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<>] WHAT IS GEANT4

Geant4 is a toolkit for
the simulation of the
passage of particles
through matter. Its
areas of application
include high energy,
huclear and accelerator
physics, as well as
studies in medical and
space science

ATLAS experiment

No to scale
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7S] MONTE CARLO METHOD IN PARTICLE TRANSPORT

The probability that
normally incident photon
will reach the depth x in
a material slab without
interaction is:

P(x) = e™H¥

Narrow beam

NN
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3] A BIT ABOUT C++

P N\ Generate a file .txt
) X /) BABAR C#+: Course Filename: SealedGEMEventAction.cc

Paul F Kunz -
#include "fstream.h"

Stanford Linear Accelerator Center

void SealedGEMEventAction::EndOfEventAction(const G4Event*

No prior knowledge of C assumed {th)

I'm not an expert in C++ .

OOP 3nd 00 design W ther mave fnto G4int eviNb = evt->GetEventID();
n_hit = DrfHC->entries();

You need to practice to really learn C++ if (n_hit > 0){

for(G4int i=0;i<n_hit;i++)X{

depEnerg1 += (*DrfHC)[i]->GetDepositEnergy();
First two sessions is about the same for O, O+, }
Objective-C, Java, and C# }
ofstream out1;
out1.open("EnergyDepositeDriftHits.dat",fstream::app);
out! << evt <<” ” << depEnerg1/keV << G4end;
out1.close();

\_ J }

B S ' — https://cds.cern.ch/record/44808

LA-CoNGA physics 5 iSUENA BIEN!



Simulation Model Main Directory

[=E &
Fle Edit View Go Tools Settings Help
€ 9 =2yl e L + [Search.. o
Back Forward lcons | Details  Columns Preview.  Split
=i NO3 - Dolphi :
B PR - (DICIE Places ® ® 51> Home » geantd > examples > novice > NO3 > include
Fle Edit View Go Tools Settings Help =
H 4 v v |
e« & [ = m - T h h h h h
Each Eons el | Eor B sia B Cota RE sl Ee R B Root DetectorCon  DetectorMes  EventAction. EventAction PhysicsList.h
Places ® F—_ﬁ> Home > geant4 > examples > novice > NO3 e = struction.hh senger.hh Messengerhh h
ras
P, = a—— A g 34 +4 4] 34|
= ! = - ] B h h h h h
& Network - — e . . : . :
include src visTutor CMakelists.t  currentEven Primary Gene PrimaryGene RunAction.hh SteppingActi SteppingVerb
B Root ¥t t.rndm ratorAction. .. ratorMess... on.hh ose.hh
7 Trash
C+
currentRun. exampleNO3. exampleN03, exampleNO3. exampleNo3.
rndm [} err in large_N.in 10 Files (29.6 KiB) a - @
exampleNO3. exol.mac exo2.mac g4_00.prim g4_01.prim . . .
out Simulation Model source directory
{g5# sre - Dolphin =@ [¢
Fle Edit View Go Tools Settings Help
g4_02.prim G4Historyma  GNUmakefile gui.mac History & o Il L 7] & -
cre Back Furward lcons | Details Co\ﬁhns Preview  Split
Places @ ® 9> Home > geant4 > examples > novice > NO3 > src
@ Home
newgeom.m README mdmSeed.m runl.mac run2.mac @ Network C: C G G 3
ac ac % Root DetectorCon DetectorMes EventAction. EventAction PhysicsList.c
| 20 struction.cc SEenger.cc te Messenger.cc C
" Trash
R C CH CH C G+ C+
3 Folders, 23 Files (208.4 KiB) a - a PrimaryGene PrimaryGene RunAction.cc SteppingActi Steppingverb
: . ratorAction... ratorMess. . on.cc ose.cc
10 Files {59.8 KiB) L a
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Simplest example of main ()

#include "G4RunManager.hh"™
#include "G4UImanager.hh"

¢include "ExGdDetectorConstructionfl.hh™
#include "ExGAPhysicsList00.hh"
#include "ExG4PrimaryGensratorActionldl_hh"

int main(}

i
/f construct the default run manager
G4RunManager* runManager = new G4RunManager;

/f zet mandatory initialirzation classes
runManager->SetUserInitialization (new ExG4DetectorConstructionll):
runManager->SetUserInitialization (new ExG4PhysicsList00d);

