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Guided tour of a user applicationGuided tour of a user application

Basic Geant4 concepts in practice
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Simple applicationSimple application

Geant3 brachytherapy advanced example
– You can find it in Geant4 public distribution 

Geant4/examples/advanced/brachytherapy

A radioactive source placed at the center of a cube of 
water

The example has some flexibility to select among 
different types of sources (I, Ir) and different 
geometries
– Here we will not go into such details of changing configuration, we 

only look at the basics
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ImplementationImplementation
Brachytherapy example

header files in include/*.hh, source code in src/ *.cc
main in Brachy.cc
macro: VisualisationMacro.mac

• BrachyPhysicsList

• BrachyVisManager
• BrachyAnalysisManager

• BrachyDetectorConstruction
• BrachyMaterial
• BrachyDetectorMessenger

• BrachyPhantomROGeometry
• BrachyPhantomSD
• BrachyPhantomHit

• BrachyPrimaryGeneratorAction
• BrachyRunAction
• BrachyEventAction

Classes



Geant4 Course – M. G. Pia

Mandatory user classesMandatory user classes

Physics
Primary events

Detector
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Titanium capsule tips
Titanium tube

Iodium core:Iodium core:
Inner radius :0
Outer radius: 0.30mm
Half length:1.75mm

Air:Air:
Outer radius:0.35mm
half length:1.84mm

Titanium tube:Titanium tube:
Outer radius:0.40mm
Half length:1.84mm

Titanium capsule tipTitanium capsule tip:
Semisphere
radius:0.40mm

BrachyDetectorConstructionBrachyDetectorConstruction

Air

Iodium core

Golden marker

Golden marker:Golden marker:
Inner radius :0
Outer radius: 0.085 mm
Half length:1.75mm

Model of a  IModel of a  I--125 125 
brachytherapicbrachytherapic sourcesource
geometry and materialsgeometry and materials
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Refresher: geometry Refresher: geometry 
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DetectorConstructionDetectorConstruction

G4VPhysicalVolume* BrachyDetectorConstruction::Construct()

{

pMaterial-> DefineMaterials();

ConstructSource();

ConstructPhantom();

ConstructSensitiveDetector();

return worldPhysicalVolume;

}

source
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ConstructSource()ConstructSource()
// source Bebig Isoseed I// source Bebig Isoseed I--125 125 

// Iodium core// Iodium core
iodiumCore = new G4Tubsnew G4Tubs("ICore",0.085*mm,0.35*mm,1.75*mm,0.*deg,360.*deg);

iodiumCoreLog = new G4LogicalVolumenew G4LogicalVolume(iodiumCore,iodium,"iodiumCoreLog");

iodiumCorePhys = new G4PVPlacementnew G4PVPlacement(0,  G4ThreeVector(0.,0.,0.), "iodiumCorePhys",

iodiumCoreLog,  defaultTubPhys, false,  0);

// Golden marker // Golden marker 
marker = new G4Tubsnew G4Tubs("GoldenMarker",0.*mm,0.085*mm,1.75*mm,0.*deg,360.*deg);

markerLog = new G4LogicalVolumenew G4LogicalVolume(marker,gold,"MarkerLog");

markerPhys = new G4PVPlacementnew G4PVPlacement(0, G4ThreeVector(0.,0.,0.), "MarkerPhys", markerLog,

defaultTubPhys, false, 0);

construct iodium core and golden markerconstruct iodium core and golden marker
Air the mother volume is an air cylinder the mother volume is an air cylinder 
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BrachyDetectorMessengerBrachyDetectorMessenger
BrachyDetectorMessenger::BrachyDetectorMessenger( BrachyDetectorConstruction* Det): 
detector(Det)

{ detectorDir = new G4UIdirectory("/phantom/");

detectorDir->SetGuidance(" phantom control.");

phantomMaterialCmd = new G4UIcmdWithAString("/phantom/selectMaterial",this);

phantomMaterialCmd->SetGuidance("Select Material of the detector.");

phantomMaterialCmd->SetParameterName("choice",false);

phantomMaterialCmd->AvailableForStates(G4State_Idle);

}

void BrachyDetectorMessenger::SetNewValue(G4UIcommand* command,G4String newValue)

{

if ( command == phantomMaterialCmd )

