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Existing DTU-ESS-KU collaborations

- working together on/with McStas

Peter Willendrup, ESS DMSC and DTU Physics
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Flexible, general simulation utility for neutron scattering experiments.

Open Source

Original design for Monte carlo Simulation of triple axis spectrometers ‘GNU GPL V3 l‘

e Stas hienw e

Developed at DTU Physics, ILL, PSI, Uni CPH, ESSDMSC  Gittc—ce oo oo

1l vurar ] VW are Plaveren. £ | v
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PW joined in 2002 TN GJ o

McStas - A neutron ray-trace simulation package

fclivaly sLppored by Rea D11

P Recent news

Currently ~6 people on joint McStas-McXtrace team
but only 2 full time, based at ESS DMSC / DTU .

ed slides / posters from ICNS

Anril 14th. 2009: Positions onen in McXtrace proiect

mcstas-users@mecstas.org mailinglist

Project website at

http://www.mcstas.org

October 5th 2023

DMSC-DTU-KU Workshop Il

Peter Willendrup, DTU Physics and ESS DMSC


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

3 s The neutron is a multidisciplinary probe for structure and
ézﬁh%"am” dynamics of condensed matter systems - ‘Swiss army knife’
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X-ray Imaging SAXS, X-ray Refl. X-ray Diffraction _EXAFS & XANES coys gl
NMR Imaging Triongulation NMR NMR o
Optical Microscopy Optical Nanoscopy Electron Microscopy Microscopy m
SNOM AFM STM

Scanning Techniques
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McStas

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

\ (" Sample-environments )
t ik 4 ~ )

o,
Py

2020: McStas 3.0 with support for
MPI and multiple GPUs

“— Detectors

McStas
AG—v + @D NVIDIA. ( 3‘ 5

3 |
L - 7

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

e
YW

b Neutron optics

~N

McStas (
Starts with a source of neutrons, be it
a reactor- or spallation source

\_

DMSC-DTU-KU Workshop Il Peter Willendrup, DTU Physics and ESS DMSC
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Instrument suite at ESS

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 @

October 5th 2023 DMSC-DTU-KU Workshop Il Peter Willendrup, DTU Physics and ESS DMSC
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Examples of who contributed what
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McStas collaboration

Examples of who contribudkim Lefmann
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Author of many
components, orig.
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supervised many
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secured funding.

Part of McStas all
along the way.
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Examples of who contribudkim Lefmann

Kristian Nielsen

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

secured funding. d MCStaS

Part of McStas all
along the way.

Got input from
RISY physicists,
architect behind
“‘internals™ and
LeX-Yacc gram.

Releases 1.0-1.4

512

Kurt Clausen: Iy - 1Y 4
D ANNIVERSARY
Came up with el
original idea of
“framework”, “ _ \ F Emmanuel Farhi
secured first EU : U
funding. First non-DK
“McStas system
developer”,

. @ grammar ext.
- . |advanced comps.
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: components, orig. communit
SIOSt mp;ﬂ from ‘power user”, Caretakery o
?p ysmggts, supervised many sustained B Y
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% hewcomers |
Releases 1.0-1.4 along the way. and power ¢» ’th
— ] ike. [—® :
KurtClausen: | v 3.4 2023 USETS &like m&;ﬂ\{
Development =

Came up with
original idea of
“framework”,
secured first EU
funding.

DJE

at all levels
and all syst.

1 developer”,

& McXtrace.

First non-DK
“McStas system

grammar ext.
advanced comps.

Now works on
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Examples of who contribykim Lefmann
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KU stud. and
secured funding.

Part of McStas all
along the way.

Kurt Clausen:

Came up with
original idea of
“framework”,
secured first EU
funding.

PW:

“Mr. McStas”
2002- ?

Custodian,
community
caretaker,
sustained
workforce.
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& hewcomers

and power

Erik Knudsen:
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McStas collaboration

Examples of who contribudkim Lefmann

Kristian Nielsen

Author of many
components, orig.

