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Outline

The philosophy of the physics definition 

How to define and activate models 

Electromagnetic physics 

Hadronic physics 

Ongoing models for radiobiology

2



G A P Cirrone, PhD - INFN-LNS (Italy) - pablo.cirrone@lns.infn.it

Philosophy  

Provide a general model framework that allows 
implementation of processes and models 

Separate models and cross sections implement processes 

MULTIPLE MODELS FOR THE SAME PROCESS 

Provide processes containing 

Many possible models and cross sections 

Default cross sections for each model
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Models under continuous development
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G4VUserPhysicsList
All physics lists must derive from this class 

and then registered with the RunManager 

Example 
class MyPhysicsList: public G4VUserPhysicsList { 
public:  
MyPhysicsList();  
~MyPhysicsList();  
void ConstructParticle();  
void ConstructProcess();  
void SetCuts();  
} 

User must implement the following methods: 

ConstructParticle(), ConstructProces(), SetCuts()  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ConstructParticle()

Choose the particles you need in your simulation and 
define all of them here 

G4Electron::ElectronDefinition() 

G4Gamma::GammaDefinition() 

........ 

Geant4 has classes that create groups of particles 

G4BosonConstructor() 

G4LeptonConstructor() 

.........
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ConstructProcess()

For each particle defined in ConstructParticle()  
assign all the physics processes that you want to consider
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void MyPhysicsList::ConstructProcess() 
{ 

// provided by G4VUserPhysicsList, assign transportation process to all particles 
defined in ConstructParticle();

AddTransportation(); 
ConstructEM()  //Optional

ConstructGeneral() // Optional
......... }
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SetCuts()

Define all production cuts for gamma, electrons and 
positrons 

Recently also for protons 

Notice: this is a production cut, not a tracking cut 

All particle, once created, are tracked  
down to zero kinetic energy 

The CUT is used to limit the generation of secondaries  
(i.e. delta from ionization, or gamma from bremsstrahlung) 

The CUT is expressed in equivalent range 

This is converted in energy for each material
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Physics definition
Three different way to implement the physics models 

Explicitly associating  A GIVEN MODEL to a GIVEN 
PARTICLE in (eventually) a GIVEN ENERGY RANGE 

Error prone 

At code level  

Use of BUILDERS OR CONSTRUCTORS and REFERENCE 
PHYSICS LISTS 

THE CONSTRUCTORS  
are process related (Electromagnetic, Hadronic, Elastic, etc.) 

THE REFERENCE PHYSICS LISTS are complete physics lists 

Can be also called by the macro file
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CASE 1: Use of the ‘Constructors’ 
and use a modular physics list
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These are ‘Constructors’
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CASE 2: use of the Reference Physics Lists  
(already prepared by the collaboration)
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Reference physics lists

Provide a complete and realistic physics with ALL models 
of interest 

Provided according to some Use-cases 

Few choices are available for EM physics 

Several possibilities for hadronic 

They are intended as starting point and their builder can 
be reused 

They are made up of builders, so easy  
to change/replace each given block
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Reference physics lists
Electromagnetic interactions for all particles. Different 
settings are offered 

Default transport parameters (best performance) 

Some optimised choice (_EMV extension) 

Some high precision choice (_EMY extension) 

Inelastic interactions 

Elastic scattering 

Capture 

Decay of unstable particles 

Specialized treatment of low energy neutrons (< 20 MeV)
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Where are the Constructors ?

 Where are the builder (or constructors)?
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Where are the Physics Lists?
14



Electromagnetic Physics
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EM concepts I
The same physics processes (e.g. Compton scattering) can be described by 
different models, that can be alternative or complementary in a given energy 
range 

For instance: Compton scattering can be described by 

G4KleinNishinaCompton 

G4LivermoreComptonModel (specialized low-energy, based on the 
Livermore database) 

G4PenelopeComptonModel (specialized low-energy, based on the Penelope 
analytical model) 

G4LivermorePolarizedComptonModel (specialized low-energy, Livermore 
database with polarization) 

G4PolarizedComptonModel (Klein-Nishina with polarization) 

Different models can be combined, so that the appropriate one is used in 
each given energy range (performance optimization)
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EM concepts II
A physical interaction or process is described by a process class 

Naming scheme : « G4ProcessName » 

Eg. : « G4Compton » for photon Compton scattering 

A physical process can be simulated according to several models, 
each model being described by a model class 

Naming scheme is: « G4ModelNameProcessNameModel » 

Eg. : « G4LivermoreComptonModel » for the Livermore Compton 
model 

Models can be alternative and/or complementary on certain energy 
ranges 

Refer to the Geant4 manual for the full list of available models
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EM physics models

Models and processes for the description of the EM 
interactions in Geant4 have been grouped in several packages
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EM processes for gamma and e+/-
19
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When/why to use Low Energy models

Use Low-Energy models (Livermore or Penelope), as an alternative to 
Standard models, when you: 

need precise treatment of EM showers and interactions at low-
energy (keV scale) 

are interested in atomic effects, as fluorescence x-rays, Doppler 
broadening, etc. 

