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• The Track (G4Track) is a snapshot of a particle

 It keeps current information of the particle (position, momentum etc)

 Is updated after every step

• The Track is deleted when:

 It goes out of the world volume

 It disappears in an interaction

 It reaches zero kinetic energy (or below some threshold)

• G4UserTrackingAction provides additional user hooks

Terminology
(reminder) 
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• The Step (G4Step) represents a discrete step in the particle propagation

• User can extract information after a step is completed

 GetStepLength()
 GetTotalEnergyDeposit()
 GetDeltaEnergy()
 …

• A Step contains two end points. The prestep and the poststep points 
(G4StepPoint)

Terminology
(reminder) 
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• Pre-step/Post-step:
 When crossing a boundary, a step will always end at the boundary and will logically belong 

to the next volume

 Steps can (and often are) ended by other procedures: a physical interaction, a cut or 
threshold

G4Step
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• As the G4Step is a basic element of the simulation, a lot of info can be 
obtained from it:

 GetPreStepPoint(), GetPostStepPoint(), GetStepLength()
 GetSecondary()
 GetDeltaPosition(), GetDeltaTime(), GetDeltaMomentum(), GetDeltaEnergy()
 GetTotalEnergyDeposit(), GetNonIonizingenergyDeposit()
 GetTrack()
 …

G4Step
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• As the G4Step is a basic element of the simulation, a lot of info can be 
obtained from it:

 GetPreStepPoint(), GetPostStepPoint(), GetStepLength()
 GetSecondary()
 GetDeltaPosition(), GetDeltaTime(), GetDeltaMomentum(), GetDeltaEnergy()
 GetTotalEnergyDeposit(), GetNonIonizingenergyDeposit()
 GetTrack()
 …

G4Step

• From the G4StepPoint:

 GetPosition(), GetGlobalTime(), GetLocalTime(), GetStepStatus()
 GetMomentum(), GetTotalEnergy(), GetKineticEnergy()
 GetPhysicalVolume(), GetMaterial(), GetProcessDefinedStep()
 …



7

• From the G4Track:

 GetTrackID(), GetParentID()
 GetParticleDefinition(), GetDynamicParticle()
 …

G4Track
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How to get help

• How can you know all these functions?
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How to get help

• How can you know all these functions?
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• The user can get information via 5 optional User Action classes:
 RunAction (today)
 EventAction (next lectures)
 StackingAction (next lectures)
 TrackingAction (next lectures)
 SteppingAction (today)

User Action classes
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• The user can get information via 5 optional User Action classes:
 RunAction (today)
 EventAction (next lectures)
 StackingAction (next lectures)
 TrackingAction (next lectures)
 SteppingAction (today)

User Action classes

• If you ls into your src directory you will see that you already have a 
SteppingAction, an EventAction and a RunAction
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• The user can get information via 5 optional User Action classes:
 RunAction (today)
 EventAction (next lectures)
 StackingAction (next lectures)
 TrackingAction (next lectures)
 SteppingAction (today)

User Action classes

• The User Action classes have to be registered with the G4RunManager 
(usually in the main class of the simulation application – check your 
simulation.cc):
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• The user can get information via 5 optional User Action classes:
 RunAction (today)
 EventAction (next lectures)
 StackingAction (next lectures)
 TrackingAction (next lectures)
 SteppingAction (today)

User Action classes

• In your simulation.cc, the SteppingAction is called as:
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• What’s in your SteppingAction:

SteppingAction



15

• What’s in your SteppingAction:
 A constructor and a destructor (that do not do much)

SteppingAction
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• What’s in your SteppingAction:
 A UserSteppingAction function called by Geant4 at every step of every particle

SteppingAction
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• What’s in your SteppingAction:
 A UserSteppingAction function called by Geant4 at every step of every particle

SteppingAction

Check for existing scoring 
volumes (we didn’t define any 
in our DetectorConstruction)
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• What’s in your SteppingAction:
 A UserSteppingAction function called by Geant4 at every step of every particle

SteppingAction

Get the logical volume into which 
the current step takes place
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• What’s in your SteppingAction:
 A UserSteppingAction function called by Geant4 at every step of every particle

SteppingAction

If the step is not taking place 
within a scoring volume, stop here
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• What’s in your SteppingAction:
 A UserSteppingAction function called by Geant4 at every step of every particle

SteppingAction

If the step is taking place within a 
scoring volume, do some useful 
stuff



21

• Let’s modify things so as to score something even without defining a 
scoring volume (you will learn that later):

SteppingAction
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• Let’s modify things so as to score something even without defining a 
scoring volume (you will learn that later):

 First we increase the phantom size in z (DetectorConstruction):

 Then we shoot a narrow Gaussian proton beam of 200 MeV (PrimaryGeneratorAction):

