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User classes
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At initialization At execution

G4VUserDetectorConstruction

G4VUserActionInitialization

G4UserSteppingAction

G4VUserPrimaryGeneratorAction

G4UserRunAction

G4UserTrackingAction

G4UserStackingAction

G4UserEventAction

G4VUserPhysicsList

Global: only one instance exists in 
memory, shared by all threads.

Thread-local: an instance of each 
action class exists for each thread.
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Particles 
and Processes



Particles: basic concepts
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There are three levels of class to describe particles in Geant4:

G4ParticleDefinition
Particle static properties: name, mass, spin, PDG 
number, etc.

G4DynamicParticle
Particle dynamic state: energy, momentum, polarization, 
etc.

G4Track
Information for tracking in a detector simulation: position, 
step, current volume, track ID, parent ID, etc.



Particles: common hadrons & ions table 
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Particle name Class name Name (in GPS...) PDG

(anti)proton G4Proton
G4AnitProton

proton
anti_proton

2212
-2212

(anti)neutron G4Neutron
G4AntiNeutron

neutron
anti_neutron

2112
-2112

(anti)lambda G4Lambda
G4AntiLambda

lambda
anti_lambda

3122
-3122

pion G4PionMinus
G4PionPlus
G4PionZero

pi-
pi+
pi0

-211
211
111

kaon G4KaonMinus
G4KaonPlus
G4KaonZero
G4KaonZeroLong
G4KaonZeroShort

kaon-
kaon+
kaon0
kaon0L
kaon0S

-321
321
311
130
310

(anti)alpha G4Alpha
G4AntiAlpha

alpha
anti_alpha

1000020040
-1000020040

(anti)deuteron G4Deteuron
G4AntiDeuteron

deuteron
anti_deuteron

1000010020
-1000010020

Heavier ions G4Ions ion 100ZZZAAAI*

*ZZZ=proton number, AAA=nucleon number, I=excitation level 10



Processes: basic concepts
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Responsibilities:
1. decide when and where an interaction occurs

• GetPhysicalInteractionLength...()
! limit the step

• this requires a cross section
• for the transportation process, the distance to the nearest 

object

2. generate the final state of the interaction 
• changes momentum, generates secondaries, etc.)
• method: DoIt...()
• this requires a model of the physics 

How do particles interact with materials?



G4VProcess class
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Physics processes describe HOW particles interact with material
Are derived from G4VProcess base class
Abstract class defining the common interface of all processes in 
Geant4, used by all physics processes
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Tracking and Cuts



Tracking: basic concepts
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G4Track keeps current information of the particle and has static 
information

G4Track keeps information at the beginning of the step. After 
finishing all AlongStepDoIts, G4Track is updated. It is updated after 
each invocation of a PostStepDoIt. 

All Geant4 processes, including the transportation of particles, are 
treated generically. In spite of the name "tracking", particles are not 
transported in the tracking category. 



Tracking Verbosity
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UI command: /tracking/verbose 1 



Production cuts: basic concepts
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primary particle 

P1

S2

S2

S2

S3

You can set a “range” production threshold 
this threshold is a distance, not an energy 
default = 1 mm 
Particles unable to travel at least the range cut value are not produced 

Production threshold is internally converted to the energy 
threshold W0, depending on particle type and material 

Effective energy threshold is different in each material

What is a cut???



Cut in range: an example
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Cuts: UI Commands 
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# Universal cut (whole world, all particles) 
/run/setCut 10 mm 

# Override low-energy limit 
/cuts/setLowEdge 100 eV 

# Set cut for a specific particle (whole world) 
/run/setCutForAGivenParticle gamma 0.1 mm 

# Set cut for a region (all particles) 
/run/setCutForARegion myRegion 0.01 mm 

# Print a summary of particles/regions/cuts 
/run/dumpCouples 
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Physics in Geant4



Physics - the challenge
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• Huge amount of different processes for various 
purposes (only a handful relevant)

• Competing descriptions of the same physics 
phenomena (necessary to choose)
– fundamentally different approaches
– balance between speed and precision
– different parameterizations

• Hypothetical processes & exotic physics

Solution: Atomistic approach with modular physics lists



Physics models: basic concepts
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There are currently 28 “packaged” physics lists available

 but you will likely interested in only a few, namely the 
“reference physics lists” 

 many physics lists are either developmental or cutomized in 
some way, and so not very useful to new users 



Conventional Physics List
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nTwo families of builders for the high-energy part
nQGS, or list based on a model that use the Quark Gluon String 
model for high energy hadronic interactions of protons, neutrons, 
pions and kaons
nFTF, based on the FTF (FRITIOF like string model) for protons, 
neutrons, pions and kaons
nThree families for the cascade energy range
nBIC, binary cascade
nBERT, Bertini cascade
nINCLXX, Liege Intranuclear cascade model 

nNew Model: ParticleHP 
Data based on TENDL-2014 (charged particles) and ENDFVII.r1 (neutrons).
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Physics lists



Physics List
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Physics List
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Physics List
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Physics List
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Physics List
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Physics List
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Physics List



 30

Physics List
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====> Task 3

link to the task: http://geant4.lngs.infn.it/alghero2018/task3/index.html

Task 3 - Physics and Physics Lists

Processes and particles
Physics constructors
Physics lists
Production and cuts


