mta E( *: } brightness

666666

INE [/
§020

New Simulation Tools and Reproduction
of CNCS results using Geant4

E. Dian
K. Kanaki, X. X. Cai, R. Hall-Wilton, A. Khaplanov, T. Kittelmann

dian.eszter@energia.mta.hu

HAS Centre for Energy Research
European Spallation Source ESS ERIC

28 March 2017, ICANS XXII, Oxford



EUROPEAN
SPALLATION

Outline

* The ESS detector challenge
— All instruments in different design phases
— Diverse set of requirements
— Challenge: new detectors with several different designs

e Powerful simulation tools 'm an

end-user!

e Application in detector design:
— Background study for MultiGrid detector
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 Various detectors for various instruments at ESS

« All with different designs, all have to be optimised MultiBlade (ESS/Wigner/LU/LiU)
for respective instrument requirements e TN
Gd-GEM (ESS/CERN/LIU) jp—iio '

~na

* Good measurement
=>high signal-to-background

e ESS: increased flux /

 Low level background
=> need to understand

s s

Effective and universal
simulation tool
B-MWPC/ Macrostructures (ESS/FRM2)

MultiGrid (ILL/ESS/LiU)

ipectroscopy
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Various detectors for various instruments at ESS

All with different designs, all have to be optimised
for respective instrument requirements

Good measurement e.g. MultiGrid for inelastic instrument
=>h|gh Signa |-t0-baCkg rou ng, . Neutron cpnversion energy yspectrum
. — bare, peak/integral=95.8 %
ESS: |ncreased ﬂUX / 10°} — shielded, peak/integral=97.5 %

Low level background
=> need to understand 10°)

] ] Background suppression
Effective and universal

simulation tool

Number of conversions

Using scientific quantities
for optimisation

5.I0 55
E [meV] 4



inspiration §\ o
The detector simulation ehallenge &7

* Several already existing simulation codes

 New or improved features needed: McXtrace‘

— Physics N —*—’

e Coherent scattering

* Inelastic scattering
* Single- and polycrystals...

— And more
e Communication
e Visualisation
* Ready-to use... W |
McStas

\ditess @ MARs 3/

5
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NXSG4 extension

[Thomas Kittelmann, Mirko Boin]

- 'E‘ -: T T TTTTT T TTTTIT T T TTTII T TTTTTI T T TTTTIT T T TTTTIT T TTTTT llllll:

* nxs library g -
"5" 10° :é\‘~, ™~ =

— Low-energy neutron ¢ E \\\\\\\ -
scattering ° L B SN i

— Polycrystalline materials - Q\ -

E i ‘\\\ |ﬁ . _ 4

* Coherent and 1k : ﬁ =

* Incoherent neutron scattering - .

- o, (EXFOR data) .

107 i -ommm s Geant4 absorption only =

E — —  Geant4 (original) E

i Geant4 (with NXSG4) ]

* http://cern.ch/nxsg4/ il X
. . 3; L1 L1l L1l L L1 i L1 i L IIIIIIE

— examples, license details 07 100 10° 100 100 107 1o i 10

Neutron kinetic energy [eV]

— instructions for installation

an d usa g e :‘;lgm:lm lgggll:gle Zl:iltli}(ci(rl;zgaegeddatc;?;si.sections for neutron interactions with
— usage of the code (including

nxs and Sginfo) is free for _ NXSG4 makes nxs library

non-commercial purposes available as Geant4 extension

d0i:10.1016/j.cpc.2014.11.009 6




NICISZW NXSG4 extension

[Thomas Kittelmann, Mirko Boin]

Geant4 simulation

Free-gas model Geant4 NXSG4
aluminum aluminum
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[Xiao Xiao Cai, Thomas Kittelmann]

NCrystal

— Neutron scattering on
single- and polycrystalline
materials

— detailed Bragg diffraction

— first principle inelastic model

C++

open source

Standalone NCrystal
tool coming soon

See Xiao Xiao Cai’s talk
Friday 09:55 (Neutronics 2)

monochromators, analysers,
filters, powder samples

—

full-instrument simulation

diffraction in sample

(sapphire powder) small detector vol
around sample

. Desired reflections
el from selected plane

Monochromator Unwanted reflections from
different plane
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NCrystal e

[Xiao Xiao Cai, Thomas Kittelmann]

