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McStas Introduction

 Flexible, general simulation utility for neutron scattering experiments.
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« Original design for Monte carlo Simulation of triple axis spectrometers ‘G”“O:”:" ?‘@
 Developed at DTU Physics, ILL, PSI, Uni CPH, ESS DMSC [ i sas s
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* V. 1.0 by K Nielsen & K Lefmann (1998) RISJ

» Currently ~6 people on joint McStas-McXtrace team

McStas - A neutron ray-trace simulation package
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Project website at

http://www.mcstas.org

McStas 25 year celebration

Peter Willendrup, DTU Physics and ESS DMSC

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

Aunril 14th. 2009: Positions

mcstas-users@mecstas.org mailinglist

onen in MeXtrace proiec



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

DTU.
S

EUROPEAN
SPALLATION
SNIIRCE

® 00

. . . . McStas
McXtrace - since jan 2009 similar for X-rays 25
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discussion edit history

article

Main Page

[edit]
McXtrace
McXtrace - Monte Carlo Xray ray-tracing is a joint venture by
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e Synergy, knowledge transfer, shared infrastructure, repo etc.

Peter Willendrup, DTU Physics and ESS DMSC
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European

Fundina sources | ’

During its lifetime, McStas efforts have been supported through several European Union RTD and JRA programmes,
plus several instrument development projects for facilities.

Project Program type Funding period

XENNI RTD (EU FP4) 1996 - 2000

Cool Neutrons RTD (EU FP4) 1998 - 2001

SCANS RTD (EU FP5) 2000 - 2004

MCNSI JRAIn NMI3 (EU FP6) 2004 - 2006

MCNSI7 JRA in NMI3/FP7 (EU FP7) 2006 - 2008

NMI3-1I/FP7 outreach project JRA in NMI3/FP7 (EU FP7) 2012 - 2016

ISIS TS2 EU project Infrastructure project in (EU FP6) 2006-2009

Instrument simulations for the ESS design update |Danish in-kind project toward the ESS 2009-2012

Supporting instrument simulations for the ESs |33% Partof the ESS DMSC 2014-2022

SINE2020 Part of WP3 and WP8 (EU H2020) 2016 - 2019

PaNOSC Part of Software and E-learning (EU H2020) |2019 - 2022

HighNESS Contributions to WPs 6,8,9 (EU H2020)  [2020 - 2023
S e o DT oo [100% artofhe 55 DG HighNess

McStas 25 year celebration Peter Willendrup, DTU Physics and ESS DMSC



McStas

DTU@%% McStas: simulation toolkit for |
neutron scattering instruments, virtual experiments

\_ 4 Sample-environments - Vvt at a facility
Union subsystem r ~

o,
Py
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2020: McStas 3.0 with support for
MPI and multiple GPUs

“— Detectors

McStas
o + < NVIDIA.
3
~16((:)'0|:E il sunnnsfnss A L (

Scientific model-samples

McStas 3.x acc. on NVIDIA GPUs \

- 2 orders of magnitude speedup.

(1x Tesla V100 vs 1 modern
Qtel Xeon core) J

Neutron optics

McStas

Starts with a source of neutrons, be it a K

reactor- or spallation source

. McStas o
Neutron moderators is where @l starts

McStas 25 year celebration Peter Willendrup, DTU Physics and ESS DMSC
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Instrument suite at ESS Mesias
_0_.

scale

o = 19 instruments

5 Large-scale structure instruments
5 Diffractometers

5 Spectrometer

magnetism &
superconductivity

~
74
> neer -
@9 soft condensed matter engineering & geo-sciences

.5 life sciences

& chemistry of materials archeology & heritage
conservation

energy research @ particle physics
[

Most were designed
/ simulated with the

help of  AcStas

5 @

McStas 25 year celebration Peter Willendrup, DTU Physics and ESS DMSC
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McStas and McXtrace are Monte Carlo ray-tracers

1. Particles emitted
with random starting
conditions via MC

e »
—\-\"'-'—
~
-—_\_\\___-’- e [ 23
S 2. Particles are
e "ray—traced"

through space

3. Will eventually

meet other objects
e.g. a studied
experimental sample
and get scattered via
MC again

4. At various points
in the instrument
the particle states
are measured in
so—called monitor:
or detectors

» For the neutrons, gravity kicks in... A
cold neutron falls ~10cm over 150m!

