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JUICE
L1 1The Jupiter lcy Moons Explorer

Next Class-L (Large) ESA Mission
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a " Juice Mission Objectives

LIP

Study the emergence of habitable worlds arcuticlgas giamnts

Callisto

* Characterise the Jupiter Icy Moons: Ganymede, Europa and Callisto
as planetary objects and potential habitats
*Explore the Jovian system as an archetype for gas giants
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Juice Scientific Payload

SSRDPU
SMU

Camera DPU (electronic unit beneath)

Possible
configuration
for
Scientific
Payload
accomodation




Jovian System Energetic Particle Environment

Severe environment in terms of ionizing particles

A GIANT SYSTEM sl
IN ROTATION Aurora, radiatic

ALARGE DIVERSITYOF
BINARY INTERACTIONS coupling

Acceleration
Aurora, radiations

Intense
Radiations e
Ganymede
A mini Magnetosphere x ‘
(\ lon source
e Europa

Induced B-Field




Data and models
- Pioneer 10-11 (1973, 1974)

Synchrotron emission observations - Voyager 1-2 (1979)
- Galileo (1989)

Chbserved Map at 1400 Mz - Ulysses and Cassini (2000)

Synchrotron emission predictions from

Divine model
Revised Model

Courtesy of H.B.Garret, Jet Prop.Lab

-Divine e- and proton models

- GIRE (Galileo Interim Radiation Environment Model)

- Salammbo(e-belt model from Jupiter surface to Europa)

- JOSE (based on Divine+GIRE+Salammbo+data) s=zzap
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What is a radiation monitor?
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Support to

2
Radiation Alert and

Housekeeping safeguarding

Future mission
preparation &
provision of
science data

plattorm and

payload

Mass ~1kg
Power ~ 1 Watt
Volume - 11t




» - RADEM - Radiation Hard Electron Monitor

LIP

a radiation monitor is a key piece in keeping the mission safe but it can
also provide valuable scientific data!

Instrument requirements:

Electron detector

Spectral range 300 keV — 40 MeV
Peak flux 10° e/cm2/s

Proton and heavy ion detector
Spectral range 5 MeV — 250 MeV
peak flux 108 p/cm2/s

Radiation hard
dose determination and alarm function

Particle separation
from Helium to Oxygen; LET spectra

LIP is collaborating with european institutes and industry in a proposal
for the design and development of RADEM ( phases B2, C & D).




Very Hard Electron Spectrum

Trapped Electrons Europa - <peak 24 h=>
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RADEM

Preliminary Analysis and Definition Phase A and B1
( PS5l & RUAG) - Complete

Proton Telescope

8 Si layers, 8mm Copper shielding)

Edep[MeV]

Electron Spectrometer
permanent magnet

Ekin[MeV]
dintarcw [mm]

Credits to Wojtek Hadjas & Laurent Desorgher (PSI) @ ESA Space Radiation Workshop, May 2012
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Electron directionality

LIP

EPD measurements
Galileo G29 encounter with Ganymede
December 2000

" @ 0804:47-0804:47 i
"  0823:07-0823:26

304~527 keV electrons




Electron Directionality Detector
An additional detector module for RADEM

31 Si sensors (300 um) AO =22.5°, Ap = 36° & FOV=7.2°

Shielding:

8 mm Copper to
stop electrons
with E < 10 MeV

Collimators

300 um Al absorber stops
e- with E < 300 keV & protons with E< 6 MeV

]
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Electron Directionality Detector

Preliminary assessment

3 -1
10 12 14 16 18 20 22 24 26 28 30 10

Primary Kinetic Energy (MeV)

100 150
Primary Phi (deg)

Geant4 models the detectors were
developed and will be interfaced with
electron, proton and ion source spectra
predicted by the JOSE model at
different locations in the Joivian
System.

Detector configurations to optimized
be during design and development of
RADEM.
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It is not every year “we” travel to Jupiter!
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RADIATION ENVIRONMENT
& EFFECTS

LIP
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The exploration of the Jovian System is an engineering & scientific challenge!

due to the complex and radiation hard environment, there are strong
limitations for thr JUICE mission

a radiation monitor is a key piece in keeping the mission safe but it will
also provide valuable scientific data.

LIP participates in a consortium with scientific institutes (PSI & LIP)
and with the industry (RUAG, IDEAS, EFACEC)
for the development of a proto-flight model of RADEM

WORK IN PROGRES$
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~  Electron Directionality Detector

LIP

An additional detector module
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The Jovian lcy Moons ¢ =
v'r'nantle,

ice
metall

Geology

LoCc environment

Interaction with




Callisto
—

n._—”/

Ganymede
Hot 50-80 keV H* ions

Europa cold gas torus (H, H,, O, O,, OH, H,0)

. lo gas torus (O, S)
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Ocean
(liquid water)

lcy crust._g ’

Chaos

Rocky mantle
ky terrain
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| crust over a layer of liquid waté
¥ \ ~ Asilicate mantle and a megalic
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Metallic Core Cold Brittle Surface Ice

Rocky Interior Warm Convecting Ice
H,O Layer
Metallic Core Ice Covering

Liquid Ocean Under Ice




Very Hard Electron Spectrum

Peak Electron Flux
10F pee e

Earth - GEO
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Energy (MeV)

Electron Flux 0.2 MeV
#/(cm?.sr.s)

Jupiter -JUICE ~5 x E+7
Earth - GEO 1x E+7 /4n 1x E+1 /4n




MaTor point

Drift of Serendt
protons elecirons




upiter’'s Magnetosphere

Characteristics Earth Jupiter
Equatorial radius (km) 6.38x10* | 7.14x10*
Magnetic moment (G-cm?) 8.1x102° | 1.59x10%*
Rotation period (hr) 24.0 10.0
Aphelion/perihelion (AU) 1.01/0.98 | 5.45/4,95

Jupiter is roughly 10 times the size of the Earth
while its magnetic moment is 2x10* larger,

As the magnetic field at the equator is
proportional to the magnetic moment divided by
the cube of the radial distance, the Jovian
magnetic field is proportionally 20 times larger
than the Earth's.

VIP4 MAGNETIC
FIELD MODELS

The energy and flux levels of trapped particles in the Jovian system can be
much higher than those at the Earth or in the interplanetary space.

PRE-DECIZIONAL DRAFT— For planming and distussion purpoes anly
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Global view of the giant accelerator and its interaction with the moons
(a) Two separate, asymmetric Europa and lo Torii (b) One merged, symmetric Europa-lo Torus

Quasli periodic injections?

Callisto

Log differential intensity (cm? sr s keV}'
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