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The composition of low-mass exoplanets
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Why planetary interior models?
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Marseille’s Super-Earth Interior Model (MSEI)
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Interior-atmosphere interface

_Supercritical

e |[f surface pressure > 300 bar,
Atmosphere base is at 300
bar. Atmosphere-supercritical
interface
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e |[f surface pressure < 300 bar,
Atmosphere base is the

surface. L. Acuna, PhD Thesis
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Interior-atmosphere coupling: atmospheric model

e RADCONV1D: Atmospheric model by Marcq et al. 2017, Pluriel et al. 2019
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Radiative-convective equilibrium (RCE)

RCE condition:
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. 7
Multiplanetary systems

* Multiplanetary systems are environments suitable to explore the compositional diversity of
low-mass planets, their formation and evolution.

* Aim: Explore the compositional diversity of low-mass planets, in a homogeneous analysis to
constrain their formation and evolution

* Perform MCMC retrievals on mass and radius data to obtain posteriors for CMF and WMF
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Multiplanetary systems

e Selection:

- Low-mass planets (M < 20 Mg,)
» Systems with 5 or more planets

* Final sample:
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TRAPPIST-1: Water mass fractions

e Planets b and c:

e Most likely no atmosphere (see also
talk by Elsa Ducrot, Greene et al. 2023, |h
et al. 2023)

e Max. Surface pressure (T-1 ¢) = 80 bar
(Acuna et al. 2023)
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TRAPPIST-1: Water mass fractions =

e Planets b and c:

TRAPPIST-1. CMF = 20 - 30%

* Most likely no atmosphere (see also T @ This work A
talk by Elsa Ducrot, Greene et al. 2023, |h B Agol et al. 2020
et al. 2023) e] @ T1c Liquid
8 Earth J
& Venus

e Max. Surface pressure (T-1 ¢) = 80 bar
(Acuna et al. 2023)
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TRAPPIST-1: Water mass fractions =

e Planets b and c:

TRAPPIST-1. CMF = 20 - 30%

e Most likely no atmosphere (see also 10 o Th word :
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e WMF increases with distance from star
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Water mass fraction in multiplanetary systems

(00)
o

A TRAPPIST-1

~
o

(@)
o

Water Mass Fraction [%]

da a a A MM R

w100

Acuna et al. 2022

Innermost planet in each
system



Water mass fraction in multiplanetary systems

e TRAPPIST-1 and K2-138: clear increasing WMF
trend
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Water mass fraction in multiplanetary systems

e TRAPPIST-1 and K2-138: clear increasing WMF
trend

e Diversity in WMF trends
e All systems have in common:
e Inner planets tend to be dry

e Volatile-rich (water or H/He planets) are in
outer part
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H/He envelopes

*Some planets are not compatible with water
envelopes in hydrostatic equilibrium

e We quantify the likelihood of water envelopes:

e R

water

<R 4. empty markers

observe

e H/He envelope, atmospheric escape, or both?

e \We estimate Jeans and XUV atmospheric

escape in the energy-limited approximation
(Aguichine et al. 2021)
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Planet formation in multiplanetary systems

Mass lost due to
Jeans escape
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Conclusions

e Our homogeneous analysis on the composition of planets in multiplanetary
systems:

e show a clear separation between the planets, and the outer,
volatile-rich planets.

e our CMF and WMF estimates can be used to constrain formation site with
respect to ice and refractory lines, and formation mechanisms, such as
Jeans escape.

* [nner planets typical . Moderately volatile-rich sub-Neptunes have
WMF =10 - 25%. Sub-Neptunes with WMF > 30% are good candidates for
H/He envelopes.