McXtrace

L59 + Classical Newtonian mechanics, i.e.
McStas : .

o * (independent, particles though...)

W O

Peter Willendrup, DTU Physics and ESS DMSC
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b COMPONENT C

= " McStas and McXtrace
Monte Carlo ray-tracers

DTU (; )\ EUROPEAN INSTRUMENT
SPALLATION

Source Guide
TOF_monitor
Chopper
1. Particles emitted 3. Will eventually
with random starting mest other objects The "tool layer" consists of programs manipulated by the McStas user:
conditions via MC e.g. a_studied .
:zzegg:'zgz:;ggzz 4. At various points mcgui, graphical user interface mcplot, visualize histogram outp. mcdisplay, visualize instrument
MG agal in the instrument
. again the particle states mcgui is used to assemble an instrument file, which is taken over by the McStas system
NSUPPEE L ] .. are measured in

e R » Il so-called monitor: —_——mm
“u 2. Particles are =TT L or detectors DEFINE INSTRUMENT Example(Param1=1, string Param2="two", ...) | d !
e, ot " i ource.comp — c—code :
through space COMPONENT A = Source(Parameters...) : :
AT (0,0,0) ABSOLUTE i| Guide.comp - c—code :
COMPONENT B = Guide(Parameters...) D S L ! l
AT (0,0, 1) RELATIVE A '| DiskChopper.comp — c—code !
y COMPONENT C = DiskChopper(Parameters...) | TOF it d i
. 40(;9;> A~ AT (0,0, 1) RELATIVE B | —monitor.comp — c—code !
McXtrace - 8(14) A : - !
- 12(22) COMPONENT D = TOF_monitor(Parameters, filename="Tof .dat") ' _(;?'fl??l}ein_t_h_bf?{y _____________ |
- 17 30) o AT (0,0, Param1) RELATIVE PREVIOUS i
I X =1 A, ) T stighgjde i Random 1/0 Physical |
= .‘," ' | numbers consts. !
kastelzengde "Instrument file" | "Kernel and runti de" [
! ernel and runtime c—code .
(197 ° 51(60°) ° 60 (75°) ! |
McStas ' L L L L L L L L L L L L L L L L LI I I
: i The McStas system generates an "ISO C file" and an executable from instrument file and c—codes |
1 ! :
6 g sx @ee—————  —

H . The simulation executable produces data output which can be visualized using the mcplot and mcdisplay tools

McStas 25 year celebration Peter Willendrup, DTU Physics and ESS DMSC



@ McStas tech overview

« Portable code (Unix/Linux/Mac/Windoze) S = - o

* On the CPU-side, ran on everything from iPhone to 1000+ node cluster, intel, Alpha, PA-RISC etc.

HE

‘Component' files (>300) inserted from library

Sources
* Optics
» Samples
* Monitors
* If needed, write your own comps - many are USER developments ~200-line “physicist” codes

DSL + ISO-C code-gen. (compiler technology / LeX+Yacc)

« Simple Instrument language ISO C

Code generation

Component codes realizing beamline parts (including user contribs)

McXtrace
* Library of common functions
ng9 + 10
Random numbers User experience:
McStas * Physical constants « Write instrument
4&. * Propagation « Launch simulation (generates binary and runs simulation)
W O A * Precession in fields * Look at output data

