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Still beyond, Oort's cioud
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Ceinture de Kuiper et externe.

Orbites planétaires du systéme solaire
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Le nuage d'Oort.
(contient des milliards
de cométes)

QOort Cloud cutaway
drawing adapted from
Donald K. Yeoman's
ilustraton (NASA, JPL)
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Examples

Typical Condensation
Temperature

Relative Abundance
(by mass)

Metals

Hydrogen Compounds

Light Gases

iron, nickel,
aluminum

1,000~ 1,600 K

silicates
500~ 1,300 K
-

water (ll_,())
methane (CH)
ammonia (.\ll‘)

<IS0KN

\

hydrogen, helium

(do not condense
in nchula)

(98%)




Condensation of the Solar Nebula

Rocks and metals condense, Hydrogen compounds, rocks,
hydrogen oompounds stay vaponzed . and metals condense. \
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Accretion ofisolid
bodies from dust to

planetesimails
finallylleadsitosthe
forsszilor) of

- Solid/rocity
olarnzis;

- T3 8ora3 Ui
I ANELS




In the inner solar system :

Accretion of condensates of metals and silicates

Accretion

differenciation

fragmentation

Terrestrial
Planets
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Early growth:;
sticking & coagulation

N
L

In the outer solar system
ices condense too

Mid-life growth: Late growth: gas sweeping
gravitational attraction .

.. then gas is accreted on giant planets cores by

gravitational collapse



8300-8800 K
200 GPa
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Molecular Hp (Y~0.23)
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Ices + Recks
core ?

5850-8100 K
200 GPa

og?) B50D—-10000 K
100D GPa

MNaolecular Hg
Helium + Ices

~2000 K
10 GPa

~8000 K
800 GPe

Uranus

~70 K
100 kPa

~2000 K
10 GPa

~8000 X
400 GPs




(Gas accretion on core

Nelson et al., 2000




Uranus Saturn Jupiter

Neptune

- @ ' The satellites

® o -

Mercury Pluto



The four Galilean satellites

Io Europe Ganymede Callisto
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PHASE 1

PHASE 2

gaz Solar Nebula | Jupiter

envelope

Collislons )

llislons
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Partial capture

Irreqular satellites Regularsatellites




Rocks and metals condense, Hydrogen compounds, rocks,
_hydrogen compounds stay vaporized. and metals condense. \
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Rocky planetesimals Icy planetesimals

Giant planets

@ % Kuiper objects,
Terrestrial <,‘:> Asteroids _ i Comets
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Exploration of the Jupiter system

JUICE

Jupiter

* Archetype for giant planets

« Natural planetary-scale
laboratory for fundamental fluid
dynamics, chemistry,
meteorology,...

* Window into the formational

OJAA®

U idiicidlV osVolE

A GIANT SYSTEM
IN ROTATION

transfer of
momentum

A LARGE DIVERSITY OF
BINARY INTERACTIONS

Acceleration
ur

Ganymede
A mini Magnetosphere

/@\@/nd chuer: ‘;a-Fx eld “a“ce
Tapiace €50

Coupling processes
Hydrodynamic coupling
Gravitational coupling
Electromagnetic coupling

Aurora, radiations

Magnetosphere

« Largest object in our Solar System

+ Biggest particle accelerator in the
Solar System

* Unveil global dynamics of an
astrophysical object

Satellite system

* Tidal forces: Laplace resonance
*  Electromagnetic interactions to
magnetosphere
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struction of methane
by solar UV
~107 — 108 years

» K
.. Methane

>
o, ... Ethane
Acetylene | B >
' = }A
years Acetylene
de and tholine
3 end up in
equatorial
dunes Ethane
ends up in
polar lakes

and seas

DUNES then soaks< "
into the crust

‘e o Ethane
0\, L.\ trapped in
Titan's

icy crust
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Enceladus plume




Enceladus "Cold Geyser” Model

H,O vapor plus ice particles

H,Olce T=~77K
Vent to surface

Pressurized Liquid H O Pocket T =273 K

24 4 A

Hydrothermal Circulation
& Convecting Ice

Tidal Heating Hot Rock Tidal Heating






. »
*s .*
= .

., ot
. .

Chondritic Radiolytic
composition chemistry
e. ®

— Solar energy?

CHNOPS ENERGY

~
Chemical

é ® redox couple?
Exogenous Tidal
delivery dissipation
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Habliabiliy eliterrestiia

Earth's Moon
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On the edge
of the
habitable

Zone

Mars

Topographic
map

Has it been
habitable in the
past?






North Pole Water Map

2001 Mars Odyssey Gamma Ray Spectrometer
H20 Low H20 High




Mars cryosphere from MARSIS radar



“Follow the Water”

Common
Thread

When
Where

Form Prepare for Human Exploration

\mount

0dlS of future Mars exploration (NASA)



NASA' s 2011
Mars Science Laboratory




Scientific Objectives for MSL

Explore and quantitatively assess a local region on Mars’ surface as a

A.

potential habitat for life, past or present.

Assess the biological potential of at least one target environment.

1. Determine the nature and inventory of organic carbon compounds.

2. Inventory the chemical building blocks of life (C, H, N, O, P, S).

3. ldentify features that may represent the effects of biological processes.
Characterize the geology and geochemistry of the landing region at all
appropriate spatial scales (i.e., ranging from micrometers to meters).

1. Investigate the chemical, isotopic, and mineralogical composition of martian
surface and near-surface geological materials.

2. Interpret the processes that have formed and modified rocks and regolith.
Investigate planetary processes of relevance to past habitability,
including the role of water.

1. Assess long-timescale (i.e., 4-billion-year) atmospheric evolution processes.

2. Determine present state, distribution, and cycling of water and CO,.

Characterize the broad spectrum of surface radiation, including galactic
cosmic radiation, solar proton events, and secondary neutrons.

The datal/information contained herein has been reviewed and approved for release by

JPL Export Administration on the basis that this document contains no export-controlled
information.
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e phase diagram el Water (Ice)
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Surface habitats Deep

Jupiter”

*SNOW LINE

Saturn

Deep habitats

Radius of orbit relative to Earth's
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