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Materials 1 and 2 : same A, but different density ρ1 and ρ2

bnEphoton beam : 
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beam energy fluence:

dose in material 2 : 

energy transfert coefficient :

 is the mean kinetic energy of emited 

Under charged particle equilibium condition :
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Fano cavity principle

i.e. independent of the tracking parameters 
of the simulation
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Geant4: e- step limitation from physics

Ionization and brems
• production threshold aka Cut

indirect effect : the mean free path between discrete interactions 
depend of Cut

Continuous energy loss
• Max fractional energy loss per step.  dR/R < dRoverRange
• Down to a certain limit : finalRange

Multiple scattering
• Limit defined at first step and reevaluated after a boundary, to

allow back scattering of low energy e-

step = fr.max(range,λ) fr = facRange
• Geometry : force more than 1 step in any volume : facGeom
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Step limitation from continuous energy loss

The cross sections depend of the energy. The step size must be 
small enough to ensure a small fraction of energy loss along the
step :

This constraint must be relaxed when E 0

step
Range(E)

dRoverRange≤

finalRange
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Geant4 6.2

E. Poon and al.

Phys. Med. Bio. 50(2005) 681
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Geant4 : from 6.2 to 8.1

dRoverRange : 1 0.2 (finalRange = 1 mm)

facRange : 0.2 0.02, applied to the whole track
facGeom : 1 3
Better evalution of lateral displacement : reevaluate 
safety radius before to perform lateral displacement 

displ < safety   (safefy was 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
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Transfer energy coefficient

e -

From TestEm14: 
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finalRange = 1 mm

V 6.2 : fr = 0.2

V 8.1 : fr = 0.02

1 mm ~ 300 keV
for e- in water

V 6.2 : aberrant point for dR = 1
~ 4 108 events per point
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Geant4 V8.1 : zoom

Do not converge to 1 !

Stability within 1%
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finalRange = 10 nm

V6.2 : fr = 0.2
V8.1 : fr = 0.02

V 6.2

V 8.1
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finalRange dependance

from TestEm15

254 um
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still on the way …

Evident gain on stability from 6.2 to 8.1

We do not yet fully agree with E. Poon results
understand normalisation
understand the impact of the geometry

Understand the effect of small finalRange
Implement single Coulomb scattering mode near a 
boundary
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