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Outline

• Electromagnetic (EM) physics overview
• Electromagnetic working group
• Standard EM packages

• How to invoke EM physics in Geant4
• EM Physics Lists 

• Important sample processes
• Compton scattering
• ionization
• multiple scattering

• Energy-range relation and stepping
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Electromagnetic (EM) physics overview
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Electromagnetic physics working group

Many years is used in production for BaBar and other HEP 
experiments
Main focus today is LHC and other HEP experiments 
including ILC
Many common requirements for HEP, space, medical and 
other applications
Working group page:

http://cern.ch/geant4/collaboration/working_groups/electromagnetic/index.shtml
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Standard EM packages 

• Standard
• γ, e up to 100 TeV
• hadrons up to 100 TeV
• ions up to 100 TeV

• Muons
• up to 1 PeV
• Energy loss propagator

• Xrays
• X-ray and optical photon 

production processes
• Optical

• Optical photon interactions
• High-energy

• Processes at high energy 
(E>10GeV)

• Physics for exotic particles
• Polarisation

• New package for simulation of 
polarized beams

• Default Physics Lists
• Two configurations:

• 5 mm Pb/5 mm Scintillator
• 10 mm Pb/ 2.5 mm Scintillator

• Data from NIM A262 (1987) 229; 
NIM A274 (1989) 134
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Gamma and Electron Transport

• Photon processes:
• γ conversion into e+e- pair
• Compton scattering
• Photoelectric effect
• Rayleigh scattering in low-energy 

package
• Gamma-nuclear interaction in 

hadronic sub-package CHIPS
• Electron and positron 

processes:
• Ionization
• Coulomb scattering
• Bremsstrahlung
• Nuclear interaction in hadronic

sub-package CHIPS
• Positron annihilation
• Many Geant4 applications with 

electron and gamma beams

HEP calorimeter

Medical linac
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Muon EM Physics Simulation
• Main processes:

• Ionization
• Bremsstrahlung
• e+e- pair production
• Muon-nuclear interactions in 

hadronic packages
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Hadron and ion EM physics 

Coulomb scattering
Ionization
Bethe-Bloch formula with corrections used for E>2 MeV

– C – shell correction 
– G – Mott correction 
– δ – density correction
– F – finite size correction 
– L1- Barkas correction  
– L2- Bloch correction 
– Nuclear stopping 
– Ion effective charge 

Bragg peak parameterizations for E< 2 MeV
ICRU’49 and NIST databases
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X-ray and optical photon simulation

Standard packages:
Cherenkov radiation
Synchrotron radiation
Transition radiation
Scintillation

Low-energy EM package:
Atomic relaxations – fluorescence 
and Auger transitions

Optical
Reflection
Refraction
Absorption
Rayleigh scattering

Cherenkov

WLS
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How to invoke EM physics in Geant4
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ordPostStepDoItordAtRestDoIt

ordAlongSteptDoIt

-1 - parameter to indicate InActive DoIt
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Recent updates of Physics Lists 

For positive ions 
If (particleName == “alpha” || particleName == “He3” || 

particleName == “GenericIon”) { 
pmanager->AddProcess(new G4hMultipleScattering, -1,1,1);
pmanager->AddProcess(new G4ionIonisation,            -1,2,2);

}
Predefined builders $G4INSTALL/source/physics_lists/builders

G4EmStandardPhysics – default EM physics
G4EmStandardPhysics71 (G4EmStandardPhysics_option1 since g4 9.0)

Fast but less precise simulation
G4EmStandardPhysics72 (G4EmStandardPhysics_option2 since g4 9.0)

Sub-cutoff option enabled
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Important sample processes
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k is total electron energy
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γ e-
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Mean energy loss 
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Geant4 models of energy loss fluctuations

Urban model based on a simple 
model of particle-atom 
interaction

Atoms are assumed to have only 
two energy levels E1 and E2

Particle-atom interaction can be:
an excitation of the atom with 
energy loss E = E1 - E2

an ionization with energy loss 
distribution g(E)~1/E2

PAI model uses photo 
absorption data

All energy transfers are sampled 
with production of secondary e- or γ
Very slow model, should be applied 
for sensitive region of detector
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Sampling of δ-electrons for hadrons and ions 
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e-

proton

alpha
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(MSC)
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Geant4 Urban MSC model

• To get more complete information 
it is better to start with theory of 
Lewis which based on the 
transport equation of charged 
particles

• The Urban MSC model uses 
phenomenological functions to 
sample angular and spatial 
distributions after the simulation 
step

• The functions parameters are 
chosen to provide the same value 
of moments of the distribution as 
in Lewis theory

• See details in the Geant4 Physics 
Reference Manual and in EM web 
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Step limitation from MSC : g4 7.1 g4 8.3

Step limit defined at first step and 
reevaluated after a boundary

applied only if range > safety

StepLimit = FR •max (range, λ)
λ is transport cross section 
new default Range Factor FR = 0.02
(instead of 0.2)

strong constraint only for low energy 
particles

ensure that a track always goes few 
steps in any volume (at least 3)
step limit min becomes material 
dependant, via λ :

StepLimitMin = max (0.04 λ, 5 nm)
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Sampling of MSC : g4 7.1 g4 8.3

• Reevaluate safety radius before to 
perform lateral displacement

• d < safety   (safety is often 
underestimated)

• Correlate final direction with lateral 
displacement

• u·d = f (λ)  taken from Lewis theory

• Angular distribution : both central 
part and tail slightly modified

• Single Coulomb scattering at 
boundaries

• 1 very small step (~ λ elastic) before 
boundary crossing

• apply approximate single Coulomb 
scattering in this step
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Energy-range relation and stepping
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Step limitation by ionization processes

Default k = 0.2
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if step is long 

dEdx, Range and inverse Range tables are computed  
initialization phase of Geant4 using production thresholds 

(cuts) per detector region 



31/05/2007 Geant4 course - Electromagnetic 1 40

Summary

• Standard EM physics processes are available for gammas 
and charged particles from 1 keV and up

• MSC process must be ordered next after transportation 
process in a Physics List

• EM processes are based on theoretical cross sections with 
corrections.  During simulation, quantities are taken from 
tables calculated at initialization time

• Multiple scattering is handled by model functions which 
represent fits to Lewis transport theory results (not Moliere)

• Energy-range relation is used to compute energy loss, and 
to control step lengths and secondary production
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