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Historia
GEANT de GEometry ANd Tracking
Simulacdes para Fisica de Altas Energias
* 1974 - GEANT em FORTRAN (CERN)

« Ate 2000: GEANT3.21

* 1994-1998 colaboracao para novo
pacote em C++



Historia
e 1998: GEANT4.0.0

 Dez/2000: GEANT4 3.0; o pacote passou
a se chamar GEANT4

* Inclusao de processos adequados para
baixa energia (< 1 keV)

e A cada 6/12 meses uma nova versao

* Dez/2017: ultima versao GEANT4 10.4
* Versao estavel atual: 10.4.p02



O que e o GEANTA4

 Nao é um programa executavel

» E um pacote de ferramentas que
permite a criacao de aplicativos para
simulacoes com método de Monte Carlo
gue envolvam o transporte de particulas
na mateéria

» E composto de classes escritas em C++,
uma linguagem orientada a objetos



O que é 0o GEANT4

» E desenvolvido por uma colaboracéo
Internacional de diversos institutos,
envolvendo mais de 400 desenvolvedores

» E distribuido gratuitamente pela internet:
http://geant4.web.cern.ch

» Distribuicao e redistribuicao é regida pela
licenca descrita na pagina
http://geantd.web.cern.ch/geant4/license/LICENSE.html|


http://geant4.web.cern.ch/

O que contem o GEANT4

Ferramentas basicas para:

* Descricao de geometrias

 Descricao de materiais

» Escolha da fonte de particulas que estarao
presentes na simulacao

* Escolha de processos fisicos a serem
usados para a interacao das particulas
com 0s materiais

* Visualizacao da geometria e dos caminhos
das particulas



O que contém o GEANT4

Ferramentas avancadas:

Funcoes para definir tipos de fontes de
particulas: General Particle Source (GPS)
Pacote para definir a geometria (GDML)
Funcoes para registrar dados na forma de
histogramas e n-tuplas (ROOT)

Interfaces graficas avancadas

Opcao de executar em Multithread

outras ...



O que contém o GEANT4

* O pacote contém grande numero de
exemplos que podem ser usados como
ponto de partida para criar uma nova
aplicacao

 Ha exemplos em diversas areas:
dosimetria, braquiterapia, terapia com
protons, radioprotecao, radiacao
cosmica, fluorescéncia, altas energias,
etc.



O que contém o GEANT4

— Cada exemplo contém uma
documentacao breve que descreve as
ferramentas utilizadas no problema
simulado

— Convém ler a documentacao de diversos
exemplos para escolher o gue mais se
aproxima do problema que se quer simular



Suporte: documentacao

BookIintroToGeant4.pdf (10 paginas)
Histdoria e funcionalidades do GEANT4

BooklnstalGuide.pdf (52 paginas)
Manual de instalacao (Linux/UNIX e Windows)

BookForAppliDev.pdf (391 paginas)
Manual para o usuario criar seus programas

PhysicsReferenceManual.pdf (561 paginas)

Descricao da implementacao dos processos
fisicos incluidos no GEANT4



Suporte: User Forum

« Ha uma pagina web dedicada a solucao de
problemas que os usuarios encontram na

utilizacao das ferramentas
http://hypernews.slac.stanford.edu/HyperNews/geant4/cindex

* Normalmente as questoes sao respondidas
em pouco tempo

 Ha uma pagina web dedicada a
comunicacao de bugs


http://hypernews.slac.stanford.edu/HyperNews/geant4/cindex

BooklIntroToGeant4, cap. 5

Chapter 5. Software Knowledge Required to
Use the Geant4 Toolkit

In general, there are three types of users:

* the end user,
* the application programmer,

and for large simulation tasks:
* the framework provider.

The end user runs the simulation program by controlling run time parameters. The interface with the program
may be a graphical user interface, an interactive command line interface, or the macro-based system for batch.
The end user needs a basic knowledge of how to control the program flow but does not necessarily have to know
object-oriented programming or C++.

The application programmer is central to any simulation task. A firm knowledge of C++ is required to implement
code in user action classes to specify, at a minimum, the detector description, the relevant particles and physics
processes, and the initial event kinematics. A manual for the application programmer is found in the User's Guide:
For Application Developers .

