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The Mars Science Laboratory (MSL)
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Radiation Environments on
Earth and Mars

RAD1 The Radiation Assessment Detector for MSL

A Martian surface is not well shielded:

I No planetarynagnetidield (just weak local fields).
I ~ 16 g cn? of atmosphere vs. ~ 1000 g €éran Earth

I Despite being thin, atmosphere attenu&teBs &causes a fraction
of GCRheavyions to fragment (e.g., ~ ¥4 of Fe survives).
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GCR Doses on Mars

RADT The Radiation Assessment Detector for MSL

A Globe shows calculated skin
dose using HZETRN (Saganti
& Cucinotta).

I Surface shielded by the GO
atmosphere, varies with altitude. R
A GCR doses predicted to be Mg
~1000 times greater on Mars = a2
t han Earthos s uges
A No data yet RAD will make =
first measurements.

A Dose rates are higher in
interplanetary space & RAD Annual dose-equivalent (Sv/yr)
will also operate while MSL
IS In cruise to Mars.

Qlympus Mons

Valles Muarineris

uuuuu

22| .20

WRMISS, Frascati 2010



of Mars

RAD1 The Radiation Assessment Detector for MSL

A Secondary particles are
Created When h|gbnergy Nuclear Radiation from a Planetary Surface
GCRs traver .

A bk thormat -
atmosphere and Interact e pw—-
In the soil. ’

A Interactions of GCRs and
SEPs in atmosphere also
create neutrons.

A Neutrons may contribute
significantly to the dose
equivalent on the surface.
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RAD Instrument Overview

RAD1 The Radiation Assessment Detector for MSL

RAD was selected for MSL
to characterizéhe radiation
environment (charged and
neutral) on the surface of
Mars. RAD consists of:

A Solid state detector
telescope & Csl calorimeter

-
-~ €
for charged particles.

A Plasticscintillator w/ anti A Mass = 1.56 kg
A Power=42W

coincidence logic to detect &\ = 10y 12 x 20 cin
neutrons. A Field-of-View = 65 deg. (full angle)
A Csl detecty-raysalso,but RTG A Geometry Factor = &n? sr

background is high.
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RAD Measurement
Capability

RAD1 The Radiation Assessment Detector for MSL

A Charged particles:
I Protons & heavy ions up to iron
can be identifled by Z, Z & E, or
in a few cases Z, E, & A.
I Protons up to ~ 100 MeV stop, Fe

5 lons up to ~ 500 MeV/nuc stop.  ions (Mg-Fe) NN
Neutrals:
I Neutrons 16100 MeV peons S
I y-rays > 5 MeV (due to RTG) | | | | >
A Dose and dose equivalent: 0.1 1 10 100 10° 10°
i Charged measure LET spectra Energy (MeV)
from 02_1000 keVle in HZO Stopping (Z, E, A some cases) Slowing (Z, E)

1 i e M
i Neutrons unfold to get spectra ighly Relativistic (2 onlv)

above ~ 10 MeV (large RTG
background at lower energies).
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RAD Cutaway View
and Principle of Operation

RAD1 The Radiation Assessment Detector for MSL

. — SSD A lon (rejected)
_—RSHSSD lon
TELESCOPE
_—SSDB&C

—CslID

jL —NEUTRON
CHANNELE

y-ray
(accepted)

Neutron (accepted)

Thin silicon detectors for dE/dx, Csl for stopping lovegergy protons & ions.
BC-432 plastic for neutron detectigalso stops small % aharged particlgs
Hermetic anticoincidence also made of-B82

D & E each have 3 readout diodesy Hackground is high, these can directly
record hits that may appear to have very large energies.

Too oo o o
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MSL RAD Block Diagram

RAD1 The Radiation Assessment Detector for MSL

A RAD Sensor Head (RSH):
I Detectors & frontend
electronics (FEE). 4 \
I FEE have high dynamic range S;Df/L

very low noise. %f* s o .&l
ah c g i |—> Mode A
i Multiple gain paths for each 08 ) {REYsl A5c [ 256, | Jwmsicon| | RsE |
detector (4 for Si, 6 for [rE > (Le:ir\“._.(m&ag?
scintillators). LN | 3
A RAD Electronics Box (REB): { GE
i Custom ASIC (VIRENA) for oo oo i o | Efvi.\
. . . . . BC432M-E +
pulse shaping, discrimination, | Ffrosdeses = ooy
peakhold Phocsos
I Over 200 adjustable
parameters.
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RAD Telemetry

RAD1 The Radiation Assessment Detector for MSL

A Telemetered flight data Stepping Charged Particles

= h|StogramS + event dE /dx (SSD-A) and geometry factor versus total energy deposit
records. A I o .
I E(SSD-A) > 30 keV

A Event records kept for T e oo \3\ ’
all high-LET charged . Iy st i s B

A Low-LET eventrecords : | :
sampled due to space 5 e
limitations. o1} p—— by _

A The histogramand T T
counter data contain = Hljﬂ [ ﬁ
Informatlon needed to 0.01 0.1 1 1£(t0ml)[me\1]00 1000 10000 100000
reconstruct full LET
spectra.
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RAD Calibration Campaigns J#%,

RAD1 The Radiation Assessment Detector for MSL

Charged Particles Neutral Particles
A NSRLT protons, carbon, A PTB (Braunschweig
Iron Germany)i calibrated neutron
A HIMAC i protons, helium, beams at 5, 15, 19ev
carbon, silicon iron with A iThembai neutrons at 60 &
backup unit in flightlike 100 MeV
configuration. A NIRST AmBe calibrated
A Sealevel muons source

A 207Bj source(electrons up to A INL T neutrons and gammas
~ 1 MeV) from RTG
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RAD1 The Radiation Assessment Detector for MSL
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make histogram
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Scale to ion charge

10 '

Charge resolution impossible due to
high fragment multiplicities

Z {Charge Units) - Scaled to Fe Peak

Awith thin targets, fragments and surviving primaries all have ~ eglatities,so
AE in thin detectoiis ~ Z2, with well-separated peaks.
ADatashown are from lovgain readout channeldighergain channels pick up the

lightest fragments.
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Stopping long 500 MeV/nuc**Fe sy

[

Data compared to Monte Carlo®

RAD1 The Radiation Assessment Detector for MSL

Data MC

A Monte Carlo lacks quenching in scintillators, see ~ 20% effect for iron &
other heavy fragments in thedtector (stopping detector for Fe this run).

A Energy deposited in MC is converted to ADC counts using calibration
constants derived from other data s&t€ has perfect resolution.
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