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Location of BIFROST
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Beam transport and conditioning system =2/

e Curved guide section
* Copper blocks
4 choppers (PSC, FOC, FOC, BC)

Option to use full ESS pulse

sample
Monalith P
- ‘ EQ2 Hall =3

: . Parabolic expander : !

: © to 10x10 mm i i Cave

: Bunker me= 3515

: : aluminum -> borcron i
:““:;'_‘4 - ! : Parabolic focusing to 20x20 mm
copper m = 1.5-4, bnrf.ron

: | Straight section
L i D03 Hall i m =1, borcron

Curved guide w = 30 mm
h=50mm m=235
aluminum
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* Filtering system
— Beryllium filter
— Radial collimator

e Secondary spectrometer tank
— Vacuum vessel
— Analyzers
— Detectors and electronics
— Crosstalk shielding
— Tank positioning system
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Scattering Characterization System

* Secondary spectrometer tank
— Vacuum vessel
— Analyzers
— Detectors and electronics
— Crosstalk shielding
— Tank positioning system
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Simulation Tools: McStas (ess) e

— Simulation of neutron scattering  — Collaboration:
instruments and experiments DTU Physics

University of Copenhagen

— Monte Carlo ray-trace algorithm

— Cross-platform, open source Paul Scherrer Institute

— Version 2.4.1 (Jun. 26, 2017)

Institut Laue-Langevin

McStas

Mcstas = A neutron ray-trace simulation package .. - e e .. g ;uiy'-_;r

McStas - A neutron ray-trace simulation package

McStas is a general tool for simulating neutron scattering Instruments and experimaents, It is actively supported by DTU Physics, NBI KU, ESS, PSI and ILL

e ¥ Ss/ram) The plot shows the intensity of scattered neutrons (red is highest intensity). The sample is at the center of the sphere with the neutron beam coming from the left. Clearly seen is the
_4«_.;-*,.#“‘,“-, m‘bv‘:m%l‘m ‘;‘ causing a lower intensity opposite the beam. Also seen Is the effect of the non-symmetric geometry of the sample, causing lower intensity directly above
a a sample.

Muﬂu\mm mmm ANRAUM

Source: http://mcstas.org/
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Simulation Tools: Geant4 + DG Framework (€55 ) &

— General purpose — Detector Group Framework

— Developed in CERN * Code repository + build system

— Application in various fields ~ * T00ls, issue tracker, wiki

e Geant4, C++, Python, Mercurial

‘Geant 4

Geantd is a toolkit for the simulation of the passage of particles through matter. Its areas of application include high energy, nuclear and accelerator physics, as well as
studies in medical and space science. The two main reference papers for Geant4 are published in Nuclear Instruments and Methods in Physics Research A 506 (2003)
250-303, and IEEE Transactions on Nuclear Science 53 No, 1 (2006) 270-278.

Applications User Support Publications Collaboration

A sampling of applications, Getting started, guides Validation of Geant4, Who we are: collaborating institutions,
technology transfer and and information for results from experiments members, organization and legal
other uses of Geant4 users and developers and publications information

Source: http://geant4.cern.ch/ 14
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McStas G t4
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Simulation Tools - Options (es5)

Guide Sample + Detectors
analyzers

Geant 4
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Source: https://mctools.github.io/ncrystal/
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Monte Carlo Simulation: MCPL -’ €5 Zi

— Monte Carlo Particle List — Compatible MC tools

— Binary format * Mostas
* McXtrace
— Open source * Geantd

MCNP6, MCNPX

View on GitHub @

MCPL Monte Carlo Particle Lists

home get usage | hooks  about = contact

Welcome to the home of MCPL, a binary file format for usage in physics simulations.

MCPL files contain lists of particle state information, and allows for easy storage and
interchange of particles between various Monte Carlo simulation applications. It is
implemented in portable C code and is made available to the scientific community, along
with converters and plugins for several popular simulation packages.

Source: https://mctools.github.io/mcpl/
19
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Simulation Tools - Options

Guide Sample + Detectors
analyzers

McStas
/ NCrystaI

“Geant 4'
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Simulation Tools: NCrystal

— Library + tools for thermal neutron — Collaboration:
transport in crystals * Xiao Xiao Cai (DTU, ESS)

— Cross-platform, open source, v0.9.4 * Thomas Kittelmann (ESS)

— Multiple interfaces (Geant4, — Supported by:
McStas, ...), validated results * BrightnESS (No 676548)

I mctools / ncrystal @OwWatch 2  HStar 2 YFork 1
Code Issues 3 Pull requests 0 Projects 0 B8 wiki Insights
Home

