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Summary of the Course 

n  Part1 (Today) 
n  General (and brief) introduction to Monte Carlo methods 
n  Montecarlo methods in Medical Physics 

n  Part2 (Today – 1st part)  
n  Introduction to the Geant4 toolkit  

n  Part3 
n  Fundamentals of a Geant4 application (Today – 2nd part)  
n  Geometry, Physics, Particle Flux, Scoring needs (Thursday) 

n  Laboratory (Next weeks) 
n  Realisation of an example relevant to Medical Physics 
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Evaluation for the “Laboratory” 
 
 

n  Discussion of Geant4 example  
n  G4 example relevant to Medical Physics  

n  Discussion of requirements and methods  
n  Medical Physics “environment”  
n  Geant4 modeling  
n  “Basic” analysis of results  

n  Realization of “new” example – Laboratory 
n  Might just be an improvement of the existing G4 examples 

3 Geant4 Tutorial Introduction  F.Longo 



Part 1 

Montecarlo in Medical Physics 
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Montecarlo for Medical Physics 
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Montecarlo for Medical Physics 
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Montecarlo for Medical Physics 
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Montecarlo in Treatment Planning Systems 
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What is a Montecarlo program?  

n  Numerical method  
n  Random sampling of probability distributions  
n  Simulate stochastic processes in nature  

n  Market fluctuations  
n  Population studies  
n  Weather forecasting  
n  Radiation transport  
n  Traffic flows  
n  Astrophysics and Cosmology …  
n  …  
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Stochastic processes 

n  Random, probabilistic processes  
n  Physical parameters vary according to probability 

distribution  
n  Not “single” outcome but more/less probable outcome 

are possible …  
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A brief history 
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A brief history  
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A brief history 
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Montecarlo for Medical Physics 
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Montecarlo for Medical Physics 
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Montecarlo for Medical Physics 
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Part 2 

Introduction to Geant4 
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http://cern.ch/geant4/  
 

A Simulation Tool for Multi-disciplinary Applications 

An simple introduction to Geant4 with emphasis on medical physics. 

 
The seminar will touch some aspects of Geant4 from basic description to  
advanced topics.  

The seminar should be of interest to complete novices with no familiarity 
with Geant4.  

Participants are expected to have a basic knowledge of C++. 

Based on Training Lectures by the G4 collaboration 

 



Outline of Part2  
n  General Introduction to G4  

n  What is G4 ?  
n  Review of user documentation 
n  Geant4 as a toolkit 

n  Basics of OO programming 
n  Geant4 Kernel and basics of the toolkit 

n  Run, Event, Step  
n  Particle and Physics processes 
n  User classes 
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Geant4 toolkit 

n  Highlights of user 
applications 

n  General introduction 
and brief history 

n  User Documentation  

n  The main program   



Geant4 
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Geant4 
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Geant4 
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Highlights of 
Users Applications 

To provide you some ideas how Geant4 would be utilized… 



March 2007 
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Harald Paganetti 
	

GEANT4 based proton dose calculation 
in a clinical environment: technical 
aspects, strategies and challenges 



March 2007 
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Advanced Topics 
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http://www.opengatecollaboration.org/ 



G4 documentation basics 
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G4 home page 

n  https://geant4.web.cern.ch/ 
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G4 Application Developer 
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G4 Application Developer 
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G4 Physics manual 
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G4 Physics manual 
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Geant4 Cross Reference 
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User Forum 

43 Geant4 Introduction  F.Longo 



Basics of OO programming 
in C++  
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Class and Object 
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Inheritance 

46 Geant4 Tutorial Introduction  F.Longo 



Header File 
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Implementation 
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OOP programming 
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General Introduction to 
Geant4 
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March 2007 
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Globalisation 

 Sharing requirements and functionality  
across diverse fields 



LHC 

ATLAS 

LHCb 

Complex physics 
Complex detectors 
20 years  
software life-span 



Physics  
from the eV to the PeV scale 

Detectors,  
spacecrafts and environment 

…to space 

Courtesy of ESA

For such experiments software is often mission critical 
Require reliability, rigorous software engineering standards 

Courtesy UKDM, Boulby Mine

Variety of requirements from diverse applications 

From deep underground… 

Cosmic ray experiments Courtesy of Auger

X and γ astronomy, 
gravitational waves, 
radiation damage to 

components etc. 

Dark matter and ν experiments 



Medical 
Physics 

n  Accurate modelling of radiation sources, devices and 
human body 

n  Precision of physics  
n  Reliability 

from hospitals... 

...to Mars 

Easy configuration and friendly interface  
Speed 

CT image 

brachytherapy 
radioactive source 



…in a fast changing computing 
environment  

…and don’t forget changes of requirements! 

Start SPS 
1976 

W and Z observed 
1983 

Start LEP 
1989 

End LEP 
2000 

hardware, software, OS 

WWW 
Grid 
1998 

Evolution towards greater diversity we must anticipate changes 



Toolkit 
A set of compatible components 
n  each component is specialised for a specific functionality 
n  each component can be refined independently to a great detail 
n  components can be integrated at any degree of complexity 
n  it is easy to provide (and use) alternative components 
n  the user application can be customised as needed 

Openness to extension and evolution  
new implementations can be added w/o changing the existing code 

Robustness and ease of maintenance 
protocols and well defined dependencies minimize coupling 

OO technology 

Strategic vision 



Geant4 official publications 
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Geant4 official publications 
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Geant4 official publications 
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