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News from the McStas project 
- including interoperability solutions for SIMRES, Vitess and MCNP

ISTSI2019 
St. Petersburg, June 29th 2019
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Agenda

■ Quick introduction to McStas 
■ Interoperability with other MC packages, 

such as SIMRES, Vitess and MCNP  
■ Recent and planned developments
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McStas Introduction
• Flexible, general simulation utility for neutron scattering experiments. 

• Original design for Monte carlo Simulation of triple axis spectrometers 

• Developed at DTU Physics, ILL, PSI, Uni CPH, ESS DMSC 

• V. 1.0 by K Nielsen & K Lefmann (1998) RISØ 

• Currently 2.5+1 people full time plus students
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 GNU GPL license 

Open Source

mcstas-users@mcstas.org mailinglistProject website at 

http://www.mcstas.org

McStas

McStof?

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

Open Source

neutron-mc@risoe.dk mailinglist
Project website at 

http://www.mcstas.org

McXtrace - since jan 2009 similar for X-rays

• Synergy, knowledge transfer, shared infrastructure

mailto:neutron-mc@risoe.dk
http://www.mcstas.org/
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Saved from:
https://www.amcharts.com/visited_countries/#AT,BE,CH,CZ,DE,DK,ES,FR,GB,GR,HU,IT,NL,NO,
RO,SE,SK,RU,CA,US,AR,BR,ZA,CN,ID,IL,IN,IR,JP,KR,MY,TH,AU

Used in many places
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In the big picture, McStas is this…

• Classical Newtonian mechanics, i.e.                                                     and  

• (independent, particles though…)
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In the big picture, McStas is this…
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Instrument

The instrument defines our “lab coordinate system”
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In the big picture, McStas is this…
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Instrument

Component
Component

Component

The instrument defines our “lab coordinate system”
The components define devices or features available in our instrument
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Instrument

Source
Sample

Monitor 

The instrument defines our “lab coordinate system”
The components define devices or features available in our instrument - they have different function
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In the big picture, McStas is this…
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Instrument

Source
Sample

Monitor 

Neutrons

The instrument defines our “lab coordinate system”
The components define devices or features available in our instrument - they have different function
Neutron particles are passed on from one component to the next, changing state under way
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Components of neutron instruments
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Components of neutron instruments
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In McStas the moderator is the “source” “Input” from e.g. MCNP
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Components of neutron instruments

Neutron optics include things like: 

• Mirrors and guides 

• Collimators and slits 

• Diskchoppers, Fermi choppers 
 and velocity selectors 

• Monochromators/Analysers
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In McStas the moderator is the “source” “Input” from e.g. MCNP



n
McStas

ISTSI2019 P Willendrup - News from McStasThis project is funded by the European Union (GA no. 654000)29/6/19

n
McStas

Neutron optics include things like: 

• Mirrors and guides 

• Collimators and slits 

• Diskchoppers, Fermi choppers 
 and velocity selectors 

• Monochromators/Analysers

Components of neutron instruments

!14
In McStas the moderator is the “source”

The sample (optionally with env.): 

Crystalline, powders, liquids, micelles, 
structures to image, inelastic features like 
phonons…

“Input” from e.g. MCNP
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Neutron optics include things like: 

• Mirrors and guides 

• Collimators and slits 

• Diskchoppers, Fermi choppers 
 and velocity selectors 

• Monochromators/Analysers

Components of neutron instruments

!15
In McStas the moderator is the “source”

The sample (optionally with env.): 

Crystalline, powders, liquids, micelles, 
structures to image, inelastic features like 
phonons…

Detectors are “monitors” in McStas. Mostly they act  
as “perfect probes” and can be positioned thought 
your instrument 
gathering 1D/2D/ 
event lists…

“Input” from e.g. MCNP

(One exception: He3 gas detector)



n
McStas

ISTSI2019 P Willendrup - News from McStasThis project is funded by the European Union (GA no. 654000)29/6/19

n
McStas

Neutron rays in McStas - what are they?

• The location in space, i.e.     (in the code variables x,y,z) 

• The direction and    /        (in the code variables vx,vy,vz) 

• The time (in the code the variable t) 

• The intensity / weight of the neutron ray (in the code the variable p) 

• If needed the polarisation (in the code the variables sx,sy,sz)
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Neutron ray in McStas: 

Location         x,y,z 

Velocity          vx,vy,vz 

Time               t 

Polarisation.   sx,sy,sz 

Intensity         p

• Defining the neutron starting conditions imply setting:
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Example suite: 201 instruments
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What is McStas used for?