McStas 25 year celebration Peter Willendrup, DTU Physics and ESS DMSC




McStas: simulation toolkit for

EUROPEAN McStas
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u u
SOURCE I. I. o,
, |} u
e0e megui-py
.
- ... IN.py /J upyter notebooks
B using McStasscript
[User / NS2.instr Open... Edit g p
Messages: eoe [ p/pygen/SANS/templateSANS2_20230518_105746/index.html © M + 5
1 eoe M -~ ©h + ©
McStas code generator version 3.3 (Mar. 30, 2023) -
Copyright (C) DTU Physics and Risoe National Laboratory, 1997-2023 ins utput-files --trace --ncount=300 sers/pkwi/tmp/pygen/SANS/templateSANS2_20230518_105746 (EmiesCoir D CEORD ORIl ie e s s B e ey Ty o B e P l/proc g SCock
o P = Ray ind 797299 Ke s®  Scatter Mark Reset m Sic Tc < . .
Additions (C) Institut Laue Langevin, 20032019 .  index cep ray er Markers eset view: (NS NS GREND Fle Edt View Run Kemel Tabs Settngs Help
All rights reserved Show BB &
B t C 7 templateSANS2_generated® | + P
Components are (C) their authors, see component headers. ] - P 9 -]
Markdown v Python 3 (ipykernel) O
- Component library: McStas-3.3, built Mar. 30, 2023 o Q - - &
-/ # Comp instance source, placement and parameters
source = instr.add_component('source','Source_simple', AT=['0', '0', '0'], AT_RELATIVE='arm', ROTATED=['0.0',
Name - Last Modified
- [ templateSAl a minute ago
My E 7 templateSAN... aminute ago EENGEIENG &
X » source.yheight
- [ templateSAN... a minute ago source.xwidth = *
source.dist = '
source. focus_xw = '0.01"
source. focus_yh = '0.01'
source.E0 = '0'
source.dE = '0'
source. lambda@ = 'lambda’
source.dlambda = 'dlambda’
source.flux = 'le8'
source.gauss = '0'
source.target_index = '+ 1'
Instrument: templateSANS2.instr
L # Comp instance colll, placement and parameters
] colll = instr.add_component('colll’,'slit', AT=['0", , '3'], AT_RELATIVE='arm', ROTATED=['0.0', '0.0', 'O.
* %Parameters |
*lambda:  [AA] Mean wavelength of neutrons

templateSANS2_20230818_105601 * dlambda of neutr

[AA] Wav

hard spheres colll.xmin = 'UNSET'
o o colll.xmax = 'UNSET'
colll.ymin = 'UNSET'
colll.ymax = 'UNSET'
colll.radius '0.005"
. colll.xwidth = 'UNSET'
o %Link colll.yheight = 'UNSET'

red beam

# Overview plot:
ms.make_sub_plot(data)

DEFINE INSTRUMENT templateSANS2(lambda=6, dlambda= r=150, PHi=1e-3, Delta_Rho=6e10, frac_dir=

PSD monitor PSD monitor PSD monitor
USERVARS %({ o1 x102 _ . 756x10-
int was_scattered; E os % € E 2 (31 115.:7:
" § oo g s e e
He 2 S
TRACE 2 -o. x 2 2 18
x _ 188x 10
” x . > -2 840x 10
COMPONENT a1 = Progress_bar() 0 05 oo 05 x > s » 000 10
AT (0,0,0) ABSOLUTE X position [cm] X position [cm) X position [cm)
COMPONENT arm = Arm() PSD monitor - ors Wavelength monitor PSD monitor radial sum
AT (0, 0, 0) ABSOLUTE T 2 84 x 100
= x 2050 z
COMPONENT source = Source_simple( 0 X H g
radius = 0.02, dist = 6, focus_xw = 0.01, focus_yh = 0.01, g X100 £455 £ 0005 \
lambda = lambda, dlambda = dlambda, flux = 1e8) 220 X107 I N
AT (0, 0, 0) RELATIVE arm de0x10T 000 I | 0.000 —
20 [ 20 56 58 62 64 005 010 015 0.20 025 0.30
. COMPONENT colf = Siit( X position [cm) Wavelength [AA] Radius (m]
W rk I n I r f V radius = 0.005) PSD monitor radial average PSD monitor radial sum PSD monitor radial average
. AT (0, 0, 3) RELATIVE arm 2| 200000
o \
\ > |
. 4 COMPONENT coll2 = Slit( \ £ I £ (
editor usin or \ o o
LA AT (0, 0, 6) RELATIVE arm =1 $ |
z ( £
. 0 = — ) ol L | oll
COMPONENT sample_position = Arm() 0.05 0.10 0.15 0.20 0.25 0.30 0.05 0.10 0.15 0.20 0.25 0.30 0.05 0.10 0.15 0.20 0.25 0.30
AT (0,0,0.2) RELATIVE coll2 Radius [m) Radius [m] Radius [m]

COMPONENT Sample_in = PSD_monitor (xwidth:
ATIN.0.0) RELATIVE PREVIOLIS

02,yheight=0.02, filename="SamplePos", restore_neutron=1) B Log Console x

McStas 25 year celebration Peter Willendru Simple oM@
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- McStas is by design a “linear chain” of components

1

3}3

e But:

* We have syntaxes/logic to e.g.GROUP
components. (Think: XOR and similar logic)

