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Geant4 Physics & Applications 
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HEP Applications 
    High Energy Physics has been the first domain to use Geant4 in production, with 
the BaBar experiment. LHC experiments have been using Geant4 in detector 
design and are using it in physics analysis. Geant4 is also the simulation engine 
choice of the next generation of electron machines. 

The CMS detector 

Responding to the simulation needs of the LHC era, with the Higgs boson 
hunting, had been the initial motivation of the creation of the proto-Geant4 
project, RD44, in 1994. 

Projectile de Broglie l(fm) 

Projectile Kinetic 
Energy (GeV) 

Geant4 Electromagnetic Physics 
    The electromagnetic physics covers interactions of gammas, muons and 
electrons, and ionisation of all charged particles. A “standard” package offers an 
implementation suited for applications disregarding effects below a few ~10 keV, 
and a “low energy” one provides approaches (Livermore, Penelope) for more 
accurate modeling of atomic shell effects allowing simulation down to ~250 eV. A 
very low extension, Geant4-DNA, includes particle-molecule effects for an energy 
limit of ~10 eV. The same approach is developed for silicon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Geant4 Hadronic Physics 
    Hadronic interactions involve three main regimes : high energy, with string 
models (Quark Gluon String [QGS], Fritiof [FTF]), intermediate energy, with intra-
nuclear cascade models (Bertini [BERT], Binary [BIC]), and low energy, with 
precompound, Fermi break-up, fission/evaporation, capture at rest models and 
radioactive decays. From 20 MeV down to thermal energy neutrons are handled 
by means of cross-section databases, with the High Precision [HP] package.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Medical Applications 
    Medical Applications interest in Monte Carlo is the accuracy capability in 
complex structures. Geant4 is used for radio-, proto- & carbo-therapy medical 
research fields. It is used also in optimization of brachytherapy devices, 
radioprotection and nuclear imaging. Large users communities exist in US, Europe 
and Japan. CPU performance boost allowed by Geant4 MT or by GPU prototype 
versions open the possibility for routine usage in treatment planning. 

Simulation of water chemical species migration 
accounting for electrical mutual interaction after a 50 
MeV proton irradiation. Post irradiation chemical 
attacks amount for ~60% of total damages on DNA. 

DNA geometry model simulated : 46 
chromosomes, 332k chromatine pieces, 
30 millions nucleosomes, 6 billions base 
pairs… 
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DNA Scale Level Simulation 
    Project initiated by the ESA, in view of manned mission to Mars: it is a bottom-
up approach of dosimetry. Physics processes are extended down to a few eV, 
based on particle – molecule cross-sections. The approach is applied also to 
silicon, for accurate simulation of  Single Upset Events. 

The ATLAS detector 

Planetocosmics : a simulation tool for planetary 
scale particle transport. The red curve is a proton 
trajectory in the Earth magnetic field. Irradiation 
level around a planet, at ground level, and with 
related activated isotopes can then be predicted. 

The recent Higgs boson discovery 

1 ps 

1 ms 
1 mm 

(a) The simulation energy resolution (in %) in two sampling calorimeters compared with one 
standard deviation measurement (ZEUS calorimeter : E. Bernardi E et al., NIM A, 262, 229-242, 
(1987); G. D'Agostini et al., NIM A, 274, 134, (1989))). 

(b) Comparison of Geant4 energy loss models with ALICE test-beam data (D. Antonchyk et al., 
NIM A, 565, 551-560 (2006); P. Christiansen et al., Int. J. Mod. Phys. E, 16, 2457-2462 (2007)). 

(c) Comparison of angular distribution width (Data/MC in %) for various materials after traversing 
various material thicknesses, data from electron scattering benchmark (C. Ross et al., Med. 
Phys., 35, 4121, 2008). 

Secondary production range threshold (mm) 

(a) (b) (c) 

ADC Log(thickness/X0) 

Intermediate Energy 
Nucleon 

dominating 
behavior 

Low Energy 
Nucleus 

dominating 
behavior 

High Energy 
Quark/gluon 
dominating 

behavior 
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Incident p in Cu/LAr sandwich simplified ATLAS 
hadronic endcap calorimeter 

Examples of models combinations 
in “physics lists” 

Neutron simulation down to thermal energies: 
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Geant4 can use the same neutron data library than 
MCNPX. Verification spectra of MCNP and Geant4 output 
of outgoing neutrons produced in neutron collision. 
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Proton beam line, range shifter and dose 
deposit simulations at HIBMC (Japan). The 
proton energy is 150 MeV. (T.Aso IEEE NSS 
2007 N60-1) 

DICOM geometry and 
dose visualisation with 
« gMocrem » tool: 
http://geant4.kek.jp/gMocren/ 

Space Applications 
    Applications of Geant4 in space cover planetary scale simulation for soil level 
media activation studies, soil composition through X-ray re-emission, space ship 
simulation for radioprotection and electronic single event upset predictions, 
electronic chip scale simulation for accurate understanding of single event upset 
generation. It includes also underground, ground level or satellite cosmic ray 
experiments simulation. 

