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What is Geant ”

« Monte Carlo simulation tool for nuclear and
particle physics

e Set up detectors

« Sensitive detector which returns useful information
such as energy deposit and hit position.

e Take into account physical processes which you
register
« EM process
 Decay process
« Hadronic process

« Transport particle according to the equation of
motion at the field.
« Electric field
« Magnetic field
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o CMake 3.3 or higher.

On Linux, we recommend that you use CMake as provided through the package management
system of your distribution, unless it does not meet the minimum version requirement. In that
case, we recommend you install it using the Linux binary installer for the latest version of
CMake, available with instructions from the Kitware download site. This installer is highly
portable and should work on the vast majority of distributions.

On macOS and Windows, CMake is not installed by default, so we recommend that you install it
using the most recent Darwiné4 dmg (macOS) or Win32 exe (Windows) installers supplied by
the Kitware download site. On macOS, you may also use the Homebrew or Macports package
managers to install the required version.

For more information on CMake, the CMake Help and Documentation should be consulted.

EHOEDT, cmakeZz 1A VA KN—ILT B,



e geantd /Xy T — %
« /home/sks/prog/geant4.10.05
¢ L:ZP) U %@EPC:E@BO@7__4 1/7 l\ U 75\2%6 [sks@dhcp2576 geantd.10.05]% 1s

build install source
e build: GeantdZ A4 77 VA2V NAINTBH=DITFERBLE-T4L 27 MY
e install : A=Y —AEBEBOT AT T LEZEREZICY Y ITEHT7A4T7 7 VRED
A2TW3B, FHRREEMAZRTET 720D 7V T FHA-2TWS,

e source: GeantdDy) — X7 A I ENRA->TWS, F/-GeantdD 707 Z L
DBIEREDH A->TWB,

Geantd m>
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« > cd /home/sks/prog/geant4.10.05/install/bin

e« > source geantd.sh

e ZDgeantdshzFEITT 5 LICL->T. IN&ITo7/terminallCF W THERIRIBZHMDFITEN L

N7z,

0) T /E/L»\o

RIEZBDOREETN T, geantdD 7RI 7 LERITTDHEUTDOLIICT T -5

[miwa9@localhost G4 _work]$ ./exampleB2a
Available UI session types: [ GAG, tcsh, csh ]

oo EEEE ------- G4Exception-START -------- EEEE -------
*** G4Exception : PART70000
issued by : G4NuclideTable
G4ENSDFSTATEDATA environment variable must be set
*** Fatal Exception *** core dump ***

| *** Break *** segmentation violation
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e GeantdICHEIN TWLW54IE
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5, BNTESL AT 7 LDSEIZEDLEBEBS DT, WCDOHPHRAT
HHELxBENDOLET,
« /home/sks/prog/geant4.10.05/source/examples

| sks@dhcp25/6 examples]$ Ls
advanced extended GNUmakefile README README. HowToRunMT
basic CMakelLists.txt History README. HowToRun novice

Geantd m:




Geantd m:

. BIEDELT
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e LIFD &S IZGeantdDexample®d 5 HDBlZ ok — L T{E5,

e > cd usr/**/MonteCalro

« > mkdir geant4 JoBAYE > 7=MonteCalrod 7 1 L 7 b U D (lgeantd % 1E 3

e > cd geantd

« > mkdir B1 geantdd T 4 L7 FURICBlEWSY T4 L7 MU ARES

e >cdBl1

« > cp—-r /home/sks/prog/geant4.10.05/source/examples/basic/Bl . Geant®BIED 5> HB1OTF 4 L7 bV %
O —

> mv B1 Bl src HIZEAE—LEBITALZMYIEY—ZAAA->TWEDT, Bl srcl L4122 E
> mkdir Bl_work BlZzaYXXAINT B7=DIEBTE274L 27 MY EIER
Bl&EWS T 4 L2 FURIZIEBL src, Bl work&WH22oD0F 4 L2 PUDAEELTWS

[sks@dhcp2576 B1]$ 1s
Bl src Bl work
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Geantd m:

- BIBDOETH:X)
« >cd Bl work
e« cmaked vy R&E->TBl work7 4 LZ FURICTAT T LA2 AV /(LT RIREZ{ES

« >cmake -DGeantd DIR=(Geanto A4 77 VDT 4 L7 b)) (2—HY—7 A7 LDY—XT 4
L2 kY)

[sks@dhcp2576 B1_work]$ cmake -DGeantd4 DIR=/home/sks/prog/geantd4.18.05/install/1

ib64/Geantd4-10.5.0 ../Bl_src

-- The C compiler identification is GNU 4.8.5

-- The CXX compiler identification is GNU 4.8.5

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

-- Check for working C compiler: /usr/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: /usr/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

