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Why bother about exomoon habitability?

The firstly detected exomoons will be roughly Earth-
sized, i.e. have masses ≳ 0.2M⨁ (Kipping et al. 2009).
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Why bother about exomoon habitability?

Exomoons in the habitable zone have 
days much shorter than their year. 

Moons experience seasons more likely
than terrestrial planets (Heller et al. 2011).
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They could be numerous.
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We consider three contributions to illumination:

1

direct starlight (f∗)

reflected starlight from the planet (fr)

thermal radiation from the planet (ft)

The odd illumination of exomoons
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1b

eclipses (xs)
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Imagine standing on
the sub-planetary
point on a moon.

This is how you
would see your host 
planet.
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Tidal heating of exomoons
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Contours of summed 
stellar illumination 
and tidal heating in 
logarithmic units of 
W/m2.

1AU from a 
Sun-like star

White area:
Tidal heating is 
negligible and 
absorbed stellar flux 
is 239W/m2.

1209.5323                                                                                         1209.0050

http://arxiv.org/abs/1101.2156
http://arxiv.org/abs/1101.2156


René Heller

•stellar illumination
•satellite transits
•reflected stellar light from the planet
•thermal emission from the planet
•tidal heating

Global average surface flux

L✴   stellar luminosity                                       Rp   planetary radius
xs    non-eclipse fraction of the satellite’s orbit   αs    planetary bond albedo
αs    satellite’s bond albedo                              aps  planetary semi-major axis
a✴p  satellite’s semi-major axis                          σSB  Stefan-Boltzmann constant
e✴p  satellite’s eccentricity                                 Tpeq planetary equilibrium temperature
                                                                       hs   satellite’s tidal surface heating

F̄ glob
s =

L∗

16πa2∗p

�
1− e2∗p

�
(xs − αs) +

(1− αs) πR2
pαp

2a2ps

�

+
R2

pσSB(T eq
p )4

a2ps

(1− αs)

4
+ hs
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F̄ glob
s = FRG

The “Habitable Edge”

Two prototype 
moons orbiting a 
giant planet at 1AU 
from a Sun-like star

Rp(Mp) from Fortney et al. (2007)

Pierrehumbert (2010)
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Hot Moons and Cool Stars
1209.5323                                                                                         1209.0050

stellar mass

pl
an

et
ar

y 
m

as
s

M dwarfs K dwarfs

N
ep

tu
ne

Ju
pi

te
r

Earth TwinTidal EarthSuper-
Io

Tidal
Venus

S
up

er
-E

ar
th

increasing forced eccentricity eps

(r
ap

id
 o

rb
ita

l e
vo

lu
tio

n,

tid
al

 d
is

si
pa

tio
n 

un
kn

ow
n)

1210.5172

F̄ glob
s > FRG

http://arxiv.org/abs/1101.2156
http://arxiv.org/abs/1101.2156


Hot Moons and Cool Stars
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Direct imaging?
(Peters & Turner 2012)
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•Papers by Kipping et al. (2009 – 2012)

•Key words: TTV, TDV, exomoon transits

•www.cfa.harvard.edu/HEK
   www.facebook.com/HEK.Project

Hunt for Exomoons with Kepler (HEK)
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1
Moons in the stellar HZ have days much shorter 
than their year and can have seasons.

Summary:
Constraints on exomoon habitability
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1
Moons in the stellar HZ have days much shorter 
than their year and can have seasons.

Stellar + planetary illumination and eclipses cause 
an odd surface illumination.
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1
Moons in the stellar HZ have days much shorter 
than their year and can have seasons.

Stellar + planetary illumination and eclipses cause 
an odd surface illumination.

Summary:
Constraints on exomoon habitability

Illumination and tidal heating can initiate runaway 
greenhouse on a moon, making it uninhabitable.
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2

3

1
Moons in the stellar HZ have days much shorter 
than their year and can have seasons.

Stellar + planetary illumination and eclipses cause 
an odd surface illumination.

4 The “Habitable edge” defines the innermost 
satellite orbits to avoid a runaway greenhouse.

Summary:
Constraints on exomoon habitability

Illumination and tidal heating can initiate runaway 
greenhouse on a moon, making it uninhabitable.

1209.5323                                                                                         1209.0050

http://arxiv.org/abs/1101.2156
http://arxiv.org/abs/1101.2156


Constraints on exomoon habitability

René Heller
Rory Barnes

1209.5323                                                                                         1209.0050


