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Upper atmosphere and near exoplanet

environment
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Importance of star-exoplanet interaction

Indication of planetary obstacle

(magnetosphere, ionosphere, combination, ...

Stellar wind plasma parameters near the

exoplanet

Upper atmosphere n & 7 Transition of H, —» H

in lower thermosphere

— structure of the upper atmosphere and
atmospheric escape

HST / UV observations

- Ly-ot absorption
Atmosphere expansion = 3 planetary radii
Hydrogen escape from HD 209458b
estimated lower mass loss rate > 10'0 g s-!

[Vidal-Madjar et al., Nature, 2003] [Koskinen et al., ApJ, 2010]

— Carbon and oxygen at Roche lobe: HD 209458b
[Vidal-Madjar et al., ApJ, 2004]

- Carbon, oxygen, Si at Roche lobe: HD 209458b
[Linsky et al., ApJ, 2010]

Recent non-detection of auroral and dayglow
emissions of molecular hydrogen from
HD209458b can be seen as an additional
constraint which excludes upper atmosphere
temperatures >10000 K and 7000 K yields

the best fit — 77,=3-4 x 10'3 m~3 at about
2.8R, 2



wr  HST UV transit observations in Lyman-«

Absorption in the stellar Lyman-o line at 1215.67 A

[Vidal-Madjar et al., Nature, 2003 — Ben-Jaffel, ApJ, 2007; 2008] [Lecavelier des Etangs et al., AQA, 2012]
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Figure 2 The HD209458 Lyman o profile observed with the G140M grating. Velocity (km s™)



we  Stellar wind - exosphere - magnetosphere

interaction

Losses of planetary H atoms: Expanded thermosphere-exosphere

— photoionization: hv+H, — H,* + e

— electron impact ionization: e+ H, — H,* + 2e \
y — charge exchange: Hg,"+Hy = Henaswy) + Hp
\i
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Exosphere-stellar wind plasma interaction
modelling

IWF
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[Kislyakova et al., Astrobiology, submitted, 2013]
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= Scattering of an UV photon (radiation pressure)
= Elastic collision with ancther hydrogen atom
- Gravitational effects (besides gravity - tidal, coriolis, centrifugal forces)



IWF

DSMC - stellar wind exosphere interaction

model runs — HD 209458b
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[Kislyakova et al., in preparation, 2013]

Three effects acting together — the efficiency of processes depend on: EUV, UV, stellar wind,
H column content, atmosphere temperature and magnetopause obstacle (B-field)

- Radiation pressure + ionization processes — information on stellar and plasma properties
- ENAs — information on stellar wind parameters and magnetic properties

- Doppler broadening (DB) — information on atmosphere structure

DB is the broadening of spectral lines due to the Doppler effect caused by the velocity
distribution of the particles. Different particle velocities yield different (Doppler) shifts
—the cumulative effect of which is the line broadening

For HD 189733b thermal Doppler broadening alone can not explain the observed Lyman-«
absorption, because the column content of the H atoms is too low!
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Hydrogen-cloud modeling and observations

around Earth-si
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Upper atmosphere and stellar plasma

interaction models & observations of

hydrogen clouds & ENAs with space %
observatories such as the WSO-UV
around transiting Earth-size exoplanets 20

within orbits of dwarf stars will
enhance our understanding how the
atmospheres of Earth-like planets
survive during the active young star 0
periods — bright stars!

BX0

15

— how Earth-like habitable planets g
evolve!
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Sele) v
* Magnetic of non-magnetic obstacles
(shape. intrinsic/induced, ionopause)
* Structures of expanded atmospheres
(cold & hot atoms, Roche lobe, etc.)

Test of theoretical models:
Possible observations with
present, and near future UV
space observatories

M stars

Early tervestnal planets

(e.g. early Venus, Earth)

Role of expanded upper atmospheres and
ENA cloud production in the evolution of
yvoung terrestrial planets (e.g. early Venus
or Earth, etc.

WSO-UV: launch
~2016/2017

& other follow-up

projects

Earth or similar Venus or
(habitable) exoplanets similar exoplanets




