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Geant4 - A Simulation Toolkit for Elementary Particles and Nuclei - M. Asai (SLAC)

Brief Introduction to Geant4
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• What is Geant4

• Geant4 @ high energy and nuclear physics

• Geant4 @ space science

• Geant4 @ medical science



What is Geant4

• Geant4 is a toolkit for the simulation of the 

passage of particles through matter. Its 

areas of application include high energy, 

nuclear and accelerator physics, as well as 

studies in medical and space science. 

• Geant4 offers most, if not all, of the 

functionalities required for the simulation of 

elementary particle and nucleus passing 

through and interacting with matter.

– Kernel

– Geometry and navigation

– Physics processes

– Scoring

– GUI and Visualization drivers

• Extensive user guide documents and 

examples are provided.
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Geant4 Collaboration
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Collaborators also from non-

member institutions, including

Budker Inst. of Physics
IHEP Protvino

MEPHI Moscow

Pittsburg University

Lebedev

TRIUMF

J.W.Goethe

Universität

Geant4 Tutorial Course at Dakar - M.Asai (SLAC)



http://www.geant4.org/
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Geant4 @ High Energy and Nuclear Physics
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Large Hadron Collider (LHC) @ CERN
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Geant4 @ Space Science

• Three major use cases

– Apparatus simulation

• Pre-launch design, post-launch analysis

– Planetary scale simulation

• Radiation spectra, (sub-)surface exploration 

– Dosimetry simulation

• Astronauts, single event effects
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http://creme-mc.isde.vanderbilt.edu/
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http://active.boeing.com/events/GEANT4/
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Geant4 @ Medical Science

• Four major use cases

– Beam therapy

– Brachytherapy

– Imaging

– Cell Irradiation study
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Single cell irradiation

• Example of single cell irradiation by 3 MeV alpha particles in a high-resolution 
cellular phantom

– 4h or 24h incubated cell

– 64 x 64 x 60 resolution

– 0.36 x 0.36 x 0.16 µm3 voxel size

• Full CENBG microbeam irradiation setup simulated 

Courtesy of Sebasien Incerti (Bordeaux / CENBG)
Courtesy of Sebastien Incerti (Bordeaux/CENBG)



http://geant4.slac.stanford.edu/g4namu/
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Geant4 Spinoff

• Since the beginning of designing Geant4, a 

variety of requirements have also been 

taken into account from heavy ion physics, 

CP violation physics, cosmic-ray physics, 

astrophysics, space science and medical 

applications.

• Geant4 is a showcase example of 

technology transfer from High Energy 

Physics to other scientific fields such as 

space and medicine.

• The major developments and refinements of 

Geant4 are now driven by requirements 

from these application domains.

• In recent Geant4 tutorials, majorities of 

attendees are from space, medical, material 

and industrial application domains.
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CERN Courier, June 2002
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http://www.in-cites.com/hotpapers/2004/november04-eng.html

http://www.in-cites.com/hotpapers/2005/jan05-eng.html

http://www.in-cites.com/hotpapers/2005/mar05-eng.html

http://www.in-cites.com/hotpapers/2005/may05-eng.html

http://www.in-cites.com/hotpapers/2005/july05-eng.html
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http://geant4.slac.stanford.edu/
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Ecole Geant4 2007 at Paris
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Geant4 tutorial course at Puebla, Mexico
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http://www.jlab.org/~gueye/Geant4/2009/

Geant4 Tutorial Course at Dakar - M.Asai (SLAC) 23



Geant4 Tutorial Course at Dakar - M.Asai (SLAC) 24



Geant4 Tutorial Course at Dakar

• Four full-day tutorial course Saturday through Tuesday.
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Opening speech by Ministry of Higher Education
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Opening speech by Ministry of Higher Education
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Geant4 Tutorial Course at Dakar

• Held at Centre de Calcul Informatique of Université Cheikh Anta Diop, Dakar

• 25 participants, mostly material scientists, some medical physicists.
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Network speed was really an issue.
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UCAD joined to PingER
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Outcomes and perspectives

• We are pleased to report that three outcome projects are steadily progressing.

– Medical physics: Geant4-based dosimetry studies and Treatment Planning 

System (TPS) for the Dakar Cancer Institute. The intent is to use Geant4 as a 

TPS for Senegal so as to avoid issues with commercial products. Anticipated 

first scientific outcome in the Fall 2010.

– DNA physics tracking process. This is an extension of the Geant4-DNA 

project that will couple Geant4 with ultrafast laser Particle-In-Cell simulations. 

Expected outcome in Spring 2011. PIXE studies will follow.

– High energy physics: quasi elastic diffusion - elastic diffusion. This will be 

carried out by a student who attended the tutorial and will do her PhD at JLab. 

Geant4 will be used for acceptance of the detectors. Anticipated first scientific 

outcome in Spring 2011.

• Discussions with Secretary of Scientific Research to implement an educational 

component  where Geant4 will play a major role:  

– training center for medical physics (AAPM-, IOMP-supported; discussions with 

NIH centers)

• Regular Geant4 tutorials for wider west-African audience is foreseen.
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