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Background

Why atmosphere?

 Ultimate goal: find a habitat
planet

* Constrain volatile delivery,
planet formation...

Things that can influence the habitability

Stellar Interactions

Metallicity Cosmic Rays  galactic

Composition Orbital Location Orbit Impact Flux Orb[ift(;(;entrlmty
ereuni T Evolution - Birth Minor Planets Tides  Evolution

Isotopic Abundance \ Environment

Exomoons Volatile Delivery

. gota’.uon Companions Dust
J¢ Wind Radius Mass
Magnetic Field Luminosity
Activity Stellar Effects Planetary Systems Masses

J/ \ kSiinng

. Planets
Orbits

Spectral Energy

Distribution Spe ctrum
Luminosity Evolution

Outgassing
Thermal Evoluti@Rg.. Structure
Magnetic Interior Volcanism

Field Density Tectonics ™~

Semi-major Axis Oblateness
Eccentricity - Orbital Dynamics

£ : Obliquity
Planetary Properties R%tggeon

P _ Biology

Escape
Composition Clouds & Haze

Evolution Structure N\
Atmosphere .

Isotopic |
.. Surface .UV. Climate

2 __ Inhomogeneities Technology

Radius e
Mass Temperature Surface Ocean

Composition Weathering

Dynamics | Al'bedo"




Background

Why sub-Neptune?

e 1.6 — 3'2REB’ density < 4g/cm3
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Background

Why sub-Neptune?

» 1.6 — 3.2R, density < 4g/cm’

* They are abundant

» Super-Earth may come from them

* Observations towards their atmosphere

IS underway
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Background

What do we already know?

atmosphere

H, H,0

 Rock-Magma-Atmosphere

* The possible important physical
and chemical reactions

4

magma-
atmosphere
interface

* Previous work ignored the effect
of these reactions on
atmosphere



Methodology

Build up a model

e Contents: a) atmosphere
Mg, Fe, Si, O, H (Hyrich)
H, H,0
 Reactions: . 4
Fe redox:

Fe(liq) + H,O(g) < FeO(liq) + H,(g)
(Gas dissolution

magma-
atmosphere
interface

e Environment:
3000K
At the Iinterface
Strong convection



Accreting hydrogen

Methodology

Model parameters

» Initial volatile: H,,H,O

volatile: compounds that vaporize

easier than water.
External water

 [wo ways are considered here:

accreting nebula hydrogen
come with external objects like
comets




Methodology

Model parameters

 Magma content: mass weight of oxidized FeO and reduced Fe

Fe(hq) + H,O(g) < FeO(liq) + H,(g)

Or

Fe(ligq) + H,O(g) — FeO(liq) + H,(g)



Add H, to 8wt% FeO magma

Results
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Results

Magma matters

Mole fraction

Redox matters!

Add H, to 8% FeO magma i Add H, to 49% FeO magma
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Results

Magma matters

Mole fraction

Add H, to 8% FeO magma
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Analysis

Volatile mass are variables
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Analysis

Volatile mass are variables

* Previous thought: Volatile mass can
be derived from radius/atmosphere
mass (Black line in the figure)

e This work:

More volatiles
Big uncertainties

* The loss of atmosphere may be much
harder
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Analysis

Probe of atmosphere origin
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Analysis
How to test this theory?

‘AHot magma

...........
P

» Previous thought: radius shrink with age SoLmagma

Cooling

* This work: quicker shrink!

Cold magma

Well-stirred magma leads to complete reaction




Conclusion

Or takehome massage

« Magma matters

* Observation of atmosphere can trace its origin

« Magma-atmosphere interaction can be tested



Possible Questions

 How to measure the mean molecular weight / atmosphere mass?
* |s there any observations of sub-Neptune atmosphere?

* Can initial volatiles be both water and hydrogen®?



Discussion

 Too simplified

* Uncertainty of existing theory/
assumptions

* Reliability of chemical data

* |nteresting follow-up: another way
to form Super-earth
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Follow-up work

Magma reacts
with atmosphere
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Observe the atmosphere

A,: High
atmospheric
absorption

A, Low

atmospheric
absorption
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