// set mandatory user action class
runManager->Setliserfiction (new ExGiPrimaryGeneratorfctiondl) ;

ff initialize G4 kernel
runManager->Inictialize(};

/f get the pointer to the UI manager and set verbosities
G4UImanager* UI = G4UImanager::GetUlpointer(};
UI-»ApplyCommand ("/run/verbose 1");
UI-»ApplyCommand (" /event/verbose 17"):

UI-»ApplyCommand ("/tracking/verbose 1");

/f start a run
int numberOfEvent = 3;
runManager->Beamon (numberofEvent}) ;

// job termination
delerte runManager:
return 07

]

DEFINITION OF A SIMULATION MODEL

64RunManager

The first thing main() must do is create an instance
of the G4RunManager class. This is the only manager
class in the Geant4 kernel which should be explicitly
constructed in the user's main(). It controls the flow
of the program and manages the event loop(s) within
a run. When G4RunManager is created, the other
major manager classes are also created.

They run manager is also responsible for managing
initialization procedures, including methods in the
user initialization classes. Through these the run
manager must be given all the information necessary
to build and run the simulation, including:

* how the detector should be constructed

* all the particles and all the physics processes to be
simulated

* how the primary particle(s) in an event should be
produced and any additional requirements of the
simulation.
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<>] MAIN COMPONENTS OF A MODEL

Create a Solid
Relevant to the Detector
Gddouble world hx = 3.0%m;

Gddouble wc-rld:hy = 1.0%*m; ConSTrUCTor

Gd4double world hz = 1.0%m;

G4Box* worldBox
= new G4Box ("World", world hx, world hy, world hz);

Give Attributes

G4LogicalVolume* worldLog
= new G4LogicalVolume (worldBox, Ar, "World™):

Place in Space

Gidouble pos x = -1.0*meter;
Gd4double pos y = 0.0*meter;
G4double pos z 0.0%*meter;

G4vPhysicalVolume* trackerPhys
= new G4PVPlacement (0,
G4ThreeVector (pos_X, pos

trackerLod,
"Tracker",
worldLog,
false,

0):

K
¥
!
/Y
/
//
/Y
/Y

Create a Tube

Giddouble
Gddouble
Giddcouble
Giddouble
Gddouble

G4Tubs* trackerTube
= new E4Tubs ("Tracker",

innerRadius = 0.*cm;
outerRadius = 60.*cm;
hz = 25.%cm;
startAngle = 0.*deqg;

spanninghAngle = 360.%*deg:;

innerRadius,
outerRadius,
hz,

startingle,
spanninghngle) ;

no rotation
pos_z),

translation position
its logical wvolume

its name

its mother (logical) wvolume
no boolean operations

its copy number

LA-CoNGA physics 8
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<>] MAIN COMPONENTS OF A MODEL (Cont.)

Create a Material e.g. liquid Argon

Gddouble z, a, density;
density = 1.3%0*g/cm3;
a = 39.95*g/mole;

GdMaterial* 1Ar = new G4Material (name="ligquidhArgon", z=18., a, density):

Create a Molecule e.g. H,0

Gddouble z, a, density:
G435tring name, symbol;
G4int ncomponents, natoms;

a = 1.01*%g/mole;
G4Element* elH = new G4Element (name="Hydrocgen", symbcl="H" , z= 1., a);

a = 16.00*g/mole;
G4Element* elQ® = new G4Element (name="Oxvygen"™ ,symbol="0" , z= 8., a):

density = 1.000*g/cm3;

GdMaterial* HZ0 = new G4Material (name="Water",density,ncomponents=2);
HZ0->AddElement (elH, natoms=2);

H20->AddElement (el0, natoms=1);
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<>] MAIN COMPONENTS OF A MODEL (Cont.)

