
!  Track particles in parallel spreading with many 
CUDA threads

•  Each track is independent 
•  Tracking more than 500k particles in parallel 

!  A CUDA thread has  
•  kinematic information for a particle: position, 

momentum, energy, energy loss. 
•  stack storing secondary particles 
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MPEXS: A CUDA MonteCarlo 
of the simulation of 
electromagnetic interactions 

Adaptation of core Geant4 algorithm to CUDA. 
Design inspired by structure of Geant4 in terms of 
modularization and separation of concerns. 
Low energy electromagnetic physics models suitable for 
simulation of X-ray radiotherapy 
Model material as water with variable density, a 
common practice in medical physics for X-ray therapy 
 
Algorithm details: 
•  Each CUDA thread tracks an active particle 
•  Physics processes store secondary particles in thread-

local stacks 
•  Energy is atomically deposited to a global dose array 
 
Geant4-DNA: an extension of Geant4 for DNA scale 
particle simulation (Microdosimetry simulation) 
•  Electromagnetic interactions (down to meV) 
•  Radiolysis of water 
•  Estimate DNA damages using energy loss 
MPEXS-DNA — An extension of MPEXS to DNA Physics - 
Collaborators: CENBG (France), KEK (Japan) 
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Microdosimetry Simulation  
!  Should improve computing performance 
!  Need days-weeks in CPU simulation 

!  Based on Geant4 10.02 p01 
!  EM Physics for lower energy range 
!  down to meV


!  Radiolysis of water 
!  Diffusion, chemical interaction for 

radicals 

1. Physical Phase!

2. Chemical Phase!

•  Simulation of physical 
interactions  

•  Calculating dose 
distributions 

•  Generating chemical 
species including radical, 
ions, …  

Diffusion and reactions for chemical 
species 

3. Biological Phase 
 (Future work)


Chemical Phase 
Electronic state Process Dissociation channel Fraction (%) 

Ionization state Dissociative decay H3O+ + •OH 100 

Excitation state: A1B1 
Dissociative decay •OH + H• 65 

Relaxation H2O + ΔE 35 

Excitation state: B1A1 

Auto-ionization H3O+ + •OH + e-aq 55 

Dissociative decay •OH + •OH + H2 15 

Relaxation H2O + ΔE 30 

Excitation state: Rydberg, 
diffusion bands 

Auto-ionization H3O+ + •OH + e-aq 50 

Relaxation H2O + ΔE 50 

Dissociative attachment: H2O- Dissociative decay •OH + OH- + H2 100 

Physical Phase 

Qt based: setup and run simulation; inspect results 
 

A CUDA implementation of Geant4 electromagnetic 
proceses has been created 

 Low-energy e/gamma processes  
 Voxelized geometry 

Extension to Geant4-DNA physics (including chemical 
phase) available 
 
MPEXS:  

 same physics quality as Geant4 simulations 
 between x150-200 speedup with respect to Geant4 
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