Got input from

of il “power user”,
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architect behind KU stud. and

“Iinternals” and

secured funding.
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Part of McStas all
along the way.

Kurt Clausen:

Releases 1.0-1.4

Came up with

Mads Bertelsen S
original idea of

“Next generation”, “framevC\j/c]zrk’:[, EU
Phd with KL, SECUreairs
funding.

contributed adv.
systems “around”
and “in” McStas:
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guide_bot and
Union systems.

PW:
“Mr. McStas”
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Custodian,
community
caretaker,
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B Support for
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and power
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Erik Knudsen:
velopment

Developer of j| levels

pol. neutron

Torben R. Nielsen:

Contributed
solution

for connection with
“Mantid” data
reduction,

work on SASmodel
integration

Gregory Tucker

ESS event-formation
hookup, recent
syntax / code-
generator additions
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McXtrace.

Left for
CPH Atomics
in 2022.

& McXtrace.

First non-DK
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Thomas Kittelmann

Main developer of
MCPL particle list
Format and
NCrystal structure/
dynamics lib for MC
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Main categories

New samples in the pipe - SX + Phonons

¢

° O ptl m | S atl on Of b eam trans p ort Simulation of a complete inelastic neutron scattering experiment

H. Edwards', K. Lefmann'-*, B. Lake?, K. Nielsen', P. Skaarup' ~2001

! Materials Research Department, Ris¢ National Laboratory, 4000 Roskilde, Denmark
20uk Ridge National Laboratory, Oak Ridge, TN 37831, USA

PY N eW n e utro n _O ptl Cal mOd e I S Received: 17 July 2001/Accepted: 2 May 2002 — © Springer-Verlag 2002

* New Sample models Using McStas to reproduce

neutron scattering dé

e Studies of instrumental resolution effects | I

= ) ™
! H;H L ﬂ A i
"ﬂﬂiﬂﬂ,, Magnus Strandgaard (s153327)

¢ \/irtual experiments  ~2014

Niels Bech Christensen, Senior Scientist
r Kjeer Willendrup, Senior Research Engineer, Spes

Modelling scattering from a
cryostat using the Union
framework within McStas

Figure 3.1.3: Sideways view of a 40 cm wide gravitationally curved guide, composed
of 50 straight sections. The red line denotes the transverse centre of the
guide. Please note that this figure is meant to give the reader a visual
idea of the shape of a curved elliptical guide, and is not to scale.

* Modeling sample-environment geometries ~2020 ( B

Niels Bech Christensen

Analysing Single-crystal ENS Data

Using McStas Virtual Experiments

e Assisting ongoing instrumentation projects e.g. at ESS

- Range: - — o ~2009
- Short “SpeCIal Course” to BSC’ MSC’ PhD prOJ Research Immersion August 20! é::z
- students often enrolled at e.g. KU or DTU T % ;

T 008 009 01 o041 012 043 0.4 0145 0.6 0.7
(0.885.K.0)
JLinda Udby, Nano- and eScience Centres, Niels Bohr Institute, University of Copenhagen
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8 Niels Bohr Institute

) The institute
) Staff
) Research
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MY OVERVIEW
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KEYWORDS

Biophysics Electrotechnology
= Condensed matter Theory Models Experiments Virtual and real experiments
physics Bachelors / Masters Projects s - TR T Physics

111 THERMAL
= Center for Quantum | Inf R
® N eW Sal I | ‘ Devices Investigation of interpenetrating polymer networks for drug TG ! momation technotogy
« Condensed Matter delivery under mechanical deformation by Small-Angle X-ray Y Mathematics  Materials
Theory Scattering (SAXS)
* ESS Lighthouse: The company Biomodics ARy Electromagnetism
Magnetism and have developed a patented - Electroni Sound
. Quantum Materials (Q- technique to incorporate a ] -
. St U d I e S Of MAT) hydrogel into silicone S
- Novo Nordisk rubber, which is widely used PROJECT SHARE ¥ f
. for tubing in biomedicine, Robot technology and
Foundation Quantum for examele in urinary NEW ALGORITHMS & PHYSICS FAVOURITE @  “ebo e
Computin|
programme cathters used in hospcal. FOR VIRTUAL EXPERIMENTS
The advantage of Energy systems  Lasers