Geant4 simulation

Powder Diffractometer PUS at IFE, Norway

0.20

IFE: PUS measured
: : : —— G4 NCrystal simulated

count rate, arb. unit

) 20 40 60 80 100 120 ' 140 160
scattering angle, deg

Standalone NCrystal
tool coming soon

175 mm l% ‘;i

Detectors

diffraction in sample
St (sapphire powder) small detector vol

around sample

Desired reflections
from selected plane

Collimator

Beam channel @ g Monochromator (
=" ___I Monochromator :
Unwanted reflections from
FIGURE 1 A schematic drawing of PUS. different plane
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MCPL-Monte Carlo Particle List E‘;:&:ﬁ’.t?w

[Thomas Kittelmann, Esben Klinkby, Erik B. Knudsen,
Peter Willendrup]

Contact:
mcpl-developers@cern.ch

McStas 4 WX

e Monte Carlo Particle List

VHESS, _‘-: 'MQNPG — https://mctools.github.io/

WESTEER. o . mepl
. & mngs

— Interchange particles with

McXtrace, I > all their properties
—%«-* Geant4 M between MC packages
— flexible yet efficient
In red : already available now storage of pa rticle-state
Disclaimer: Non-exhaustive list of applications... | N fo rma tl on

arxiv:1609.02792

Best code for

http://sine2020.eu/news-and-media/mcpl-a-new-format- . .
best application 10

that-simplifies-data-interchange-between-applications.html




ESS Coding Framework

[Thomas Kittelmann, Xiao Xiao Cai, Kalliopi Kanaki]

Geant4 simulation framework

— Developed by ESS Detector Group

— Used by other groups in ESS e.g
Accelerator Group, Shielding an

d Optics Group

Contains all afore mentioned tools:

— Integrated

‘ ; \ EUROPEAN
SPALLATION
SOURCE

Contact:

Thomas Kittelmann: thomas.kittelmann@esss.se

Xiao Xiao Cai:
Kalliopi Kanaki:

xcai@dtu.dk
kalliopi.kanaki@esss.se

— Transparent for end-user
— Out-of-the-box usage

And more:

I’'m a happy
end-user!

— Effective build system
— Python interface

— Easy-to-handle histograms for analysis

— 3D visualisation

— Griff: an effective binary format for results

— Powerful parameter scan witho

ut recompilation

Energy transfer from ‘measured’ neutron energy
(detection point)

l

— Intuitive

Available, just
send a mail ©

— User friendly

Fast to develop new simulations

Energy [meV]
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ESS Coding Framework

[Thomas Kittelmann, Xiao Xiao Cai, Kalliopi Kanaki]

* Geant4 simulation framework Contact: |
— Developed by ESS Detector Group Thomas Kittelmann: thomas.kittelmann@esss.se

— Used by other groups in ESS e.g. Xia? Xigo Cai: ) Mdt“dk _
Accelerator Group, Shielding and Optics Group Kalliopi Kanaki: kalliopi.kanaki@esss.se

e Contains all afore mentioned tools: >
— Integrated y
— Transparent for end-user )
— Out-of-the-box usage I'm a happy

 And more: end-user!

— Effective build system

— Python interface

— Easy-to-handle histograms for analysis
— 3D visualisation

— Griff: an effective binary format for results

— Powerful parameter scan without recompilation Er e o i e

l Available, just

— Intuitive send a mail ©
— User friendly

Fast to develop new simulations
Now let’s use it!




Detector background study

with Monte Carlo codes

e Sources of neutron detector background General neutron activation
study prepared with MCNP6
for ESS operation conditions

— Neutron induced gamma background (MCNP6)

* Prompt gamma radiation from neutron capture - Ar/CO, counting gas
* Decay gammas from neutron activation - Aluminum-frame

l E. Dian et al.
“1Ar activity saturates at 128 mBg/cm3 ——> low arXiv:1701.08117

submitted to ARI

Negligible signal from
self-activation

— Scattered neutrons (Geant4)
* Elastic, inelastic

* Coherent, incoheren

Great impact of Coding Framework!

13



Detector background study
with Monte Carlo codes

e Sources of neutron detector background
— Neutron induced gamma background (MCNP6)

* Prompt gamma radiation from neutron capture
* Decay gammas from neutron activation

|

41Ar activity saturates at 128 mBq/cm3 —> low

Negligible signal from
self-activation

— Scattered neutrons (Geant4)
* Elastic, inelastic

* Coherent, incoheren

Great impact of Coding Framework!
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General neutron activation
study prepared with MCNP6
for ESS operation conditions
- Ar/CO, counting gas

- Aluminum-frame

E. Dian et al.
arXiv:1701.08117
submitted to ARI

Prompt gamma

Y Q\/
pt \

14




Detector background study
with Monte Carlo codes

e Sources of neutron detector background
— Neutron induced gamma background (MCNP6)

* Prompt gamma radiation from neutron capture
* Decay gammas from neutron activation

|

41Ar activity saturates at 128 mBq/cm3 —> low

Negligible signal from
self-activation

— Scattered neutrons (Geant4)
* Elastic, inelastic

* Coherent, incoheren

Great impact of Coding Framework!

