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A desert of hot neptunes

Hot Warm Hot Warm 
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DESERT

Role of evaporation supported by theoretical studies 
(e.g. Lopez+2012, Jin+2014, Kurokawa+2014, Owen+2017)

Role of orbital migration 
(e.g. Mazeh+2016, Bourrier+2018) 

BUT:
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• Coupling both mechanisms not yet deeply investigated.
• Need for dedicated models + precise measurements.
• Scope of SPICE DUNE (PI: V. Bourrier).
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presentation

Attia+2021
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ENCODED features
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Dynamical features Atmospheric features Stellar features

• Perturbing      
distant body

• Tidal effects

• Relativistic 
precession

• Atmospheric 
integrator

• Photo-evaporation

• Planetary inner-
heating

• Evolving luminosity

• Evolving spin vector

• Contraction (WIP)



Atmospheric structure
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Atmospheric features

• Layer-by-layer 
atmospheric 
integrator

→ Detailed 
atmospheric 
structure

• XUV photo-
evaporation

→ Mass loss

• Internal planetary 
luminosity

→ Atmospheric 
heating

Zone B:
Radiative/
Convective
(Schwarzschild+1958, 
Jin+2014)

Solid core:
Fe/Silicates
(Seager+2007, 
Mordasini 2020)

Zone A:
Semi-grey
(Guillot+2010, 
Jin+2014)



9 •  O .  AT T I A



GJ436
• High eccentricity (~ 0.15) despite advanced age (6 Gyr).

• Highly misaligned orbit (~ 100 deg).

• Evaporating atmosphere.

• … and it is inside the desert! 

• How could it have survived?
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e.g. Butler+2006, Torres+2008, Beust+2012, Bourrier+2018

e.g. Kulow+2014, Ehrenreich+2015,
Bourrier+2016, Lavie+2017
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Bourrier+2018, Bourrier,…,Attia+2022



GJ436
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Solution to 
eccentricity 
problem:
Kozai-Lidov 
mechanism...
Featuring GJ436c

Beust+2012, Bourrier+2018



GJ436
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Started strongly evaporating 
only recently



GJ436
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Today Still locked on a 
misaligned orbit



GJ436

• Adding an accurately-modelled atmosphere 
largely changes the results.
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GJ436

• Adding an accurately-modelled atmosphere 
largely changes the results.

15

Coupling 
dynamics/atmosphere:
Radius pulsations 
in tune with 
Kozai—Lidov cycles
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GJ436

• Adding an accurately-modelled atmosphere 
largely changes the results.
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Coupling dynamics/atmosphere:
Earlier migration due to stronger tides (larger radius)

𝜏 tide∝𝑀 pl /𝑅pl
5
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(Much) shorter 
timescales

Dynamics
+Atmosphere

Dynamics
alone



TOI-177
• Planet b: recently-detected hot mini-Neptune around an M-dwarf.

• Interior characterization: ~ 4% H/He.

• Could it have kept a primordial H/He envelope after ~ 1 Gyr on 
such a short orbit (P ~ 3 days)?
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Almenara,…,Attia+ submitted
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TOI-177
• Could it have kept a primordial H/He envelope after ~ 1 Gyr on 

such a short orbit (P ~ 3 days)?
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Too massive to 
evaporate

Tidal disruption

Total evaporation

Almenara,…,Attia+ submitted



TOI-177
• Could it have kept a primordial H/He envelope after ~ 1 Gyr on 

such a short orbit (P ~ 3 days)?
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Too massive to 
evaporate

Tidal disruption

Total evaporation

Almenara,…,Attia+ submitted

No compatible 
initial configuration

Presence of 
resilient elements 
to evaporation and 
inflation 
(e.g. water)
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Summary

• 3-body simulations need to be refined with 
atmospheric processes.

• Change of paradigm about evaporation. It can 
be strongly active several Gyrs after formation 
due to late migration.

• Importance of both models and 
measurements to constrain plausible 
histories.
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Future work
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• More JADE simulations. Exploration of the parameter space of 
GJ 436 b.

Attia+ in prep.



Future work
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• Also RM analyses to identify the most promising targets to simulate.

Bourrier,Attia+ in prep.



advertisement

• If you want coupled simulations for your 
favorite system, do not hesitate to contact us!
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