Virtual exp
Modeling ¢
Assisting ¢

Range:

short

» Research facilities
3 Industrial collaboration Simulation and experimental study of block copolymers self- « Each ray is independent: The code becomes inherently parallel and suitable for Statistics  Hearing aids
. . . luster computations.
. assembling under spherical confinement c Medical equipment and
St u d e n » Education « Each ray represents any number of of real particles: Efficient calculations and Systoms L
» NBI Library A relatively new, but decouples simulation run time from the source.
5 NBI News 0Ced®ed -.um
>

= Structural Food Physics
and Soft Matter Self-
Assembly
= X-ray and Neutron
Science
* Publications:
Condensed Matter
Physics
* Publications: X-Ray and
Neutron Science
= eScience
= Experimental Particle
physics
= Physics of Ice Climate
and Earth
= Quantum Optics and
Photonics
=Theoretical high energy,
astroparticle and
gravitational physics
= Digital Worlds
= Publications
=Theses

Newcomers and
International Guests

Biomodics's material is that the incorporation of hydrogel prevents
the formation of biofilms (germs) and that the material potentially
can be used for drug delivery. The LINX (Linking Industry to Neutrons
and X-rays) group at NBI is involved in a project with the company in
which their materials are studied with small-angle neutron and X-ray
scattering (SANS and SAXS). For more information see here >>

Block copolymer self-assembly under hyperbolic confinement

Numerical simulations reveal a family of hierarchical and chiral
multicontinuous network structures self-assembled from a melt blend
of Y-shaped ABC and ABD three-miktoarm star terpolymers, se figure
below. These mesostructures are among the most topologically
complex morphologies identified to date and represent an example
of hierarchical ordering within a hyperbolic pattern, a unique mode of
soft matter self-assembly. In this project the idea is to implement a
simulation setup to investigate the self-assembly of model block
copolymers under different hyperbolic constraints, i.e. where the
polymer are forced to assemble within a thin curved film. For more
information see here >>

If you are interested - please contact Jacob Kirkensgaard
(jjkk@nbi.ku.dk)

experimental procedure
. ‘ o ‘ . makes it possible to form
Ole=13 Dle=27 Dle=13 Dlo=2 D=2y SPherically confined nano-

mEEE

. Publisher Location
SUPERVISOR mY, GREATER COPENHAGEN AREA
. ——

- Come to NEXMAP and help us develop new features for the McStas and McXtrace
simulation packages!

The NEXMAP simulation effort revolves around two world class software packages;

McStas (neutron scattering) and McXtrace (X-rays). The pack are designed to sil
any and all neutron and X-ray scattering instruments and experiments.

McStas and McXtrace are:

« Open Source (GPL)
* Multiplatform

+ Fast and Scalable
+ Extendable

Monte Carlo & Ray Tracing
McStas and McXtrace both use Monte Carlo methods and of Ray-Tracing.

Use of the codes
The softwares are being used world-wide at neutron and X-ray facilities - e.g. the ESS
neutron source and the MAX-IV X-ray synchrotron in Lund.

Micro and nano technology
Optics Sensors

Image analysis
Computerberegning
Dataanalyse

Hardware and components
IT systems

Software and programming
Systems and data security
Telecommunication
Nanoparticles  Geometry
Mathematical analysis
Mathematical logics

Mathematical modelling

TAGS

imaging  mathematical

Phonons

cattering from a
sing the Union
within McStas

By:
L. Amin (s194113)

B vicors: 2022
Kjeer Willendrup

3ech Christensen

rystal ENS Data

tual Experiments

2 with small intrinsic broadening
‘olved data from virtual experiment

~2009

043 0.4 015 0.16 0.17
1K.0)
Bohr Institute, University of Copenhagen
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Niels Bohr Institute > Research
> X-ray and Neutron Science >

