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ABSTRACT

The McStas neutron ray-tracing simulation package is a versatile tool for producing
accurate simulations of neutron scattering instruments at reactors, short- and long-pulsed
spallation sources such as the European Spallation Source. McStas It is extensively used
for design and optimization of instruments, virtual experiments, data analysis and user
training. McStas was founded as an scientific, open-source collaborative code in 1997.

This contribution presents the project at its current state and gives an overview of lessons
learned in areasof design process, development strategies, user contributions, quality
assurance, documentation, interoperability and synergies with the McXtrace project.

Further, main new developments in McStas 2.3 (April 2016), McStas 2.4 (expected
fall/winter 2016) and McStas 3.0 (expected 2017) are discussed, including many new com-
ponents, updated source brilliance descriptions, new tools and user interfaces, web inter-
faces and a new interoperatbilty with MCNP and other high-energy oriented Monte Carlo

codes via the MCPL format.
McStas
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McStas

McStas Introduction n

*Flexible, general simulation utility for neutron scattering experiments.

What is McStas used for?

*Original design for Monte carlo Simulation of triple axis spectrometers

«Developed at DTU Physics, ILL, PSI, Uni CPH St cos s
. eInstrumentation

eVirtual experimentSe——"~

eData analysis
eCurrently 2.5+1 people full time plus students «Teaching \
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Project website at SCATTERING
http://www.mcstas.org mcstas-users@mcstas.org mailinglist A - |

Neutron ray/package: Instrument: positioning +

ansformation between
sequential component coordinate
systems, e.g. neutron source,
crystal, detector.

McStas

[Weight (p): # neutrons (left) in the package
Coordinates (x,y,z)
Velocity (vx,vy,vz)

Spin (sx,s y,sz)

Under-the-hood / inner workings

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

Time (t)

) Code generation
eSimple Instrument language =————=— 1ISOC

Monochromatic[neutron source

«Component codes realizing beamline parts (including user contribs)

eLibrary of common functions for e.g.
Detector 'I/O
eRandom numbers
*Physical constants
ePropagation
*Precession in fields

n Bragg scattering condition

hysics happen, neutron weight
adjusted according to scattering
robabilities etc.

. 7 .
Local, internal coordinate
system!
—

Eomponents: Here the neutron
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Open source - code available at https://github.com/McStasMcXtrace/McCode

Neutron optics and other instrument
components (we have ~ 150 comps)

Writing new comps or understanding
existing is not that complex...

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

log(#LOC) for our ~ 150 components

Guide_four_side_1Q_shells

Guide_four_side_2| shells

Isotropic_ ﬁl lide_four (g%

Single_ci IBI !

Log(#comp lines)
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Component no.
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Documentation

» Basic use info is available inside comp & instr codes, extracted by perl to html
» 100+ page manuals documenting

* Metalanguage

e What is “under the hood”

* Examples of practical use plus advanced features
* Assumptions and algorithms applied in the components

* More than 70 example instruments

 Various tutorial and teach yourself solutions are available

MCPL info page

MCPL info page
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MCPL is short for Monte Carlo Particle List and is a particle interchange dataformat for Monte Carlo
packages, written by Thomas Kittelmann, European Spallation Source.
MCPL will eventually include I/O wrappers for use with

e McStas and McXtrace - see also the McCode Github page
¢ MCNPS, MCNPX and MCNP6
e Geant4
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MCPL particle list format now supported - see http://mcpl.mccode.org

Backends exist for McStas, McXtrace, Geant4 and MCNP /MCNPX is under
development

Recommended binary event list format for McStas

New developments in the McStas neutron

Monte Carlo ray-tracing package
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SASview/SASmodels interface TR.Nielsen ESS

Asymmetric scattering kerne
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¥ InstrumentWindow:EventData_ws

@ Pick Mask/Group Instrument Tree |

I Full 3D

Axis View: | z-

Display Settings

Save image

Shown example is anisotripic “cylinders” kernel
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New complex-geometry material concept
by Mads Bertelsen (KU)

