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The generic 3D Global Climate Model
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Developing the photochemical model
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Emission
Absorption

Photochemical heating

UV VI IR

Online calculation
with cross sections

Online mixing of correlated-k for trace gas
Vatant d'Ollone et al. 2018

λ

Radiative transfer:

Chemistry:

- Input network from different databases (generic read)

Earth chemisty

Early Earth chemisty

Warm Neptune (Roméo Veillet, Benjamin Charnay, Olivia Venot)

- Photochemistry online + photochemical heating
Leconte (2021)



Model validation with an Earth atmosphere

5Atmo 2021Yassin Jaziri 25 August 2021

Ozone vertical profile Temperature vertical profile

GOOD AGREEMENT



UV-Visible spectral balance around a red-darwf
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Peacock et al. 2018



Ozone and temperature on Trappist-1e
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Ozone vertical profile Temperature vertical profile

Higher ozone
production

Higher ozone
production



Reduced ozone photolysis
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200 nm



Homogeneous ozone layer
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DayNight Night

Fast rotationFast rotation Good mixingGood mixing



Limbs vertical profil 
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Ouest limb East limb

Only significant vertical variationsOnly significant vertical variations



Transmission spectra contributions
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Caldas et al. (2019)

http://perso.astrophy.u-bordeaux.fr/~jleconte/pytmosph3r-doc/index.html

Idealistic low
photon noise
uncertainty

Idealistic low
photon noise
uncertainty

© Copyright 2020, A. Falco



Vertical effects → 2 layers retrieval
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H
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0
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0

0
3Cannot be well retrieved

without multi-layers model
Cannot be well retrieved

without multi-layers model

Al-Rafaie et al. (2019)

Changeat et al. (2019)



Species vertical profiles

13Atmo 2021Yassin Jaziri 25 August 2021

One layer retrieval Two layers retrieval

Good agreement of
a 2 layers model

Good agreement of
a 2 layers model



JWST noise simulation
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Batalha et al. (2017)

10 Transits

50 Transits

30 Transits

100 Transits

Retrieved
spectra

Noisy but significantly retrieved?Noisy but significantly retrieved?



JWST noise simulation
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Good detection

Benneke and Seager (2013)



Summary
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© L. Fairhead. LMD. CNRS.

Global Climate Model
Generic 3D

Leconte (2021)

Pytmosph3r
Transit 3D

Caldas et al. (2019)

TauREx
Retrieval 1D

Al-Rafaie et al. (2019)
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Conclusion

A generic 3D photochemical-GCM for exoplanet atmosphere

Multiple application for molecules detectability 

Ozone increasing productivity around Trappist-1e (red-dwarf M8)

Detectability challenging and vertical model needed to constrain
the abundance on temperate planets
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Column ozone
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Tsurf
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