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Å 6 sitesof interestandin total 10 different
points:
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Main objective :

Reproduce surface flux (including albedo) 
with MC simulation for any local topography 

with special focus for albedo neutrons 

Å The horizon maskshave been computed on the
basisof a Digital ElevationModel (DEM)of the
GaleCratercreatedby JPL/NASA/USGS/University
of Arizona. ThisDEMhasa resolutionof 1m/pixel.

Å Theviewpointwassetup 1m abovethe surfaceto
mimicRADelevation,while the elevationangleof
the horizon line was determined for azimuth
anglesintervalsof 0.25° from 0 to 360°.

Å For each azimuth angle the horizon elevation
angle has been calculated using the horizon
distanceand planet curvature,within a radiusof
20km aroundthe viewpoint.
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Any Location Any date

Å Radiation Assessment Detector (RAD), on boardCuriosityrover, 
providesto date the only measurements of flux and dose from the 
Martian surface

Å AtmosphericRAdiationModel for Ionizingspectraon martian
Surface (ARAMIS)

Å Monte-Carlo simulations with Geant4 (C++) and Pythonpost-
treatment

Å Usingthe High Performance Computing(HPC) center from CNES

Any GCR or SPE 
exposure 

Photon
Neutron

Proton
e+/e-

Charpentier, et al. (2024), ARAMIS: a Martianradiative environmentmodel built from GEANT4 
simulations, J. SpaceWeatherSpaceClim. 14 35 (2024) DOI: 10.1051/swsc/2024032
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Comparison with flat 
geometry:

Mean reduction ratio for 
neutron flux :  33.2%  but it 

depends of the energy

Ratio of blocked solid angle: 
34.4%
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Å Theskyblockageleadto a reduction in thermal, epithermalandfast neutronsfluxes

Å A linear regressionfor the different reduction enabled to find a reduction of 2.52
%/ °, 2.35%/ ° and1.97%/ ° in thermal, epithermaland fast neutronsflux.
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HYPOTHESIS:

No interaction between the albedo

generated and the atmosphere
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For different
secondary
energies

It has been shown that angular distribution of scattering neutrons is 
isotropic at low energy levels, and tends to quasi unidirectional at high 

energy [Thornton, A. (2016)], [Kalendet al,(1983)] . 

Lowenergy: wide
scatteringangle

High energy: small
scatteringangle

This confirmresultsfrom : Gonçalves, et al. (2022). Validation of dMEREM, the detailed mars energetic 

radiation environment model, with RAD data from the surface of Mars. Frontiers in Astronomy and Space 
Sciences, 9, 833144.
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From100 GeVPrimaryH

This confirmresultsfrom : Gonçalves, et al. (2022). Validation of dMEREM, the detailed mars energetic 

radiation environment model, with RAD data from the surface of Mars. Frontiers in Astronomy and Space 
Sciences, 9, 833144.
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—

After 100 MeV, shift toward high —
For different primary energies: 100 MeV, 500 MeV, 1 GeV, 5 GeV, 10 GeV, 

50 GeV, 100 GeV, 500 GeV, 1 TeV
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The downwardneutron distribution is not 
taken into account in the further modeling
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VisibilityMap :

Visible surface
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This isonlydependentof the 
local terrain  
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This isonlydependentof the 
local terrain  

This isdependentof Mars atmosphericparameters
and GCR input spectra, throughconvolution, but not 

of the local terrain  
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