ICRM GSWG : ACTION TO FACILITATE THE USE OF GEANT4

IN GAMMA-SPECTROMETRY

I n H B ICRM-GSWG meeting — 14t June 2018 | Cheick THIAM
g ‘
T sy,
i :_-'-'J{

Llaboratoire lational Henri Becquerel




INTRODUCTION TO GEANT4

Geant = « GEometry ANd Tracking »

- General purpose Monte Carlo toolkit (free) for simulating the passage of particles
through matter and interacting with it

- Written in C++ and exploits advanced software-engineering techniques and object-
oriented technology to achieve transparency

Wide variety of user domains
- High energy and nuclear physics

- Space engineering and medical applications
- Material science, radiation protection and security...

Geant4 offers lots of the functionalities required for the simulation

- Geometry and navigation,

- Physical processes governing particles interactions

- Visualization of the detector and particle trajectories (OpenGL, VRML....)
- Data analysis at different levels of detail and refinement

* User must build his own application by selecting the Geant4 components

- Either selecting ready to use tools, or building his own from the base abstract classes
=> Need a minimal knowledge of the Geant4 structure and base classes
=> Need a basic knowledge in Linux and C++ programming
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INTRODUCTION TO GEANT4

°* Geant4 code in practice: a set of C++ classes, each describing an aspect of
the simulation

°* Mandatory user classes in a Geant4:

=»| G4VUserDetectorConstruction

= G4VUserPhysicsList
= G4VUserPrimaryGeneratorAction

Volumes, Materials, Sensitive detectors....

to be used in the simulation must be defined in the
G4VUserDetectorConstruction
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GEANT4 : KEY GEOMETRY CAPABILITIES

°* Richest collection of shapes

CSG (Constructed Solid Geometry) :
G4Box, G4Tubs, G4Cons, G4Sphere,

Specific solids (CSG like) @
G4Polycone, G4Polyhedra, G4Hype, ..
BREP (Boundary REPresented) solids
G4BREPSol1dPolycone, G4BSplineSurface, ..
Boolean solids

G4UnionSolid, G4SubtractionSolid,
The user can easily extend for complex geometries

°* Describing a setup as a hierarchy or ‘flat’ structure

Describing setups up to billions of volumes

Tools for creating & checking complex structures

GDML (Geometry Description Markup Language) : XML-based

format that enables to describe many aspects of geometry
Import CAD (3D modeler for design)

Geometry models can be ‘dynamic’
Changing the setup at run-time e.g. “moving objects”

CPPM-IN2P3 ([CNRS UMR 6550)
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GEANT4 : KEY GEOMETRY CAPABILITIES

* Three conceptual layers to define volumes and geometries
G4VSol id : shape, size

G4LogicalVolume : G4VSolid, material, sensitivity, visualization attributes, daughter
physical volumes, user limits, etc.

G4VPhysicalVolume : position: rotation of mother frame, position in mother frame;
repeated Volumes: a single physical volume represents multiple

copies of a volume

(1) ) ©)

G4LogicalVolume || G4VPhysicalVolume

ZT

G4Box G4Material G4VisAttributes G4PVPlacement

G4Tubs G4VSensitiveDetector G4PVParameterised

=>» A unique physical volume which represents the experimental area
must exist and contains all the other components “The world volume”

.
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GEANT4 : PHYSICS MODELS IN GEANT4

* Geant4 offers

Electromagnetic processes (EM)
Hadronic and nuclear processes
Photon/lepton-hadron processes
Optical photon processes

Decay processes

Atomic rearrangement (KLM model)
Shower parameterization

Event biasing techniques

And you can plug-in more...

