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McStas simulations
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Monte Carlo ray-tracing for neutron instrumentation
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McStas Union components
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▪ McStas Union components combine to provide general geometry with multiple 

scattering, modular phyiscs descriptions and advanced logging capabilities

Splitting the responsibilities of sample components

2023-07-19

Physics Geometry Logging

Incoherent_process

Powder_process

Incoherent_process

Single_crystal_process

Incoherent_process

Single_crystal_process

NCrystal_process

Inelastic

sample

Boxes, cylinders, cones, spheres

Al

Sample

▪ Loggers

Records at scattering event

▪ Absorption loggers

Records at absorption event

▪ Can be attached to:

Geometries

Processes



McStas Union components
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What can you do with McStas Union components
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▪ Simulation with multiple scattering

− Samples

− Sample environments

− Filters

− Detectors

▪ Large systems possible

− Performance scaling reasonable

− Improved greatly in newest McStas

I [n/s]



Student project
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Magnet simulation

2023-07-19

Simulationsofbackgroundscattering
froma15T magnet

P. Karacosta1, K.M.L. Krighaar1, A. Holmes2, R. Toft-Petersen2,

M. Bertelsen2, K. Lefmann1

1Nanoscience Centre, Niels Bohr Inst itute, University of Copenhagen, Denmark
2European Spallat ion Source ERIC, Lund, Sweden

BIFROST Spectrometer at ESS

I ndirect ToF spectrometer with mult i-energy analysis

D esigned for:

Small sample sizes

Extreme sample
environments

Specif cat ions

at D ay 1 [1]
M agnet ic f elds

above 14 T

Temperature

down to 50 mK

Pressure

above 3 GPa

M otivation

How the magnet ’s coils add material to

the sample environment :

Added mass of magnets themselves

Material required to withstand

large magnet ic forces

Ef ects of added material:

Safeguards st ructural integrity

Background due to mult iple scat tering

from the sample environment

Simulat ions in the presence of mult iple

scat tering from the sample environment

BIFROST 15 T M agnet

Largest diameter:

721 mm

Height :

1531 mm

Beam path angle:

±2o

R elevant

I nformat ion:

Sample volume:

1× 1× 1 cm3

Sample at 162 m

from source [1]

M agnet Sample Environment Simulation
Beam entry Beam exit

Simulat ion Tools

[2, 3, 4]

M cStas U nion

components used:

Processes: Incoherent , Powder

M ake material: Cu∗ , A l, Vacuum

Geomet ry: Cylinder, Box, Cone,

Sphere

Master, Loggers

M cStasScript

A python API

∗ Coil material: t o be replaced with

NbT i, Nb3Sn

Primary Simulation

Data shows neut rons scat tered by the magnet

sample environment , as seen by a cylindrical

detector placed 740 mm from the magnet ’s

cent re.

Data for dif erent sample conf gurat ions (above)

and dif erent wavelengths (right ).

Addit ion of sample reduces intensity, as beam leaves the sample environment

What’s next

I nvestigate background due to
mult iple scat tering

Optimise the sample environment:
minimize background scat tering

Classify background features:
develop machine learning algorithm

References

[1] K .H. Andersen et al. “T he inst rument suit e of t he European Spallat ion Source” . In: Nuclear Instruments and Methods in Physics Research Section A : Accelerators, Spectrometers,

Detectors and Associated Equipment 957 (2020), p. 163402. issn: 0168-9002. doi: ht t ps: / / doi . or g/ 10. 1016/ j . ni ma. 2020. 163402. ur l : ht t ps: / / www. sci encedi r ect . com/

sci ence/ ar t i cl e/ pi i / S0168900220300097.

[2] M ads Bertelsen. “Software for simulat ion and design of neut ron scat t ering inst rumentat ion” . PhD thesis. University of Copenhagen, Faculty of Science, Niels Bohr Inst it ute,

Nano . . ., 2017.

[3] Peter K jær W illendrup and K im Lefmann. “M cStas (i): Int roduct ion, use, and basic principles for ray-t racing simulat ions” . In: Journal of Neutron Research 22.1 (2020), pp. 1–16.

[4] Peter K jær W illendrup and K im Lefmann. “M cStas (ii): An overview of components, t heir use, and advice for user cont ribut ions” . In: Journal of Neutron Research 23.1 (2021),

pp. 7–27.

▪ Petroula Karacosta

▪ Goal

− Estimate fraction of signal

▪ Model

− McStas model of Magnet

▪ Data

− Approx. 17.000 configurations

▪ Approach

− Machine Learning


