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Particles

Particles
▶ Defining the initial particle (known as primary) is one of the mandatory

steps to launch a Geant4 simulation

▶ The user must give the pointer of the class responsible to initiate the
primary to G4RunManager in the main file

▶ The class inherits from G4VUserPrimaryGeneratorAction and is
usually called PrimaryGeneratorAction

G4RunManager* runManager = new G4RunManager;
runManager ->SetUserAction( new PrimaryGeneratorAction );
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class G4VUserPrimaryGeneratorAction
{
public:
G4VUserPrimaryGeneratorAction();
virtual ~G4VUserPrimaryGeneratorAction();

public:

virtual void GeneratePrimaries( G4Event* anEvent ) = 0;
};
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class PrimaryGeneratorAction
: public G4VUserPrimaryGeneratorAction

{
public:
PrimaryGeneratorAction();
virtual ~PrimaryGeneratorAction();

virtual void GeneratePrimaries( G4Event* );

private:

G4ParticleGun* fParticleGun;
};
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PrimaryGeneratorAction::PrimaryGeneratorAction()
: G4VUserPrimaryGeneratorAction(), fParticleGun( nullptr )

{
G4int n_particle = 1;
fParticleGun = new G4ParticleGun( n_particle );

// default particle kinematic

G4ParticleTable* particleTable = G4ParticleTable::GetParticleTable();

G4ParticleDefinition* particle = particleTable ->FindParticle( "proton" );
fParticleGun ->SetParticleDefinition( particle );
fParticleGun ->SetParticleMomentumDirection( G4ThreeVector(0., 0., 1.) );

fParticleGun ->SetParticleEnergy( 200.*MeV );
}

PrimaryGeneratorAction::~PrimaryGeneratorAction()
{
delete fParticleGun;

}

void PrimaryGeneratorAction::GeneratePrimaries( G4Event* anEvent )
{
fParticleGun ->GeneratePrimaryVertex( anEvent );

}
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Exercise
1 Start with the "DemoHepRApp" example

2 Change the initial proton kinetic energy to 500 MeV (confirm with
HepRApp)

3 Change the initial particle to gamma with a kinetic energy of 50 MeV
(confirm with HepRApp)

4 Run 10, 100, 1000 primaries (confirm with HepRApp)
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Useful tools
▶ Very often the user needs to randomize the position, energy,

momentum direction, etc of the initial particle
// set methods of G4ParticleGun

void SetParticleDefinition(G4ParticleDefinition*)
void SetParticleMomentum(G4ParticleMomentum)
void SetParticleMomentumDirection(G4ThreeVector)
void SetParticleEnergy(G4double)
void SetParticleTime(G4double)
void SetParticlePosition(G4ThreeVector)
void SetParticlePolarization(G4ThreeVector)
void SetNumberOfParticles(G4int)

▶ Geant4 has several randomization options when using Randomize.hh
header
▶ G4RandGauss(µ, σ) – Gaussian distribution mean µ and sigma σ
▶ G4UniformRand() – uniform random number in [0,1]
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Exercise
1 The current code shoots particles with a 2D Gaussian distribution in X

and Y, centered at zero and a sigma of 1 cm. Change the code to
shoot primaries in a square (X and Y) with a 5 cm edge. The particles
should travel along the Z axis. Confirm with HepRApp.

2 Create a 100 MeV electron source with a circular shape (5 cm radius)
and having an initial direction along the X axis. Confirm with HepRApp.
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Ions
Geant4 Application developers:

"Ions will travel in a detector geometry and should be tracked, however, the number of ions which may be

used for hadronic processes is so huge that ions are dynamically created by requests from processes"

▶ Ions do not exist before the start of the simulation

▶ Ions cannot be requested in the Constructor! They must be generated
in the GeneratePrimaries(G4Event* anEvent)

▶ The kinetic energy of ions is the total kinetic energy!

G4IonTable* ionTable = G4IonTable::GetIonTable();
particle = ionTable ->GetIon( 6, 12 );
particleGun ->SetParticleDefinition(particle);

particleGun ->SetParticleEnergy( 200. * 12 * MeV ); // a 200 MeV/n carbon ion
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Ions
1 Create an isotropic point source of oxygen ions with a kinetic energy of

400 MeV/n. Run with just 10 primaries! Confirm with HepRApp.

2 Change the source to a proton source with a kinetic energy of
250 MeV/u (Geant4 works by default with MeV/n). Confirm with
HepRApp.

3 Make a line source with a length of 10 cm of said protons (at each
location along the line, the ions are emitted in 4π). Confirm with
HepRApp.

Tip: go to the Geant4 user forum and search for isotropic source and line
source. Alternatively, check the example
extended/electromagnetic/TestEm4!


