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GODDESS
GODDeSS

LEONARDO KRAMER PEZZIN

Geant4
Obijects for
Detailed
Detectors with

Scintillators and

SiPM

Trata-se de uma evolugao do
pacote GEANT4 para simulacao
de particulas incidentes escrito

em st ampliando as
funcionalidades e diminuindo as
chances de erro do

desenvolvedor. Organizado pela
primeira vez em 2017

Erick Dietz-Laursonn et al



GODDESS
Uma evolucao a partir do GEANT4

GEANTA4 GODDeSS
Desafio geométrico - Cabe ao usuario definir os
Desafio optico parametros iniciais
Particula “mae” (originaria) - Processamento dos
Nome das Variaveis arquivos de propriedades
Especificacdes diferentes (Birk) - Volumes e sua rotacao e
translacao

E. Dietz-Laursonn et al 2017 JINST 12 P04026.
GODDeSS: a GEANT4 Extension for Easy
Modelling of Optical Detector Components;
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GODDESS
Pacote de simulacao
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2017 _JINST 12 P04026.pdf documentatlon instructions.txt source
667646. pdf GODDeSS_4 3.tar.gz README teste
build ~ instructions.pdf  setup.sh
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Documentacao
Build

Source

Teste



GODDESS
Diretorios: Teste

outputPaFticleSource.Hata outputSimulatibn.daté
outputParticleSource.sum outputSimulation.sum

llllllllllllllllllllllllllllllll J WM [ e ] WA NMY W

'h1tt1ngPhotons SiPM 1 hitData' outputSimulation.data
'hittingPhotons SiPM 2.hitData' outputSimulation.sum
h1tt1ngPhotons SxPH h1tData

im « a2 W

o

B T N R e e O TR,

GeneralParticleSource.mac ‘saint- Gobam BCF- 92_round_1mm.properties
RunSimulation.init Saint- Gobam BCF-98 round 1mm.properties
Saint-Gobain BC-408.properties Wrapping_Teflon.properties

Samt Gobam _BC- 660 propert1es

LEONARIL

Contém: Controle de Dados,
dados de input e output para
simulagao e materiais para
construcao do detector



GODDESS
Pacotes de Simulacao: G40bijects

Cabe ao desenvolvedor
escolher as classes de objeto
a serem usados na

CMakeLists.txt Gd4GeneralParticleSource  G4Scintillator simulacdo. Essas classes de

DataProcessing G4PhotonDetector objetos se encontram

G4Fibre G4PropertyFileReadInTools

S g e e e S O s representadas ao lado e
algumas delas serao
discutidas mais

profundamente ao decorrer
da apresentacao.
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GODDESS
Teste

Existe um numero de
simulagbes que ja vem
instaladas junto com o pacote
como forma de teste. Essas
simulacdoes exemplo sao uteis
para compreensao espacial da
simulacao a ser projetada.



GODDESS
Propriedade dos Materiais

e Fibre
e OpticalCement
e Scintillator

Fibra optica colada no topo do
cintilador responsavel por conduzir
os fotons para o SiPM
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GODDESS
Propriedade das Fibras

LEONARDO KRAMER PEZZIN

leonardo@leonardo-Inspiron-5567:~/G0DDeSS/source/Simulatic
E0-534B.properties

Kuraray_Y11-200_round_lmm.properties

Kuraray Y11-200_round_1lmm_singleClad.properties
Kuraray_Y11-200_square_lmm_singleClad.properties
Saint-Gobain_BCF-10_multi_square_lmm.properties
Saint-Gobain_BCF-92_quadratic_lmm.properties
Saint-Gobain_BCF-92_quadratic_lmm_singleClad.properties
Saint-Gobain_BCF-92_quadratic_2mm.properties
Saint-Gobain_BCF-92_quadratic_2mm_singleClad.properties
Saint-Gobain_BCF-92_round_1lmm.properties
Saint-Gobain_BCF-92_round_1mm_singleClad.properties
Saint-Gobain_BCF-92_round_2mm.properties
Saint-Gobain_BCF-92_round_2mm_singleClad.properties
Saint-Gobain_BCF-98_quadratic_lmm.properties
Saint-Gobain_BCF-98_quadratic_lmm_singleClad.properties
Saint-Gobain_BCF-98 quadratic_2mm.properties
Saint-Gobain_BCF-98_quadratic_2mm_singleClad.properties
Saint-Gobain_BCF-98_round_1lmm.properties
Saint-Gobain_BCF-98_round_1mm_singleClad.properties
Saint-Gobain_BCF-98_round_2mm.properties
Saint-Gobain_BCF-98_ round_2mm_singleClad.properties

e Fibre
e OpticalCement
e Scintillator



GODDESS
Propriedade das Fibras

LEONARDO KRAMER PEZZIN

Abrir

# The properties HAVE TO be specified like: "'key
# Properties with units HAVE TO be specified like: key
# Comments can be inserted using "#'

profile: quadratic # ("round" (-> radius) or "quad
edge_length: * mm # from http:

B

### Core: ###

HHRR

density core: * g/cm3 # from http:

t_decay: *ns # decay time # from http:

# roughness: 77

# The table beginning HAS TO be specified like: "'key' = t or ! #
# The units HAVE TO be specified in the first line like: 1 desc ta olumn descriptiol nit'"! #
# The entries of each line HAVE TO be separated by tabs or blanks' #
# For Geant, the tables HAVE TO be sorted to increasing energies (or decreasing wavelengths)! #
# The first/last value of a distribution are extended to the minimal/maximal energies defined in the detector construction! #
# Chemical components (mass fraction (double <= 1!) OR number of atoms per unit (integer!)):
# "Polystyrene # from http: http://pdg.1bl.gov/2012/AtomicNuclearProperties/
chemical _components_core: tabular

element atoms_per unit

Hydrogen

Carbon

# refraction index
# http:
n_ref core: tabular

enarav / e\ n ref rare

+

Poliestireno;

Densidade,
proporcoes,
propriedades
opticas...

infos: G4Fibre.cc



GODDESS
Propriedade dos Materiais

e Fibre
e OpticalCement
e Scintillator

Cola éptica: resina para colar ao
SiPM ao cintilador.
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GODD
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ESS
ropriedade do Cimento Optico

n_ref: # refraction index # from http:

density: * g/cm3 # This is a rough estimations for "epoxy resin" (https: https://en.wikipedia.org/wiki/-
Bisphenol A

d_layer: * mm # layer thickness

# The table beginning HAS TO be specified like: ey' = tabular" or "'ke! t.

# The units HAVE TO be specified in the first line like: lumn descri|
# The entries of each line HAVE TO be separated by tabs or blanks!
# For Geant, the tables HAVE TO be sorted to increasing energies!
# The first/last value of a distribution are extended to the minimal/maximal energies defined in the detector construction!

o

# Chemical components (mass fraction (double <= 1!) OR number of atoms per unit (integer!)):

# This is a rough estimations for "epoxy resin" (https: https://en.wikipedia.org/wiki/Bisphenol A
chemical components: tabular

element atoms_per_unit

Hydrogen

Carbon

Oxygen

# Attenuation Length:
# from http: http://www.eljentechnology.com/-
index. php/joomla-overview/accessories/93-ej-500
mu_att: tabular
energy / eV mu_att / mm
# for a constant value outside the given data

# rough estimation

Ha somente duas opcoes.

e indice de refracao:
1,56;

e densidade:
1,2g/cm?

+ info: Wikipedia
para Epoxy e
Bisphentol A



GODDESS
Propriedade dos Materiais

e Fibre
e OpticalCement
e Scintillator

% Objeto principal da nossa pesquisa




GODDESS
Propriedade dos Cintiladores

| Prop nedade dos Matenals para sumula ao GODDeSS
| Cintlador [ =~ NomedoArquvo  [Densidade[g/c \
| Polivinitoueno | Saim:Gobain BC-404properies [ 1032 [ = 158 |

I_\
| Poliviniltoluena com 10% de Pb [ Saint-Gobain _BC-452_10perCentleadproperties | 117 [ 158 [ 20 |
I__\
I_\

| Envoltorio de Aluminio A Abminum., I ——_\
[[Envoltério de Diéxido de Titanio | Wrapping i 5 i
| Envoltorlo de Teﬂon Wra ping Teﬂon pIQR emes —_\

Cintiladores e envoltorios

LEONARDO KRAMER PEZZIN

indice de refracao,
densidade,
fracao massica,

output de luz em
relacdo ao antraceno
(20 mil fétons)
constante de Birk
Envoélucros para exterior



GODDESS
Propriedade dos Cintiladores

I Propriedade dos Materiais para simulacdo GODDeSS
|_|
| Saini-Gobain_BC-404.properties [ 158 |

| , Saini-Gobain BC-408 properties “l
| Poliviniftol eno com 10% de Pb Saint- Gobam BC-452_10perCentLead.properties _]

[ Envoltorio de Aluminio
|Envoltério de Didxido de Titanio
| Envoltério de Teflon
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GODDESS
Envoltério

air gap

_ O envoltorio (wrapping) € um

wrapping , _ . d
material material involucro que embrulha
os cintiladores, assim como

scintillator J|

mostrado na figura ao lado,
pheton detecter retirada diretamente do artigo

// de apresentacao da GODDeSS

Figure 6. Setup consisting of a wrapped scintillator tile with a photodetector. To make them visible, the

dimensions of the wrapping as well as the gaps between wrapping and scintillator or photodetector have been

enlareed for this picture.




