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Overview of Presentation
•What is electron therapy and how is it performed?

•Monte Carlo dose calculation systems/codes that can be used

EGSnrc

GEANT 

Standard Electro-Magnetic Physics Lists (STD_EM)

Low Energy Physics Lists (LowE)

Penelope Physics Lists (PENELOPE)

•Review of Physics within each code

•Inter-comparison of Electron MC codes for mono-energetic beams

Dose deposited as a function of depth; 

Angular distribution of electrons at a fixed depth;

Mean energy spatial distribution at a fixed depth.



Electron Simulations
Early work Present

• Udale first to 
suggest multi-stage 
simulation to save 
computing time

Udale 1988, PMB, 33 939-54
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Verification of MC model
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Verification of MC simulations
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Review of Physics within each code

Verhaegen and Seuntjens 2003, PMB, 48 R107-R164



Reference Monte Carlo code used …















Our Preliminary results with 

EGSnrc, STD_EM, LowE and PENELOPE …..

1 MeV incident electrons on homogeneous material 

1 MeV H2O - Electrons EGSnrc vs GEANT 
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1 MeV BONE - Electrons EGSnrc vs GEANT
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1 MeV LUNG - ELECTRON EGSnrc vs GEANT
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CSDA CSDA - continuos slowing down 
approximation in g/cm2SLAB_THICKNESS =

100*ρ ρ – material density in g/cm3



100 keV incident electrons on homogeneous material 

100 keV H2O - Electrons EGSnrc vs GEANT 
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100 keV BONE - Electrons EGSnrc vs GEANT
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100 keV LUNG - ELECTRON EGSnrc vs GEANT
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10 MeV incident electrons on homogeneous material 
10 MeV BONE - Electrons EGSnrc vs GEANT
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10 MeV H2O - Electrons EGSnrc vs GEANT 
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10 MeV LUNG - ELCTRON EGSnrc vs GEANT
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100 keV incident electrons on homogeneous material 

POSSIBLE PROBLEM IN THE ELASTIC 
MULTIPLE SCATTERING ALGORITHM….

10 MeV incident electrons on homogeneous material 



100 keV incident electrons on homogeneous material 

10 MeV incident electrons on homogeneous material 



Preliminary Conclusions

EGSnrc vs GEANT (STD_EM, LowE, PENELOPE models)

Preliminary results indicate that the elastic multiple scattering algorithm used

in GEANT to model electron elastic scattering and diffusion is not adequately 
implemented… 
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