Using standard components of Geant4, a framework provider would add interfaces to external toolsgsuch as for
example, to Computer Aided Design (CAD) programs, Object-Oriented Data Base Management Systems (ODB-
MS) and graphics systems. This requires the development of new classes overloading standard Geant4 function-
ality and hence a solid understanding of object-oriented Programming. A manual for the framework provider is
found in the User's Guide: For Toolkit Developers.




Instalacao (Linux, versao 10.4)

Baixar o arquivo geant4.10.04.tar.gz da pagina
http://geant4.web.cern.ch/support/download
Escolher uma pasta para a instalacao, e mover o
arquivo para esta pasta. Exemplo “/usr/local/share”
Descompactar o arquivo nesta pasta:

— cd /usr/local/share

— tar -zxvf geant4.10.04.tar.gz

Criar a pasta de montagem com extensao “-build”

- mkdir geant4.10.04-build

— cd geant4.10.04-build

Utilizar o “cmake” para configurar a instalacao:

- Ccmake

-DCMAKE_INSTALL PREFIX=/usr/local/share/geant4.10.04-
install /usr/local/share/geant4.10.04 -

DGEANT4 INSTALL DATA=ON -
DGEANT4 USE OPENGL X11=ON -DGEANT4 USE QT=ON


http://geant4.web.cern.ch/support/download

* Informacoes sobre as opcoes do cmake podem ser
encontradas no manual de instalacao

* O cmake verificara se o seu sistema possui 0os pacotes
necessarios ao Geant4

-- The C compiler 1identification is GNU 6.3.0

-- The CXX compiler identification is GNU 6.3.0

-- Check for working C compiler: /fusr/bin/cc

-- Check for working C compiler: /fusr/bin/cc -- works

-- Detecting C compiler ABI info

-- Detecting C compiler ABI info - done

-- Detecting C compile features

-- Detecting C compile features - done

-- Check for working CXX compiler: /Jusr/bin/c++

-- Check for working CXX compiler: /usr/bin/c++ -- works

-- Detecting CXX compiler ABI info

-- Detecting CXX compiler ABI info - done

-- Detecting CXX compile features

-- Detecting CXX compile features - done

Found EXPAT: /usr/lib/x86_64-1inux-gnu/libexpat.so (found version "2.2.0")

EMake Warning at /usr/share/cmake-3.7/Modules/FindQt4.cmake:618 (message):
fusr/bin/qmake reported QT_INSTALL_LIBS as "/usr/lib/x86_64-1inux-gnu" but
QtCore could not be found there. Qt is NOT installed correctly for the
target build environment. h

Call Stack (most recent call first):
cmake/Modules/GeantdInterfaceOptions.cmake:115 (find_package)
cmake/Modules/G4CMakeMain.cmake:64 (include)
CMakelLists.txt:56 (include)




Caso algum pacote nao esteja instalado, o cmake
Indica erros:

CMake Error at /usr/share/cmake-3.7/Modules/FindQt4.cmake:626 (message):
Could NOT find QtCore. Check
fusr/local/share/geant4.10.04-build/CMakeFiles/CMakeError.log for more
details.

Call Stack (most recent call first):
cmake/Modules/GeantdInterfaceOptions.cmake:115 (find_package)
cmake/Modules/G4CMakeMain.cmake:64 (include)

CMakelists.txt:56 (include) I

-- Configuring incomplete, errors occurred!

O erro foi corrigido apds instalacao do pacote
gt4-default, que estava faltando:

— apt-get install gt4-default




[Foot@eletron:/usr/local/share/geantd.10.04-build# cmake -DCMAKE_INSTALL_PREFIX=/usr/
local/share/geant4.10.04-install /usr/local/share/geant4.10.04 -DGEANT4_INSTALL_DATA=0ON
-DGEANT4_USE_OPENGL_X11=0N -DGEANT4_USE_QT=0N

- Luﬂklng for Q_WS_X11

-- Looking for Q_WS_X11 - found

-- Looking for Q_WS_WIN
-- Looking for Q_WS_WIN - not found
-- Looking for Q_WS_QWSs
-- Looking for Q_WS_QWS - not found

