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Giant Planet Systems



1. Why is Ganymede an habitable world

Habitability in our Solar System: Extension of the zone

*Water

*Stable environment

*Organics

*Energy

Surface habitats

The habitable zone is not restricted to the Earthôs orbité

Deep habitats

Deep habitats



Ocean Worlds 9{!Ωǎ /ƻǎƳƛŎ ±ƛǎƛƻƴ нлмрπнлнрΥ 
tƭŀƴŜǘǎ ŀƴŘ [ƛŦŜ

Χvast oceans beneath thick ice crusts 

Ψ9ȄǇƭƻǊŜ ƛƴ ǎƛǘǳ ǘƘŜ ǎǳǊŦŀŎŜ ŀƴŘ 
ǎǳōǎǳǊŦŀŎŜ ƻŦ ǎƻƭƛŘ ōƻŘƛŜǎ ƛƴ ǘƘŜ 
{ƻƭŀǊ {ȅǎǘŜƳ Ƴƻǎǘ ƭƛƪŜƭȅ ǘƻ Ƙƻǎǘ ƻǊ 
ƘŀǾŜ ƘƻǎǘŜŘ ƭƛŦŜΩ
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Dragonfly - NASA 

NASA (OPAG/ROW): ΨƛŘŜƴǘƛŦȅ 
ocean worlds, characterize their 
oceans, evaluate their habitability, 
search for life, and ultimately 
ǳƴŘŜǊǎǘŀƴŘ ŀƴȅ ƭƛŦŜ ǿŜ ŦƛƴŘΦΩ

IŜƴŘǊƛȄ Ŝǘ ŀƭΦ нлмф

The NASA 
Roadmap to 
Ocean Worlds



²Ƙȅ ŘƻŜǎ ǘƘƛǎ ƳŀǘǘŜǊΚ
DŜƻƭƻƎȅ πIŀōƛǘŀōƛƭƛǘȅ
¦ƴŘŜǊǎǘŀƴŘ ǘƘŜ ƎŜƻƭƻƎȅ

¦ƴǾŜƛƭ ǘƘŜ ŎƻƴƴŜŎǘƛƻƴ ōŜǘǿŜŜƴ ƛƴǘŜǊƛƻǊπǎǳǊŦŀŎŜπŀǘƳƻǎǇƘŜǊŜ

Coustenis, Raulin, Bampasidis, Solomonidou (2012). Springer
Solomonidouet al. (2011). J of Cos., Vol. 13, pp. 4191-4211

Full interpretation 
of composition

Full interpretation of 
composition

Detection of 
cryovolcanism and 
internal activity

р

ESA/ATG 
Medialab

!Φ YŀǊŀƎƛƻǘŀǎκb!LκWt[



¢ƛǘŀƴ



Dragonfly: a rotocraft mission to Titan
Mission type: Astrobiology

Launch: 2027
Landing: 2036

Icy moons: The Dragonfly mission
Titan
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A SPACECRAFT WITH 

'HUMAN ABILITIESô

HUYGENS(2005)

12 instruments on
Cassini

6 instruments on 
Huygens

CASSINI (2004-2017)



156 km

1stParachute

(2 sec)
155-110 km

2nd Parachute 

(15 min) 

110-0 km

3d Parachute 

(2h13min)

Huygens (01/2005): The descend and landing of Huygens





IAPETUS

PHOEBE

HYPERION

file://Users/acoustenis/Desktop/current/Presentations/CD Huygens/huygens


!ǘƭŀǎ Daphnis 

Pan 
Pandora 

Buratti et al., Science 2019



CASSINI (2004 -2017): Highlights





Atmosphere: 

Å N2 (Voyager, 1980) (98.4%)+CH4 (Kuiper, 1944) (1.5%)+H2

ÅHydrocarbons, nitriles and oxygen compounds (traces)

Å Intense ionospheric chemistry in the upper levels (INMS)

Surface:

Å Complex surface with multivariable geological expressions

Å Surface ïatmosphere interaction

Å Active methane cycle

/ŀǎǎƛƴƛ

IǳȅƎŜƴǎ 
нллр

1979 1980 1981 2004-2017

¢ƛǘŀƴ ŀƴŘ ǘƘŜ /ŀǎǎƛƴƛ Ƴƛǎǎƛƻƴ
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aƻǳƴǘŀƛƴǎ 5ǳƴŜǎ

Drainage networks Lakes

Volcanoes?

Surface units

WŀǳƳŀƴƴŜǘ ŀƭΦ нллфΤ [ƻǇŜǎ ϧ {ƻƭƻƳƻƴƛŘƻǳΣ нлмп



Lacustrine

Lakes and Seas



Methanereplenishment: 

whereisthe reservoir?

Mystery of the surface: 

what is the composition?

