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• I’m not a developper of GEANT4
• Just an active user
• Many informations took from GEANT4

lectures formation

IMPORTANT !!!
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• Introduction
•Monte-Carlo technique
•GEANT4
•G4BeamLine
•Conclusions

RESUME
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• Simulations = essential part of the science today

• Simulations ?
• Computational Fluid Dynamics (FLUENT, …)
• Particle-In-Cell (SMILEI, …)
• Monte-Carlo (GEANT4, …)

Introduction
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EXPERIMENT

THEORY SIMULATIONS

Basic/Global understanding

assumptions
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• Monte-Carlo ? :
• (computational) method that relies on the use of random sampling

and probability statistics to obtain numerical results for solving
deterministic or probabilitic problems until convergence is achieved

• Give an approximate solution to a problem which is too big , too hard,
too irregular for deterministic mathematical approach

• History ? :
• 1733 : First documented use of random sampling (Buffon’s needle)
• 1786 : First evaluation of  with MC methods by Laplace
• 1947 : Fermi, von Neuman, Ulam and others developped first

computer-oriented Monte-Carlo methods at Los Alamos to trace
neutrons through fissionable materials during the Manhattan Project

Monte-Carlo technique
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Tangente Mag (tangente-mag.com)
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a = needle length
l = Distance between lines
a < l

𝑷 =
𝟐𝒂

𝝅 𝒍

https://tangente-mag.com/article.php?id=3676
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monteCarlo (education.fr)
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https://media.eduscol.education.fr/ftp_eduscol/2019/Ressources/Mathematiques/RA19_Lycee_G_1_MATH_Algorithmique_et_Programmation_activite_11.html


• Monte-Carlo ? :
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Giada Petringa Introduction (infn.it)
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https://agenda.infn.it/event/17240/contributions/90569/attachments/63512/76481/Introduction.pdf


• GEometry ANd Tracking

• Code, documentations, publications available in the web page
• Regular tutorial courses worldwide
• Active community forum (https://geant4-forum.web.cern.ch/)

GEANT4
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https://geant4.web.cern.ch/
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• Overview :
• C++
• Object oriented
• Open Source
• Toolkit i.e. collection of tools

• Geant4 defaults model DOES NOT EXIST !!!
• MUST provide the necessary information,

choose the GEANT4 tools

• Basics :
• Obligation :

• Geometry information
• Primary particles
• Physics models

• Possibility :
• Visualization
• Output files generation

GEANT4
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GEANT4 provides
some features

(building blocks)
Users construction in 
order to describe the 

problematic

Many examples provided :
https://geant4-userdoc.web.cern.ch/Doxygen/examples_doc/html/index.html
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GEANT4 – Example 1
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Thomson Parabola :
• Pre-experiment :

• Useful to define the TP’s parameters

• Post-experiment :
• Useful for the TP’s calibration
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GEANT4 – Example 2
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Bremsstrahlung cannon simulation :
• Pre-experiment :

• Useful to define the filters according to the experimental parameters

• Post-experiment :
• Reconstruction of initial spectrum with « a priori » assumptions
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GEANT4 - kernel
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GEANT4 - kernel
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GEANT4 - Geometry
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GEANT4 - Physics
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http://geant4.in2p3.fr/IMG/pdf_PhysicsLists.pdf
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GEANT4 – Primary particles
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How to define our primary
particle to shoot ?

1st example : ParticleGun
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GEANT4 – Primary particles
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How to define our primary
particle to shoot ?

2nd example : General 
Particle Source
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GEANT4 – Other questions

14/11/2023 A brief introduction to GEANT4 simulations - huber@lp2ib.in2p3.fr

• Output files (analysis) ?
• G4AnalysisManager tools
• CSV, Txt, ROOT (Tree, Ntuples, …) files by user

choice

• MultiThreading possible ?
• Yes
• https://geant4-ed-

project.pages.in2p3.fr/geant4-ed-
web/docs/multithreading-1.pdf.fr

• Easy to install ?
• Yes with IN2P3 package Virtual Machine

(https://geant4.lp2ib.in2p3.fr/ )
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• Single-particle tracking program based on GEANT4
• Specifically designed for beamline simulation but can

also be used for other systems

• Very friendly :
• No C++ programming required
• Linux, Windows, Mac
• 1 ASCII file (system & simulation)
• Advance visualization capabilities
• Plots & histograms easily generated
• Common beamline elements already implemented
• Well-documented Users Guide

• High realistic simulations :
• Full power & accuracy of GEANT4
• Any GEANT4 physics list can be used
• Implementation of beamline elements details possible

(ex : Field map)

• Already used by accelerators physicist :
• > 500 people used it
• MICE, Muon Accelerator Program, potential anti-

proton experiments at Fermilab, …

G4Beamline
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Roberts, Thomas & Kaplan, Daniel. (2007).
G4beamline simulation program for matter-
dominated beamlines. 3468 - 3470.
10.1109/PAC.2007.4440461.
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Conclusions
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C++ programming is no 
longer an excuse to do 
GEANT4 simulations !!!
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THANKS FOR 
YOUR 

ATTENTION
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