-- Looking for Q_WS_MAC

-- Looking for Q_WS_MAC - not found

-- Found Qt4: /usr/bin/gmake (found version "4.8.7")

-- Found OpenGL: /fusr/1ib/x86_64-1inux-gnu/1ibGL.so

-- Looking for XOpenDisplay in fusr/1ib/x86_64-1inux-gnu/1ibX11.s0;/usr/1ib/x86_64-
linux-gnu/LlibXext.so

-- Looking for XOpenDisplay in Jfusr/1lib/x86_64-1inux-gnu/1ibX11l.s0;/usr/1ib/x86_64-
linux-gnu/LlibXext.so - found

-- Looking for gethostbyname

-- Looking for gethostbyname - found

-- Looking for connect

-- Looking for connect - found

-- Looking for remove

-- Looking for remove - found

-- Looking for shmat

-- Looking for shmat - found

-- Looking for IceConnectionNumber in ICE

-~ Looking for IceConnectionNumber in ICE - found|

-- Found X11: /usr/1ib/x86_64-1inux-gnu/1ibX11l.s0

-- Looking for sys/types.h

-- Looking for sys/types.h - found

-- Looking for stdint.h

-- Looking for stdint.h - found

-- Looking for stddef.h

-- Looking for stddef.h - found B
-- Check size of off6d_t

-- Check size of offed_t - done

-- Looking for fseeko

-- Looking for fseeko - found




-— LOOK1ng for unistd.n
-- Looking for unistd.h - found
-- Configuring download of missing dataset G4NDL (4.5)
-- Configuring download of missing dataset GA4EMLOW (7.3)
-- Configuring download of missing dataset PhotonEvaporation (5.2)
-- Configuring download of missing dataset RadioactiveDecay (5.2)
-- Configuring download of missing dataset GANEUTRONXS (1.4)
-- Configuring download of missing dataset G4PII (1.3)
-- Configuring download of missing dataset RealSurface (2.1)
-- Configuring download of missing dataset G4SAIDDATA (1.1)
-- Configuring download of missing dataset G4ABLA (3.1)
-- Configuring download of missing dataset G4ENSDFSTATE (2.2)
- The following Geantd4 features are enabled:
GEAHT4 _BUILD_CXXS5TD: Compiling against C++ Standard '11°
GEANT4_USE_SYSTEM_EXPAT: Using system EXPAT llbl‘\ y
GEANT4_U5E_QT: Build Geantd4d with Qt support
GEANT4_USE_OPENGL_X11: Build Geantd4 OpenGL driver with X11 support

-- Configuring done
-- Generating done
-- Build files have been written to: /usr/local/share/geant4.10.04-build

A opcao “-DGEANT4 INSTALL DATA=ON" solicita que as
bases de dados (secoes de choque, informacoes sobre
iIsotopos, etc) sejam baixadas durante a instalacao.

Se nao for feita, sera preciso instalar cada base de dados
manualmente.



ApoOs a configuracao da instalacao,
compilar os pacotes do Geant4:

— Mmake

... 1SS0 pode demorar dezenas de minutos ou horas,
dependendo do computador

e Instalar o Geant4 no sistema:

— make install



Agora o Geant4 esta disponivel para
qualquer usuario o sistema.

Para usa-lo num terminal, o usuario
necessita apenas configurar as variaveis de
ambiente daquele terminal, com o comando:

source /usr/local/share/geant4.10.04-install/bin/geant4.sh

!

Depende da pasta onde foi instalado



Testando a instalacao do Geant4

Para testar a instalacao, vamos compilar e
rodar o exemplo mais simples.

1) Na sua pasta de usuario (/home/usuario),
crie uma pasta com o nome da
distribuicao instalada. Exemplo:

- mkdir geant4.10.04

Entao vocé deve ter agora uma pasta
/home/usuario/geant4.10.04



Testando a instalacao do Geant4

2) Entre na pasta onde serao criados 0s
aplicativos do Geant4
— cd geant4.10.04

3) Dé o comando para configurar as
variaveis de ambiente do Geant4:
— source /usr/local/share/geant4.10.04-install/bin/geant4.sh

4) Copie a pasta do exemplo B1 para este
local:
— cp -r /usr/local/share/geant4.10.04/examples/basic/B1 .



