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Outline 
 ESA BioRad, Physics models for biological effects of radiation and 

shielding 2009-2011 
– Review of MC tools, improvements to ion physics, validation against 

data from LNS and GSI, Geant4 DNA 
 

 Within the context of the ESA ELSHIELD project: Energetic 
electron shielding, charging and radiation effects and margins 

– Work Package on EM physics model improvement 
– Work packages on experimental test campaign for validation  

• Electron dose vs depth data in the range 1-10 MeV 
• Comparison to Geant4 and PENELOPE 2011 

 
 Jupiter exploration and Galileo (navigation satellites) 

– Reverse MC performance 
– Comparison to Geant4 forward, NOVICE, FASTRAD MC 
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Context 
 Navigation, telecommunication satellites in Earth orbits 

– High fluxes of penetrating energetic e- in the Earth’s radiation belts 
– Significant Brem, dominant in well shielded S/C regions 

 Jupiter missions 
– Harsh electron environment: LEO E < 7 MeV  Jupiter E<1000 MeV 
– Multi-layered shielding and new techniques to limit dose, lower 

background (quite a challenge) 
– Significant Brem, but primary e- still dominate dose very deep in S/C 

 
 Need of data for e- validation 

– Validation of dose vs depth in pure materials for 1MeV<E<10MeV 
– Dose enhancement effects in multi-layer structures 

 Comprehensive experimental test campaign 
– Simple and complex layered-structures 
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ELSHIELD e- experimental campaign 
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3MeV e-, sim.model w/ better exp.parameters 
Data v. Opt3, Liv, G4Pen and PENELOPE 2011 
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3MeV e- , various material sequences 
Data v. Opt3, Liv, G4Pen 
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32 Al layers- 3MeV e- 
e- spectrum @ various depths 

 Geant4 v. Penelope 2011. No window, vacuum, no table 
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32 Al layers- 3MeV e- 
gamma spectrum @ various depths 
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 Geant4 RMC compared to FWD (GRAS 3.1, G4.9.5.1)  
 Jupiter e- environment 
 RMC can be stopped by convergence test 
 Simulation time for RMC unexpectedly long 
 Convergence time profile shows jumps 
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Reverse MC – some performance studies 

M.Ansart, ESA 
L.Desorgher, SpaceIT 



Same for Galileo (Navigation) MEO spectrum  
(lower energy, E<7MeV) 

 Convergence time profile smoother for 
MEO e- than for Jupiter e-  

 Still some high weight events prevent 
RMC from quick convergence 
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Geant4 FMC v. NOVICE 

 NOVICE, developed by Tom Jordan (EMPC) 
was until very recently the only adjoint MC 
tool available to space industry 

 

 Multi-layered shielding effects well 
reproduced 

 

 Difference in absolute dose when compared 
to Geant4 FWD 

 

 Physics models available in NOVICE not well 
documented. We hope to discuss 
discrepancies with Tom soon (maybe at 
RADECS 2012) 
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Engineering tool  
comparison 
Summary 

 SHIELDOSE-2 (Seltzer, via SPENVIS) 
 Geant4 FWD (GRAS, G4 9.5.p1) 
 [MULASSIS (G4.9.4.p2 opt0)] 
 FASTRAD FMC 
 FASTRAD RMC (point or volume det) 
 NOVICE RMC (point det) 

 
 GRAS RMC not included 

– Ongoing work by Laurent 
– It will be interesting to see also with 

Geant4 RMC if any big difference 
between point and volume detector 
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