Methaneon Titan playsthe role of  
water on Earth

CH4 photolysis= Ethane + organics

Variouscomplexhydrocarbons, which
form¢ƛǘŀƴΩǎhazelayer

tǊƻŎŜǎǎΥ LǊǊŜǾŜǊǎƛōƭŜ
ƭƛƪŜ9ŀǊǘƘΩǎƘȅŘǊƻƭƻƎƛŎŀƭŎȅŎƭŜ

The mystery of Titan
The methane cycle and the interior

wŀǳƭƛƴΣ нллу

Cryovolcanism?

Liquid hydrocarbon

reservoir?

Tobieet al. 2005 18



Titan: Surface ςSubsurface ςHabitability 

Iŀōƛǘŀōƛƭƛǘȅ ƻŦ IȅŘǊƻŎŀǊōƻƴ ²ƻǊƭŘǎΥ 
¢ƛǘŀƴ ŀƴŘ .ŜȅƻƴŘ

¢ƘŜ ǎƛƴƎƭŜ ŎƻƳǇŜƭƭƛƴƎ ǉǳŜǎǘƛƻƴ ŦƻǊ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ƛǎΥ 
²Ƙŀǘ ƘŀōƛǘŀōƭŜ ŜƴǾƛǊƻƴƳŜƴǘǎ ŜȄƛǎǘ ƻƴ ¢ƛǘŀƴ 

ŀƴŘ ǿƘŀǘ ǊŜǎǳƭǘƛƴƎ ǇƻǘŜƴǘƛŀƭ ōƛƻǎƛƎƴŀǘǳǊŜǎ ǎƘƻǳƭŘ ǿŜ 
ƭƻƻƪ ŦƻǊΚ

How would we detect 
biosignatures that reach the 
surface and atmosphere?

Iƻǿ ŀǊŜ ƳƻƭŜŎǳƭŜǎ ǘǊŀƴǎǇƻǊǘŜŘ 
ŀŎǊƻǎǎ ǘƘŜ ǎǳǊŦŀŎŜ ŀƴŘ 
ŘŜǇƻǎƛǘŜŘκƳƻŘƛŦƛŜŘΚ



¢ƛǘŀƴΩǎ ǎǳǊŦŀŎŜ ŦǊƻƳ о /ŀǎǎƛƴƛ ƛƴǎǘǊǳƳŜƴǘǎ
VSurface can only be imaged with IR and radar

VWe used a multi-ǎǿŀǘƘ ƳƻǎŀƛŎ ŦǊƻƳ /ŀǎǎƛƴƛΩǎ w!5!w ŀǎ ŀ basemap
VSynthetic Aperture Radar (SAR) gives best resolution of 300 meters per pixel 

VSAR swaths provide 65% coverage of the moon

RADAR:
Radiometry 
mode

ISS

VIMS

{!w¢ƻǇƻ

RADAR: 
SAR mode

нл



Undifferentiated Plains

Geomorphological types
SAR

Hummocky Labyrinth

Streak-like PlainsVariable Plains

Dunes

aŀƭŀǎƪŀŜǘ ŀƭΦΣ [ƻǇŜǎ Ŝǘ ŀƭΦ нлмсΣ {ƻƭƻƳƻƴƛŘƻǳ Ŝǘ ŀƭΦ нлму

Barnes et al. 2013

Impact craters

Scalloped Plains

Alluvial fans

Evaporites Cryovolcanics

Maculae

Radebaughet al. 2016

Evaporites

Solomonidou et al. 2016
Lopes et al. 2013
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ό[ƻǇŜǎ Ŝǘ ŀƭΦΣ нлнлΣ bŀǘǳǊŜ DŜƻǎŎƛŜƴŎŜǎύ

2400 km

¢ƘŜ мǎǘƎƭƻōŀƭ ƎŜƻƳƻǊǇƘƻƭƻƎƛŎŀƭ ƳŀǇ ƻŦ ¢ƛǘŀƴ

¢ƛǘŀƴ ƛǎ ŘƻƳƛƴŀǘŜŘ ōȅ Ǉƭŀƛƴ όср҈ύ ŀƴŘ ŘǳƴŜ ŦƛŜƭŘǎ όмт҈ύ



The mystery of Titan
Map to it! (or finalizing the Titan Global map)  

23



The VIMS data

However
The haze extinction in the near-IR decreases 

with w/v, and methane absorption is not 
marginal

Extracting information on the lower 
atmosphere and the surface from near-IR 

spectra requires a good understanding of the 
methane and haze contributions to the 

opacity. 

¢ƛǘŀƴ ǎǇŜŎǘǊǳƳ 
ŦǊƻƳ ±La{

How to extract meaningful surface 

info from VIMS
óMethane windowsô centered at 0.93, 1.08, 1.27, 

1.59, 2.03, 2.69-2.79 and 5.00 ɛm 

Our approach
мΦ {ǘǳŘȅ ¢ƛǘŀƴΩǎ ǎǳǊŦŀŎŜ ǿƛǘƘ ǎǇŜŎƛŦƛŎ ǘƻƻƭǎ

нΦ ¦ǎŜ ƻŦ ǘƘŜƻǊŜǘƛŎŀƭ ŀƴŘ ŜȄǇŜǊƛƳŜƴǘŀƭ Řŀǘŀ ƛƴ ŀ 
ƳƻŘǳƭŀǊ wŀŘƛŀǘƛǾŜ ¢ǊŀƴǎŦŜǊ ƳƻŘŜƭ

