
A Geant4 introduction
Dr. G.A.P. Cirrone, Laboratori Nazionali del Sud of INFN
pablo.cirrone@lns.infn.it

1

Wednesday, 6 June 2012

mailto:pablo.cirrone@lns.infn.it
mailto:pablo.cirrone@lns.infn.it


Where you can find more material?

• We (as Geant4 Collaboration and as other Geant4 Members) regularly 
offer tutorials and schools - see Official Geant4 pages

• The official Geant4 web pages
www.cern.ch/geant4

• The Italian Geant4 group:
http://geant4.lngs.infn.it/

Pablo Cirrone and LNS Group: 

•Advanced Examples coordinator

•Low Energy physics Deputy

•Member of the Steering Board
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Monte Carlo for particle tracking
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Why Monte Carlo in physics?

• Monte Carlo helps

- To verify a theory if physics 
models are in development

- To develop or verify an 
experiment in the other case

• Monte Carlo is very time 
consuming but ... sometime 
necessary and much more 
useful than analytic

In particle transport theory is known 4
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The Monte Carlo method

Plot from Alex F. Bielajew, 2001

Mathematical proofs exist 
demonstrating that 
MC is the most efficient 
way of estimate quantity 
in 3D when compared to 
first-order deterministic 
method
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We need a computer for 
a Monte Carlo calculation?
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The Buffon experiment: 
The Monte Carlo approach for the π estimation

The needle will hit the line if the closest 
distance to a line D is
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The Buffon experiment: 
The Monte Carlo approach for the π estimation
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The Buffon experiment: 
The Monte Carlo approach for the π estimation
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The Monte Carlo origins
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Monte Carlo codes on the market

• MCNP (neutrons mainly)

• Penelope (e- and gamma)

• PETRA (protons)

• EGSnrc (e- and gammas)

• PHIT (protons/ions)

• FLUKA (any particle)

Geant4

- GEometry ANd Traking

- Geant4 - a simulation toolkit
Nucl. Inst. and Methods 
Phys. Res. A, 506:250:303

- Geant4 developments and 
applications
Transaction on Nuclear 
Science 53, 270-278
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What is 
Geant4?
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What is Geant4?
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GEANT4: 
www.cern.ch/Geant4

• It is a toolkit, i.e. a collection of tools the User can use for his/her 
simulation

• Consequences:

-There are not such concepts as “Geant4 defaults”

-You must provide the necessary the necessary information to configure 
your simulation

-You must choose the Geant4 tool to use
• Guidance: many examples are provided:

-Novice examples: overview of the Geant4 tools

-Advanced Examples: Geant4 tools in real-life applications

• C++ language

• Object Oriented

• Open Source

• One per year released 15
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Geant4 - past and present

• Geant4 started at CHEP 1994 @ San Francisco

- “Geant steps into the future”, R Brun et al.

- “Object oriented analysis and design of a Geant based detector simulator”, K Amako 
et al

• Dec ’94 - CERN RD44 project starts

• Apr ’97 - First alpha release

• Jul ’98 - First beta release

• Dec ’98 - First Geant4 public release - version 1.0

• ........

• Dec 2nd, 2011 - Geant4 9.5 release

- Mar 27th, 2012 - Geant4 9.5-patch01 release

• We currently provide one public release every year

Current	
  version
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BaBar

• BaBar is the pioneer HEP experiment in use of OO technology and the 
first customer of Geant4

- During the R&D phase of Geant4 a lot of evaluable feedbacks were 
provided

• BaBar started its simulation production in 2000 and had produced more 
than 10 billion events at more than 20 sites in Europe and North 
America.
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Flexibility of Geant4	

• In order to meet the wide variety of requirements from various application 
fields, a large degree of functionalities and flexibilities are provided

• Geant4 has many types of geometrical tools to describe complicated and 
realistic geometries

- CGS, BREP, Boolean solids

- Placement, replica divided, reflected, grouped ...

