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RAD Sensor Head (RSH) Design




Martian surface including neutrons and vs — RAD




Assess a Martian Region as a Potential Habitat
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Pfotzer Maximum

at 20 km altitude on Earth,

Relative Intensity

Altitude [ km ]

0 50 100 150
50 1 T T 1 I T T 1 1 I T T T T 300
- ’/ \\ ot
sf |4 1T - -
| \+<B o}
S ERY — 200
30 | \ -
E S L &
20|
C 100
10 -_I' A—> :
) ]
1 I 1 | 1 I 1 I 1

Atmospheric Pressure [ mm Hg ]

0
800 700 600 500 400 300 200 100 O

Counting Rate / 4 min.



Pfotzer Maximum

at 20 km altitude on Earth,
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Pfotzer Maximum

at 20 km altitude on Earth, but at Martian surface!
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mRadiation Assessment Detector Science

Characterize the energetic particle spectrum
incident at the surface of Mars, including
direct and indirect radiation created in the

atmosphere and regolith.

MSL RAD Scientific
Objectives

Equivalent Dose rate for humans on the

To characterize fully the broad
spectrum of radiation at the

surface of Mars

Validate Mars atmospheric transmission
models and radiation transport codes.

Determine the chemical and isotopic effects of
energetic particles on the Martian surface and

atmosphere.




RAD Measurement Requirements

ok~

. Energetic charged particles (1 < Z < 26) up to 100

MeV/nuc

Neutral particles (vs and neutrons) up to 100 MeV
Electrons up to 10 MeV

Dose and LET spectra

Resolution sufficient to resolve low-Z (p, He) from
medium-Z (C, N, O,...) and high-Z (up to Fe) elements

Time resolution sufficient to resolve solar particle events
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»MRAD Sensor Head (RSH) Implementation

ion, electron

Measure GCR, SEP, n, ~
Energy range:

lons 5-270 MeV/amu
p,« 5-100 MeV/amu
e 150 keV - 15 MeV

Combination of
telescope and
calorimeter



XRAD Sensor Head (RSH) Implementation

Measure GCR, SEP, n, ~
n

2 - 100 MeV
ol > 1,5 MeV
Csl stops 100 MeV/amu p
Csl crystal for vs and as
calorimeter



ERAD Sensor Head (RSH) Implementation

Measure GCR, SEP, n, ~

2 n 2-100 MeV
B |y > 1,5 MeV
3 Anti-coincidence 99.98%

o B _ efficient

Neudos anticoincidence




.RAD Sensor Head (RSH) modeling indicates that
RAD will perform as expected

Use Geant4 Monte-Carlo model of RSH
to simulate instrument performance.
Model does not yet include detector
and FEE response and direct Si hits.




Detection of stopping particles

dE /dx (SSD-A) and geometry factor versus total energy deposit
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Calibration shows expected results
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. Expected Performance

radiation count rate uncertainty model
(particle)  (per second) (%/6 months) uncertainty
p 0.25 0.1 20%

e 0.02 0.35 20%
CNO 5.10-3 0.7 20%

Fe 3-10* 3 20%

n 20 — 200 0.25-0.75 100%

dosimetry 25 0.7 (per hour) -




Conclusions

RSH will determine
the broad spectrum
of surface radiation
using a novel
combination of
detection techniques



Backup Slides



uNeutron and ~ background from RTG and DAN

Neutron Energy Spectrum for Qualification RTG (Ulysses Mission)
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Neutron and ~ background from RTG and DAN
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Neutron and ~ background from RTG and DAN

Martian -Ray Fluxes at 378 km
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Statistical neutron and ~ separation

Detected energy vs particle energy matrix
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Detection of penetrating particles

Energy loss and geometry factor of penetrating charged particles
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