Create a Material by Fraction of mass e.g. Air

Gddouble z, a, fractionmass, density;
G4String name, symbol;

G4dint ncomponents;

a = 14.01*g/mole;
G4Element* elN = new G4Element (name="Nitrogen", symbol="N"
a = 16.00*g/mole;

GdElement* 10 = s symbol="0"

new G4Element (name="0xygen"
density = 1.290*mg/cm3;

GAMaterial* Air = new Gd4Material (name="Air
Rir->AddElement (elN, fractiomnmass=70*%*perCent);
Air->AddElement (el0, fractiommass=20*perCent});

o= Tag d@)r

p = By a)r

", density,ncomponents=2);

Create a Material from the 64 base materials - NIST database

G4NistManager* man =

GidMaterial* HZ2Z0
GiMaterial* Air

GANistManager: :Instance();

man->FindOrBulldMaterial ("G4 WATER"):
= man->FindOrBuilldMaterial ("G4 AIR"):

LA-CoNGA physics 10
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<>] MAIN COMPONENTS OF A MODEL (Cont.)

Create a New Material to the 64 base materials

Gddouble density:;

density = 1.05*mg/cm3;

G4Material* waterl = new G4Material ("Water 1.05",density, "G4 WATER");

density = 1.03*mg/cm3;

G4NistManager¥ man = G4NistManager::Instance();

G4Material* waterZ = man->BuildMaterialWithNewDensity("Water 1.03","G4 WATER",density);

LA-CoNGA physics
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<>] MAIN COMPONENTS OF A MODEL (Cont.)

Particle Definition

Relevant to the Physics

Geant4 provides various types of particles for use in simulations: List

+ ordinary particles, such as electrons, protons, and gammas

* resonant particles with very short lifetimes, such as vector mesons and delta
baryons

* nuclei, such as deuteron, alpha, and heavy ions (including hyper-nuclei)

* quarks, di-quarks, and gluon

The c4ParticleDefinition Class

G4ParticleDefinition has properties which characterize individual particles, such as. name, mass, charge, spin, and so on. Most of these

properties are "read-only" and can not be changed directly. c4rarticlePropertyTable is used to retrieve (load) particle property of
G4ParticleDefinition into (ﬁ'{}m) GdParticlePropertylata.

Definition of an Electron

For example, the class c4Electron represents the electron and the member G4Electron: : theInstance points its only object. The pointer
to this object is available through the static methods G4Electron: :ElectronDefinition(). G4Electron::Definition().

LA-CoNGA physics 12
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<>] MAIN COMPONENTS OF A MODEL (Cont.)

Relevant to the
Physics List

Definition of an Ion

GFdParticleDefinition* GetIon{ G4int atomlicNumber,
Gdint atomicMass,
Gddouble excitationEnergy) ;

Construct a Proton and a Geantino Geant4 particle categories
Construct a proton and a geantino. G4BosonConstructor
: ; ’ : G4LeptonConstructor
vold MyPhysicsList::ConstructParticle() CaMosonConstruct
esonconstructor
t o e G4BarionConstructor
G4FProton: :ProtonDefinition|() ; B e
GdGeantino: :GeantincoDefinition() ; Y O S
}

LA-CoNGA physics 13 iISUENA BIEN!



<>] MAIN COMPONENTS OF A MODEL (Cont.)

Register Processes for Gammas Relevant to the
Physics List

vold MyPhysicsList::ConstructProcess()
{
// Define transportation process
AddTransportation();
// electromagnetic processes
ConstructEM() ;

vold MyPhysicsList::ConstructEM()
{
[/ Get pointer to G4PhysicsListHelper
G4PhysicsListHelper* ph = G4PhysicslListHelper: :GetPhysicsListHelper();

// Get pointer to gamma
GAParticleDefinition* particle = G4Gamma: :GammaDefinition()

// Construct and register processes for gamma
ph->RegisterProcess (new G4PhotoElectricEffect (), particle);
ph->RegisterProcess (new G4ComptonScattering(), particle);
ph->RegisterProcess (new G4GammaConversion(), particle);

i

Physics Processes

Physics processes describe how particles
interact with materials. Geant4 provides
seven major categories of processes:

+ electromagnetic

* hadronic

» transportation

+ decay

+ optical

photolepton_hadron

* parameterisation

LA-CoNGA physics 14
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EL (Cont.)