• Instrumentation 
• Planning 
• Construction 
• Virtual experiments 
• Data analysis 
• Teaching

!18
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Reliability - cross comparisons
•Much effort has gone into this 
•Here: simulations vs. exp. at powder diffract. DMC, PSI 
•The bottom line is 
•McStas agree very well with other packages (NISP, Vitess, IDEAS, RESTRAX, ...) 
•Experimental line shapes are within 5% 
•Absolute intensities are within 10%  
•Common understanding: McStas and similar codes are reliable
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P. Willendrup et al., Physica B, 386, (2006), 1032.

Niels Bohr Institute n
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Status of the McStas project and recent achievements
Peter Willendrup1,5, Erik Knudsen1,5, Emmanuel Farhi2, Uwe Filges3, Kim Lefmann4,5

1RISØ DTU, Frederiksborgvej 399, DK-4000 Roskilde
2Institut Laue-Langevin (ILL), 6 rue J. Horowitz, BP 156, 38042 Grenoble Cedex 9,France
3Paul Scherrer Institut (PSI), 5232 Villigen PSI, Switzerland
4Niels Bohr Institute, nano and eScience centres, Universitetsparken 5, DK-2100 Copehagen, Denmark
5ESS, Stora Algatan 4, Lund, Sweden

Abstract

The McStas[1],[2] neutron ray-tracing simulation packageis a
collaboration between Risø DTU, ILL, University of Copen-
hagen and the PSI.

During its lifetime, McStas has evolved to become the world
leading software in the area of neutron scattering simulations
for instrument design, optimisation, virtual experiments[3][4][5]
and science.

This poster includes an introduction to the McStas package,
recent and ongoing simulation projects. Furhter, new features
in the 1.12c and 2.0 releases are discussed.

McStas Facts

Figure 1: McStas world dissemination. We are represented in
the red-colured parts of the world

- McStas first official release in October 1998 (v. 1.0)
- McStas is now at release 1.12c (June 3rd 2011)
- Next major release is 2.0, expected in 2011
- McStas has 136 components in cathegories of
- Continuous and pulsed neutron sources
- Neutron optics, including polarized equipment
- Sample components for incoherent scattering, powders, single crystals
(structural and magnetic), phonons, liquids, small angle scattering
- Monitor components
- McStas now includes support for polarised neutrons
- McStas includes 66 example instruments
- McStas has complete documentation and tutorial material, all included
- McStas is free, open source software (GNU Public License version 2.0)
- McStas includes valuable user contributions
- McStas is used at all major neutron scattering facilities
- McStas is platform independent, Ubuntu GNU/Linux 9.10 & 10.4., Win-
dows XP & Vista & 7, Mac OS X 10.3-10.6, in 32 and 64 bit are fully
supported
- McStas features easy to use parallelisation methods for multi-core ma-
chines, clusters and grids
- Installation is straightforward on all the platforms, but we provide
VMware and Knoppix based solutions for users who want that. Ready
to run - NO installation!

McStas example instruments

Figure 2: Overview of the McStas example instrument suite.
Many TOF-machines, should we consider a rename to McStof?
:)

McStas for Instrument design
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Figure 3: Various figures from [6]. The paper compares perfor-
mance of a miniature TAS with a machine of classical size.

McStas for Virtual Experiments
IN6 @ ILL, liquid Ge

Figure 4: From [4] Example virtual experiment, luiquid germa-
nium at ILL IN6 TOF machine. Full detector signal and its com-
position: Single coherent scattering, Single incoherent scatter-
ing, Multiple scattering, cryostat and container contributions.

IN22 @ ILL, liquid In
Via the S(q,ω) scattering function, the McStas component
Isotropic_Sqw can be used to model scattering from isotropic
materials, e.g. liquids. Tabulated values of S(q,ω) from for
instance ab initio or molecular dynamics simulations are used.

Figure 5: LEFT: Schematic of the IN22 instrument. RIGHT:
Special levitaion furnace used in the experiment.
To avoid influence of sample environment on the signal from
the liquid In, we used a special levitation device, see the fig-
ure. Ar gas was flowing through a B4C nozzle, levitating the
sample.

Figure 6: LEFT: Simulated and measured scans of In liquid
structure. RIGHT: Simulated and measured scans of In liquid
dynamics.
Apart from the expected signal from In, Bragg peaks of un-
known origin were seen. Scattering from the highly neutron
absorbing B4C, unexpectedly had a large influence on the mea-
sured signal, revealed by simulation.

New releases: 1.12c and 2.0
• McStas 1.12c - available at http://www.mcstas.org/download

– Released on June 3rd 2011
– Update release, the last in the 1.x series
– Fix of a bug in the rectangular focusing routine
– Introduction of –ncount as unsigned long long int in place of double.