{ detector->SetPhantomMaterial(newValue);}

}
How to change phantom absorber material
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Refresher: electronRefresher: electron--photon physicsphoton physics
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BrachyPhysicsListBrachyPhysicsList
BrachyPhysicsList::BrachyPhysicsList():  

G4VUserPhysicsList()G4VUserPhysicsList()
{
defaultCutValue = 0.1*mm;
…
}

BrachyPhysicsList::~BrachyPhysicsList(){}

void BrachyPhysicsList::ConstructParticle()ConstructParticle()
{

ConstructBosons();
ConstructLeptons();

}

void BrachyPhysicsList::ConstructBosons()
{

G4Gamma::GammaDefinition();
}
void BrachyPhysicsList::ConstructLeptons()
{

G4Electron::ElectronDefinition();
G4Positron::PositronDefinition();

}

void 
BrachyPhysicsList::ConstructProcess()ConstructProcess()
{

AddTransportation();

ConstructEM();

}
Add electromagnetic
processes
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BrachyPhysicsListBrachyPhysicsList
void BrachyPhysicsList::ConstructEM()
{ theParticleIterator->reset();

while( (*theParticleIterator)() ){

G4ParticleDefinition* particle = theParticleIterator->value();

G4ProcessManager* processManager = particle->GetProcessManager();

G4String particleName = particle->GetParticleName();

if (particleName == "gamma") {

processManager->AddDiscreteProcess(new G4LowEnergyRayleigh);

processManager->AddDiscreteProcess(new G4LowEnergyPhotoElectric);

processManager->AddDiscreteProcess(new G4LowEnergyCompton);

processManager->AddDiscreteProcess(new G4LowEnergyGammaConversion);

} else if (particleName == "e-") {

loweIon = new G4LowEnergyIonisation("LowEnergyIoni");

loweBrem = new G4LowEnergyBremsstrahlung("LowEnBrem");

processManager->AddProcess(new G4MultipleScattering, -1, 1,1);

processManager->AddProcess(loweIon,     -1, 2,2);

processManager->AddProcess(loweBrem,    -1,-1,3);

} else if (particleName == "e+"){…}

…

} 

Set EM processes
for e-, e+, gamma
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Refresher: Refresher: 
hadronhadron physics physics 

Not relevant to this application, 
just included as an example
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Refresher: primary particle generationRefresher: primary particle generation
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BrachyPrimaryGeneratorActionBrachyPrimaryGeneratorAction
Energy(keV) Probability

27.4 0.783913

31.4 0.170416

35.5 0.045671

• I-125 delivers gamma

• Gamma Energy Spectrum

• Random direction

• Random position inside the iodium core

void BrachyPrimaryGeneratorAction::GeneratePrimaries(G4Event* GeneratePrimaries(G4Event* anEventanEvent))
{
…..
particleGun->SetParticlePosition(position);SetParticlePosition(position);
particleGun -> SetParticleDirection(direction);SetParticleDirection(direction);
particleGun -> SetParticleEnergy(energy);SetParticleEnergy(energy);
particleGun->GeneratePrimaryVertex(anEvent);
}
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Refresher: detector responseRefresher: detector response
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Energy Energy 
depositdeposit
How to retrieve 
the energy 
deposit in the 
phantom

Concepts:

– Hits

– Sensitive Detector

– Readout Geometry
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Sensitive Detector and RO GeometrySensitive Detector and RO Geometry
void  BrachyDetectorConstruction::ConstructSensitiveDetector()
{ 

G4SDManager* G4SDManager* pSDManagerpSDManager = G4SDManager::GetSDMpointer();= G4SDManager::GetSDMpointer();

if (!phantomSD){

phantomSDphantomSD = new= new BrachyPhantomSDBrachyPhantomSD (sensitiveDetectorName,numberOfVoxelsAlongX,

numberOfVoxelsAlongZ);

G4String ROGeometryName = "PhantomROGeometry";

phantomROGeometryphantomROGeometry == newnew BrachyPhantomROGeometryBrachyPhantomROGeometry(ROGeometryName,

phantomDimensionX,phantomDimensionZ,numberOfVoxelsAlongX,numberOfVoxelsAlongZ);

phantomROGeometryphantomROGeometry-->>BuildROGeometryBuildROGeometry();();

phantomSDphantomSD-->>SetROgeometrySetROgeometry(phantomROGeometry(phantomROGeometry););

pSDManagerpSDManager-->>AddNewDetectorAddNewDetector(phantomSD(phantomSD););

phantomLogphantomLog-->>SetSensitiveDetectorSetSensitiveDetector(phantomSD(phantomSD););

