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The reality

W
here

there
is

w
ater, there

m
ay

be
life

Thousand ofexoplanets
detected

Follow
-up

m
ission

are
expensive and

need
„golden targets“!

©
 C

hester H
arm

an, Penn State U
niversity

[N
oack et al., 2016, Icarus]
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C
om

position
and

interiorstructure
(    /       )

•
can

be
inferred

from
stellar spectrum

⇒
 planet com

position

[Santos et al., 2017]
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C
om

position
and

interiorstructure
(    /       )

[N
oack et al., 2017, SpaceSciR

ev]

W
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core
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•
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C
om
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and

interiorstructure
(    /       )

[D
orn et al., in revision]

[K
atz et al., 2003]
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and
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[after Zhao et al., 2009, EPSL, 
and
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irth and
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C
om

position
and
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(    /       )
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can

be
inferred

from
stellar spectrum
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 planet com

position
•

influence
interiorstructure

ofplanets
•

influence
m

elting
tem

perature
and

density
ofm

elt
•

influence
convection

speed
•

redox
state

ofm
antle

influences
outgassing products

W
hatw

e
observe
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surface

is
influenced

by
the

interior!
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•
S

im
ulate heat transfer in the m

antle via convection

•
M

odel partial m
elting and m

aterial 
redistribution (depending on 
density of m

elt)

Therm
al evolution

and
partial m

elting

C
H

IC
 code

@
 R

O
B

, B
E

[N
oack et al., 
2015;2016]
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•
S

im
ulate heat transfer in the m

antle via convection

•
M

odel partial m
elting and m

aterial 
redistribution (depending on 
density of m

elt)

D
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[N
oack et al., 
2015;2016]
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O
livine 1800°C

M
artian

analogue m
elt1800°C

Peridotite
m

elt2000°C

O
livine 2000°C

[afterO
htaniet al., 1995]

M
eltdensity
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A
tm

osphere
build-up

overtim
e

Volatile-rich
Volatile-poor

[N
oack et al., 2017, PEPI]
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O
utgassing evolution

(stagnant-lid planets)

[N
oack et al., 2017, PEPI]

Volatile-rich
Volatile-poor
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[D
orn et al., accepted]

Influence
ofm

ass
on outgassing overtim

e

Earth-like stagnant-lid planets:
⇒

1-2 M
Earth : m

ore
volatiles in m

antle
⇒

m
ore

outgassing forincreasing
m

ass
⇒

 >2 M
Earth : increased

m
ass

leads
to

higherpressure
in lithosphere

⇒
decreasing

outgassing
⇒

 > M
crit. : no

outgassing
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osphere on stagnant-lid planets

[D
orn et al., accepted]
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Plate tectonics
on super-Earths

P
T likelihood

M
ass

1 Earth M
ass
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Plate tectonics
on super-Earths

[Valencia et al., 2007]

M
ass

[O
‘N

eill et al., 2007]

[K
orenaga, 2010]

[van H
eck and

Tackley, 2011]

[Foley et al, 2012]

[Stein et al., 2013]

[Tackley
et al., 2013]

[N
oack and

B
reuer, 2014]

P
T likelihood

M
ass

1 Earth M
ass

The m
ass is only one param

eter that 
m

atters, also im
portant are for exam

ple 
w

ater content, surface tem
perature and 

m
antle therm

al energy
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W
ater-rich

planets
R

ocky planets

[N
oack et al., 2016, Icarus]

G
olden targets: N

ew
 M

ass-R
adius D

iagram
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oack et al., 2017, PEPI]

G
olden targets: N
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TR
A

PPIST-1 system
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TR
A

PPIST-1 system
: Induction

heating

[K
islyakova, N

oack et al., N
ature Astronom

y, 2017]
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TR
A

PPIST-1 system
: Induction

heating

[K
islyakova et al., 2017, N

ature Astronom
y]

S
trong m

agnetic field leads to energy dissipation in planet 
interiors caused by induction heatingP

resent-day 
radioactive 
heating in 
Earth’s m

antle
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Induction
heating

forotherstars

[K
islyakova et al., in review

]

W
X

 U
M

a: dipole m
agnetic field, upper lim

it 7300 G

Io
Earth

Surface heat flux

Total energy release

P
resent-day 

radioactive 
heating in 
Earth’s m

antle

[K
islyakova et al., 2017]B
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C
onclusions

B
est candidates for long-term

 habitability:
−

P
lanets in the plate tectonics regim

e
−

Sm
all m

assive planets (few
 M

E
arth )

−
P

lanets w
ith a w

ater-rich
m

antle,
sm

all to interm
ediate iron content

−
P

lanets w
here a prim

ordial 
atm

osphere rem
ains

−
P

lanets around less-active stars
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