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Atmospheres: The Solar System

THE ATMOSPHERES OF THE SOLAR SYSTEM

Pressure: ~10#atm

The Terrestrial Planets

. MERCURY VENUS EARTH MARS

Pressure: ~90 atm Pressure: ~1 atm Pressure: ~0.006 atm

co, N, img:
96% 18% 95%

2 2

B

% | 2% i | 3%

®: | ©: ©

1% ~1% 1.5%
He=ile e
DA (AN

L] <

CH, Kr&H, Ne, Kr&Xe

N

The Gas and Ice Giants

Pressure: >>1000 atm

l AT HIG

HYDROGEN
IS METALLIG

IGH
PRESSURE

Pressure: >>1000 atm Pressure: >>1000 atm

2.5%

+Trace

METHANE
GAS CAUSES
URANUS'S
BLUE COLOUR

SU
GIVES GAS

s
——

=
=
9
=
=3

°
.
e
.
.
.
°
o
.
°
°
°
.
°
.
°
°
.
°
°
.
.
°
e
°
°
.
.
°
°
.
°
°
.
.
o
e
°
°

STRONGEST
WINDS IN
THE SOLAR
l SYSTEM

NEPTUNE

Pressure: >>1000 atm

HZ

HYDROGEN

80%

&

19%

)

~1%

Other Bodies
. TTAN | pwTO

Pressure: ~1.45 atm

QE‘;/U
@

3.5%

HZ

HYDROGEN

0.5%

Ar, Ne, CH,CN,

CH,, CH,, CO,
HCN

Pressure: ~3 x 10 atm

9‘"7"‘[‘]"/0
@

~2.5%

@

~0.5%

PORTIONS OF THE
ATMOSPHERE

FREEZE

AT FURTHEST
POINTFROM

@) THESUN

Note: Planet sizes not to scale. Pressures for terrestrial planets are surface pressures. Mercury’s atmosphere is not an atmosphere in the strict sense of the word, being a trillion times thinner than Earth’s.

©@

© COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem
This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.

el XS X=

ND



William Misener

Atmospheres: The Basics
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How to find an atmosphere: bulk properties
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Atmospheric Escape: Two mechanisms

Core-powered mass loss Photoevaporation
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See e.g. Owen & Jackson (2012), Ginzburg et al. (2016), Owen & Wu (2017), Gupta &
Schlichting (2019), Rogers et al. (2021), Owen & Schlichting (2023)
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Hot Jupiter atmospheric measurements: .
long-awaited physics
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Sub-Neptune atmospheric measurements:
the future is now

- Z = 1x solar, clear — 7 = 100x solar, 10x tholin haze = 7 = 300x solar, 10x max. refl. haze
— 7 = 100x solar, 10x soot haze Z = 100x solar, 10x max. refl. haze Z = 3000x solar, 10x max. refl. haze
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Small planet atmospheric models
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Sub-Neptunes: the key to unlock planetary
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Magma components stable at equi

William Misener

the base of sub-Neptune atmos
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Atmospheric Composition Influences
Structure

e Significant quantities of heavy
condensables in light gas can
inhibit convection (Guillot 1995)

* Induces a non-convective layer
once mass mixing ratio, g, exceeds
a critical value

* Previous studies focused on
Solar System planets and
relatively volatile species

 Same arguments apply to silicate
vapor

Misener & Schlichting (2022)
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Why is convection inhibited?

e Convection with constant
composition: deeper parcels are
hotter, so lower density than
surroundings if lifted

* If sufficient condensable
present: lifted parcel has higher
density than new surroundings
due to large mean molecular
weight, u

e Quantified by critical value of
mass mixing ratio, g

1
(crit =

1 HH O0ln Psvp
William Misener MSV 8 ln T
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Silicates alter atmospheric profile
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Hydrogen-silane-water reactions

* Misener & Schlichting (2022) has only one reaction: congruent
evaporation of SiO, (from Visscher & Fegley 2013)

* New work (Misener, Schlichting, & Young 2023, in press): Include
chemical equilibrium of three reactions at all levels in the
atmosphere:

S10; jig) = SIO (4 + 0.5 O, (g
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Hydrogen-silane-water atmospheres

H,O and SiH, in lockstep

Si atmosphere content much
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SiO-SiH,: a window into the interior
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Conclusions

* Silicate vapor can inhibit convection deep in sub-
Neptune atmospheres
* Alters the planet’s thermal profile and radius

* Reactions between outgassed species and H
atmosphere can produce significant H,0O and SiH,

* Pulls more Si out of interior than previously appreciated
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* Signatures of interior-atmosphere interactions
potentially observable in upper atmosphere
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Terrestrial planet atmospheric
measurements: so far so airless
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Models of sub-Neptune envelope evolution
assume pure H/He
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Interactions between planetary layers:

atmosphere

B) Dry melt-solid interior

Dorn & Lichtenberg (2021)
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Extra: Inferred mass -

‘ractions altered by SiO
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Extra: Alternate views of silane atmospheres
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Extra: atmospheric profile
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Extra: conduction vs. radiation
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