* Wide set of physical models provided

Complementary models with different energy range applicability
That can be combined to cover a wide range of energy

Competing models with same energy range applicability
That can be selected by the user (for example, some models are more
accurate than others (in that case, speed is sacrificed)
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GEANT4 : THE TOOLKIT AND SUPPORT (1)

=> https://geant4.web.cern.ch

G4 Overview | geantdweb.ce X e - X

& > C 1Y | ® htips://geantd.web.cern.ch ¥ H
i Applications 4 DCSI_LCAE_RCTD [ Emfietzoglou Dimitt G Google "H: Hadronic Processes . Intranet CEA {} Login - DCSI_LCAE_ wisT  NIST XCOM Elemen @ Text Translator [} Webmail CEA [} cluster G4 geantd Atcolkitfor @) hitp--geantd.cern.c

6\ s G EANT4 Download | User Forum:

htp--iecexplore ies »

Collaborator Login

A SIMULATION TOOLKIT Contact Us | Gallery
Overview News
* 25 May 2018
Geantd is a toolkil for the simulation of the passage of particles through maiter. Its areas of application include high energy, nuclear and accelerator physics, as well as studies in medical and space science. The three main Patch-02 to release 10.4 is available from the Download area.
reference papers for Geant4 are published in Nuclear Instruments and Methods in Physics Research A 506 (2003) 250-303#, IEEE Transactions on Nuclear Science 53 No. 1 (2006) 270-278#% and Nuclear Instruments and
Methods in Physics Research /A 835 (2016) 186-225&. * 12 Mar 2018

2018 planned developments

Applications User Support Publications Collaboration o EHET

Paich-03 to release 10.3 is available from the source archive area.

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

printer-friendly version

Events
« Geantd Tutorial &, at the University of Texas MD Anderson Cancer Center. Houston (USA), 25-27 June, 2018

= Geant4 Short Course at the African School of Physics 201867, University of Namibia, Windhoek (Namibia), 3 July, 2018.

« 7 International Geantd Tutorial, at KIRAMS, Seoul (Korea), 9-13 July, 2018.

» 23rd Geantd Collaboration Meetinge?, Lund University, Lund (Sweden), 27-31 August 2018

« 3" Geant4 Intemational User Conference «f at the Physics-Medicine-Biology Frontier, Bordeaux (France), 29-31 October 2018.

Past Events

Laboratoire National
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RADIATION DETECTORS USED IN METROLOGY

lonization chambers y-ray spectrometry TDCR counter (Triple to Double
calibration of calculation of detection Coincidence Radio)
coefficients efficiencies calculation of detection

efficiencies

calculation

X-ray tub
calculation of correction
factors
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GAMMA-RAY SPECTROMETRY BENCHMARK

* « GammaRaySpec » : y-ray spectrometry dedicated benchmark

°* Use the Geant4 Monte Carlo code to investigate the response of a HPGe-
detector

= How to compute full-energy-peak and total-energy efficiencies
= How to compute coincidence-summing corrections from an energy sprectrum
=>» Plot histograms (ex. energy deposit in Ge-crystal)

=> Investigate the dead zone effect of Ge-Cristal, variation of physics models etc
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GAMMA-RAY SPECTROMETRY BENCHMARK

* « GammaRaySpec » : y-ray spectrometry dedicated benchmark

(1) Geometry: defined in the dedicated class GRSDetectorConstruction.cc /.hh
=>» Contains a set of well-defined HPGe detector and sample geometries
=>» User can selects a given configuration with Ul commands lines

Detector parameters 8 cases source-to-detector configuration
Parameter Detector A | Detector B Name Detector Source
- AP A Point

Crystal material Ge Ge AW A Water

AS A Sail
Crystal diameter (including the side dead slayer) | 60 60 AF A Filter

BP B Point
Crystal length (including the top dead layer) 60 60 BW B Water

BS B Soil
Dead layer thickness (top and side) 1 0 BF B Filter
Hole diameter 10 10
Hole depth 40 40 Sample parameters
Window diameter 80 80 Parameter Water | Point | Soil | Filter
Window thickness 1 1 Sample diameter 90 - 60 |80
Window material Al Al Sample thickness 40 - 20 |3
Crystal-to-window distance 5 5 Sample material Water | - Dirt | Cellulose
Housing length 80 80 Sample-to-window distance | 1.0 1.0 |1.0 |10
Housing thickness 1 1
Housing material Al Al
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GAMMA-RAY SPECTROMETRY BENCHMARK

* « GammaRaySpec » : y-ray spectrometry dedicated benchmark

(2) Physics: defined in the dedicated class GRSPhysicsList.cc /.hh
=» Physics lists are based on modular design. Several modules are instantiated:

- Transportation

- EM physics (electron photon mode)
- Decays

- Atomic relaxation

= EM physics builders are from G4 kernel physics_lists subdirectory. Physics lists and
options can be (re)set with Ul commands, or in the input macro file

=» Four choices are offered:

"emstandard' standard EM physics with current 'best' options setting,
"emlivermore" low-energy EM physics using Livermore data,
"emlowenergy" low-energy EM physics implementing experimental low-energy models,

"empenelope" low-energy EM physics implementing Penelope models.

nnnnnnnnnnn
AAAAAAAA

B INSTITUT .

