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Obijectives:

* H,O upper atmosphere tor PCb & planets U cool stars.
* Chemistry under M dwart instellation.

* H,O": diagnostic spectroscopy and energy balance.

* Mass loss rate and long-term evolution of the planet atm.



Prox Cen XUV spectrum at 1 AU
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Prox Cen 1-2600 A spectrum at 1 AU
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Prox Cen vs Sun-like spectrum at 1 AU
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Prox Cen vs Sun-like spectrum at 1 AU
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Prox Cen vs Sun-like spectrum at 1 AU
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Molecular or ionized atmosphere?
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Molecular or ionized atmosphere?
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Exoaeronomer (Garcia Mufioz 2025)

* 1D, spherical symmetric, photochemical, hydrodynamical. '/‘

* Upper atmosphere from 1 R, (1 pbar) to 8 R, (1 pbar). d t’
an

* ~ 50 species: Hy HyO and derivatives.

* Lower boundary: ranging from 100% H, to 100% H,O.

~ 500 reaction channels. Lagrange point

1.5 R,
O 70 R, ©
R, 0.05 AU 0.5 R
Star, star radius model extension

real scale picture 1-8R,
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M Volume Mixing Ratio
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x = Volume Mixing Ratio

J Ntot
Z [Rp]
1 1.5 2 3 4 5 678
10 ' ' ' ' ——
— 10!
= e
L= S et e L L T
g _2 ------- i.
éo 10 —— N N < - — -
E107% e ———————————— ——
D) ~ -~ ~
s At the lower boundary e
- 104 ~ -~ -
= — 100% Hs, 0% H>O -
= == 99.9% Hy, 0.1% H,O  Species:
10771 =+ 99% Hy, 1% H,0 Ha Molecular!
95% HQ, 5% HQO E— HQO
10 10Y 10~1 1072 10~3 104 107°

Pressure [pbar]

andrea.damonte@cea.fr

18



Ly = Volume Mixing Ratio
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x = Volume Mixing Ratio
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4 N\

Transport >> Chemistry P TR0

100% H,
H,is in chemical disequilibrium but ’
net effect!
H. « T2 —

Ytransport chemistry

Iransport sustains the volume mixing ratios,

chemistry affects TT.



Chemical pathway analysis

We use PumpKin (Markosyan+2014)
to study the chemical pathways.

e Jinear combimmation of channels

* LEffective reactions (longer timescales)

* Lasier connection between species

NET: 3H, — 6H
(0% H,O)
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Total H, loss

Main pathways for H, loss

,\

y+H, e~ +H+H*
e”+H" > H
NET: H, - 2H

y+H, e~ +H+H*
H, + HY > H + HS
H, + Hf > H+ Hf

6 pathways includes more than
50% of all H, loss at all altitudes.
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e”+H* > H
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NET: 2H, —» 4H
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1 0/0 H20
990/0 H2

H, + OH2 H + H,0
NET: null cycle

J

Transport >> Chemistry H, — e~ + Hj
H, + HY - H+ HJ
H,0 + H - H, + H;07

H,0 is in chemical equilibrium and

THZO « THZO

transport ™ ‘chemistry (net) e~ + H;0"-—» 2H+OH
Again, transport sustains the volume mixing H, + OH - H + H;0
ratios and chemistry affects TT in the atm. NET:2H, - 4H No water

in the net!



Total HyO loss

4 )
H,0
is destroyed
but quickly
} reformed )
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Important ions (H;*, H;O%) are still appearing 11
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Conclusions

 PCb’s H, — H,O atmosphere is extended but cold.

Strong transport and faint FUV fluxes render it mostly molecular.
Fast ion chemistry assures its neutrality.
H,O boosts absorption, but transport and reformation keep gas molecular.

H;*, H;0" may be important for cooling & IR transmission spectroscopy.



Plans for the future

Chemistry for up to 100% of H,O.

Include He.

Role of molecules and 1ons in heating/ cooling.
Effects of photoelectrons and variability.

Mass loss rate and long-term evolution.



