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• Seminar structure:

 Each student will be assigned a paper (publication) that describes a simulation study in the 
field of radiation therapy or imaging

 Throughout the semester, we will teach you the basics of the Geant4 simulation tool and 
some elementary data analysis

 At the end of the semester (evaluation) you will have to:

 Briefly present the content of the paper

 Present a small Geant4 simulation project which reproduces some of the results shown in the 
assigned paper

 This single presentation about the paper AND about the project will be the only basis of 
evaluation

General info
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List of papers

Title Student name
Time-of-flight neutron rejection to improve prompt gamma imaging for proton range 
verification: a simulation study

Comparison between EGSnrc, Geant4, MCNP5 and Penelope for mono-energetic electron
beams

Factors influencing the accuracy of beam range estimation in proton therapy using prompt
gamma emission

Creating a spread-out Bragg peak in proton beams

Distributions of secondary particles in proton and carbon-ion therapy: a comparison between
GATE/Geant4 and FLUKA Monte Carlo codes

Secondary-electron-Bremsstrahlung imaging for proton therapy 

Sensitivity study of proton radiography and comparison with kV and MV x-ray imaging using 
GEANT4 Monte Carlo simulations

Proton radiography to improve proton radiotherapy: Simulation study at different proton beam 
energies

Interaction vertex imaging (IVI) for carbon ion therapy monitoring: a feasibility study
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 Teaching/Working  structure
 Slides (basic theory and structure of the code, examples)

 Hands-on -> you will be writing simulation code with us in the class

 No written or oral exam

General info

 Goal
 You will learn a very specialized tool (Geant4) and some data analysis (ROOT)

 You will start from simplistic examples and will gain experience in Geant4 simulation

 You will develop your skills by completing the tasks during the lecture

 Prerequisites
 Need basic working knowledge of C++

 If you feel unsure about your skills, you have a week to go through:

http://www.cplusplus.com/doc/tutorial/

 No need for C++ gurus, but you have to know about pointers, classes, vectors, inheritance etc
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• This course:

 Basic features of Geant4
 Geometry (basic)

 Visualization

 Particle sources

 Scoring (basic)

 Data analysis
 Standalone code reading text files
 Standalone code with ROOT libraries

General info

 Advanced features of Geant4
 Geometry (advanced)
 Scoring (advanced)
 Complex particle sources
 Cuts and thresholds
 Simulation via input files

 Lecturers: George Dedes – Marco Pinto
Emails: G.Dedes@lmu.de , M.Pinto@lmu.de
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Organizational

 Start at 12:00 exactly

 Location: CIP-2 (in person)

 Slides will be put online the day before the lecture

 Website (downloadable material and news)
https://www2.physik.uni-muenchen.de/lehre/vorlesungen/sose_23/Vorlesung_Hands-
on-training-on-Monte-Carlo-applicatiions-for--for-Medical-Physics-
applications11/index.html



• During the course

 Information in the form of slides with bullet points and figures

 Excerpts of simple code (C++)
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Organizational

 After some feature has been explained, you will be asked to code something similar

 After everybody is done with coding, we will continue from the slide we paused

 Questions are very welcomed. We will help you with coding problems as well
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Particle interaction and 
transport simulation codes
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• Geant4 started at CHEP 1994 @ San Francisco

 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

 Nowadays one major public release per year

History
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Applications
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Applications
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• Main applications in medical physics:

 External beam therapy

 Brachytherapy

 Imaging

 Nuclear medicine and radioisotopes

Applications
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• Official website:

 http://geant4.web.cern.ch/

Documentation
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• Official website:

 http://geant4.web.cern.ch/

Documentation
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• Geant4:

 C++ programming language

 Object oriented

 Open source

• Geant4 is a “toolkit”:

 No defaults

 User should fully configure simulation and choose tools

 No need to start from scratch, plenty of examples to start from

 Generally Geant4 has to be compiled from source. In this lecture we will start from
already compiled Geant4. You still of course need to compile your simulation!