EUROPEAN
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SOURCE

General neutron activation
study prepared with MCNP6
for ESS operation conditions
- Ar/CO, counting gas

- Aluminum-frame

E. Dian et al.
arXiv:1701.08117
submitted to ARI

Decay gamma

ol
Vdecav ‘\

é E\Q
At
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Detector background study

with Monte Carlo codes

e Sources of neutron detector background General neutron activation
study prepared with MCNP6
for ESS operation conditions

— Neutron induced gamma background (MCNP6)

* Prompt gamma radiation from neutron capture - Ar/CO, counting gas
* Decay gammas from neutron activation - Aluminum-frame

l E. Dian et al.
“1Ar activity saturates at 128 mBg/cm3 ——> low arXiv:1701.08117

submitted to ARI

Negligible signal from inelastic scattering
self-activation

— Scattered neutrons (Geant4) lastic seattering /\ N

7
/%

Great impact of Coding Framework! /

* Elastic, inelastic

* Coherent, incoheren

16



Scattered neutron background — O

power of simulation

* Follow the history of neutrons Realistic simulation
e Study and distinguish background effects

107 Effective neutron energy at conversion point [meV]

BE= E,, ffective

E.. reat

* Guidelines for detector design 106

' Scattered neutron

Number of counts

Scattered neutron Detector

103}

102 MM

2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0
E [meV]

Real and measurable
neutron energy at
conversion point

Sample environment

Geant4 simulation 17




Large area detector for chopper O

spectroscopy - MultiGrid

* Large area MultiGrid
detector chosen as
example

* Chopper spectroscopy:

— Low background is
essential

A. Khaplanov et al.
http://dx.doi.org/10.1016/j.nima.2012.12.021
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MultiGrid detector test at ILL

Validation

In-beam test of the Boron-10 Multi-Grid neutron detector at
the IN6 time-of-flight spectrometer at the ILL

A. Khaplanov et al. o |
http://iopscience.iop.org/article/ No shielding on the rear wall of grids

10.1088/1742-6596/528/1/012040/pdf \‘




MultiGrid detector test at ILL £LL(

Measured data (ToF, depth of detection)

log(rate) @4.1A log10(rate) @4.6A log10(rate) @5.1A . .
grate) g10(rate) 9 Validation
2 )
1-0.5
4
-1
6 15
L -
a a8 -2
8 5 25
10 o
-3
12
-35
14 —4
i 16 -45
600 620 640 660 680 620 640 660 680 600 620 640 660 680 700
time channel time channel time channel
10 10° 10°
N N ~
L 10 L 10 z
o) D B 107
€ 10 € 10 S
510 510 S
N - N - N -
[$] o o
D a7 @ 44" © 42
= , hy , =
2 10” 210" e
© © O
10
1072 107
350 400 450 500 450 500 550 600 550 600 650 700
time channel time channel time channel
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MultiGrid detector test at ILL [1({

Measured and simulated ToF-depth of detection

Geant4 simulation Backscatter from the unshielded

rear wall of the detector at 4.6 A

Validation

]-1.6

3.89 4.04

A I Moo 'I
y measured ' simulated ,
4-0.8 — ,

7 1 = |
8 -1.6 .2.
= 10 §
o o
g ° Lo
3] ©
z ¢ £
= =
= 4 o
o ()
8 ()

2

0
g18 3.44 3.44 3.59 3.74
. ToF'[ms] . . ToF [ms]
~
&
ToF

Measured ToF-depth characteristic and backscatter phen
reproduced with simulation at 4.1 and 4.6 A

O?'a
21




Geant4 simulation

MultiGrid detector test at ILL L/L( @

Measured and simulated ToF spectra

Measured and simulated tof spectra at 4.6 A
Normalised to area

102,
10t}

10°F

[
<
[
1

Intensity
=
<

N

[
<
w
T

=
<
-
T

T 1 !