-- Configuring done

-- Generating done

-- Build files have been written to: /home/sks/user/miwa/MonteCarlo/geant4/B1/B1
work




Geantd m:

« FIREDODETHLX)
e cmake®E1T95EBl workT 4 LZ FURICUTO 7 7 A ILAEREA TS
Esks@dhcp2576 B1 _work]$ 1s

Makefile exampleB1.1in init_vis.mac run2.mac
CMakeCache.txt cmake_install.cmake exampleBl.out runl.mac vis.mac
« cmakea~ > K TMakefilehMEka b, £7-707 7 LDOETICEHLNSmacro7 7 4 ILH —FE

L::l to_éﬂ%o
e TMNHIEBLl srcT 4 L2 b U dCMakelists.txtiCREREINTWB(EEBEhHNB)
e ZZFTIT—ERIITNIEmake T O T LAHE OV INAIL

‘ iin_ake _ [sksedhcp2576 B1_work]$ make
o EIT7 74}b(examp|e01)7b\ Scanning dependencies of target exampleB1
T¢5E)1ﬂ,7f\,\%5 12%] Building CXX object CMakeFiles/exampleB1.dir/exampleBl1.cc.o
25%] Building CXX object CMakeFiles/exampleBl1.dir/src/Bl1ActionInitialization.c

.0
37%] Building CXX object CMakeFiles/exampleBl1.dir/src/BlDetectorConstruction.c
.0
50%] Building CXX object CMakeFiles/exampleBl1.dir/src/B1EventAction.cc.o
62%] Building CXX object CMakeFiles/exampleBl1.dir/src/B1PrimaryGeneratorAction
.CC.0
[ 75%] Building CXX object CMakeFiles/exampleB1.dir/src/B1RunAction.cc.o
[ 87%] Building CXX object CMakeFiles/exampleB1.dir/src/B1SteppingAction.cc.o
[100%] Linking CXX executable exampleB]
[100%] Built target exampleB]
[sks@dhcp2576 B1_work]$ 1s

cmake_install.cmake exampleBl.out run2.mac
CMakeCache. txt exampleB1 init_vis.mac vis.mac
Makefile exampleB1.1in runl.mac

FrTA e e
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« > /exampleB1

. T7 077 L%xEIT

c FED LSBT A RTLAHNHETINIZOK
HLIT—DHEZOROR—=—T ZSZE|(C
geanttoa~w> K7a> 7 kT
IDLE> /run/beamOn 1000
ETBEARY MHAFEET S
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# Use this open statement to create an OpenGL view:
/vis/open OGL 600x6060-0+0
/vis/sceneHandler/create OGL
/vis/viewer/create ! ! 600x600-0+0
G40penGLXViewer: :G40penGLXViewer failed to allocate a standard colormap.
X Error of failed request: BadMatch (invalid parameter attributes)
Major opcode of failed request: 1 (X_CreateWindow)
Serial number of failed request: 39
Current serlal number 1n output stream: 46

vis.mac TOpenGLZRC & ZAZZLE L THD

# Use these open statements to open selected visualization

t
) _ # Use this open statement to create an OpenGL view: — R
LinuxTOILZ7—lxZh #/vis/open OGL 600x600-0+0 <+ SHEICHEZANTIA Y TR
TOK7= - 7= u

T 1 # Use this open statement instead for OpenGL in immediate mode.
MacTXZRIX T & T Bvis/open 0GLIX e St =

= _ t - ﬁpg # Q_Q_%ijuf\\ﬁak
7 —hHHB & EITITER | |

f\fr f # Use this open statement to create an OpenInventor view:

L 7% 2 /o #/vis/open 0OI
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« > cd user/**/MonteCarlo/geant4
« > mkdir NOO
> cd NOO
> cp -t /home/sks/user/miwa/MonteCalro/geant4/N00/NOQ_src .
> mkdir NOO_work
> cd NOO_work
> cmake -DGeant4 DIR=/home/sks/prog/geant4.10.05/install/lib64/Geant4-
10.5.0 ../NOOQ src

[sks@dhcp2576 NBO]$ cmake —DGeaﬁt4_DIR-/home/sksfprog/geant4.1@.@5/insta11/1ib64
/Geantd4-10.5.0 ../NBO src

e > make



Overview of program

WA 7055 LOREE S
_ _ EventAction
DetectorConstruction Register Resister —_—
unAction
PhysicsList :> G4RunManager <:
TrackingAction
PrimaryGeneratorAction
SteppingAction

Start simulation
i 7 > beamOn #eventNv

Run

Track  Step Start simulation
Step Detector set up
Physics list taken into account

Event

One event consists of many tracks
One Tracks consists of many steps



Registor of each manager

 Example of ExNOO

« exampleNO00.cc (main function)
— Define run manager

— Resister other managers which define “Detector”, “Physics” ,
“PrimaryGeneratorAction” and “EventAction”

— The simulation is executed based on the registered processes.