- XML interface

• Everything is open to the users

- Choice of physics processes/models

- Choice of GUI/Visualisation/histogramming technologies  
18
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The Collaboration
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Roadmap for Geant4 - M.Asai (SLAC) 14 

http://top25.sciencedirect.com/
journal/01689002/ 
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Basic principles and capabilities
and
the KERNEL
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Main Geant4 capabilities

•Transportation of a particle ‘step-by-step’ taking 
into account all the possible interactions with 
materials and fields

•The transport ends if the particle

- reaches a zero kinetic energy

-disappears in some interaction

-reaches the end of the simulation volume
24
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Geant4: basic concepts

• What you MUST do:

- Describe your experimental set-up

- Provide the primary particles input to your simulation

- Decide which particles and physics models you want to use out of those 
available in Geant4 and the precision of your simulation (cuts to produce 
and track secondary particles)

• You MAY ALSO WANT:

- To interact with the Geant4 kernel to control your simulation

- To visualise your simulation set-up and particles

- To produce histograms, tuples, etc. to be further analysed
25
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Terminology

• Step - the smallest unit of a Geant4 simulation: 
a particle is transported from one point to another

• Trajectory and Trajectory Point - collection of steps and step points

• Process - the physics that happens along a step

• Track - a snapshot of a particle at some point along the path 
(not the same as trajectory)

• Event - a collection of info from tracks and particle trajectories

• Run - a collection of events

Step -> Track -> Event -> Run
26
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Geant4 Kernel

• Geant4 consists of 17 categories

- Independently developed and 
maintained by WGs 
responsible to each category

• Geant4 Kernel handles

- Run, event, track, step, hit, 
trajectory

- Provide frameworks for the  
geometry and physics 
processes

27
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Run in Geant4

• As an analogy with a real experiment, a run of geant4 starts with 
‘/run/BeamOn’ command

• Within a Run, the user cannot change

- the detector

- the setting of the physics processes

• A Run is a collection of Events

• At the beginning of a run geometry and cross-sections tables are 
calculated

• The G4RunManager class manages processing a run.  A run is represented 
by the G4Run class that contains the summary of the run eventually 
passed to the G4UserRunAction User class 28
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The Event

•G4Event class represents an event

-It has e.g. primary vertex of particles
 

•The G4EventManager class manages processing 
an event and the G4UserEventAction is the 
optional User hook 

29
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The Track

• A track is a snapshot of a particle

- It has physical quantities of current instance only and not record previous 
quantities

• The G4Track object is deleted when

- it goes out of the world

- it disappears (decays? inelastic scatt ?)

- it goes down to zero Kin and no AtRest process is required

- the user decides to kill it

• G4TrackingManager manages a Track and the G4UserTrackingAction is the 
User optional hook

30
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The Track

• The Track status

- fAlive - continue to be tracking

- fStopButAlive - Zero Kin but an AtRest process will occur

- fStopAndKill - the track has (e.g.) decayed but secondary still are tracked

- fKillTrackAndSecondaries - kill the current track and secondaries

- fSuspend - suspend the current track and push it and secondaries to the 
stack

- fPostponeToNextEvent - postpone the processing of the current track to 
the next event

31
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The Step

• Step has two points and also ‘delta’ information of a particle
(energy loss, TOF in the step)

• It is represented by the G4Step and G4StepPoint classes

• Each point knows the volume (and material). In case a step is limited by a volume 
boundary, the end point physically stands on the boundary but logically belongs 
to the next volume

- As one step knows materials of two volumes, boundary processes such as 
transition radiation or refraction could be simulated

• G4SteppingManager class manages a step

• G4UserSteppingAction is the optional hook
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The Physics, of course
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• G4VPhysicsList.cc

• Provide a general model framework that allows implementation of 
processes and models

• Separate models and cross sections implement processes

-MULTIPLE MODELS FOR THE SAME PROCESS

• Provide processes containing

- Many possible models and cross sections

- Default cross sections for each model

Models under continuous development

The Philosophy

34
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The Physics

•Different levels of complexity for its 
implementation

-You can work at code level (Error prone)

-You can use ‘Builders’ (process-related)

-You can use ‘Reference Physics 
Lists’ (complete package of Physics)

35
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Case 1 - Physics at code level

• Example

class MyPhysicsList: public G4VUserPhysicsList {
public:
MyPhysicsList();
~MyPhysicsList();
void ConstructParticle();
void ConstructProcess();
void SetCuts();
}

36
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Case 2 - Physics with ‘Builders’
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Case 2 - Physics with ‘Builders’

if (name == "standard_opt3") {
    emName = name;
    delete emPhysicsList;
    emPhysicsList = new G4EmStandardPhysics_option3();

  } else if (name == "LowE_Livermore") {
    emName = name;
    delete emPhysicsList;
    emPhysicsList = new G4EmLivermorePhysics();

  } else if (name == "LowE_Penelope") {
    emName = name;
    delete emPhysicsList;
    emPhysicsList = new G4EmPenelopePhysics();