GODDESS
Fotodetector

A esquerda da figura se
encontra o fotodetector da
GODDeSS em comparacao ao
fotodetector do GEANT4
(direita). A espessura do
fotodetector da GODDeSS ¢é
100 vezes maior do que o do
modelo anterior
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absorbing cover

sensitive volume
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GODDESS

Documentacao dos Materiais

G4AtomicBond.hh
G4AtomicFormFactor.hh
G4AtomicShells.hh
G4AtomicShells XDB EADL.hh
G4CrystalAtomBase.hh
G4CrystalBravaisLattices.h
G4CrystalExtension.hh
G4CrystallLatticeSystems.h
G4CrystaluUnitCell.hh
G4DensityEffectCalculator.hh
G4DensityEffectData.hh
G4ElementData.hh
G4Element.hh
G4ElementTable.hh
G4ElementVector.hh
G4ExtDEDXTable.hh
G4ExtendedMaterial.hh
G4ICRU90StoppingData.hh
G4IonisParamelm.hh
G4IonisParamMat.hh
G4IonStoppingData.hh
G4Isotope.hh

G4Latticelogical.hh
G4LatticePhysical.hh
G4Material.hh
G4MaterialPropertiesIndex.hh
G4MaterialPropertiesTable.hh
G4MaterialPropertiesTable.icc
G4MaterialPropertyVector.hh
G4MaterialTable.hh
G4MicroElecMaterialStructure.hh
G4MicroElecSiStructure.hh
G4NistElementBuilder.hh
G4NistManager.hh
G4NistMaterialBuilder.hh
G4NistMessenger.hh
G40pticalSurface.hh
G4SandiaTable.hh
G4StaticSandiaData.hh
G4SurfaceProperty.hh
G4UCNMaterialPropertiesTable.hh
G4UCNMicroRoughnessHelper.hh
G4VIonDEDXTable.hh
G4VMaterialExtension.hh




GODDESS
Documentacao dos Materiais

Esses arquivos contem
informacdes fisicas para a
simulagao, que sao chamadas
como funcoes’ pelo
RunSimulation. E a partir
desses dados que se da a
biafine comateristbropertissTantech 1 informacao fisica. Vide a
proxima lamina.

#include <cmath>

#include <map>

#include "globals.hh"

#include "G4MaterialPropertiesIndex.hh”
iea $+ori ol Drangrdulondar Lt

ttincludg o i
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GODDESS
Documentacao dos Materiais

FFF PdllNl LO LNE Qlreclory containing wne materidal property TL1LES

MaterlalPropertlesPath° SSIHDIR/Hate:lalP opertle diretorio qeu contém os arquivos de propriedade dos ma

### Path to material property file to be used for the scintillator material 3qul se
ScintillatorMaterialPropertiesPath="$MaterialPropertiesPath/Scintillator” oI

# ScintillatorMaterialPropertiesName="Saint-Gobain BC-404.properties”
ScintillatorMaterialPropertiesName="Saint-Gobain BC-408.properties” Poliviniltolueno
# ScintillatorMaterialPropertiesName="Saint-Gobain BC-452 2perCentlead.properties”

# ScintillatorMaterialPropertiesName="Saint-Gobain BC-452 5perCentlLead.properties"
# ScintillatorMaterialPropertiesName="Saint-Gobain BC-452 lOperCentlLead.properties"”

LEONARDO KRAMER




GODDESS
Estudo da Simulacao

e Simula uma particula mae ou fotons
incidentes

e Cintilador com tamanho variando entre
100mm e 1000mm

e \olume do cintilador ajustavel

e DimensOes da camada superior

ajustaveis

(circulo, plano ou hexagono)

LEONARDO KRAMER PEZZIN




GUDDESS Meus estudos...

1avels L0Cal

#--- program optlons to be spec1f1ed ---#

### Path to 1n1t flle conta1n1ng brogram optlons to be passed to the program (1t can be an ex1st1ng init-file or the path where to save the used program options
### Default: "$OutputDirectory/RunSimulation.init"
# InitFilePath=""

# InitFileName=""

### Path to macro-file containing command to be passed to the program
# MacroFilePath=""
# MacroFileName=""

### Number of events to be simulated in batch mode. If NumberOfEvents is set and greater than ©, the program will be running in batch mode (without visualisatio
i.e. faster).

### Default:

NumberOfEvents= Se for zero havera a simulacdo grafica, se for 1 havera os dados da

### Use a list with photons to define the primary particles instead of using the normal particle source. This list has to be specified with
"ParticleSourceMacroPath".