#include "ExG4PrimaryseneratorActionll.hh”

#include "G4Event.hh™

#include "G4ParticleGun.hh™
#include "G4ParticleTable.hh"
#include "G4ParticleDefinition.hh"

T o IR IO 0 wismim o (2701516,9161410 o1aTo SANINII 00000000000 . « v v v .- 0oo00000000

ExG4PrimaryGeneratorBoctionll: :ExG4PrimaryGeneratorfctiondl {
const G4Strings particleName,
Gddouble snergy,

G4ThreeVector position, Relevant 1'0 The

G4ThreeVector momentumDirection)
G4VliserPrimaryGenseratorfoction(),

b i Primary Generation
Gdint nofParticles = 1; "(:11()"

fParticleGun = new G4ParticleGun (nofParticles) ;

// default particle kinematic
G4ParticleTable* particleTable = G4ParticleTable::GetParticleTakle();
GiParticleDefinition* particle

= particleTable->FindParticle (particleName) ;
fParticleGun—>SetParticleDefinition(particle);
fParticlefun->SetParticleEnergy (energy) ;
fParticlefun—>SetParticlePosition (position) ;
fParticleGun—->SetParticleMomentumDirection (momentumbDirection) ;

H

/7. .. . 00000000000 . «na-. 00000000000

ExG4PrimaryGeneratorBectionll: : ~ExG4PrimaryGeneratorActionll ()
{

delete fParticleGun;
}

Ll crsooodB000Do0wrr Sl 00000000000
void ExG4PrimaryGeneratorBcotionll: :GeneratePrimaries (G4Event* anEwvent)
{

// this function is called at the begining of ewvent

fParticleGun->GeneratePrimaryVertex (anEvent) ;

LA-CoNGA physics 15
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% Activities | exampleB4a ~
=

G4WTO > * G4Track Information: Particle [ELER Track 1D
GANTO > +4 4 rb sk dokob b ok A AR R A Ak Ao

H ok A R

G4AWTO >

ame
G4WTO > 0 0.000886 ©0.0105 74.8 0.105 0 Scane tree
t
G4WTe > 1 -0.00686 0.0142 -74.6 ] 0.0883
G4WTO > Search :
GAWTO > kbt bbb ook ook R b b A R A o o o oo o Ak Aok 8
A AR AR
* G4Track Information: Particle e-, Track ID = 72
- ontrol
AR A
GAWTO >
G4WTO > Step#  X(mm) Y (mm) Z(mm) KinE(MeV) dE(MeV) Stey profiler
L
G4AWTO > P -0.00686 0.0142 -74.6 0.0164 ]
tep
G4wTo > 0.00695 0.0143 6 ] 0.0164 0. tracking
GAWTO > > End of event: 0
G4WTO > Absorber: total energy: 47.99380577057831 MeV
187 cm event
G4wToe > Gap: total energy: 2.006194229421699 MeV
0898 cm
G4WTe > Thread-local run terminated. run
G4WTO > Run Summary
GAWTO > Number of events processed : 1
G4WTO User=0.570000s Realds.79674'S S5ys=0.140000s [[ yu=100
G4wTo
GAWTO -> print histog ams TS or e dhcallth
G4WTO
G4WTO EAbs : mean = 47.9538800 705731 MV (s = (e
G4WTO EGap : mean = 2.006194229421699 MeV r 0 ev
G4WTO > LAbs : mean = 3.53590515352187 cm rms = 6 fm
G4wWTo LGap : mean 1.001110862560898 cm rms 0 fm
G4WTO > . merge all H1 - done
G4WTO > merge slave ntuples - done
Run terminated.
Run Summary
Number of events processed : 1
er=0.600000s Re: .7905165 Sys=0.190000s [Cpu=99.9%]

units

gu

Jeometry
particle
cuts

andom

----> print histograms statistic for the entire run

EAbs mean 47 rmsd=
EGap mean = 270€119 rme =
LAbs || mean w51
LGap mean 1.005.\1 cm
mevrge main ntuplés done
. write file : B4.root - done
close file : B4.root -
event has been kept for refr
"/vis/reviewKeptEvents" to re

File Run Gun

2 = [ o B 32 &0 e 83 @ do

G4WTe > Step# X(mm) Y (mm) AU UL IR U Scene tree, Help, History [}

Jun5 14:02

Vis Viewer

Useful tips

Help History

Output

exampleB4a

viewer-0 (OpenGLStoredQt)

Session ||

"/vis/enable", then "/vis/viewer/flush" or "/vis/viewer/rebuild" to see them accumulated.

&
-

OIEA CTRL
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