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Habitable planets

For a planet to support life, the temperature and
pressure at the surface need to allow the existance of
liquid water, and these conditions must be stable over
geological timescales. Volcanic outgassing
continuously changes the atmosphere, so not every
planet in the habitable zone may actually be habitable.

Interior-atmosphere feedback processes

The atmosphere and the interior of planets are not separate systems, but
instead coupled via various feedback mechanisms. On planets without
plate tectonics (stagnant-lid), volcanic outgassing acts as the primary link
between atmosphere and interior. Water in particular plays a large role in

both interior and atmosphere. . Which parameters of the planet interior are
Some of the most important processes are illustrated below: important for habitability?
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2 into the atmosphere Which species are actually outgassed depends on the redox state of
the planet's mantle (determined by the oxygen fugacity f,,) and the
current atmosphere composition:

, — At oxidizing conditions, oxygen-rich species such as H,0 and CO, are
tate drives atmosphere composition |  gutgassed. At reducing conditions, oxygen-poor species like H, and CO
become important.

We use a model from Ortenzi et al. (2020)!", which calculates the

equilibrum chemistry between melt and atmosphere in in the C-O-H

system.
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Example of the composition of outgassed species as a function of oxygen fugacity. The
exact outgassed composition depends also on the current atmospheric composition,
surface pressure, melt temperature, and water content in the melt.
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We find that the redox state of the mantle is a determining factor if a planet can
stay habitable over geological timescales.
4 L . )
CO, outgassing is just high enough to keep the planet
/ \ from freezing, but excess CO, can be weathered away.
Very strong H, These planets are habitable for billions of years!
outgassing builds up H, \_ v
At eri in the atmosphere. _ : _
mospheric escape Large amounts of H2 :'.:"‘.':' a0 i ",,_ Water phase at
can remove can act as a greenhouse R on R £a% Sl thesurface:
molecules gas!? and push these T e b S T R | i
planets into a runaway 800 Jpe iz g ey Ay ey M Vapour
e .:‘°':.~ ."':.'..: =..°‘:-"£?’. : ":"..:.:f-
3 .::.'.:‘ 3 .3::.?. o ose

\greenhouse! /

e A e ’/COZ dominates outgassing A
‘ e 85 and is not removed fast

enough. Planets end up in a

Initial mantle water content (ppm)

Jsuly i e e a A ST Dl
500 % ¥ e du s AW SN el runaway greenhouse similar to
Frisis et AR Ty .i}l\\/enus. j
Very little CO, outgassing, and Jate ity Ciiade
volcanic activity is low due to 300 3 2 Qo T Mgt AR TIA e e e erserte o
. Water'pOOrer mantles. These N c'.“é:':::',;,::'.. Wy ~;‘:' %" ';-; .:'" oxygen fugagclj'ty and water content at a
Our modellng approa ch planets remain below the 200 R S TEA R Shows the phase as which water oxists
. . freeZIng po',nt of Wa.ter for AR -.5? :‘.‘ o L -.‘.7,. :’f.’.:o"‘::..sp SRR %ghgasc%ggghd marks the region where
We use a 1D mantle convection model to simulate most of their evolution. 100 ~——T"T—" 1T 71T T T TT T mostpoints share the same conditions.
the coupled evolution of the interior and \ / - 2 1 L 8
atmosphere of more than 200 000 planets around More reducing fo, (log AIW) More oxidizing
Sun-like stars over 8 Gyrs. We include a
comprehensil\1/e nur?ber of significant fededback
processes. The surface temperature and pressure - -
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For each planet, we randomly set the oxygen
fugacity of the mantle between -3 to 3 log-units
around the IW buffer and the water content of the
mantle between 100 and 1000 ppm.
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Mercury) tend to have less volcanic activity.
Their thin mantles cool faster, and less melt
reaches the surface due to high gravity
gradients®.. This limits the build-up of CO, in
the atmosphere, and helps to prevent a
runaway greenhouse in many cases. This
allows many of these planets to be habitable
much closer to their host star.

We investigated the emergence of habitable
conditions for following parameters:

* Planet mass (up to 3 M)

* Iron core size (between 30% and 70%)
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