Very Low Energy 
Atomic and molecular 
structures dominating 

XMM-Newton X-ray telescope, launched in 1999 

Radiation effects on its instruments were 
modeled with Geant4 prior to its launch. 

Geant4 prediction for single 
upset rate is more accurate 
than standard software.  
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A Monte Carlo toolkit for passage of particles through matter 



Your first step – http://www.geant4.org/
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User’s guides
• Introduction to Geant4

– Some blah-blah if you dare to read…
• Installation guide

– Instruction of installing Geant4 and related libraries
– To be covered in the next talk

• Application Developers Guide
– Introduces new users to Geant4 toolkit
– Describes how to set up and run a simulation application
– Intended as an overview of the toolkit, not an exhaustive treatment

• Toolkit Developers Guide
– Guide for users who want to extend the functionality of Geant4

• E.g. adding new solids, adding new physics models, etc. 
• Physics Reference Manual

– Serves as a reference for the theoretical formulation, model or parameterization of 
the physics interactions included in Geant4

• Physics List Guide
– Describes ”pre-packaged” physics lists in the distribution
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Examples

• Extensive set of examples distributed with the toolkit

• Varying complexity:
– Basic: complete applications demonstrating simple features of toolkit – good for 

tutorials
– Extended: demonstrating specific features of Geant4 and more complex use cases –

some require external (non-Geant4 libraries)
– Advanced: complex, “real life” applications with complex geometries and physics 

focused on specific user communities

• Documentation provided in README files in each example, and web pages
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Basic examples

• B1
– A few simple solids and simple placements
– Total dose scoring in user-selected volume
– User action classes

Geant4 - Documents and Examples 7



Basic examples

• B2
– Magnetic field, parameterized placements
– Scoring in tracker using sensitive detector and hits
– Geant4 physics list (FTFP_BERT) with step limiter

• B3 (schematic PET system)
– Simple placements with rotations
– Scoring within crystals using Geant4 scorers
– radioactive source, modular physics list using builders

• B4
– geometry with replicas
– multiple scoring methods
– histograms (1D) and n-tuples saved in output file
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Basic examples

• B5 (double-arm spectrometer)
– More complex geometry with rotation, replicas, parameterization
– Scoring in multiple volumes with sensitive detector and hits
– Defining local UI commands
– Histograms (1D, 2D) and n-tuples saved in output file
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Extended examples

• demonstrating specific features of Geant4 and more complex use cases
– some require external (non-Geant4 libraries)
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• analysis/
• biasing/
• common/
• electromagnetic/
• errorpropagation/
• eventgenerator/
• exoticphysics/
• field/
• g3tog4/
• geometry/

• hadronic/
• medical/
• optical/
• parallel/
• parameterisations/
• persisitency/
• polarisation/
• radioactivedecay/
• runAndEvent/
• visualization/



Some extended example sub-categories

• Analysis – histogramming using G4tools

• Biasing – event biasing and reverse Monte Carlo

• Electromagnetic – many EM physics simulations with histogramming (some also 
used as part of Geant4 testing)

• Geometry – Variety of solid shapes, geometry descriptions

• Hadronic – same as EM but with hadronic models

• Medical – tools for medical applications

• Optical – optical photon generation and transport

• Parallel – examples of parallel computing

• Persistency – GDML parser

• Run and event – run and event control, sensitive detector, command-based scorer

• Visualization – specific visualization features and graphics customizations
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Advanced examples

• Complex, “real life” applications with complex geometries and physics focused on 
specific user communities

• 27 examples 
– https://geant4.web.cern.ch/collaboration/working_groups/advanced_examples
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Underground physics Human phantom Gorad

https://geant4.web.cern.ch/collaboration/working_groups/advanced_examples
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Download page
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LXR code browser
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User Forum – Q/A by users and developers

Geant4 - Documents and Examples 21



Geant4 - Documents and Examples 22

Note :
• Best effort basis
• Please search if someone else 

had already asked a similar 
question before you post 
yours.



Bugzilla – bug report and tracker
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To sum up

• Installation, Application, Toolkit and Physics Guides take you from making 
your first Geant4 installation to developing your own application to 
developing advanced Geant4 features

• Three levels of examples: ranging from very easy to complex
– basic – getting started
– extended – exploring specific features of Geant4
– advanced – real world applications

• User support includes:
– cross reference code browser 
– user forum is available for sharing ideas, asking questions

– bug report and tracking

Geant4 - Documents and Examples 25


