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Habitability in our Solar Systenkextension of the zone
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The habitable zone iIis noé restricted to the Ea



The NASA
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Galileo: 1996-2003

Ceres/Small
Bodies

Cassini: 2004-2017

Pluto/Charon/
KBOs

‘ New Horizons: 2006-Present

Solid
Foundation

Other Saturnian
Icy Satellites *

Possible Ocean Worlds

5 Dawn: 2007-Present
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Other Uranian
Icy Satellites **

Future Mission Contributor

* Mimas, Tethys, Dione, Rhea, lapetus
** Miranda, Ariel, Umbriel, Titania, Oberon
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Voyager: 1977-Present [l
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‘Classical’ criteria for habitability

Detection of

Full interpretation
of composition

cryovolcanism and
internal activity

Full interpretation of
composition

Nutrients
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- validation
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7. Biological activity
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CoustenisRaulin Bampasidis Solomonidou (2012). Springer '

Solomonidouet al. (2011).J of Cos., Vol. 13, pp. 41911

11. Biosignatures

®® Giobal Water Ocean

8. Biosignatures
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lcy moons: The Dragonfly mission

A R Mission type:Astrobiology
Launch:2027
Landing:2036 il
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2-Way Communication
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The descend and landing of Huygens
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Daphnis

6 miles
(10 kilometers)
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UNMODIFIED SURFACE MATERIALS [l EQUATORIAL BAND MATERIAL
M EXPOSED SCARP OR CRATER WALL [l UNCLASSIFIED

Buratti et al., Science 2019
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Atmosphere:
A N, (Voyager, 1980) (98.4%)+CH, (Kuiper, 1944) (1.5%)+H,
A Hydrocarbons, nitriles and oxygen compounds (traces)
A Intense ionosph In the upper levels (INMS)

Surface:

A Co ical expressions

1979 1980

Pioneer 11 Voyager 1 Voyager 2




Surface units




Lacustrine

April 26, 2007 July 10, 2013 AUgust 21,2014



The mystery of Titan

The methane cycle and the interior

CH, photolysis= Ethane -organics t NE GLSNNb U S NA 7\4
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water on Earth
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Mystery of the surface:
what is the composition?
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Titan: Surfaceg Subsurfaceg Habitability
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How would we detect
biosignatures that reach the
surface and atmosphere?

®® Giobal Water Ocean
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V Surface can only be imaged with IR and radar
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V Synthetic Aperture Radar (SAR) gives best resolution of 300 meters per pixel
V SAR swaths provide 65% coverage of the moon

RADAR:
‘ RADAR Radiometry
SAR mode I mode
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Geomorphological types
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Lopes et al. 2013

Scalloped Plalns

Radebauglet al. 2016
Impact craters
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The VIMS data

Methanewindowsd centered at
1.59, 2.03, 2.69-2.79 and 5.00 em

The haze extinction in the ne#iR decreases
with w/v, and methane absorption is not
marginal
Extracting information on the lower
atmosphere and the surface from neklr
spectra requires a good understanding of t
methane and haze contributions to the

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

Temperatureprofile HASI Fulchignongt al. 2005)
CH4 mixing ratio GCMSNeimannet al. 2010)
Haze parameters DISRTomaskeet al. 2008, de Bergh et al. 2011)

Atmospheriogases 12CH, 3CH, CHD, CO, and collisions, /N, & N,-H, (de Koket al. 2007; Lafferty et
al. 1996, McKellar et al. 1989)

CH4 NEW UPDATED absorption (Boudonet al., 2006 Camparguet al. 2012, 2015 & Rey et,a2017 HITRAN,
coefficients GEISAetc)

Surface component candidates ices andholins(Bernard et al. 2008Collet al. 2006; Brassie et al. 2015;3&hmitt
& S. Philippe private communications

Huygens Landing Site (HLS)

V Test simulations with various haze opacities

VIMS data V Correlation between simulations and data

V Best fitbetween VIMS and simulation
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Surface albed

Wavelength (um) Wavelength (pm)

Hirtziget al. 2013, Icarus; Solomonidou et al. 2014, JGR; Solomonidou et aR@D3.62019carus 2020 A&A, Lopes et al. 2016, IcaBasinefoyet al. 2016, Icarus




Candidate materials for the surface of Titan
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H,Owith a series of 15 grains
sizes:

10, 20, 30, 40, 50, 75, 100, 150,
200, 250, 300, 400, 500, 750,
and 1000 um.
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current work include€H, GH,, GH,, GH;,
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Thefact that the spectralbehavioris different for eachof theseareas,
Isindicativeof diversechemicalcompositionsandorigins

The wind transfers
dune material to

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

o o
75-120% haze contribution Solomonidou et al. JGR. 20
wrt DISR Funded by NASA CDA