Thomas Kittelmann edited this page on Aug 31, 2017 - 6 revisions

NCrystal : a library for thermal neutron transport in crystals » Pages O

NCrystal is a library and associated tools which enables calculations for Monte Carlo

simulations of thermal neutrons in crystals, focusing initially on scattering in single-crystals Home

or polycrystalline materials and powders, including both coherent elastic (Bragg) diffraction Get NCrystal
and various models for inelastic scattering on phonons. Written in C++, interfaces and Usina NCrvstal

22
Source: https://mctools.github.io/ncrystal/
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Simulation Tools: NCrystal

— Enables Monte Carlo simulation of neutrons in crystals
— Single-crystals

— Polycrystalline/powder materials

— Coherent elastic (Bragg) diffraction

— Includes "background” (inelastic/incoherent)

* harmonic approximation
* incoherent approximation
* Debye approximation

Source: https://mctools.github.io/ncrystal/ 23
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Simulation Tools: NCrystal (es5)

— Written in C++

— Direct usage from C, C++, or Python code

— Command-line tools

— Components available for McStas and Geant4

Source: https://mctools.github.io/ncrystal/ 24
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McStas Model — Full Instrument
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* BIFROST Instrument

e Simulation Tools

e Simulation Model

 Results

e Qutlook
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Position on slit
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Time averaged incident rate
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Peak instantaneous incident rate
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Preliminary results & ==

e Parameters:

— Sample: Y,0; single-crystal, hkl=2,-2,-2 (d,,,= 3.0724 A)
size = (1.5 cm)3, mosaicity = 60 acrmin

— Analyzer: thickness = 2 mm, mosaicity = 10 arcmin
— Source power =5 MW
— PSC opening time = 5 ms (full ESS pulse)

 Time averaged incident rate on one He tube: 5e7 Hz
e Peak instantaneous incident rate on one Tube: 1e9 Hz

37
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Cross-check and Detector simulation

Guide Sample + Detectors
analyzers
McStas
_G_. +. NCrystal 'Geant 4
¢ >\

9

&0 Geant 4+
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Secondary spectrometer tank - Analyzers =2

All analyzers
100 -

I— - 4/ ’dcgru:sl
SO o cn s e e e g Rk ) ] ——

-50 |-

5
g
/
/
/
4

-100 | 1 1 1 1 1 ]
900 1000 1100 1200 1300 1400 1500 1600

Horizontal x-axis (along Q-channel) [mm]

41



\ EUROPEAN
| | SPALLATION

" SOURCE

Secondary spectrometer tank - Analyzers

All analyzers
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Scattering Characterization System e

* Filtering system
— Beryllium filter
— Radial collimator

Vacuum vessel

A
()
"

Al housing/

Y
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Secondary spectrometer tank - Detectors o =

* Crosstalk shielding

— Prevent crosstalk between
channels

 Detectors and electronics
— He-3 tubes
— Approx. 2x analyzer length
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Ncrystal - Data library and validation €55 amon

NCMAT vl
fconverted from the cif file of the eatry 0014675 in the AMCSD
#reference: Trucano P, Chen R, Nature, vol. 258, p. 136-137, 1975.
#validated against EXFOR subentries 11359002,21149003 and 13761003
#(see https://github.com/mctools/ncrystal /wiki/Data-library)
#It is suitable to model large mosaicity graphite monochromators or analysers.
€CELL

lengths 2.464 2.464 6.711

angles 90. 90. 120.
@SPACEGROUP

194
EATOMPOSITIONS

C0.0.0.25

C 0. 0. 0.75

€ 0.333333333333 0.666666666667 0.25

C 0.666666666667 0.333333333333 0.75
@DEBYETEMPERATURE

C 730.950029766

45



NCMAT vl

fconverted from the cif file of the eatry 0014675 in the AMCSD
#reference: Trucano P, Chen R, Nature, vol. 258, p. 136-137, 1975.
#validated against EXFOR subentries 11359002,21149003 and 13761003

#(see https://github.com/mctools/ncrystal /wiki/Data-library)

#It is suitable to model large mosaicity graphite monochromators or analysers.

€CELL
lengths 2.464 2.464 6.711
angles 90. 90. 120.
§SPACEGROUP
194
EATOMPOSITIONS
C 0. 0. 0.25
c 0. 0. 0.75
€ 0.333333333333 0.666666666667 0.25
C 0.666666666667 0.333333333333 0.75
¢DEBYETEMPERATURE
C 730.950029766

s C_sg194 pyrolytic_graphite.ncmat
—— Bragg ‘ ‘ ‘ ‘ ‘
7= BkOd.
— Absorption

Cross-section [barn]

Neutron wavelength [angstrom]

cross section, barn

10!
| ]
10° ( :
C_sg194_pyrolytic_graphite.ncmat
= R.B.Walton 1960 EXFOR 11359002
»  P.A.Egelstaff 1957 EXFOR 21149003
107 : : : :
10 1073 1072 10? 10° 10!
energy, eV
180 C_sg194 pyrolytic_graphite.ncmat [Bragg+Bkgd]
160
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o
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