/I Construct the default run manager
G4RunManager * runManager = new G4RunManager;

/I set mandatory initialization classes

ExNOODetectorConstruction* detector = new ExNOODetectorConstruction;
runManager->SetUserlnitialization(detector);
runManager->SetUserlnitialization(new ExNOOPhysicsList);

Il set user action classes

runManager->SetUserAction(new ExXNOOPrimaryGeneratorAction());
ExNOOEventAction* eventaction = new ExNOOEventAction;
runManager->SetUserAction(eventaction);



Detector setting (Material)

We have to define a material of detector.
G4Element (describes the properties of the atoms)
— Atomic number
— Atomic mass
G4Material (describes the macroscopic properties of matter)
— Density
— State,
— temperature

G4Element* H = new G4Element("Hydrogen",symbol="H" , z= 1., a= 1.01*g/mole);
G4Element* C = new G4Element("Carbon" ,symbol="C" , z= 6., a= 12.01*g/mole);;

new G4Material("Aluminium", z=13., a=26.98*g/mole, density=2.700*g/cm3);
new G4Material("liquidArgon", z=18., a= 39.95*g/mole, density= 1.390*g/cm3);
new G4Material("Lead" |, z=82., a= 207.19*g/mole, density= 11.35*g/cm3);

// define a material from elements. case 1: chemical molecule

G4Material* Sci =

new G4Material("Scintillator", density= 1.032*g/cm3, ncomponents=2);
Sci->AddElement(C, natoms=9);
Sci->AddElement(H, natoms=10);



B Detector setting (Detector)

« At first, we define the largest volume, “World
Volume”

» The other volumes are created and placed
inside previous volumes, including in the
World Volume

Setting
World Volume Shape and size of volume
(detector)
G4double WorldSizeX=1.0"m; Material Of detector

G4double WorldSizeYZ=1.0"m; ) e
Setting position

solidWorld = new G4Box("World", /lits name
WorldSizeX/2,WorldSizeYZ/2,WorldSizeYZ/2); /lits size .
SolidVolume
logicWorld = new G4LogicalVolume(solidWorld, /lits solid (deﬁne the shape and size,
Air, /lits material
"World"); /lits name BOX, TUbe’ Polycon)
LogicalVolume
physiWorld = new G4PVPlacement(0, //no rotation 9 .
G4ThreeVector(),  //at (0,0,0) (define nature of the detector)
logicWorld, /lits logical volume PhysicaIVqume
"World", /lits name . . .y
0, Jlits mother volume (define the setting position at
false, /Ino boolean operation the mother vqume)

0); //copy number



Primary Generation Action

* We have to specify how a primary event should be generated
» Kind of particle, energy, generated position, direction etc..

» G4ParticleGun generates primary particle(s) with a given momentum
and position

1 (OpenGLImmediateX)

G4int n_particle = 1;
particleGun = new G4ParticleGun(n_particle);

/I default particle kinematic

G4ParticleTable* particleTable = G4ParticleTable::GetParticle Table();
G4String particleName;
G4ParticleDefinition* particle

= particleTable->FindParticle(particleName="e-");
particleGun->SetParticleDefinition(particle);
particleGun->SetParticleMomentumDirection(G4 ThreeVector(1.,0.,0.));
particleGun->SetParticleEnergy(50.*MeV);
particleGun->SetParticlePosition(G4 ThreeVector(-20.0*cm,0.*cm,0.*cm));

particleGun->GeneratePrimaryVertex(anEvent);

Generated position




Commands of Geant4

Start a run

— Idle> /run/beamOn 1000
— 1000 events are generated

Execute macro file

— ldle> /control/execute vis.mac

Change view point

— ldle> /vis/viewer/set/viewpointThetaPhi 45 45

Finish Geant
— |dle> exit



Problem

* Execute these example programs
* Modify ExNOO

— Change material of calorimeter
 Scintillator - C, Fe, H,0, Pb etc.

— Change size and shape of calorimeter
* Box = Tube etc.

— Change primary particle

) 13 n 13

 “e-" =2 "pi-’, "kaon-", “proton”

* Energy