Testando a instalacao do Geant4

5) Crie a pasta onde sera montado o
executavel, e mude para esta pasta:
- mkdir B1-build
— cd B1-build

6) Dé o comando cmake para configurar a
montagem do exemplo B1 (ver manual):

— cmake -DGeant4 DIR=/usr/local/share/geant4.10.04-
install/lib/Geant4-10.0.2 /home/moralles/geant4.10.04/B1

7) Compile o exemplo B1:
- make



Testando a instalacao do Geant4

Agora a sua pasta deve ter um arquivo executavel
com nome

exampleBl

Para rodar o exemplo, dé o comando:

.JexampleBl



A estrutura do exemplo B1

» Pasta dos arquivos tipo “Headers”

> Einclude — ]
> Jl sC - » Pasta dos arquivos tipo “Source”
.| CMakeliststt | » |nstrucoes para o cmake

G exampleBl.cc > Arquivo com o main()
it exampleBl.in
| exampleBl.out
. -l GNUmakefile

| History

et/ init_vis.mac

. -/ README ——» Arquivos com comandos macro

it runl.mac

tm runz.mac

it/ vis.mac b




A estrutura do exemplo B1

F| S| ST <F| SF| <%

BlActioninitialization.hh
BlDetectorConstruction.hh
BlEventAction.hh
BlPrimaryGeneratoriction.hh
BlRun&iction.hh
BlSteppingiction.hh

Nome

4 6 arquivos (14,6 KiB)

Blactionlnitialization. cc

BlDetectorConstruction.cc

BlEventiction.cc
BlPrimawGenerW
BlRun&ction.cc

B

Nl

BlSteppingAction.cc

Definicao do mundo, objetos (solidos), materiais
e posicoes

> Definicéo das particulas primarias (feixe, fonte

radioativa) suas geometrias, energias, direcoes
de propagacao e posicoes

Definicoes e controles para a execucao:
inicializacao da execucao, calculos das
grandezas de interesse, impressao dos
resultados, etc.

Outros exemplos podem ter mais arquivos
nestas pastas, como um “PhysicsList” por
exemplo, que define os modelos fisicos para
serem usados.

Neste exemplo B1 o PhysicsList esta definido
no main().



Visualizacao com OpenGL

Run 1 (1 ewvent) sat Aug 11 20:58:25 2018




Visualizacao com HepRep




Uso do Geant4 na sala 201

— Usaremos o Geant4 instalado no grid “sampa”
— Cada aluno usara apenas uma conta por conexao ssh:
ssh -Y alunoX@sampassh.if.usp.br

— Cada aluno usara um numero X indicado pelo professor com uma
senha que deve ser trocada na primeira conexao.

— Cada aluno usara o mesmo numero X até o término da disciplina.

— Usaremos o visualizador grafico sera o HepRep.


mailto:alunoX@sampassh.if.usp.br

Uso do geant4 na sala 201

Copiar o exemplo B1 para sua area:
— cp — r $G4INSTALL/share/Geant4-10.1.2/examples/basic/B1 .
Criar a pasta de montagem (build)

— cd B1
— mkdir build

Configurar o ambiente usando cmake

— cd build
— cmake ../

Compilar o exemplo B1:
— make

Executar o exemplo B1:
— ./exampleB1



Comandos macro

— O Geant4 tem ferramentas para definir comandos macro que
facilitam a mudanca de parametros sem que seja hecessario alterar
o codigo e recompilar o programa

— Alguns comandos macro ja sao definidos nas proprias
ferramentas do Geant4, para mudancas na visualizacao, em
processos fisicos, etc

— Os comandos macro especificos da aplicacao devem ser criados
pelo programador

— Para ver os comandos macro do exemplo B1, pode-se usar o
comando “help”



Comandos macro do arquivo “init_vis.mac”