Results

Haze effect + Surface albedo

нп



Surface albedo retrieval from VIMS
A Radiativetransfer code (RT) for Titan

Code Plane-parallel (1D)

Temperatureprofile HASI (Fulchignoniet al. 2005)

CH4 mixing ratio GCMS (Neimannet al. 2010)

Haze parameters DISR(Tomaskoet al. 2008, de Bergh et al. 2011)

Atmosphericgases 12CH4, 
13CH4, 

12CH3D, CO, and collisions N2-N2 & N2-H2 (de Koket al. 2007; Lafferty et 
al. 1996, McKellar et al. 1989)

CH4 NEW UPDATED absorption 
coefficients

(Boudonet al., 2006; Campargueet al. 2012, 2015 & Rey et al., 2017, HITRAN, 
GEISA, etc)

Surface component candidates ices and tholins(Bernard et al. 2006; Collet al. 2006; Brassie et al. 2015; B. Schmitt 
& S. Philippe private communications)

VTest simulations with various haze opacities

VCorrelation between simulations and data

VBest fit betweenVIMS and simulation

Hirtziget al. 2013, Icarus; Solomonidou et al. 2014, JGR; Solomonidou et al. 2016, 2018 ,2019 Icarus 2020 A&A; Lopes et al. 2016, Icarus; Bonnefoyet al. 2016, Icarus

25

{ƻƭƻƳƻƴƛŘƻǳ Ŝǘ ŀƭΦ нлмпΣ WDw



Candidate materials for the surface of Titan

²Ŝ ǘǊȅ ǘƻ Ŧƛǘ ǘƘŜ ŀƭōŜŘƻǎ ǿƛǘƘ ǘƘŜ 
Ƴƻǎǘ ŀŘŜǉǳŀǘŜ ǎŜƭŜŎǘƛƻƴ ŀƳƻƴƎ 
п ŎƻƴǎǘƛǘǳŜƴǘǎ Ȅ ǾŀǊƛƻǳǎ ƎǊŀƛƴ 

ǎƛȊŜǎҐ

²ƘŜƴ ǘƘŜ ōŜǎǘ Ŧƛǘ ƛǎ ƻōǘŀƛƴŜŘ ǿŜ 
ƛŘŜƴǘƛŦȅ ǘƘŜ ƳŀƧƻǊ ŎƻƴǎǘƛǘǳŜƴǘ 

¢ƘŜ ǎƻƭǳǘƛƻƴ ƛǎ ƴƻǘ ǳƴƛǉǳŜ ōǳǘ 
ǿŜ Ŏŀƴ ǊŜǘǊƛŜǾŜ ǘƘŜ Ƴƻǎǘ 
ǇǊƻōŀōƭŜ ƳŀƧƻǊ ŎƻƴǎǘƛǘǳŜƴǘǎ

bŜǿ ƭƛōǊŀǊȅ ƻŦ ƛŎŜǎ
²ƻǊƪ ŦǊƻƳ .Φ {ŎƘƳƛǘǘΣ {Φ tƘƛƭƛǇǇŜ ϧ tΦ /ƻƭƭ

H2O with a series of 15 grains 
sizes: 
10, 20, 30, 40, 50, 75, 100, 150, 
200, 250, 300, 400, 500, 750, 
and 1000 µm.

GhoSSTdatabase 

current work includes CH4, C2H2, C2H4, C2H6, 
C2H8, CO2, NH3, H2O, HC3N 26



п ǇǊƻƧŜŎǘǎ ƻƴ ¢ƛǘŀƴΩǎ ƪŜȅ ŀǊŜŀǎ 

9 distinct geomorphological units +HLS

{ƛƎƴƛŦƛŎŀƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ŀƭōŜŘƻ ŀƳƻƴƎ ǾŀǊƛƻǳǎ ŀǊŜŀǎ κ о ŘƛǎǘƛƴŎǘ ŀƭōŜŘƻ ƎǊƻǳǇǎ

{ƻƭƻƳƻƴƛŘƻǳ Ŝǘ ŀƭΦ όнлмпΣ нлмсΣ нлмуΣ нлнлύ



Thefact that the spectralbehavioris different for eachof theseareas,
is indicativeof diversechemicalcompositionsandorigins.

Funded by NASA CDAP

The wind transfers 
dune material to 
equatorial plains

Lopes et al. Icarus, 2016
Solomonidou et al. JGR, 2018

75-120% haze contribution 
wrt DISR

tǊƻƧŜŎǘ нΥ wŜǘǊƛŜǾŀƭ ƻŦ ǇǳǊŜ ǎǳǊŦŀŎŜ ŀƭōŜŘƻΥ {ǳǊŦŀŎŜ ǇǊƻŎŜǎǎƛƴƎ ŀƴŘ ǿŜŀǘƘŜǊƛƴƎ

Solomonidou et al. JGR, 2018