Using double could potentially lead simulations to "hang".
– If gnuplot is available at installation time, mcplot and mcgui can use

this in place of PGPLOT.
– Various component and instrument bugfixes

• McStas 2.0 - preview code via http://www.mcstas.org/svn
– Uniformized parameter naming across components (breaks some

backward compatibility for user-instruments)
– New feature in the meta-language for placing a grid of similar com-

ponents - practical for e.g. large analyzer arrays
– Likely a new tool layer, likely python based (replacing

perl+Tk+pgperl+PGPLOT) - dedicated staff hired for the purpose
– All components support polarized neutron simulations
– Standardized method for neutron propagation in tabulated magnetic

fields (e.g. from Radia or freefem)
– Possibility for nesting magnetic fields, e.g. for stray fields
– A richer suite of example instruments with more thorough testing of

components
– Support for any shape in our sample components and some optics

components, facilitated via Geomview OFF format
– Possibly a new set of optimizers of type genetic algorithm / swarm

etc.
– Interface-code for the iFit data analysis package
– Interface-code for the Mantid analysis package
– Potentially sharing of visualisation solution with Vitess
– Expected release in 2011
– SVN version fully functional, only docs and new tool layer is
missing!
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McStas overview
• Portable code (Unix/Linux/Mac/Windoze) 

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

• 'Component' files (~200) inserted from library 
• Sources 
• Optics 
• Samples 
• Monitors 
• If needed, write your own comps 

• DSL + ISO-C code gen.

!20
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Under-the-hood / inner workings
• Domain-specific-language (DSL) based on compiler technology (LeX+Yacc) 

• Simple Instrument language                        ISO C 

• Component codes realizing beamline parts (including user contribs) 

• Library of common functions for e.g. 
• I/O 
• Random numbers 
• Physical constants 
• Propagation 
• Precession in fields 
• ...

!21

Code generation
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Implementation
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• Check our long list of components and look inside... Most of them are quite 
simple and short... Statistics: 

!23
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Number of codelines per component − 136 comps in total

Component no.

Lo
g(

#c
om

p 
lin

es
)

Guide_four_side_10_shells

Guide_four_side_2_shells

Guide_four_sideIsotropic_Sqw
ISIS_moderator
Source_Optimizer

Single_crystal

Number of lines of code per component - 215 comps in total

Writing new comps or understanding existing is not complex…

• Well-developed community support 
– 45% of existing components 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
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201 instruments

215 components

Component and example lib over time

!24

Plan to increase “test 
coverage” further by 
addition of more test-
oriented instruments
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Interoperability with Vitess
• Legacy solution: 

• Event files in “Vitess format”, i.e. what Vitess communicates on the pipe 
• Event files in “McStas formet” i.e. what McStas used to write using Virtual_output 

• mcstas2vitess script (perl, K Nielsen ~ Y2K) that produces (example here) 
• a McStas instrument (and binary) containing the component with normal Vitess I/O 
• a tcl snippet for inclusion in the Vitess gui 

• Todays solution: 
• Use either mcstas2vitess or MCPL files which are supported in both codes

!25
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https://confluence.esss.lu.se/pages/viewpage.action?pageId=238390110
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Interoperability with SIMRES
• Facilitated using MCPL files  

• For details, see MCPL talk 

• Enables encapsulation of McStas components directly in SIMRES  
• Standard naming for the i/o files, allows embedding directly in any given SIMRES 

release, already prepared are these comps / instrs: 
McStas_Isotropic_Sqw.instr  
McStas_PowderN.instr   
McStas_Single_crystal.instr 

• The same method could be used on the Vitess side 
• For further details see SIMRES talk

!26
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Interoperability with MCNP/X
• Legacy solution: 

• Event files in “MCNP ptrac format” (ascii, error-prone one-way?) 

• Today’s recommended solution: 
• Use MCPL files which are supported in both codes 

• Thinking in direction of auto-transferring parts of MCNP geometry to the McStas side 
(CombLayer)

!27
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Recent development: 
Union component set by Mads Bertelsen
• Allows to break McStas linearity around e.g. sample 
• Decouple geometry and physics 
• Model complex arrangements like e.g. sample environments 
• Student project summer 2019 to establish several of the most 

used sample envs directly in McStas (instr files) 
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Instrument component sequence

3D space of simulation
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• 2.6 is coming late summer / fall 
• Will try to have 3.0 beta at same time / shortly after 
• Main 3.0 wishlist item: 

• Modernised code-generator      GPU. 
Work started 2018 GPU hackathon in  
Dresden, reapplied to be part 
of 2019 GPU hackathon at CSCS.

!29

Planned developments:  
Next releases, GPU support

bootstrapping: 5 McStas/McXtrace 
developers @ 

2018 GPU hackathon in 
Dresden

n
McStasMcCode on GPU?

More to come in 2019!
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Thanks
• Questions?
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