it
e http://mcstas-20rc2.mcstas.org

y /
. 'll McStas
FOR SCEGE o
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Conclusions

e McStas is a stable and mature code
e 2.0RC1 and RC2 have been released, final 2.0 is in preparation

 McStas has a very complete suite of components and instrument
examples, many nice contributions from our users

«If you feel like test-driving 2.0, please go and get it (beta-status) from
http://mcstas-20rc2.mcstas.org - all functionality is there

McStas

LA
< KA/ PAUL SCHERRER INSTITUT '
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People

eThe success of the project is also about the people:

ePresent McStas team members

U Filges J Brinch

McStas

= K Lefmann E Farhi P Willendrup E Knudsen

ePast McStas team members

" NEUTRONS
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P Christiansen

. K Nielsen PO Astrand K Lieutenant
y /
DTU cStas
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