
I have only worked on McStas related 
projects and it has been great
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McStas 25th Anniversary, 1998 - 2023

Mads Bertelsen



McStas simulations as a career?
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“Simulations and software is a good skill to have, 
but you must find a main science topic to be employed.”

I think there is space for support scientists
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Guide design
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A repetitive task

§ Iterations of beam requirements
§ Frequent rule changes from ESS
§ Optimization for brilliance 

transfer with MATLAB + iFit
§ Minimalist principle

Minimalist No constraints
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guide_bot
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MATLAB Version

§ Optimization of neutron guides
§ Simple input for
− Beam requirements
− Source

− Guide geometry

§ Automated steps
− Builds McStas simulations

− Performs numerical optimization (iFit)

− Characterizes the optimal guide
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guide_bot

2023-10-10

MATLAB Version

§ Optimization of neutron guides
§ Simple input for
− Beam requirements
− Source

− Guide geometry

§ Automated steps
− Builds McStas simulations

− Performs numerical optimization (iFit)

− Characterizes the optimal guide

§ ESS
− BIFROST
−HEIMDAL
−MIRACLES
− VESPA
− ESPRESSO

§ PSI
− CAMEA
− FOCUS
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ESS moderator choice
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MATLAB Version

§ Reoptimize guides for ESS instruments 
under consideration

§ Collaborated with almost all 
instrument teams

§ Some performed their own 
optimizations

§ Optimized more than 15000 guides
§ Approximately 15 million McStas runs
§ A 3 cm tall moderator was chosen

Start 2 m from source 

Start 1 m from source 
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Union components
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Union in the instrument



Union components
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Overview

Physics
Incoherent_process

Powder_process

Incoherent_process

Single_crystal_process

NCrystal_process

Inelastic
sample

Al

Incoherent_process

Single_crystal_process
Sample

§ Set of McStas components
§ Works as a collection



Union components
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Results

I [arb] I [arb]



Union components
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Instruments

§ Joined beamtimes
§ Simulated the instruments

MACS @ NIST SENJU @ J-PARC

SNAP @ SNS

2023-10-10
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McStasScript
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An alternate user interface

§ Python McStas API
− Build instrument object
− Execute simulation

− Receive data as Python objects

§ Open source
§ https://github.com/PaNOSC-ViNYL/McStasScript

§ Comprehensive test suite

Local components

Produced data

Generate 
instrument file

Instrument file c file Executable

McStas
compiler

Users
c - compiler

McStasScript

https://github.com/PaNOSC-ViNYL/McStasScript


McStasScript
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Quick demo

§ Instrument object
§ Knows components

McStas
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§ Component object
§ Spots errors

§ Autocompletion

McStasMcStasScript
Quick demo



McStasScript
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Quick demo

§ Parameter objects
§ Calculations

§ Parameter overview

McStas



McStasScript
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Quick demo

§ Set position
§ For-loop

§ Component list

McStas



McStasScript

2023-10-10

Quick demo

§ Filename pitfall
§ Diagrams

McStas



McStasScript
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Quick demo

§ Visualization

McStas



McStasScript
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Quick demo

§ Settings
§ Parameters
§ Run simulation
§ Plot data

McStas



McStasScript
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Quick demo

§ Python objects

§ Metadata

§ Numpy arrays

McStas



McStasScript
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Quick demo

§ Simulation widget



McStasScript
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Documentation

§ Comprehensive documentation
§ Descriptions of the classes
§ Tutorials for
− McStasScript
− McStas features

− McStas Union components

§ https://mads-bertelsen.github.io

§ Workshop / School available

https://mads-bertelsen.github.io/
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guide_bot
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Python version

§ HighNESS project
§ Rewrite of guide_bot in Python
§ Easier to …
− Install
− Expand

− Use

§ No license, more powerful
§ Uses McStasScript

guide_bot project



guide_bot
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Python version

§ HighNESS project
§ Rewrite of guide_bot in Python
§ Easier to …
− Install
− Expand

− Use

§ No license, more powerful
§ Uses McStasScript
§ Nice widgets for visualization
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Detectors
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Overview
• Aluminium
• He3
• Wire

• Abs_logger_1D_space_tof
• Abs_logger_event

Small wavelength interval

Large wavelength interval



Detectors
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Overview
• Aluminium
• He3
• Wire

• Abs_logger_1D_space_tof
• Abs_logger_event

I [n/s]

I [n/s]



ENSA Award
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Outlook
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Union features

§ Refraction in Union components
§ Surface effects in general



Outlook
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Widget
Scattering in cryostat

Recorded on detector

Scattering in cryostat

Recorded on detector

Filtered events

§ Event data widget
§ Explore ray histories



Outlook
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Widget
Scattering in cryostat

Recorded on detector

Scattering in cryostat

Recorded on detector

Filtered events

§ Event data widget
§ Explore ray histories



Conclusion
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• Seems it is possible to be a support scientist with simulation focus!

• My gratitude to all that have enabled me to be on this McStas journey
• All developers of the software, especially Peter Willendrup
• University supervisor Kim Lefmann
• Wonderful colleagues at University of Copenhagen and at ESS



Thanks for your attention
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