In your PhysicsList.cc file

38
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Case 3 - Reference Physics List

• Can be called inside the PhysicsLists.cc

• Or in the main file: in this case the PhysicsLists.c can be 
skipped

• Full set of physics:

-Shielding

-Hadrontherapy (next future)

-Many other divided by application field
39
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Case 3 - Reference Physics List

Reference Physics Lists
$G4INSTALL/source/

physics_lists/lists

include <QGSP_BERT.hh>

int main(int,char**)
{
//....
 runManager->SetUserInitialization( new QGSP_BERT );
}

OR

#include <G4PhysListFactory.hh>
int main(int,char**)
{
//....
 G4PhysListFactory factory;
 G4VModularPhysicsList* physList = factory.ReferencePhysList();
 runManager->SetUserInitialization( physList );
}

In your main

40
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What physics is provided

• Electromagnetic

- “Standard” processes valid from 1 keV to PeV

- “Low-Energy” from 250 eV to PeV

- Optical photons

• Weak physics

- Decay of subatomic particles

- radioactive decay of nuclei

• Hadronic physics

- Pure hadronic processes valid from 0 to TeV

- Electro- and gamma- nuclear valid from 10 MeV to TeV

• Parameterized or ‘fast simulation’ physics 41
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Physics flexibility

•Different models, for 
different particles, for 
different energy ranges 
and also ...

• ... for different regions

e.g. DNA models are 
enabled only for small 

G4region and below 10 MeV42
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Physics can be extracted

• A nice feature of Geant4 is that is possible to retrieve 
Physics quantities using a G4EMCalculator object

-Cross sections

-Stopping powers

• A good example

-$G4INSTALL/examples/extended/electromagnetic/
TestEm14

43
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Physics:
the example of the Low-Energy models
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Hadronic model inventor
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Ion models inventor
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Example of validation
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Validation 
repository

•A web-based validation 
tool has been 
developed for easy 
comparison of EM 
simulations and results

•http://www-
zeuthen.desy.de/
geant4/web/
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To learn more: extended examples

49
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How to start with Geant4
• Installation tips since the 9.5 version (2011)
• How a typical Geant4 application works

50
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What you need to start with Geant4

• C++

- A basic knowledge is required being Geant4 a collection of C++ libraries

- It is complex but also no C++ experts can use Geant4

• Object oriented technology (OO)

- Very basic knowledge

- Expertise needed for the development of complex applications

• Unix/Linux

- These are the standard OSs for Geant4 and a basic knowledge is required

- Principal shell commands

- How to compile a program

- How to install from source code
51
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Supported and tested platforms

• Linux with gcc 4.1.2 or 4.3 and Intel icc 11 or 
12

- Tested on Scientific Linux CERN 5(SLC5) but also successful compiled 
on other Linux distributions, including Debian, Ubuntu and OpenSUSE

• Mac OSX 10.7 (Lion) and 10.6 (Snow Leopard) 
with gcc 4.2.1

• Windows 7 and XP with Visual Studio 9 and 10

52
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Download and installation tips 
for the 9.5 version 

• You can download the compiled libraries of Geant4 but
the compilation in your computer is strongly 
suggested

• Download the source file from the Geant4 web site

• Two way to proceed:

- Using cmake via terminal 

- Using the GUI version of cmake

54
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cmake Geant4 installation

• cmake version greater than 2.8.3

• Locate the source folder
Ex: /home/Username/geant4-09-05

• Create the build folder
Ex: /home/Username/geant4-09-05-build

• Create the install folder
Ex: /home/Username/geant4-09-05-install

• cmake -DCMAKE_INSTALL_PREFIX=/home/Username/geant4-09-05-
install/

• Define and/or activate the additional features/package you require using the 
same cmake interface

• make -jN
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cmake Geant4 installation

56

Wednesday, 6 June 2012



cmake Geant4 installation

• If GEANT4_INSTALL_DATA is ON 
the additional external data libraries are automatically 
downloaded

• If GEANT4_INSTALL_EXAMPLES is ON
Examples are installed

• If GEANT4_USE_SYSTEM_CLHEP is ON 
external CLHEP are searched

• See documentation for details for the complete variables list 
and explanation
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cmake Geant4 installation
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GUI version of cmake

A friendly 
way to do 
the same 
things
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If everything is ok install tree should 
appear so structured
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cmake Geant4 installation

• How to compile a User application:

-source CMAKE_INSTALL_PREFIX/share/
geant4make/geant4make.(c)sh

• Where data and examples are located

- data libraries CMAKE_INSTALL_PREFIX/share/Geant4Version/data

- examples CMAKE_INSTALL_PREFIX/share/Geant4Version/examples

61
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Files composing a Geant4 application

• Main() file

• Sources files (*.cc)

- usually included in the /src folder

• Header files (*.hh)

- usually included in the /include files

• Three couples of files are necessary (with the Main.cc)

- The PrimaryGeneratorAction (.cc and .hh)

- The DetectorConstruction (.cc and .hh)

- The PhysicsList (.cc and .hh)
62
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Geant4 general concept

KERNEL

63
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Geant4 general concept

KERNEL

VGeometry VPhysics VPrimary

MyGeom MyPhysics MyPrimary Only virtual interface  
provided à users 

MUST implement their 
concrete 

implementation

RunAction EvtAction StepAction

MyStep

63
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How we can simulate a detector?
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Data scoring in Geant4

• User can work at the User Action level -- CASE 1

- G4Step - G4Event - G4Run - G4Track ....

- Full access to all the information (GEOMETRICAL AND PHYSICS)  
but, ‘do-it-yourself’ approach

• Sensitive detectors -- CASE II

- Native SD

- ReadOut geometry

• Scoring -- CASE III

- Based on simple macro commands

- Almost no-code to write
65
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CASE I - Do-it-by-yourself

1.Get the position of a step:
G4StepPoint *point1 = step -> GetPreStepPoint()

2.Get the particle name and energy deposited
G4ParticleName *name= step->GetTrack()-GetDynamicParticle()
->GetDefinition()->GetParticleName()
G4double eDeposit = step->GetTotalEnergyDeposit()

3.Manage these quantities as you want
 

66
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CASE II - Sensitive detector

•A sensitive detector can be used to simulate 
the read-out of your detector:

-It is a way to declare a geometric element 
“sensitive” to the passage of particle

-It give the user an handle to collect quantities 
from these elements at stepping time

✓energy deposited, position, etc

67
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CASE II - Sensitive detector

•At stepping time, Geant4 kernel checks for 
you is a particle is in a sensitive detector

-If yes, give you the control to:
G4VSensitiveDetector::ProcessHits()

-do what you want in ProcessHits() 
using hooks

68
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CASE III - Command-based scoring

•Provides various scorers for commonly-used 
physics quantities such as dose, flux, etc

•Add this functionality in the main()

•/examples/extended/runAndEvent/RE03

69

Wednesday, 6 June 2012



70

Wednesday, 6 June 2012



70

Wednesday, 6 June 2012



70

Wednesday, 6 June 2012



70

Wednesday, 6 June 2012



CASE III - Command-based scoring
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CASE III - Command-based scoring

• More than one mesh

• Step limited to any 
boundary

• Scorers can be wrote 
to a file

• Too many meshes:

- Memory consumption

- Computing speed

72
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Highlights of user applications
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BaBar

•BaBar at SLAC is the pioneer experiment in HEP in 
the use of Geant4

-First Geant4 simulated experiment, started in 2000

-Simulated ab 2*10^10 events so far

-Produced at 20 sites in North America and Europe

-Essential feedback for the Geant4 development

74
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LHC

• Used for all detectors

- ATLAS, CMS - greatest detectors

- LHCb, ALICE - large specific detectors 75
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Medical applications
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Medical applications
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Large Hadron Collider @ CERN
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Geant4 and medical science

• Four major use cases

- Beam therapy

- Brachytherapy

- Imaging

- Irradiation study

82
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The Italian Geant4 Group 
(MC-INFN Collaboration)
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MC-INFN	 	

• INFN project funded by the Interdisciplinary commission 
CSNV

• Benchmark table for a wide collaboration between Monte 
Carlo experts inside the INFN

• FLUKA, Geant4 and people interested in Monte Carlo

- Discussions and exchanges on different topics

- Data/validations common works

- Dissemination

84
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MC-INFN

• 11 Sezioni

- Gruppo collegato dell’Istituto Superiore di Sanità

- Laboratori Nazionali del Gran Sasso, del Sud e di Legnaro

- Sezione di Bologna

- Sezione di Genova

- Sezione di Milano

- Sezione di Pavia

- Sezione di Perugia

- Sezione di Roma III

- Sezione di Torino

Space app
Medicals

Radiation damage
DNA-level simulations

New detector
Hadrontherapy

Nuclear physics
85
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MC-INFN - Geant4, 
thanks B. Alpat (INFN-PG)
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MC-INFN - Geant4, 
thanks B. Alpat (INFN-PG)

54 

Experimental Set-up 
On left,CAD rendition of the set-up assembly 
as used at GSI on August 2009; the red line 
represents the beam, going through the 
triggering scintillator, the target and all the 
silicon sensors. 
On bottom, photos of experimental set-up on 
August 2009 (at left), and during beam 
sessions in 2010. 