{SPLIT} COMPONENT name = comp(parameters) { WHEN condition}
AT (...) [RELATIVE [referencelPREVIOUS] | ABSOLUTE]
{ROTATED {RELATIVE [referencelPREVIOUS] | ABSOLUTE} }
{GROUP group_name}
{EXTEND C_code}
{JUMP [referencelPREVIOUSIMYSELFINEXT] [ITERATE number_of_times | WHEN condition] }

McStas 25 year celebration Peter Willendrup, DTU Physics and ESS DMSC
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McStas is by design a “linear chain” of components

{SPLIT} COMPONENT name = comp(parameters) { WHEN condition}
e But: | AT (... [RELATIVE [referencelPREVIOUS] ABSOLUTE]

. We {ROTATED {RELATIVE [referencelPREVIOUS] | ABSOLUTE} }
cor {GROUP group_name}

{EXTEND C_code}
{JUMP [referencelPREVIOUSIMYSELFINEXT] [ITERATE n

6

-

W

« Material-assemblies may be arranged in
“concentric” onion-shells (Single_crystal, PowderN, ...)

McStas 25 year celebration Peter Willendrup, DTU Physics and ESS DMSC
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McStas is by design a “linear chain” of components

{SPLIT} COMPONENT name = comp(parameters) { WHEN condition}
e« But: | AT (...) [RELATIVE [referencelPREVIOUS] I ABSOLUTE)]

. We {ROTATED {RELATIVE [referencelPREVIOUS] I ABSOLUTE} }
{GROUP group_name}
{EXTEND C_code}
{JUMP [referencelPREVIOUSIMYSELFINEXT] [ITERATE n

)

m

i

COr

« Material-assemblies may be arranged in
“concentric” onion-shells (Single_crystal, PowderN, ...)

* The Union subsystem (Mads Bertelsen) has f
been added, defining region(s) of the
instrument where geometry and materials
are decoupled and we completely deviate
from the linear approximation

* NCrystal may be used to describe materials,
also within Union. cfg="materials_galore.ncmat” \

McStas 25 year celebration Peter Willendrup, DTU Physics and ESS DMSC
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McStas

o
Py
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McStas is by design a “linear chain” of components

e But:

COr

* Mat¢
“con

The
been
instre
are ¢
from

(Other recent grammar additions....)
“CPU” to label non-GPU execution of a component in mixed CPU/GPU setups

“SHELL” for cogen/compile-time system-hacks (create an instr snippet using e.g. bash)

SEARCH “/the/path/to/add/" COMPONENT ...
SEARCH SHELL "the_executable --and --some --options" COMPONENT ...

COMPONENT Origin = Progress_bar()
AT (0,0,0) ABSOLUTE

METADATA JSON eniius_data %{
...{JSON string}...

%}

METADATA Python extra_function %{

def the_function(a, b, ¢):

returna+b/c

%}

NCrystal may be used to describe materials,
also within Union. cfg="materials_galore.ncmat”

£

36 ‘-‘. i
A
180 -90 %0 150

) }.(,,‘g.uy::l(‘ [deg]
Union-framework

k@

McStas 25 year celebration

Peter Willendrup, DTU Physics and ESS DMSC
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[\ / SOURCE

=

xxx

W . == Writing new comps or understanding existing is / ‘g=..
not so complex... ==

e

« Many of them are quite simple and short... Statistics:

Number of Lines of Code in McStas 3.4 comp suite

104

Number of LoC in comp
o
W

102

IncoherentPhonon_process; |

Single/crystal

* Well-developed community support
—30-40% 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 librar

50 100 150 200 250 300 350
Component no.

bration Peter Willendrup, DTU Physi d ESS DMSC

McStas 25 year cele



: s 0 DTU
Component lib development  (582x)) o @

More than 350 comps, more than 250 instr examples

2

[ w

Number of Components in McStas releases 1998-2023 Number of Instruments in McStas releases 1998-2023
350 T T T T T MCStPS 3.4 300 T T T T T
McSjas 3.4
R /
300 250 [ J\ -
()] ()]
t 250 /MU— t
) - i
c g 200
o 3
o s
£ 200 . &
)
o £ 150 .
° S
L 150 - 1 g
) )
a 2
£ /—\/— E 100 :
2 100 - X >
2 Final 2\x < Final 2\x
McStas 3.0 50 - McStas 3.0 |
50 - McStas 2.0 - McStas 2.0
Final 1.x Final 1.x
McSta§ 1.0 McStas 1.7 : McStas-+-o—McStas 1.7
0 | | | | | 0 I | | | |
2000 2005 2010 2015 2020 2000 2005 2010 2015 2020
Release date Release date

