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What makes Pandora habitable?

Pandora, moon of Polyphemus
(from the movie Avatar)




Circumplanetary habitability

 Range of habitable orbits around a planet in the IHZ

- Habitable edge: the innermost orbit defined by the runaway
greenhouse limit

- Hill radius: farthest possible orbit around the planet

(gravitational dominance)
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Outer limit: snowball Pandora
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Could Pandora be habitable...

.. outside the circumstellar \
habitable zone? £ A




Tidal Heating

 Inner heat
* GANYMEDE 4:1
- Gravitational forces, deformation EUROPA 2:1
. . . . * 10 1:1
- Inner friction - heat dissipation
. : : o JUPITER
— If perfectly elastic: immediate deformation
- Else: Time lag .

- Dissipation depends on internal structure

€

e Eccentricity is needed!
E — 21 R5n5 ez k2 larger tidal
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- MMR maintain tidal forces € €

Jupiter

e Can maintain suitable temperature
for liquid water for several Gyrs
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Models

* Fixed O models: (eg. Peters & Turner, 2013, ApJ 769, 98)
5/2 )

.. 4271:G5/2 R’ p2 Mp . u: rigidity
tidal — 19 uQ alS/ 2 Q: dissipation factor

.

Rocky planets, moons: 1 — 100 Giant planets: 104 — 105 order of magnitude
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 Viscoelastic models: _ _ o

(Fischer & Spohn 1990, Moore 2003) fiaal heating A
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Tidal Temperate Zone (TTZ)
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surface temperature [K]

Comparison of models
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Na'vi on Pandora
(from the movie Avatar)




Na'vi on Pandora
(from the movie Avatar)

Pandora

tidal heating



Na'vi on Pandora
(from the movie Avatar)

< Pandora

Octopus-like alien
on Europa

(from the movie
Europa Report)




What makes Europa habitable?




NASA/Caltech




Albedo estimation of icy moons
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Albedo estimation of icy moons
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Albedo estimation of icy moons
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Albedo estimation of icy moons

Occultation light a1 < . Gstar a2
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Observability

Large icy moon: if 2.5 Rean = ~5 MEeam
Neptune-mass planet

J phot. band (A, = 0.84) gon. gy e

Small stars:
snowline closer
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Dobos et al, in preparation



Observability

Large icy moon: if 2.5 Rean = ~5 MEeam
Neptune-mass planet

J phot. band (A, = 0.84) 100, 005 Di%t.algce L tl:)hle55tar IE] 0.20

Small stars:
snowline closer

50 detection

Moon occultation depth [ppm]

10}
\ WST (3
\ \3 % 15w
v’ ~‘55
v;ﬁ
1A | |
0.08 0. 10 0. 12 0. 14 0.16 0.18 0.20
M9 Stellar mass [M ] M6

Dobos et al, in preparation



Observability
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