# Macro file for the initialization of example B1
# In Iinteractive session

#

# Set some default verbose

|control/verbose 2

Icontrol/saveHistory

Irun/verbose 2

#

# Change the default number of threads (in multi-threaded mode)
#irun/lnumberOfThreads 4

#

# Initialize kernel

[run/initialize

#

# Visualization setting

/Icontrol/execute vis.mac

Executa o macro de visualizacao



Comandos macro do arquivo “vis.mac”

# Macro file for the visualization setting in the initialization phase
# of the B1 example when running in interactive mode
#

# Use these open statements to open selected visualization
#

# Use this open statement to create an OpenGL view:
#lvislopen OGL 600x600-0+0

#

# Use this open statement to create an Openinventor view:
#lvislopen Ol

#

# Use this open statement to create a .prim file suitable for
# viewing in DAWN:

#lvislopen DAWNFILE

#

# Use this open statement to create a .heprep file suitable for
# viewing in HepRApp:

Ivislopen HepRepFile

#

# Use this open statement to create a .wrl file suitable for

# viewing in a VRML viewer:

#lvislopen VRML2FILE




Comandos macro do arquivo “vis.mac”

# Disable auto refresh and quieten vis messages whilst scene and
# trajectories are established:

Ivislviewer/set/autoRefresh false

Ivislverbose errors

#

# Draw geometry:

IvisldrawVolume

#

# Specify view angle:

Ivislviewer/set/viewpointVector-100

Ivislviewerl/setl/lightsVector -1 0 0

#

# Specify style (surface, wireframe, auxiliary edges,...)
Ivislviewer/set/style wireframe

Ivislviewer/set/auxiliaryEdge true
Ivisiviewer/set/lineSegmentsPerCircle 100

#

# Draw smooth trajectories at end of event, showing trajectory points
# as markers 2 pixels wide:

Ivisisceneladd/trajectories smooth
IvisiImodeling/trajectories/create/drawByCharge
IvisiImodelingl/trajectories/drawByCharge-0/default/setDrawStepPts true
Ivisimodelingl/trajectories/drawByCharge-0/default/setStepPtsSize 2




Comandos macro do arquivo “vis.mac”

# To superimpose all of the events from a given run:
Ivis/scenelendOfEventAction accumulate

# Decorations

# Name

IvisisetltextColour green

Ivis/set/textLayout right

IvisIisceneladd/text2D 0.9 -.9 24 ! | exampleB1

# or, if your system does not support right-adjustment
#Ivislsceneladd/text2D 0 -.9 24 ! ! exampleB1
Ivisiset/textLayout # Revert to normal (left adjusted) layout
Ivis/set/textColour # Revert to default text colour (blue)

#

# Axes, scale, etc.

Ivisisceneladd/scale # Simple scale line
Ivis/sceneladd/axes # Simple axes: x=red, y=green, z=blue.
Ivis/sceneladd/eventID # Drawn at end of event
Ivis/sceneladd/date # Date stamp

Ivisisceneladd/logo2D # Simple logo

Ivis/sceneladd/logo # 3D logo

#




Comandos macro do arquivo “vis.mac”

# Frame

Ivisiseticolour red

IvisisetllineWidth 2

Ivisisceneladd/frame # Simple frame around the view
Ivis/set/colour # Revert to default colour (white)
IvisisetllineWidth # Revert to default line width (1.)

#

# Attach text to one edge of Shapel, with a small, fixed offset
Ivisisceneladd/text 0 6 -4 cm 18 4 4 Shapel

# Attach text to one corner of Shape2, with a small, fixed offset
Ivisisceneladd/text 6 7 10 cm 18 4 4 Shape2

#

# To get nice view

Ivislgeometry/setlvisibility World 0 false
Ivislgeometry/set/visibility Envelope 0 false
Ivislviewerl/set/style surface

Ivislviewer/set/hiddenMarker true
Ivislviewer/set/viewpointThetaPhi 120 150

#

# Re-establish auto refreshing and verbosity:
Ivislviewer/set/autoRefresh true

Ivislverbose warnings

#

# For file-based drivers, use this to create an empty detector view:
#lvislviewerl/flush
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