### Default: false

# UsePhotonList=true

### Path to input file for the particle source. This can either be a LE with commands for the General Partlcle Source (for UsePhotonLlst false) or a gziped
(filename.gz) list with photons (for UsePhotonList=true). 3 simulacdo pode simular também fot ma 0 € d interess
ParticleSourceMacroPath="$SIMDIR/macros"

ParticleSourceMacroName="GeneralParticleSource.mac"

#H# Use dlfferent dlmen51ons (1n mm) for the sc1nt111ator tlle than the hardcoded ones
TileDimensions="(3560,5,350)" (largura altura Y, profundidade Z)

### Use the dimensions specified above to define the region in which the primary particles will be created (only if UsePhotonList=false)
### Default: false
UseTileDimensionsForParticleSource=true //dimensdes especificadas para a particula primaria (onde ela surgira, no caso, dimensoes da chapa superior do cinfilado




GODDESS
Rodando a Simulacao:

Ha duas formas de rodar a

8 + pwd ===== /home/leonardo/GODDeSS SimU|a(}éO: uma puramente

9 +5 export GODDESS=/home/leonardo/GODDeSS r

10 + $ export BUILDDIR=/home/leonardo/GODDeSS numerica com os resultados
‘impressos’ no terminal e outra

11  + $ source setup.sh

12+ § cd source visual. A vantagem dos dados no
13 + $ ./RunSimulation.sh terminal e o) menor tempo
computacional.

LEONARDO KRAMER PEZZIN




GODDESS
Rodando a Simulacao:

Hadronic Processes for triton

Process: tInelastic

Model: Binary Light Ion Cascade: © eV /n ---> 6 GeV/n
Model: FTFP: 3 GeV/n ---> 100 TeV/n
Cr_sctns: Glauber-Gribov Nucl-nucl: © eV ---> 25.6 PeV
Process: hadElastic
Model: hElasticLHEP: 0 eV /n ---> 100 TeV/n
Cr_sctns: Glauber-Gribov Nucl-nucl: © eV ---> 25.6 PeV

— Pre-compound/De-excitation Physics Parameters  =s====== N u m be rOfE Ve n tS ! — O

Type of pre-compound inverse x-section 3
Pre-compound model active 1
Pre-compound excitation low energy (MeV) 0.1
Pre-compound excitation high energy (MeV) 30
Type of de-excitation inverse x-section 3
Type of de-excitation factory Evaporation+GEM A
Number of de-excitation channels 68 Essa Opgao apresenta 0Ss dados
Min excitation energy (keV) 0.01 E
= Min energy per nucleon for multifragmentation (MeV) 2e+05 no tel’mlna|
I~ Limit excitation energy for Fermi BreakUp (MeV) 20
N Level density (1/MeV) 0.075
o Use simple level density model 1
o Use discrete excitation energy of the residual 0
E Time limit for long lived isomeres (ns) 1000
< Isomer production flag 1
o Internal e- conversion flag 1
= Store e- internal conversion data 0
8 Electron internal conversion ID 2
4 Correlated gamma emission flag 0
‘Z( Max 2] for sampling of angular correlations 10
(o]
w ### Run A ctart
| — —_— - —




GODDESS
Rodando a Simulacao:

NumberOfEvents=0

Essa opcao apresenta os dados
visualmente.

LEONARDO KRAMER PEZZIN




RunSimulation = R

BEHD + O a2 4D d Doy @O

Scene tree, Help, History & X Useful tips viewer-0 (OpenGLStoredQt) EJ

Scene tree Help History
Search:

Command

+ control

+ units

+ profiler

+ simulation
+ particle

+ geometry

+! tracking

+ event

+ cuts

+ run
random
process
material
physics_lists
+ gun

+ aps

+! hits

+ heptst Output 5 X

+| vis =
+ gui Q T =

+

+ I+

+

Session :

27






RunSimulation - 9
FEHDO O a8 Doy @O

Scene tree, Help, Hi... & X Useful tips [Z] viewer-0 (OpenGLStoredQt)

Scenetree Help His <:>
Search:

Command

+ control

+ units

+ profiler
simulation
particle
geometry
tracking
event

+ cuts

+ run
random
process
material
physics_lists
+ gun

+ aps

hits
heptst

+ vis

+

+

+

+

+

+

+

+

+

+

+

+ gui

-} number ol events processed I

required: 37.4858s

1 event has been kept for refreshing and/or reviewing.

r
s/reviewKeptEvents" to review them one by one.
—_— "/vis/enable™, then " / /viewer/rebuild" to see them accumulated.

vis/viewer/flush" or "/vis

Session :

29



GODDESS
Consideracoes

A simulacao foi rodada numa maquina Linux
Mint.

Apesar da vasta documentacao, a instalacao
e mudancas no script da simulagao nao sao
triviais.

Esse ainda € um trabalho em

andamento. Ha muito o que fazer!
“Estude muito o que mais Ihe

interessa da maneira mais
indisciplinada, irreverente e
original possivel”

LEONARDO KRAMER PEZZIN

Richard Feynman
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