SteppingAction
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• Let’s modify things so as to score something even without defining a 
scoring volume (you will learn that later):

 We comment the line that asks for a scoring volume (SteppingAction):

SteppingAction
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• Let’s modify things so as to score something even without defining a 
scoring volume (you will learn that later):

 We comment the line that asks for a scoring volume (SteppingAction):

 Then we print the total energy deposit in every step, the position z of the prestep point in 
mm and the process name that terminated the step (SteppingAction):

SteppingAction
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• Let’s modify things so as to score something even without defining a 
scoring volume (you will learn that later):

 We comment the line that asks for a scoring volume (SteppingAction):

 Then we print the total energy deposit in every step, the position z of the prestep point in 
mm and the process name that terminated the step (SteppingAction):

 By adding the following line before printing, we do all the above only for protons

SteppingAction
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• SteppingAction exercise:

 Do the changes indicated in the previous slides (Phantom, beam)

 Print the total energy deposit in MeV, the position x, y, z in mm and the particle pdg code

 Write the above info into a text file named steps.txt, from a simulation with 5000 protons

 Write into another txt file named boundary.txt, from the same beam and geometry: the 
particle pdg code, the kinetic energy of the particles and the position x, y, z, in mm, for 
particles entering the Phantom at the, only at the surface of the Phantom (boundary 
crossing)

 Verify the crossing coordinates with the geometry at HepRApp

SteppingAction
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• From the G4Run:

 GetRunID()
 GetNumberOfEvent(), GetNumberOfEventToBeProcessed()
 GetHCTable(), GetDCTable()
 …

G4Run
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• From the G4Run:

 GetRunID()
 GetNumberOfEvent(), GetNumberOfEventToBeProcessed()
 GetHCTable(), GetDCTable()
 …

G4Run

• In RunAction (similar to EventAction for the event):

 Can do things at the beginning of the Run (before the event loop): BeginOfRunAction()
 At the end of the Run (after the event loop): EndOfRunAction()
 Also at the beginning of BeamOn: GenerateRun()
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• From the G4Run:

 GetRunID()
 GetNumberOfEvent(), GetNumberOfEventToBeProcessed()
 GetHCTable(), GetDCTable()
 …

G4Run

• In RunAction (similar to EventAction for the event):

 BeginOfRunAction(), EndOfRunAction(), GenerateRun() are virtual methods called by the 
G4RunManager

 Remember that: Step->Track->Event->Run
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• Simple analysis in the RunAction:

 Often we need to accumulate some information per Event or per Run

 In that case we don’t need to save all the information from every Step

 We can either get in the SteppingAction when we are in a new Event or at the end of the 
Event loop and accumulate info, or

 We can use the Geant4 kernel calls to the Event and the Run to accumulate info there

RunAction



31

• Simple analysis in the RunAction:

 In our SteppingAction, the energy deposit of every Step is passed to the Event by those 
lines:

RunAction
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• Simple analysis in the RunAction:

 In our SteppingAction, the energy deposit of every Step is passed to the Event by those 
lines:

 We ask the EventAction to do something with it. What?

RunAction
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• Simple analysis in the RunAction:

 In our SteppingAction, the energy deposit of every Step is passed to the Event by those 
lines:

 We ask the EventAction to do something with it. What?

 In the EventAction (hh ): this function accumulates the energy from every Step

RunAction
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• Simple analysis in the RunAction:

 In our SteppingAction, the energy deposit of every Step is passed to the Event by those 
lines:

 We ask the EventAction to do something with it. What?

 In the EventAction (cc): At the end of every Event we send the accumulated info to the RunAction

RunAction
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• Simple analysis in the RunAction:

 In our RunAction, the energy deposit accumulated at the end of every Event and sent to 
the RunAction is accumulated for the whole Run (whole Event loop) by those lines:

RunAction
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• Simple analysis in the RunAction:

 At the end of the Run we use that accumulated info in the EndOfRunAction():

RunAction
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• Simple analysis in the RunAction:

 At the end of the Run we use that accumulated info in the EndOfRunAction():

RunAction

Note that I changed the dose and 
rmsDose variables to fEdep and 
rms. I omitted the mass because 
this needs a scoring volume and 
we didn’t define any. Do the same 
and recompile!



38

• From SteppingAction to RunAction exercise:

 Do the changes indicated in the previous slide

 In addition to the total energy deposited during the Run in all the geometry by all particles 
(as shown in the previous slides), print the energy deposited during the whole run in all the 
geometry only from protons

 Use 1000 primary protons

 Compare the two values (energy in the Run by all particles and by Protons)

 At home: do the same for 100 16O ions (dose from all particles vs dose from the 16O ions)

RunAction
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