ESA Tender AO5697 
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MC-INFN - Geant4, 
thanks B. Alpat (INFN-PG)

F. Renzi, 4° Corso su Qualità e Progettazione di Sistema per 
Esperimenti di Fisica nello Spazio e agli Acceleratori, 22 Ottobre 
2010, Assisi  

32 

Simulation: MXGS 

GEANT4 simulation of MXGS, ASIM's  main 
detector. 
 Cosmic and Trapped Particle fluxes are studied, 
also taking into account: 
Flux alteration due to ASIM ancillary detectors   
Flux alteration due to ISS Modulus Columbus 
where the experiment will be attached, 
Experiment materials activation and subsequent 
decay. 
Daily modulation of fluxes along the orbit 

The MXGS (on ASIM mission to be 
installed on ISS in 2011) detector full 
simulation with Geant4 to study the 
prompt and radioactive backgrounds. 
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Detectors simulation in a clinical context
Thanks to B. Caccia, ISS Rome
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Detectors simulation in a clinical context
Thanks to B. Caccia, ISS Rome

!"#$%&#'()*)+,"-&./'01$+'2"&1+3'4$*0#&5)1'

6"7$%&#'8$1&%'97:&1%"7';<&*.#"'
The example is based on a typical structure of a medical linear accelerator for 
Intensity Modulated Radiation Therapy (IMRT), such as Varian Clinac 2100 
accelerator.!
!
Two types of particle sources may be chosen, a random generator of electrons 
gun shooting the target or particles loaded from a phase space.!
The Advanced example allows the generation of a plane phase space.!
!"#$%&#'$()*$+",,&#$-./#'#01$1*2#&$,3$2")01,(&4!
!
!
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Helical tomotherapy, one of the most advanced form of 
conformal radiotherapy, combines a 360° fan-beam delivery 
of intensity-modulated radiation with a megavoltage CT 
imaging in order to treat and target complex tumors. !
!
The dose distribution evaluation for such complex technique 
is an outstanding problem requiring sophisticated computing 
technologies to optimize the clinical results and the Quality 
Assurance (QA) requirements.!
$
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Research in Medical Applications
Thanks to T. Rovelli, INFN-BO

• A novel Cherenkov 
detector for 
radiotherapy 
applications
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New ideas in ocular protontherapy
Thanks to A. Rimoldi, INFN-PV

•Ocular protonterapy with 
a scanning beam 

-CNAO facility, Italy
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Hadrontherapy applications at the 
CATANA facility; Thanks to Dr. F. Romano

•Geant4 Advanced example

•Ocular proton treatment 
beam line

•Different geometries and 
physics options
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The Geant4 License
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The Geant4 License

• Makes clear the user’s 
wide - ranging freedom to use, 
extend or redistribute Geant4, 
even as part of some for- profit 
venture.

• Simple enough that you can 
read and understand it.

• http://cern.ch/geant4/license/

In response to the Users requests of the Geant4 distribution policy
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The Geant4 Licence 

• Establishes the Geant4 copyright

• Prohibits others from claiming that they are Geant4

• If you develop something in or based on Geant4 and give 
it away, Geant4 can have it for free, too

• Any documentation you produce must refer to Geant4

• You cannot patent the part already written by the 
collaboration

• Geant4 is fully Open Source
96
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Trajectory is not the Track

• Track does not keep its trace. No Track object, in fact, persists at the 
end of event

• G4Trajectory is the class that copy some G4Track information and 
G4TrajectoryPoint copies some G4Step information

- G4Trajectory has a vector of G4TrajectoryPoint

- At the end of event processing, G4Event has a collection of 
G4Trajectory objects

✓ /traking/storeTrajectory must be 1

• G4Trajectory and G4TrajectoryPoint store information up to the end 
of the event and they contain only the minimum information
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Geant4 as a state machine

• Geant4 has six application 
states

- G4State_Preinit

- G4State_Idle

- G4State_GeomClosed

- G4State_EventProc

- G4State_Quit

- G4State_Abort
98
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