can afford a more CPU-intensive simulation 

want to cross-check another simulation (e.g. with a different model) 

Do not use when you are interested in EM physics at the MeV region 

same results as Standard EM models, performance penalty
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Example: physics list for gamma
21
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Single and multiple scattering
22
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Single and multiple scattering
23

Alternative process for simulation of single Coulomb scattering of 
all charged particles (class name G4CoulombScattering) 

Alternative process for simulation of single Coulomb scattering of 
ions (class name G4ScreenedNuclearRecoil)

Multiple scattering (class name G4UrbanMscModel) 
Multiple scattering (class name G4WentzelVIModel) 
Multiple scattering (class name G4LowEWentzelVIModel)
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Ready-to-use Physics Constructors
24
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How to extract physics

Possible to retrieve physics quantities via the G4EmCalculator 
class file 

Example for retrieving total cross section of a process with 
name procName, for particle partName and for the material 
matName
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See $G4INSTALL/examples/extended/
electromagnetic/TestEm14
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Hadronic physics 
coins
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Hadronic Physics

Data-driven models 

Parametrisation models 

Theory driven models
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Hadronic physics challenge

Three energy regimes 

< 100 MeV 

resonance and cascade region (100 MeV - 10 GeV) 

> 20 GeV (QCD strings) 

Within each regime there are several models 

Many of these are phenomenological
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Reference physics lists for Hadronic interaction

Are part of the Geant4 code 

Three family of lists 

QGS, or list based on a model that use the Quark 
Gluon String model for high energy hadronic 
interactions of protons, neutrons, pions and kaons 

FTF, based on the FTF (FRITIOF like string model) for 
protons, neutrons, pions and kaons 

Other specialized physics lists
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Cross sections
Default Cross sections but also specific databases: 

Low energy neutrons 

G4NDL available as external data files 

Available with or without thermal cross section 

Neutron and proton reaction cross section 

20 MeV < E < 20 GeV 

Ion-nucleus reaction cross sections 

E/A < 1 GeV 

Isotope production data
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G4NDL (G4 Neutron Data Library)
Neutron data files for High precision models 

These data include both cross sections and final states 

These data derived by the following evaluated data libraries 

Brond-2.1 

CENDL2.2 

EFF-3 

ENDF/B 

FENDL/E 

JEF2.2 

JENDL-FF 

MENDL
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Hadronic models match
32
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Recommended reference physics lists

A dedicated web page 

Application fields are identified 

High energy physics 

LHC neutron fluxes 

Shielding 

Medical 

...........
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Geant4-DNA 
coins
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G4-DNA
36

examples/extended/medical/dna/pdb4dna

Using Protein Data Bank files

examples/extended/medical/dna/dnaphysics
Simulation at the DNA level
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G4-DNA
37

Monte Carlo approach for radiobiology at micro and nano scale

Many Monte Carlo codes are already available today in radiobiology for 
the simulation of track structures at the molecular scale in biological 
medium 

E.g. PARTRAC, TRIOL, PHITS, KURBUC, NOREC...  

Include physics & physico-chemistry processes, detailed geometrical descriptions of biological targets 
down to the DNA size, DNA and chromosome damage simulation and even repair mechanisms 
(PARTRAC)... 

Usually designed for very specific applications 
Not always easily accessible  
Is it possible to access the source code ?  
Are they adapted to recent OSs ?  
Are they extendable by the user ? 
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G4-DNA
38

Can we try to extend Geant4 to model biological effects of radiation ? 

Limitations prevent its usage for the modelling of biological effects of ionising radiation 
at the sub-cellular & DNA scale  

Condensed-history approach 
No step-by-step transport on small distances, a key requirement for micro/nano-
dosimetry  

Low-energy limit applicability of EM physics models is limited  
Livermore Low Energy EM models can technically go down to 10 eV but accuracy 
limited  
100 eV for Penelope 2008 Low Energy EM models  

No description of target molecular properties  
Liquid water, DNA nucleotides, other  

Only physical particle-matter interactions  
At the cellular level, physical interactions are NOT the dominant processes for DNA 
damage at low LET... 
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G4-DNA
39

Tha
nk

s t
o S

 In
ce

rti





G A P Cirrone, PhD - INFN-LNS (Italy) - pablo.cirrone@lns.infn.it

G4-DNA
41
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1 MeV      10 MeV     100 MeV     1 GeV     10 GeV     100 GeV     1 TeV 

LEP 

HEP 

γ de-excitation 
Multifragment 
Fermi breakup 

Fission 

Evaporation 
Pre- 

compound 

Bertini cascade 

Binary cascade 
QG String  

FTF String  

At rest  
Absorption 

µ, π, K, anti-p 

CHIPS 

Radioactive 
 Decay 

Photo-nuclear, lepto-nuclear (CHIPS) 

High precision 
neutron 

Hadronic process/Model Inventory
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http://geant4.cern.ch/support/proc_mod_catalog/models

http://geant4.cern.ch/support/proc_mod_catalog/models
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Where to find information?

Process/model catalog 

Home/User Support  --> Geant4 web site
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Where to find information?
44



Thank you
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