* Decoupled geometry and scattering

* "Meta-component system”

* Syntax-compatibe with McStas instr lang
* Multiple scattering intrinsic!

i

Y position [em]

Y position [cm]

X position [em]

-10 0
X position [cm]

Polycrystalline sample A Cereser Phd work (DTU)

o1 st. Application "3DND", a tomographic diffraction-reconstruction
technique, trace back near and far-field detector spots to a position in the
sample

McStas 2.3 SasView_model.comp includes 58 functional kernels, see
http://mcstas.org/download/components/samples/SasView_

model.html
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i Apple Remote ...e (kickstart) SpinW  Software for ...lel Computers ~ Studerende se... | Dikutal.dk Bachmann N S...4896 | eBay
ILL WebService: CIF/FullProf/SHELX to HKL list converter

m mmﬂw)
scientists, students and visitors in a number of activities
B E R A )

simulation.

CIF to F2(HKL) calculator

version 1.1 - Dec 2012 (c) ILL

The CIF2HKL tool allows to compute the structure factors of powders and single crystal materials. It requires as input a
crystallographic information, and provides a list of F2(HKL) to be used for e.g. McStas and McXtrace components such
as PowderN, Single_crystal and Isotropic_Sqw.

Availability: This software source code (here) is freely available as part of iFit ifit. nccode.org, and GitHub repository.
A Debian package installer exists for e.g. Ubuntu/Mint at packages.mccode.org both for cif2hk! and iFir.
Credits: if you use this software, please acknowledge:

e CrysFML by Juan Rodriguez-Carvajal and Javier Gonzalez-Platas, ILL and ULL, Tenerife, Spain (LGPL 3.0)

* Commission on Crystallographic Computing, [UCr Newsletter No.1, pp 50-58, January 2003
o E.Farhi, Y. Debab and P. Willendrup, J. Neut. Res., 17 (2013) 5. DOI: 10.3233/JNR-130001

‘When using the generated powder/single crystal reflection list for McStas, cite:

o K.Lefmann and K. Nielsen, Neutron News 10, 20, (1999) ; P. Willendrup, E. Farhi and K. Lefmann, Physica B,
350 (2004) 735

Indicate the type of file: | ciF (.CIF) | T

Copy/paste below a CIF, CFL or SHELX text with format indicated above.

The maximum allowed content is limited to 1 Mb.

Get a FullProf CFL example file for Na2Ca3AI2F14.

You can also access the Inorganic Crystal Structure Database (ICSD) and The Crystallography data base for CIF files.

#Ot( H.M. (1961)

nal of Applied Physics 32, 1536-1546
#Ln e parameter determinations with ai Xyp!g omet r by the \
#D ebye-Scherrer method and the ff ct of speci

zcu: by ICSD-for-WWW, Copyright 2003 FIZ-Karlsruhe & AW.He evat (n wat@IIf)
#NOT TO BE PUBLISHED IN ANY FORM. See http:/ficsd.illfrficsd/co

data_43493-ICSD
_dat e_ICS! 43493

2000-07-15
i

ABOUT E-NEUTRONS ~ FOR TEACHERS ~ GET AN ACCOUNT,
TIPS, SUPPORT

ODUCTION TO NEUTRON
Wi | pONERIicSH F STUTY
i

Exercise taster Quiz taster

@ McStas
0

SANSsimple
Completed 10:52:14, 25/05-2016

Instrument:

McStas

o-

Messages:

mcstas-2.4rc6 version 2.4rc6 (Oct. 11, 2016)

Copyrlght (C) DTU Physics and Hlsoe National Laboratory, 1997-2015
Additions (C) Institut Laue Langevin, 2003-2015

Al rights reserved

- Component library: McStas-2.4rc8, built Oct. 11, 2016

cif2hkl webservice providing
* Indirect McStas support for CIF
* Easily Generate Single crystal an

powder reflection list files

New developments in McStas

* X-ray and neutron crossections available *

Service available at

http://barns.ill.fr/cif2hkl.