McStas 25 year celebration Peter Willendrup, DTU Physics and ESS DMSC 17




w@ EuropEAN https://www.openhub.net/p/mccode McStas oz
= &7 Stats and information on the codebase 20

oo

Lines of Code

" In a Nutshell, McCode...
... has had 24,640 commits made by 60 contributors
representing 2,177,413 lines of code
j l I ... IS mostly written in Postscript
R —— AT A R A _Ab with a low number of source code comments

2000 2005 2010 2015 2020
... has a well established, mature codebase

B Code B Comments Blanks maintained by a large development team
with increasing Y-O-Y commits

Languages ... took an estimated 636 years of effort (COCOMO model)
McXtrace ] starting with its first commit in June, 1997
’ Postscript 35% AMPL 2004 ending with its most recent commit about 1 month ago
W O
C 19% 20 Other 24%
McStas
W O e Nope, that's our DSL and grammar. :-) Which is close to “English”.

McStas 25 year celebration Peter Willendrup, DTU Physics and ESS DMSC



https://www.openhub.net/p/mccode

DTU

McStas timeline at a glance gmuw@

When did what functionality arrive

v1.9-1.11 2005-2007 v2.0-v2.1 2012-2014 /
PowderN & Isotropic_Sqw, Initial Mantid support, \I(12C52t7 |2 018-2020
v1.1-1.6x, 1999-2002 mcstas.org domain comp std., first Co "éﬁ ;O dernisation V3.2, 2022
mcrun, mcplot, mcgui, partial Polarisation, macOS, Python tools, Scatter for% N Mature GPU support
NeXus support. Debian pkg, NeXus, MPI logger Lots 'of new instruments
Single_crystal, Source_gen, support v2.7.2 is last 2.x release
>
v1.0, October 15, 1998 v1.7-1.8, 2003-2004 v1.12.x “era” 2008-2011 v2.3-2.4.x 2015-2017 v3.0-3.1, 2020-2021 v3.3-3.4, 2023
Windows supp. McXtrace project start, ESS_butterfly, Official GPU support Embedded NeXus,
GPL license, ESS-oriented simulation MCPL arrives mcstas-pygen,
new tools work, workshop efforts Union subsystem, McStasscript
take off Python tools fully default embedded
v1.12c is last 1.x release

S el Ot€AAY iN-flow of “smaller” developments, bugfixes, user contributions... >
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Kristian Nielsen

Got input from
RIS physicists,

architect behind
“internals” and
LeX-Yacc gram.

(Incl. Kim & Henrik)

Releases 1.0-1.4

Henrik Rgnnow

Drafted v 1.0
grammar w. Kim
& Kristian

Kim Lefmann

Author of many
components, orig.
“power user”,
supervised many
KU stud. and

Part of McStas all

secured funding. !,

along the way.
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{ Kurt Clausen:
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funding.
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McStas collaboration
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Thanks and acknowledd kim Le
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isti i community
Kristian Nielsen Author CorotoKor
compc '
Got input from “povxl/oe ij;SrL&}gri(;
RIS physicists, supeny

(Incl. Kim & Henrik)
architect behind
“‘internals” and
LeX-Yacc gram.

B Support for
| newcomers
and power
users alike.

Releases 1.0-1.4 Peter Christiansen

EFmmanuel Farhi =AY 4
1st pol. solution ANNIVERSARY
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McStas collaboration

Thanks and acknowledd kim Le

Kristian Nielsen

Got input from
RIS physicists,

architect behind
“internals” and
LeX-Yacc gram.

Releases 1.0-1.4

(Incl. Kim & Henrik)

Author
compc
“powel
supery

| PW:

“Mr. McStas”
2002- ?

Custodian,
community

~7 | caretaker,

sustained
workforce.

B Support for
| newcomers

and power
users alike.

Aot ool

Peter Christiansen L

| Erik Knudsen:

Mads Bertelsen

Phd with KL,
contributed adv.

and “in” McStas:

guide_bot and
Union systems.

“Next generation”,

systems “around”

N Developer of
prod. pol.env.
main historica
workforce
behind
McXtrace.

| +lots more

“framework
secured firg
func

Left for
| CPH Atomics
in 2022.
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