RADIATIONSHIELDING BY NATURAL TERRAIT
THE SURFACE RARS
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Different sites of interest along MiSL/RAD traverse path

A 6 sitesof interestandin total 10 different I
points: Eon [hg'

@;ﬁ?ﬁﬁ)
Py

Location Parking Sols Rover Site/Drive

Hidden Valley 706-708 40/200

Tower Butte 2734-2742 79/1222

Bloodstone Hill - 1 2797-2800 80/2388 Y

Bloodstone Hill - 2 2800-2802 81/0 0050 40 km

Mont Mercou - 1 3052-3072 87/792

Mont Mercou - 2 3072-3074 87/834

Mont Mercou - 3 3076-3079 87/1444

Maria Gordon Notch 3324-3326 92/84

Paraitepuy Pass Approach  3556-3558 96/2470

Paraitepuy Pass 3564-3565 96,/3096
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Different sites of interest along MiSL/RAD traverse path
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The example of Paraitepuy Pass

A 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.

A Theviewpointwassetup 1m abovethe surfaceto
mimic RADelevation,while the elevationangleof
the horizon line was determined for azimuth

anglesintervalsof 0.25° from 0 to 360" — o (c)

= Pass

315° 45°

A For each azimuth angle the horizon elevation
angle has been calculated using the horizon
distanceand planet curvature,within a radius of
20 km aroundthe view point.

270 0°

Main objective :

Reproduce surface flux (including albedo)
with MC simulation for any local topoqgraphy
with special focus for albedo neutrons

EXx |
ey ¢ TRAD

Liberté
S cnes s
raternité a HEICO co!




ARANMIS Environnent MModel

on boardCuriosityrover, oo o
. L —— ARAMIS - Geant4 (FTFP_INCLXX_HP) L —— ARAMIS - Geant4 (FTFP_INCLXX_HP)
providesto datethe only measurements of fluand doserom the T o —— OLTARIS - HZETRN g —— OLTARIS - HZETRN
Marti face = \ —— PHITS - Matthia 2016 = —— PHITS - Matthis 2016
artian sur _— \ ; ?ﬂ:la_l'[tﬁADhﬂatthla 2016 L 10 —— Geantd - Matthia 2016
T K\\ n
~ 10734 ~
L \i\ e 10
. . . = 10 =
Monte-Carlo simulationsvith Geant4(C++ and Pythonpost £l £h
W 1075 X o
treatment E Neutron 2"
Usingthe HighPerformance&Computing(HPCxenterfrom CNES g 10744 ' - E
3 3
& 107100 10t 10?2 10° 04 @ 104!].[)0 10! 102 10¢ 10%
Secondary energy, T" [MeV] Secondary energy, 7" [MeV]
Any Location Any date Any GCR or SPE '% o -=-- direction-averaged proton % 1 —— ARAMIS - Geant4 (FTFP_INCLXX_HP)
exposure = Proton —— cone-viewed downward proton s 102 Fome —— OLTARIS - HZETRN
i — L e'le-
Geant4 Execution :3 N"f S ——
Surface location ! p N
characteristics : ) @ £ 10* £ 10°
 Forall fons up to Z-l-28 Databases Postprocessing Databases A=A S
« Altitude, location, dates " o speaiic sneee Count of all secondary S Surface spectra for each %E % g% 10-2
) - (see Table 1) particles with their (o Pl;lthon secondary particles type fo ) ARAMIS - Geant4 (FTFP_INCLXX_HP) 9
. Soil composition _)‘® GEANT 4 P a specific primary energy 5 -—-- OLTARIS - HZETRN =
b, oSl o PHITS - Matthia 2016 o 10101
b —— Geant4 - Matthia 2016 =
@ ‘g —— MSL- RAD ‘g -—- e \
GCR spectra models R @ 107 20 40 60 80 100 n 107”100 10 107 10° 107 10°
Secondary energy, T" [MeV] Secondary energy, T [MeV]
+ Badhwar-O'Neill, 2022 GCR models integration Databases
SEE spesta imodels @ python Sutace speca o sach Charpentieret al. (2024), ARAMI&Martianradiativeenvironmentmodel built from GEANT4
« See Table 2 . . .
J simulations,J SpacéVNeatherSpaceClim.14 35 2024) DQI10.10516ws¢2024032
p p
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Distance Y [m]

Natural terrain : resuits for Paraitepuy Pass

0°
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Mean zenith blockage: 69.88°

—--— Ratio of blocked sky: 34.40%

20 60
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20

Secondary energy, T [MeV]
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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 solicdingle:

34.4%




g ° W Thermal M H/./"

e | T gl M: |

s -1 g?:[, ) -

= 2 Location Mean horizon masked ratio, o [%)] Oy [°]  Osky (Y]

(] ,/

é ;,/;A Downward Upward Total

e Pl 5252058 2219 Hidden Valley -1.086 + 3.818  -1.989 + 2816 -1.671 £3.146 8501 87
N oL Tower Butte -4.638 + 3.485 -15.742 + 2.680 -11.646 + 2.896 81.21  15.27
e Bloodstone Hill - 1 -4.506 + 3.635 -15.602 + 2.779 -11.234 + 3.031 82.34  13.32

X A Epithermal Ml"'fy Bloodstone Hill - 2 -4.377 £ 3.877  -14.968 +£ 2.9  -10.793 + 3.027 82.45 13.14

lg ~15} T, BB:"S . Mont Mercou - 1 -3.735 £ 3.745 -12.6 £+ 3.124 -9.180 + 3.224  82.9 12.36

S & m Mont Mercou - 2 5406 £+ 3.473  -20.250 &+ 2.724 -14.469 + 2.812 81.46  14.85
g-or - Mont Mercou - 3 23.526 + 3.725  -12.6 +£2.829  -9.069 + 3.020 83.21  11.82

8 ol AR _ Maria Gordon Notch -24.995 + 2.822 -54.132 + 1.575 -43.744 + 1.951 66.42  40.00

< #*~ 5=2.34728,-205.33 Paraitepuy Pass Approach -16.793 4+ 3.326 -42.576 + 2.062 -32.708 £+ 2.291 73.84  27.83

Q M R’ =0.9681

= g - Paraitepuy Pass -16.985 + 3.312  -43.187 + 1.978 -33.222 + 2.214 69.88  34.40

3 0

o

g —15 . .

® A Theskyblockageleadto areductionin thermal, epithermal and fast neutronsfluxes
T -30

€ _us _ _ | A A linear regressionfor the different reduction enabledto find a reduction of 2.52
< 5=1.97346,-172.15 . . B
2 RY=0.9734 W*°, 2.35% °and 1.97 % ° in thermal, epithermal and fast neutronsflux.
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Natural terrain : Albedo Generation correction factor

HYPOTHESIS:

No interaction between the albedo
generated and the atmosphere
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fy’ and fa distribution

fy and fg distribution

Natural terrain : Albedo directionality on MIC results
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Natural terrain : Neutron albedo directionality on MIC resulits
Dependent on PRINIARY and SECONDARY ENERGY

(a) Proton, 500 MeV (b) Proton, 10 GeV
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Natural terrain : Albedo directionality on MIC results —
Convolution with GCR spectra to get the distribution
corresponding to sol 3564 (Paraitepuy pass passage)
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Natural terrain : Albedo reconstruction with surface viewed

=== Visible surface
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Natural terrain : Albedo Generation correction factor
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Natural terrain : Albedo Generation correction factor
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