> McStas
-0-

SANSsimple (click for documentation)
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for

pinhole_rad [m]

LC (m]:

LD [m]

Lambda [Angs] :

DLambda [Angs] : 06 Wavelength band +/- traced

R[AA] : 400 radius of the hard, monodisperse spheres in the sample (400)

dR [AA] 0 ormal variance of Radius (0)

PHI (1] 1 tion of the hard, i spheres in the sample (0.01)

Delta_Rho 06 Volume specific scattering length density contrast of the hard, monodisperse spheres in the
[fm/AAA3] : compared to the solution (0.6)

Qmax [AAA-1] : 03 laximum st ing vector allowed by geometry to hit the detector area (0.3)

BEAMSTOP [0/1] © 1 set, the beamstop is inserted in front of the detector in order to block the transmitted beam
SAMPLE [0/1] 1 set, a sample of spheres or spherical shells is inserted (1)

sample as

¢V}

A web-based interface for McStas.

nts is provided under the terms of

Free neutron e-learning platform with
* Wiki-based textbook

* Online quizzes and tests

* Virtual experiments

* Register at

https://www.e-neutrons.org

* Python mcdisplay-webgl-py

* Complete Python tool suite by default

* MCPL-based ESS_butterfly

ID1_1476368075.U1 McCode 1D monitor I=7.36018e+12 |_err=1.08869
¢ NF2-34516e+07 X0=-0.000249398 dX=0.0667671;
7

—McStas
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Intensity [n/sbin]

L | ) 01
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Horizontal position / [m]

_brillCOLD_COLL dat McCode 1D monitor 1=8.86378e+15 |_err=6 57404 _bril THRM_COLL dat McCode 1D monitor 1=5.63988
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Peak Brilliance
Peak Brilliance
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New samples in the pipe - SX + Phonons

2 0 / degrees

80 100

o / degrees 70

 / degrees

COMPONENT Phonon = Phonon_simple(
radius = 0.02, yheight = 0.03, sigma_abs = @, sigma_inc = 0,
a=6.71, b = 6.6460, M = 12.01, c = Pc, DW = 1, T = PTemp, target_x=xt, target_y=yt, target_z=zt, focus_yh=0.1, focus_xw=3)
WHEN (Samplechoice<@.5) AT (0, @, @) RELATIVE sa_arm
ROTATED (@, Rotation, @) RELATIVE sa_arm
EXTEND %{
px=2;

P.Willendrup with KU students

COMPONENT crystalSample = Single_crystal(//order=1, p_transmit=0,

reflections = "my.lau", mosaic=30, radius = 0.02, yheight = 0.03, delta_d_d=1le-3,

ax =6.71 , ay = 0, az =0 , bx =0 , by =0, bz = -6.71 , ¢cx =0 , cy = -6.71 , cz =0, barns=1)
WHEN (Samplechoice>=0.5) AT ( @, @, @) RELATIVE sa_arm
ROTATED (@, Rotation, @) RELATIVE sa_arm
EXTEND %{
pr=2;

) ) ) ) 3D dispersion PHON/QuantumEspresso with DHO line shape
3D dispersion Phonon/ASE with DHO line shape

S(q, w) via 'small displacements’ from
various sources:

PHON model (small displacements,
http://www.homepages.ucl.ac.uk/
~ucfbdxa/phon/)

Quantum Espresso (DFT,
http://www.quantum—-espresso.orq)
Atomistic Simulation Environment (simu-
lation framework,
https://wiki.fysik.dtu.dk/ase/

* February 15th-19th, Bariloche, Argentina (CNEA)
* May 30th-June 1st, Lund, Sweden (ESS only)
* October 20th-21s, NOBUGS conference - see

NN oo https://indico.esss.lu.se/event/357/
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