L} . H OT :

- i LN = ICRM-GSWG meeting — 141 June 2018 | Cheick THIAM |11 o Ml ryram B
I

CARN




GAMMA-RAY SPECTROMETRY BENCHMARK

* « GammaRaySpec » : y-ray spectrometry dedicated benchmark

(3) Primary generator: defined in the class GRSPrimaryGeneratorAction.cc /.hh
=» The primary kinematic consists of a single particle which hits the Ge detector
= The type of the particle and its energy can be set in the macro file (ex. detectorA.mac)
=» User can also set the Point source or Volume source (Water, Soil or Filter)

(4) Detector response: defined in the class GRSAnalysisManager.cc /.hh

9 ———————————————————— End of Global Run-----------------------

----> print histograms statistic

---Gamma-Ray-Spectrometry--- RunStatus

- total events generated : 100000
[ Peak Efficiency 1]

- peak count : 2521

- peak efficiency : 0.02521

- sigma (%) : 1.99165
[ Total Efficiency ]

- total count : 2727

- total efficiency : 0.02727

- sigma (%) : 1.91495

.. Write Root file : GammaRaySpec.root - done
. close Root file : GammaRaySpec.root - done

. histograms and ntuples are saved
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GAMMA-RAY SPECTROMETRY BENCHMARK

* « GammaRaySpec » : y-ray spectrometry dedicated benchmark

Typical macro file (input)

#

# Geantd - an Object-Oriented Toolkit for Simulation in HEP
#

# Macro file to execute detector &L in GammaRaySpec example
#

# Can be run in batch, without graphic

# or interactively: Idle> /control/execute detectori.mac

#

# Nnumber of workers

#/run/mumberdfiforkers 4 # set nb of workers (in multi-threading mode)
#

# Verbose

fcontrol/verbose 1
frun/verbose 1
fevent/verbose 0
ftracking/verkose 0
fproceaa/verbose 0

# Rctivate physics model

JGRS/physica/faddPhysics emlowenergy # set EM physics
fcuts/setlowEdge 250 eV # set range cuts
# Initialize kernel

frun/initialize

#

# Detector commands

/GRS /detector/Verbose 0
/GR3/detector/AddGermaniumbDeadZone true

/GRS /detector/GeCristalleadione 1 mr

/GRS /detector/SourceType Filter

/GRS /detector/SourceParticlePosition 0 0 1 mr
JGR5/detector/SourceParticleName gammsa
JGRS/detector/SourceParticleEnergy 1000 keV
/GR5/detector/PeakEnergySigma 2.0 keW
/GR5/detector/DetectionEnergyThreshold 1.0 keV
/GRS/detector/AddCutputFile 1
/GR3/detector/OutputFileName detector AF_1000keV
/GRS /detector/update

#

# Print progress status

GRS detector wverbosity

set dead zone true (&) or false (B)

set dead layver laver

get source type (Point Water Filter 3oil)
set source position from the top of detector
set particle name

set particle energy

set peak energy sigma

set detection threshold

add root cutput file

get gutput file name

update geometry

B T T T

Jrun/printPFrogress 100000 # Display event information at gilven frequency
#

# Bun GO !

Jrun/beamCn 1000000 # set number of events to be generated

Laboratoire National
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GAMMA-RAY SPECTROMETRY BENCHMARK

« GammaRaySpec » : y-ray spectrometry dedicated benchmark

Screenshot of OpenGL viewer wrapped in Qt visualization driver

GammaRaySpec - o X
File Source Geometry Particle Energy Detector Run \View
FEHL O 208D o @0
|Scene tree, Help, History B ® | Useful tips 3¢ | viewer-O (OpenGLStoredQt) X

| Scene tree | Help | History

Tue Jun 511:

Search:
Command
b control
b units
b analysis
> process Ge-cristal
b qui
b particle
b geometry
b tracking
b event
b cuts
b run
b random
~ GRS
¥ detector
Verbose
GeCristalDeadZone
AddGermaniumDeadZone
GeometryForceSolid
GoometSpacengle GammaRaySpec
SourceParticlePosition
SourceType Output ®
SourceParticleName —
lonAtomicMass Q 1y q
lonAtomicNumber /gui/addButton View "viewPolnt (0,0)" "/vis/viewer/set/viewpeointThetaPhi 0 0 deg"
SourceParticleEnergy /gui/addButton View "viewPoint (90,0)" "/vis/viewer/set/viewpointThetaPhi 90 0 deg"
PeakEnergySigma /gui/addButton View "setViewPoint" "/vis/viewer/set/viewpointThetaPhi"
DetectionEnergyThreshold /'qu%_fa:idButT_cn ‘v’%ew "Set le Sl.]rf.?c.e" "/vis.vie’..\ler/‘set/s:yle surT—' :.e_"
AddOutputFile i.:_[LJ}fa:idButtcn View "Set le"r:lret 'ne'.' "/ "15/*;1: /set/style wireframe"
. /gui/addButton View "Refresh viewer" vis/viewer/refresh"
OutputFileName /gui/addButteon View "Update viewer (interaction or i—of-file) " s/viewer/update"
update /gui/addButton View "Flush viewer refresh + update)" "/vis/viewer/flush"
b physics /gui/addButton View "Update scene" "/vis/scene/notifyHandlers" |
» material /gui/addButteon View "Draw coordinate axes" "/vis/scene/add/axes 0 0 0 0.5 m"
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* « GammaRaySpec » :

GAMMA-RAY SPECTROMETRY BENCHMARK

v-ray spectrometry dedicated benchmark

Typical output for 8 cases configuration (detector A, B; and seletected energy: 50, 100, 200, 500, 1000 keV)

NATIONAL
DE METROLOGIE

E] Clone de ICRM GRS USERS (Scientific Linux 7) [En fonctien] - Oracle VM VirtualBox - >
ot b See in ${Dir}/GammaRaySpec/results s e
Gnuplot - o x grs_user@localhost:~/GammaRaySpec/results - o x
| | File Edit View Search Terminal Help
GannaRaySpec results
FEP detector A FEP detector B
Detector B
0.2
Point source
0,18
o5 | Full energy peak efficiency Total energy efficiency
§ 0.14 | %’ E(kev) Events Counts FEP U(%) E(kev) Events Counts TE U(%)
3 ] 0050.000 010000000 ©03235281 0.323528 ©.055596 0050.000 010000000 003453322 0.345332 ©.053812
AL < 0100.000 010000000 003283304 0.328330 0.055188 0100.000 010000000 003630534 0.363053 0.052483
% o1 % 0200.000 010000000 ©02340399 0.234040 0.065366 0200.000 010000000 003129380 0.312938 .056529
- i & 0500.000 010000008 BO1015338 0.101534 ©.099242 0580.000 010000000 02499002 0.249980 0.063258
B oo} g 1600.008 010000000 800565382 B.056538 0.132993 1800.000 01PBE0REE 002122524 0.212252 0.068639
% 0.06 | % Water source
0.04 1 Full energy peak efficiency Total energy efficiency
L i N o i = e e e
E(kev) Events Counts FEP U(%) E(kev) Events Counts TE U(%)
0 1 1 1 1 1 e 1 1 1 1 0050.600 010000088 BOA7O3065 0.070306 B.119262 0O50.000 0100BEEEE OO1016555 0.101655 0.099182
0100.000 010000000 BOE69I5178 0.069518 ©.119937 0100.000 010000000 01119930 0.111993 0.094494
’ OB e ¢ WO B B0 T 5200008 010000080 060513869 0.051387 0.139500 0200.000 0169BABE0 0ODIILEE6 0.099167 6.100419
—— Erera (ko) 0500.000 010000000 000249588 0.024959 ©.200165 0500.000 010000000 000813437 0.081344 ©.110876
nera the reray ke 1600.000 010000000 000148882 0.014888 0.259167 1800.000 A1PPEREE OEOAI8058 0.069886 6.119689
TE detector A TEdetector B | T TS S oS STSssmmmmoosssssses
Filter source
02 T T T T T Full energy peak efficiency Total energy efficiency
0.5 b ] E(kev) Events Counts FEP U(%) E(kev) Events Counts TE U(%)
0050.000 010000000 BO1824958 0.182496 ©.074024 0050.000 01000000 01999399 0.199940 ©.070721
- - 0100.000 010000000 001803304 0.180330 0.074467 0100.000 010000000 002062089 0.206200 0.069638
5 e | . g 0200.000 010000088 BO1273505 0.127351 ©.088613 0200.000 010080000 001793335 0.179334 0.074674
g 3 0500.000 010000088 BOES69975 0.056997 B.132456 0500.000 010080000 001479849 0.147985 0.082226
& & 1600.008 010000000 808325465 B.032546 6.175286 1060.000 010B60RE0 01282881 0.128288 6.088289
= 0.15 - i 5
K 0l E =
oo | ] E(kev) Events Counts FEP U(%) E(kev) Events Counts TE U(s)
. 0050.000 010000000 001197041 0.119704 ©.091400 0050.000 010000000 01503976 0.150308 0.081542
0100.600 010000088 BO1326530 0.132653 0.086824 0180.000 0100BE000 01902432 0.190243 0.072501
0 0200.600 010000088 BOE951378 0.095137 8.102524 0200.000 010000000 001661449 0.166145 0.077581
0500.000 610000088 BO439256 0.043926 B.150883 0500.000 0100B60A6 AOA1335451 0.133545 0.086534
o 200 400 800 800 1000 o 200 400 800 800 1000 1000.000 010000000 006255478 ©.025548 0.197844 1000.000 010000000 001135747 0.113575 0.093834
Energy (ke¥) By (ke¥)
= 755,479 y=  0,9B6235 [grs_user@localhost results]$ D
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GAMMA-RAY SPECTROMETRY BENCHMARK

