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1.  Mars Atmosphere and Volatile EvolutioN (MAVEN) Mission  

2.  Solar Energetic Particle (SEP) Instrument  

3.  Geant4 Simulations for SEP 















Solar Energetic Particle (SEP) Instrument 









Basic design of SEP instrument 
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Basic separation strategy: 3 detectors, 2 filters 
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GAINING THE TRUST OF AN INSTRUMENT LEAD 

Experimental results,  
electron gun 

Simulation results,  Geant4 



DETERMINING THICKNESS OF DETECTOR “DEAD” LAYERS 

OK, much 
better!   

Oops! 
Misplaced 
volume. 



GEOMETRIC FACTOR CALCULATED GEOMETRICALLY 
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• Rectangular field of view: consider x,y 
separately 

• Determine opening angles (x),(y) as a 
function of position on the detector. 

• Integrate across the detector in x and y. 

• Geometric factors: 
– 0.179 cm² st (open side) 

– 0.174 cm² st (foil side) 

• GEANT4 simulations on following slide. 



GEOMETRIC FACTOR CALCULATED WITH GEANT4 SIMULATIONS 

• 40 keV electrons. Foil side. 

• Beam Area : 7.07 cm² 

• # particles per angle: 20,000 

• GF = 0.1689 ±.0025 cm2 sr 

• 1.47% error from counting statistics 

• 2.87% lower than simple geometric value 
of 0.174 cm2 sr (see previous slide) 
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• 40 keV protons. Open side. 

• Beam Area : 7.07 cm² 

• # particles per angle: 20,000 

• GF = 0.1769 ±.0027 cm2 st 

• 1.54% error from counting statistics 

• 1.17 % lower than simple geometric value of 
0.179 cm2 sr (see previous slide). 

 



Ion response matrices 
• Since ions deposit most of their energy at the very end of their trajectory, 

proton response matrix for O, OT and FTO events is quite clean. 



Electron response matrices 
• Electrons deposit their energy over a much longer distance than ions. 

Response matrices are much less diagonal. 



SUMMARY 

SEP tasks already completed with Geant4: 
 Calculation of width of “dead” layer coating on detectors 
 Calculation of low-energy (25 keV) geometric factor 
 Minimum energy for Oxygen ions (O+) to reach detector  

SEP tasks yet to be completed (ongoing) with Geant4: 
 Response matrices of detectors 

 ??? 