—— measured
—— simulated

—— simulated + estimated background _

Validation

Estimated flat
alpha-background
added (red),
unique for this
prototype

Measured
ToF-spectrum
reproduced with

simulation at 4.1
and 4.6 A /

=
o
n
£

t,+0.5 t,+1.0 t,+1.5
ToF [ms]

t,+2.0

22
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Geant4 simulation
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MultiGrid detector test at CNCS, SNS

[Anton Khaplanov]

See Anton Khaplanov’s talk

Derived energy transfer at 3.678 meV from
Today 12:10 (Detectors 1)

measurement
107, :
| e Chopper spectroscopy
5 _ _ _ o . :
0% Eye= B - Enna Measured quantities
_ — ToF
107 — detection-coordinates
§ 10* l
- i
10 .., 1 Energy transfer:
‘ | | | Etrf = Einitial_ Eﬁnal
* UL I
10217 05 0.0 0.5 10
Anton Khaplanov et al.: Energy [meV]
Multi-Grid Detector for Neutron Spectroscopy: Results Obtained on Time-of-Flight Spectrometer CNCS 24

Submitted to JINST arXiv:1703.03626




MultiGrid detector test at CNCS, SNS

Geant4 simulation

Normalised counts

102 ¢

10!

10°|
10"
107
107
10%|

107

Effects on energy trasfer from hits at 3.678 meV
normalised to area

[ Elastic peak ]
i Etrf = Einit'ial - Eﬁnal / ]
Scattered neutron background
from detector ]
detector |-
-1.0 -0.5 0.0 0.5 1.0 -

Energy [meV]



MultiGrid detector test at CNCS, SNS

Geant4 simulation

Normalised counts

Effects on energy transfer from hits at 3.678 meV

102

10!

o

10°
10t}
1072}

1073}

10

107

normalised to area

I I

ﬂ Elastic peak
Etrf = Einit'ial - Eﬁnal / ]
Scattered neutron background Scattered neutron backgrdund
from sample environment from detector

' |
" ‘ '
detector

—— detector + sample environment

JEREE NS BN R e LR R 1)

-1.0

0.0 0.5 1.0
Energy [meV]

26



MultiGrid detector test at CNCS, SNS

Geant4 simulation Effects on energy transfer from hits at 3.678 meV
102 normalised to area
ﬂ Elastic peak
10' = - i 4
[ Etrf - Einit'ial Eﬁnal / ]

10°} :
n [ Scattered neutron background Scattered neutron backgrdund
"g’ from sample environment from detector

-1

S 107}
gl
[,
R i
© 2
g 107}
| -
[s)
Z -

107}

10* detector

—— detector + sample environment
—— detector + Gaussian E;,;
10'5 | IEEEE = |
-1.0 0.0 0.5 1.0

Energy [meV] 27



MultiGrid detector test at CNCS, SNS

Geant4 simulation Effects on energy transfer from hits at 3.678 meV
102 normalised to area
ﬂ Elastic peak
1| _ 2 |
10 [ Etrf - Einit'ial - Eﬁnal ‘ / ]
10° 1

Scattered neutron backgrdund
from detector

Scattered neutron background
from sample environment

10t F l

1072}

Normalised counts

1073

—— measured
detector

—— detector + sample environment

—— detector + Gaussian E;,;

10'5 1 NN W e i

-1.0 -0.5 0.0 0.5 1.0

Energy [meV]

10

28



MultiGrid detector test at CNCS, SNS

Effects on energy transfer from hits at 3.678 meV ] ]
102 normalised to area Validation
| elastic peak | * Distinguish

-

0% Eut = B - Eina / ‘: different sources
Scattered neutron bacléground Of ba C kg roun d
from detector ]

10°}
[ Scattered neutron background

‘2 from sample environment o DEtaiIEd anaIYSiS
g 10'1:- l and quantification
g .l . of background
£ 0 i effects
2 ‘ 1‘
T
107 AL il
T
i1 Energy transfer /
” — measured reproduced with
10 detector p
— detector+samplfe environment simulation at 3.678 meV
—— detector + Gaussian E;;
10°

-1.0 -0.5 0.0 0.5 1.0
Energy [meV]
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Summary

* Great progress in neutron scattering
simulation

— Improved modeling for neutron scatteringon = —
crystalline material (NXSG4, NCrystal)

— Effective particle interchange (MCPL) -
* Easy to combine MC codes

— ESS Coding Framework, where all tools are
combined

A powerful neutron
simulation toolkit
developed

— Full-scale instrument simulation can be done
with a single application

e Realistic MultiGrid model built

— reproduced measured results from Insttruments with better
IN6 and CNCS experiments > signal-to-background

ratio by design

* Ready to use for optimisation

30



Summary

Great progress in neutron scattering
simulation

— Improved modeling for neutron scattering on
crystalline material (NXSG4, NCrystal)

— Effective particle interchange (MCPL)
* Easy to combine MC codes

— ESS Coding Framework, where all tools are
combined

— Full-scale instrument simulation can be done
with a single application

Realistic MultiGrid model built
— reproduced measured results from

IN6 and CNCS experiments E—

Ready to use for optimisation

EUROPEAN
SPALLATION
SOURCE

A powerful neutron
simulation toolkit
developed

Instruments with better
signal-to-background
ratio by design
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Thank you for your
attention!

