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Characterising the interiors ot observed exoplanets

Observations:

- Mass

- Radius

- Orbital period

- Host star properties
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The BICEPS planetary structure model ¢iemann e 2020

" Core layer

- Fe, diluted with up to 23.4% FeS
- Fully adiabatic

Hakim et al. (2018)
Feietal. (2016)
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The BICEPS planetary structure model ¢iemann e 2020
" Core layer

- Fe, diluted with up to 23.4% FeS
- Fully adiabatic
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~ Mantle layer

- Oxidised Si, Mg, Fe
- Fully adiabatic
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The BICEPS planetary structure model ¢isemann eial 2020
" Core layer

- Fe, diluted with up to 23.4% FeS
- Fully adiabatic

~ \Volatile layer

101 - - H, He, and H,0O, fully mixed
— 1011 - :;k;naitélbigls) SCvH EoS for H/He (Saumon et al. 1995),
& Kuwayama (2020) AQUA EoS for H,O (Haldemann et al. 2020)
2 100 liquid-Fe
= 107 - gaseous-Fe - Split into two sublayers (transition at 100 bar):

(bcc),
etal. (201'7) :
10> +——————f —
10° 104 10°

Irradiated outer atmosphere

Temperature structure calculated using non-grey
analytical model

(Parmentier & Guillot 2014, Parmentier et al. 2015)

Temperature [K]

~ Mantle layer

- Oxidised Si, Mg, Fe

Non-irradiated envelope
- Fully adiabatic

Schwarzschild-Ledoux criterion used to determine

10° $i03. MgO, FeO if atmosphere is convective or radiative
o ™ MgSiOs, FeSiOg, Si0g, MgO, FeO ————
o | MESiQs, FeSiOy, 502 MeO,
% PERPLE_X super critical fluid
2 104
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107 3

vapor
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Characterising the interiors of observed exoplanets

Mass,
composition,
internal structure

Planetary
structure model

Radius



Characterising the interiors of observed exoplanets

Mass,
composition,
internal structure Mass and radius

l l

VS

l |

Radius Possible compositions
and internal structures



Characterising the interiors ot observed exoplanets

1. Sample from all possible combinations
of internal structure parameters
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However...



However...

Computation time of the
planetary structure model:

2-3 hours for 1000 structures




The plaNETic framework @f

plaNETic
input layer hidden layers output layer
[ | | [ | | [ | |
Uo,0 O U1,0 Ouz,o
Uo, 1 Y Uri Vo Uz,1 .
xo O R Train a neural network on data
MO & generated with the planetary
xi O a3 Vi @I AT oI O v structure model
o G R S SN® ¢ TV o1 ~ fast surrogate model

Uop,4 O U1,4 O U2,4



The plaNETic framework oqer e a1 2024 @ f

plaNETic

Observations
Mass and sampled composition

v

Forward model:
BICEPS planetary structure ' v
model

Transit radius

Compatible internal structures
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plaNETic

Observations
Mass and sampled composition

v —

Forward model:
BICEPS planetary structure —
model

Transit radius

Compatible internal structures




Prior options @ 7

plaNETic

Water content of the planet

Option A _
Water-rich
mass fractions of water, mantle and inner core:
uniform prior (simplex)
mass fraction of H/He:
log-uniform prior
Option B

Water-poor

mass fractions of mantle and inner core:
uniform prior

mass fraction of H/He:
log-uniform prior

mass fraction of water in the envelope:
normal prior (0.50% = 0.25%)
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Prior options @f

plaNETic
Water content of the planet Planetary Si/Mg/Fe ratios

Option A . Option 1:
Water-rich

mass fractions of water, mantle and inner core:
uniform prior (simplex)

Stellar

mass fraction of H/He:
log-uniform prior

Option 2:
Fe-enriched
Option B ﬂ > using the fit from Adibekyan+2021

Water-poor
mass fractions of mantle and inner core:
uniform prior

: Option 3:
mass fraction of H/He: Ind d f
log-uniform prior = naepen ent rrom

’9 ? stellar values

mass fraction of water in the envelope: uniformly sampled
normal prior (0.50% = 0.25%)
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Application to observed exoplanets @f

plaNETic

The plaNETic framework has already been
applied to ~100 observed exoplanets in

Teq [K]
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The internal structure Of TOI-238 b (Egger et al. 2025)

2.2
TOI-238 b (Teq =1378 K)

—— Mistry et al. 2024
2.01 @& Suérez Mascarefio et al. 2024

K4 This work
— 1.8 A THE UNIVERSE’S MOST
m@ EXOTIC SAUNA AWAITS
S 1.6 4 - :
©
o

—— Purely rocky core
1.4 4| —— Earth-like core
—— Mercury-like core

RELAX AMONG THE STEAM OF THE

HOT WATER WORLDS
1.2 4
Axis 1- Constraining the abundance of water Wwilly BENZ Jo Ann Egger
in hot planets (Hotwatermelon) willy.benz@unibe.ch
1 1 1 1
1 2 3 4 5 6

Mass [Mg]



The internal structure of TOI-238 b

water-rich

water-poor

Probability density

Probability density
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The internal structure Of TO|-238 b (Egger et al. 2025) @ﬁ

water-rich

water-poor

Probability density

Probability density
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The plaNETic framework
Inferring the interiors of super-Earths and
sub-Neptunes using neural networks

Observations
Mass and sampled composition

v
Sems e
P Y network inference scheme
structure model
e Transit radius - c The plaNETic

Compatible internal structures PR GitHub repository
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