Geant4
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• User must:

 Describe experimental setup

 Provide primary particles as input to simulation

 Decide which particles and physics to be used and how (cuts, precision etc)

• Not mandatory but meaningful:

 Control the simulation via interaction with the Geant4 kernel

 Visualize simulation setup and particles

 Produce output (histograms, files etc) to be further analyzed

Geant4
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• Geant4 application structure:

 main() file (.cc)

 Source files, implementations of other classes (*.cc) -> in the /src directory

 Header files (*.hh) -> in the /include directory

• Three sets of files are necessary alongside with the main class:

 PrimaryGeneratorAction (.cc and .hh)

 DetectorConstruction (.cc and .hh)

 PhysicsList (.cc and .hh)

Geant4



• Initialization classes (invoked at the initialization stage):

 DetectorConstruction

 PhysicsList
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• Action classes (invoked during the execution loop)

 RunAction

 EventAction

 TrackingAction

 SteppingAction

Geant4
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• main() file

 Geant4 doesn’t provide one, user must write it

 The main() handles the “logistics” of the simulations (initializes, calls other classes etc)

 More important operations in main() are:

 Construct the RunManager

 Notify the RunManager about the other mandatory user classes

Geant4
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Geant4
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Geant4 toolkit classes

Toolkit class (G4XYZ)

User class
(Any name, 
not G4XYZ)
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• Primary particles (beam):
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• Geant4 doesn’t have any default set of particles and processes

 Should the user write all the physics ?!?!

 No (although you can if you want)! 

 There is no default, but there are prepared and validated ready for use physics lists

 The user can choose a whole list or mix and match according to his/her needs

 For example EM physics:

 Default, Option1, Option2, Option3, Option4, 

 WentzelVI, Single scattering, Livermore, Livermore with polarization

 Low energy, DNA physics

Geant4



25

• In the main() the user can instantiate visualization

• Geant4 provides interfaces to a few graphics drivers:

 Dawn

 Wired

 RayTracer

 OpenGL

 Heprapp

 …

Geant4
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Questions on general structure, physics and visualization?
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• Summary of Geant4 basic types (used throughout the code)

• Geant4 has aliases for the primitive data types (cross platform 
compatibility)

• G4double, G4float, G4int, G4bool, G4long

• Enhanced version of string called G4String

• G4ThreeVector: a three-component class representing a real physics 
vector

Geant4
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• Geant4 has default units related to physical quantities (ie mm for length)

• It also offers the possibility for the user to specify the unit of every 
quantity

• Always specify the unit yourself! Why?

 You avoid powers of 10 and many decimal digits by using the appropriate unit

 It is always clear what the unit is

 Geant4 makes sure that the units are consistent throughout the whole program

Geant4
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• The user can define it’s own unit as well

• When you want to output a quantity in a certain unit, divide with the unit

• Or let Geant4 decide the most appropriate unit by itself by just specifying 
the category for the data:

Geant4
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Terminology
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• A Run is a collection of events with the same detector and physics 
conditions

• At the beginning of a Run, geometry is optimized for navigations and 
cross section tables are calculated

• Managed by the G4RunManager

• G4UserRunAction and G4Run provide hooks for the user

Terminology



• An Event is a basic unit of simulation

• At the beginning of an Event, primary track(s) are generated and pushed 
into a stack
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Terminology

• Tracks are popped from the stack one by one and tracked/simulated

 Secondary tracks are pushed into the stack

 When the stack gets empty, the processing of the event is completed. Go to next event

• G4Event class represents an event and it contains a list of primary 
vertices and particles and hits and trajectories

• G4UserEventAction provides additional user hooks
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• The Track (G4Track) is a snapshot of a particle

 It keeps current information of the particle (position, momentum etc)

 Is updated after every step

Terminology

• The Track is deleted when:

 It goes out of the world volume

 It disappears in an interaction

 It reaches zero kinetic energy (or below some threshold)

• G4UserTrackingAction provides additional user hooks



34

• The Step (G4Step) represents a discrete step in the particle propagation

• User can extract information after a step is completed

 GetStepLength()

 GetTotalEnergyDeposit()

 GetDeltaEnergy()

 …

• A Step contains two end points. The prestep and the poststep points 
(G4StepPoint)

Terminology
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Questions on run/event/track/step terminology and structure?
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• Final words on modifying characteristics of a run:

 Most modifications can be done without having to modify the C++ code

 Simulation can be driven via a text input file (macro)

 Nevertheless, the user has to eventually write (or get it from an example) the C++ code 
which interprets the input file and translates it into beam, geometry etc



Thank you for your attention

More about Geant4 during the hands on session