Bachelors / Masters Projects

Investigation of interpenetrating polymer networks for drug
delivery under mechanical deformation by Small-Angle X-ray
Scattering (SAXS)

The company Biomodics
have developed a patented
technique to incorporate a
_ hydrogel into silicone
rubber, which is widely used
for tubing in biomedicine,
for example in urinary
catheters used in hospitals.
The advantage of
Biomodics's material is that the incorporation of hydrogel prevents
the formation of biofilms (germs) and that the material potentially
can be used for drug delivery. The LINX (Linking Industry to Neutrons
and X-rays) group at NBI is involved in a project with the company in
which their materials are studied with small-angle neutron and X-ray
scattering (SANS and SAXS). For more information see here >>

Block copolymer self-assembly under hyperbolic confinement

Numerical simulations reveal a family of hierarchical and chiral
multicontinuous network structures self-assembled from a melt blend
of Y-shaped ABC and ABD three-miktoarm star terpolymers, se figure
below. These mesostructures are among the most topologically
complex morphologies identified to date and represent an example
of hierarchical ordering within a hyperbolic pattern, a unique mode of
soft matter self-assembly. In this project the idea is to implement a
simulation setup to investigate the self-assembly of model block
copolymers under different hyperbolic constraints, i.e. where the
polymer are forced to assemble within a thin curved film. For more
information see here >>

If you are interested - please contact Jacob Kirkensgaard
(jjkk@nbi.ku.dk)

Simulation and experimental study of block copolymers self-
assembling under spherical confinement

coedeéeo
o006 ee

Dli=13 DAe=27 Ole=13 Dlo=2 Do=27

Arelatively new, but
conceptually simple
experimental procedure
makes it possible to form
spherically confined nano-
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Models

Experiments
L

Virtual and real experiments

PROJECT

NEW ALGORITHMS & PHYSICS
FOR VIRTUAL EXPERIMENTS

SHARE ¥ f
FAVOURITE ¥

. Publisher Location
SUPERVISOR mY, GREATER COPENHAGEN AREA
. ——

Earlier DTU “projektbank™ attracted both

KEYWORDS

Electrotechnology
Physics
Information technology
Mathematics  Materials
Electromagnetism
Electronics  Sound
Microwave technology

Robot technology and
automation

Energy systems Lasers
Micro and nano technology
Optics Sensors

Image analysis
Computerberegning

Dataanalyse

DTU and KU students, plus summer

students from EPFL and Ecole

Polytechnique

New site: “DTU career hub”
http://dtu.dk/careerhub
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https://e-learning.pan-training.eu (formerly e-neutrons.org and “Virtual Neutrons for Teaching”)
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e-Learning Catalogue v e-Learningv Events Aboutv

FhotonN®y 3
eLearnin’) =

Welcome to the e-Learning platform

This e-Learning platform hosts free education and training for scientists and students.
Below you will find courses on both the theory of photon and neutron scattering
and how to use python code or software for data reduction and modelling.

‘ Search courses B

Course categories

Expand all

For Teachers (2)

High Intensity Lasers (3)
Miscellaneous (2)

Muon Science (5)
Neutron Science (9)
Software (6)

Schools (3)

X-ray Science (1)
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https://e-learning.pan-training.eu (formerly e-neutrons.org and “Virtual Neutrons for Teaching”)

eoe ([ eoce [ - < & e-learning.pan-training.eu e © M +
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e-Learning Dashboard My courses More v L' o ‘3 v ‘ Edit mode @)
My courses
e |
1
Course overview
Wel PR ) . .
‘ All v H Search ‘ Sort by course name v ‘ Card v |
This e \ J \ J\ /
Below
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o P Summer Sc
4 LLJ L)
Advanced Topics in Neutron DMSC - Instrument Scientists DMSC Summer School 2023
Scattering workshop (2022) Schools
Neutron Science Software
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M
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Introduction to Muon Spin Introduction to Neutron McStas Advanced Design
Sc Spectroscopy Scattering School
X1 Muon Science Neutron Science Software
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e-neutrons Original site
Wiki main page
Recent changes

