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What is under the ‘hood’ ? 
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How does Geant4 work? 

 

Inside it is a Monte Carlo (analog) simulation 
It generates ‘events’ using probability distributions for the 
types of  interactions (cross section ~ probability of 
occurence) 

Framework for physics processes / models 
Different ‘content’, ie. models/processes, allow it to be 
used/adapted for many different physics domains 
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What is Monte Carlo? 

 

Integrals 

Random numbers 

Transport as discrete events 

 

Putting it ‘all together’ 
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Range of applicability 

Hadronic physics 
models for hadrons up to ~ 1 TeV  (FTF/Fritiof model) 

models for hadrons with Cascades to ~ 100 MeV 

approximate models for hadrons below 100 MeV 

neutron ‘databases’ from thermal to 20-150 MeV 

stopping processes (capture at rest) for negative hadrons 

EM Physics 
‘Standard’ package has processes from ~1KeV 

Penelope, Livermore processes/models down to ~100 eV 

G4DNA: models for specific materials, to a few eV 
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Applications (continued) 



• Detector design 

• Calibration / alignment 

• First analyses 
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Figures from CMS 

T. LeCompte (ANL) 

Geant4 has been successfully employed for 
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Solar event gamma-rays 

• Electron Bremsstrahlung – 
induced gammas in solar flares 

• Compton back-scattering 

•   observable gamma-ray 
spectrum  

•  much softer than predicted by 
simple  

•  analytic calculations 
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Geant4 @ Medical Science 
• Four major use 

cases 
– Beam therapy 

– Brachytherapy 

– Imaging 

– Irradiation study 
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Medical Physics 

Geant4 is used to calculate doses 

but also to design imaging devices (PET, 
gamma cameras) 

Geant4 is used to validate results obtained 
with software (fast calculations) to plan 
therapies 

Interesting future direction: hadron beams for cancer 
therapy (C12, p beams) 

Need very precise low energy (keV-MeV) 
em physics description (at the opposite of the 
spectra with compared to HEP) 
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Exercises - More Tasks 
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Practical exercises (cont.) 

We will use an installation of Geant4 for a few 
tasks 

Identify the parts of Geant4 

Compile a first program 

Visualize a particle shower 

 

Go to http://bit.ly/g4asp14t0 

http://bit.ly/g4asp14t0
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Task 1 - revisited 
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Task 2 - scoring 
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Task 3 - Geometry 

Review how Geant4 creates a geometry 

Made small modifications/additions 
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Task 4 - Visualisation 
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Task 5 - Installation 
We will follow the standard method of 
installing Geant4 

Geant4 Installation Guide - building from source code 

Install cmake for your system 

Get the source code 

Build (compile) Geant4  

Alternative installation - if pre-built binaries exists for your 
OS 

Download source and binaries for your system 

Small modification: 
you will get the (larger) files that need to be downloaded 
on a USB key 
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Comparison with test beam 



Response Resolution Smoothness 
Lateral 

Shape 

Longitudin

al Shape 

@10λ 

Peculiarities, 

comments 

QGSP_BER

T 
+(1-3)% -(5-10)% 

Δ~5%@10Ge

V 

π,p: -(10-

20)% 

π: -10% 

p: -20% 

Extensive 

use of LHEP 

FTFP_BERT 
QGSP_FTFP_BERT 

+(0-5)% 
(***) 

-(3-7)% Δ~0 
π: -(10-20)% 

p: -(3-10)% 

π: +10% 

p: +(10-20)% 

anti-nucleons, 

hyperons via 

CHIPS(*), 

 no LHEP 

CHIPS +(5-10)% -(10-20)% Δ~0 
π: -(3-10)% 

p: -(10-20)% 

π: -10% 

p: -20% 

anti-

nucleons, 

hyperons, 

single model 

FTF_BIC(**) +(3-5)% -(2-6)% 
Several 

irregularities 
- π: +10% 

Implements re-

scattering at 

high E, 

Extensive use 

of LHEP 
(*): Native FTF model under testing 

(**): Much less tested at LHC 

(***): Lower limit: CMS; Upper limit 

ATLAS 

Test-beam summary (G4 9.4.p01) 
Status  Sept-Oct 2011 



Data and simulation agreements 
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Missing ET 
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T. LeCompte (ANL) 
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Validation/uncertainty 
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Comparison with data 

Types of validation 
Thin target - each track has zero or one interactions 

Thick target - multiple interactions expected 

Models are tuned against thin-target data only 
It is vital to ensure that models are checked against all the 
most reliable data  

Much of the work of tuning involves finding all the available 
data, and evaluating which data is the most reliable 
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Create a validation test 

Finding all the available data 
check the key databases (EXFOR, PDG) 

Read the papers 
identify the cuts used to  

Evaluating which data is the most reliable 
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Validation: Thin-target 
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More Validation 

Examples p cross-sections for various models at different 

angles 

p on Cu with kinetic energy of 0.1/0.2 GeV   