= How to get « GammaRaySpec »
(1) Download from this link : ftp://ftp.cea.frincoming/y2k01/ICRM_GRS/GammaRay Spec.tar.gz

(2) Get a virtual machine containing the latest version of Geant4 and the
GammaRaySpec benchmark, in Scientific Linux system

=» Operating with Virtual Box in Windows system

=>» The distribution contains the following software already fully installed for the user :
- Operating system : Scientific Linux 7, 64 bits version
- Geant4 version 10.4 with all sets of data files.
- Visualisation tools : Qt OpenGL and Raytracer
- Analysis tools : ROOT, gnuplot
- GammaRaySpec benchmark

=» Download from this link: fip://ftp.cea.frincoming/y2k01/ICRM GRS/G4-GRS-VM.tar.qz

=» Detailed description in ${DIR/}GammaRaySpec/README TfTile.
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GAMMA-RAY SPECTROMETRY BENCHMARK

=» How to start:

Copy and unzip the archive (GammaRaySpec.tar.gz) in your working repository
>> cd %HOMEPATHY%

>> tar -xzvFf GammaRaySpec.tar.gz

>> cd ./GammaRaySpec

>>

Compile the code (2 possible modes)
>> source $(G4build)/geantdmake.sh # Set the Geant4 environment
>>

(1) Compile using make

>> cd %HOMEPATH%/GammaRaySpec

>> make clean

>> make -j<number of threads> # Run using executable created ${DIR}/GammaRaySpec
>>

(2) Compile using the CmakeL.ist.txt

= Create a building directory and go inside, then execute cmake .. and make

>> cd %HOMEPATH%

>> mkdir Build_rep # Create a building directory

>> cd Build_rep

>> cmake -DGeant4 DIR=“%HOMEPATH%\G4-instal I\lib\Geant4-G4VERSION” “%HOMEPATH%\GammaRaySpec”

= In 'batch' mode
>> GammaRaySpec detectorA.mac # Run using executable created ${DIR}/GammaRaySpec in 'batch' mode
= In 'interactive’ mode (with visualization)
>> GammaRaySpec
Idle> control/execute detectorB.mac

Idle> run/beamOn 5
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