}

}
In PhantomDetectorConstruction
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BrachyPhantomROGeometry::BrachyPhantomROGeometry() {}

BrachyROGeometry::~BrachyROGeometry() {}

G4VPhysicalVolume*  BrachyPhantomROGeometry :: Build()Build()
{ 
// example : X division 
ROPhantomXDivision = new G4Box( ….);

ROPhantomXDivisionLog = newG4LogicalVolume(….);

ROPhantomXDivisionPhys = new G4PVReplica(….);
……..
}

x

RO GeometryRO Geometry

A

The phantom is devided in voxels
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Store the energy 
deposit  in one hit

Sensitive Detector and HitSensitive Detector and Hit
G4bool BrachyPhantomSD::ProcessHits(G4Step* step,G4TouchableHistory* 
history)
{…
G4double energyDeposit = step->GetTotalEnergyDeposit();

…

G4VPhysicalVolume* physVol = history->GetVolume();

// Read voxel indexes: i is the x index, k is the z index
G4int k = history->GetReplicaNumber(1);
G4int i = history->GetReplicaNumber(2);
G4int j= history->GetReplicaNumber();

…
BrachyPhantomHit* phantomHit = new BrachyPhantomHit(

physVol ->GetLogicalVolume(), i,j,k)
phantomHit->SetEdep(energyDeposit);
phantomHit->SetPos(physVol->GetTranslation()); 

…
}
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BrachyPhantomHit (header file)BrachyPhantomHit (header file)
class BrachyPhantomHit : public G4VHitpublic G4VHit

{
public:

BrachyPhantomHit(G4LogicalVolume* , G4int , G4int , G4int );

~BrachyPhantomHit();

…..

inline G4int GetXID() {return xHitPosition;}  // Get hit x coordinate

inline G4int GetYID() {return yHitPosition;}  // Get hit y coordinate

inline G4int GetZID() {return zHitPosition;}  // Get hit z coordinate

inline  G4double GetEdep() {return energyDeposit;}  // Get energy deposit

….}
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BrachyEventActionBrachyEventAction

Retrieve voxel
identifier and energy 
deposit in the 
phantom from the hit

void BrachyEventAction::EndOfEventAction(const G4Event* event)
{…

G4HCofThisEvent* HCE = event->GetHCofThisEvent();

BrachyPhantomHitsCollection* CHC = 0;

if (HCE) CHC = HCE->GetHC(hitsCollectionID);

if (CHC)

{

G4int hitCount = CHC->entries();

for (G4int h = 0; h < hitCount; h++)

{ 

G4int i = ((*CHC)[h])->GetZID();

G4int k = ((*CHC)[h])->GetXID();

G4int j = ((*CHC)[h])->GetYID();

G4double energyDeposit=((*CHC)[h]->GetEdep());
…}

…}

…}
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InitialisationInitialisation
m ain Run  m anager user det ect o r 

const ruc t ion
user phy sics 

l ist

1 :  ini t ial ize
2 : const ruc t

3 : m at e rial const ruct ion

4 : geom et ry  const ruc t ion
5 : w or ld  volum e

6 : const ruc t

7 : phy sics p rocess const ruc

8 : set  cu t s

Describe the 
geometrical set-up

Activate 
electromagnetic/hadronic 

processes appropriate to the 
energy range of the experiment



Geant4 Course – M. G. Pia

Beam OnBeam On

main Run Manager Geomet ry 
manager

Event  
generat or

Event
Manager

1: Beam On
2: close

3: generat e one event

4: process one event

5: open

Generate primary events
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Event processingEvent processing
Event 

manager
St acking 
manager

Tracking 
manager

Stepping 
manager

User sensit ive
detector

1: pop

2: process one t rack
3: Stepping

4: generate hit s

5: secondaries

6: push

Record the energy deposit and 
the position associated
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You should get something like thisYou should get something like this……
Primary particle

Energy Spectrum
(1D histogram) Energy deposit

(2D histogram)
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