Thanks to the collaborators for all the prepared
tools and materials,
and for making my life easier!




107,

Counts

10”7
-1.0

MultiGrid detector test at CNCS

[Anton Khaplanov]

Derived energy transfer at 3.807 meV from See Anton Khaplanov's talk
measurement Today 12:10 (Detectors 1)

107}
107}
107}

107}

| * Chopper spectroscopy

| » Measured quantities:
|  — ToF
— detection-coordinates

l

| ¢ Energy transfer:

Etrf = Einitial - Eﬁnal

Etrf = Elnltlal Eﬁnal

- measured

0.0 0.5 1.0
Energy [meV]

i

Anton Khaplanov et al.:
Multi-Grid Detector for Neutron Spectroscopy: Results Obtained on Time-of-Flight Spectrometer CNCS 33
Submitted to JINST arXiv:1703.03626




Normalised counts

MultiGrid detector test at CNCS

102 :
10! |
10°|
10*
107
107
10%|

107

Effects on energy trasfer from hits at 3.807 meV
normalised to area

Energy [meV]

Elastic peak
] Etrf = Einit'ial - Eﬁnal / B
- Scattered neutron bac—kground
from detector ]
i
detector |.
-1.0 -0.5 0.0 0.5 1.0
34
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MultiGrid detector test at CNCS

Effects on energy trasfer from hits at 3.807 meV
normalised to area

107 . : : _
i ﬂ Elastic peak 1
1 - _
107 E.rt = Einitial = Efinal / ;
10°F -
" i Scattered neutron background Scattered neutron batkground
c from sample environment from detector
=
1
S 10 -
o
@
Rl i
© 2
c 107F
—
o
z g
107} 1
104} §
[ detector ;
. —— detector + sample environment ||
10” . , ,
-1.0 -0.5 0.0 0.5 1.0

Energy [meV] 2



MultiGrid detector test at CNCS

Effects on energy trasfer from hits at 3.807 meV
normalised to area

10% ¢ , . _
| ﬂ Elastic peak 1
10t} = - 4 .
[ Etrf - Einit'ial Eﬁnal / ]
10°F .
" i Scattered neutron background Scattered neutron bagkground
"g from sample environment from detector
-1
S 10 -
g
]
R i
© -2
= 10 |
o) |
o
< |
107}
al detector
10 [~ . ]
[ —— detector + sample environment |]
. —— detector + Gaussian E,
107 , . :
-1.0 -0.5 0.0 0.5 1.0

Energy [meV] %
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MultiGrid detector test at CNCS

Effects on energy trasfer from hits at 3.807 meV
normalised to area

10% ¢ : :
ﬂ Elastic peak
101 B _ _ - ]
[ Etrf - Einit'ial Eﬁnal ]
10°F .
n ! Scattered neutron background Scattered neutron bagkground
c from sample environment from detector
>
-1
S 107}
o
(]
L i
© 2
g 1072}
—
[S)
=
107
—— measured
10* detector
—— detector + sample environment
—— detector + Gaussian E;,;
10'5 IEENIR N Wimi

-1.0 —0.5 0.0 0.5 1.0
Energy [meV]
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MultiGrid detector test at CNCS

Effects on energy trasfer from hits at 3.807 meV . .
102 normalised to area Validation
R ﬂ Elastic peak | <« Distinguish
1 =LC. .o - - e | o
10°F Fuf ™ Tinitial © =final / | different sources
10° i Scattered neutron background Of baCkg roun d
i Scattered neutron background from detector ]

g from sample environment ® DEta | | Ed daind |ySiS
g 107 l and quantification
g of background
£ w
5 effects

107

Energy transfer /
Lo T Measured reproduced with
—— detector + samplfe environment Simulaﬁon at 3.807 meV
—— detector + Gaussian E, ,;
10_5 | T T TR
-1.0 -0.5 0.0 0.5 1.0
Energy [meV]
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