Help

Quick links

Introduction

Basic scattering
Elastic scattering (QM)
Sources
Instrumentation

Data analysis

SANS

Reflectivity

Crystal diffraction
Imaging

Inelastic scattering
Inelastic scattering (QM)
Phonon scattering
Magnetic scattering
Elastic magnetic
Inelastic magnetic
Monte Carlo
Simulation projects
Exercises

Tools
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This wiki about neutron scattering has a wide-branched tree-structure with many levels of sub-branches
allowing for both a quick overview and specialization.

The topics correspond to the chapters in the lecture notes Neutron Scattering: Theory, Instrumentation and
Simulation by Kim Lefmann (Nano- & eScience Centres, University of Copenhagen and ESS &).
« Basics of neutron scattering
« Introduction to neutron scattering
» Basics of neutron scattering (exercises)
« Quantum treatment of elastic neutron scattering
« Neutron instrumentation and simulation
« Neutron sources and moderators (exercises)
« Instrumentation (exercises)
» Data analysis in neutron scattering
« Structure of materials
« Small angle neutron scattering, SANS (exercises)
« Neutron reflectivity (exercises)
« Diffraction from crystals (exercises)
* Imaging
« Dynamics of materials
« Inelastic nuclear neutron scattering
* Quantum treatment of inelastic neutron scattering
» Scattering from lattice vibrations (exercises)
« Magnetic materials
« Magnetic neutron scattering (exercises)
« Elastic magnetic scattering (exercises)
« Inelastic magnetic scattering
« Simulation projects
* Monte Carlo simulation of neutron instrumentation (exercises)
« McStas simulation projects

All topics includes written exercises and simulation exercises with hints to solutions.

In the future, the wiki will be expanded with more specialized areas, written by people that specialize in
these fields.

https://e-learning.pan-training.eu (formerly e-neutrons.org and “Virtual Neutrons for Teaching”)
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In particular, look at what parameters are available and take a look at the instrument geometry.

instrument.show_parameters()

double integration_time =1 // [s] Time span of experiment

double wavelength = 6.0 // [AA] Mean wavelength of neutrons
double d_wavelength = 3.0 // [AA] Wavelength spread of neutrons
double n_pulses = 1.0 // [1] Number of pulses from source

double sample_distance = 8.0 // [m] Source Sample distance

double enable_sample =0 // [1] @ for nothing, 1 for SANS sample
double SANS_R =90 // [AA] Radius of scattering hard spheres
double detector_distance = 3.0 // [m] Sample_detector_distance

instrument.show_instrument()

mcrun /home/jovyan/gitrepo_dmscsummerschool2023/3-mcstas/run_folder/SANS .instr --no-output-files
ncount=300 --dir=SANS_mcdisplay_4 integration_time=1 wavelength=6.0 d_wavelength=3.0 n_pulses
sample_distance=8.0 enable_sample=0 SANS_R=90 detector_distance=3.0
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Courses on the “platform” contributed by universities and Facilities
alike, examples:

e KU Neutron Course

e DTU “large scale facility” course

e TU Delft Neutron Course

e |SIS STFC, QENS, MuSR

e NNSP/SwedNess PhD Course

e PaNOSC Summerschool 2022 e
e £ESS DMSC Summerschool 2023  Mark
e £ESS SASview course

plus incoming courses e.g.
e Neutron Scattering at EPFL
¢ High-school level course “AccelerateTeaching”
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- Students like working with our code and tools!
- Projects possible at a wide range of scales

- We can simulate any neutron instrument and one or more relevant sample(s) for it

October 5th 2023 DMSC-DTU-KU Workshop Il Peter Willendrup, DTU Physics and ESS DMSC



