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Modelling of thermospheric
D‘HHE engrgy budgetsp

Terrestrial planets

— (i) hesting due 1o the COs, Ny Oh, CO md O Expected consequences

. . a9
o = e TIPS phetosmzation by XUV-rmdston (4 1027 nmj

+ w107 (o) hexting due b O and Oy phetocdsocstion by solar
W CHD xE 8931077 Wsdistion: * large thermal escape rates

T b L Eet 258 4 10-5 {18} chemocal heating in exotharmic three-body mactions P9 effect on plan etary HZO

+M — H 1.5 x 10— F 4 3E4T

+H4+ M —H, +M 8.0 = 10—3 (300, 1) O+0+M 04 M, 3 inventory

+H —Hf +H 20107 O4+00+M— OO+ M : : :
+H ~H +H 20 107 « fractionation of atmospheric
+H — Ht +H: &4 5 1010 OOy + M — O+ M, -

P S 10 1075 Ro T species

H — HeHt + H 4.2 1071 i
R TH LH e 5 10-1% where M are €03, N; and CO malecules 2nd 0 2na ne QESIIISIARO] M oIl E P10 Gl
+Ha — Hf +He 1.5 10—* aloms, Further, the mode] metudes:

S HF 4He 91 1010 h * expanded atmospheres
e CE jg;}g:ti:i%";:ﬁﬂ {141 eutral gas mokeular hest conduction: resulting in large interaction

—H +H 2.3 x 10~% (300,704 (v) [R-conkng in the wibratonal-rotational bands of OO
~m +H 2.9 % 10-8 300, 7,105 {15 ), €0, 0y znd in the 83 um O Ine; areas for solar/stellar plasma

—BO+E 8.6 > 10721300/ T,) 293 turbuknt dussmpation and het conduction. -
TE T o 105 (300,70 v energy dlzispation 2 conduction and non-thermal loss

[Kulikov et al., Planet. Space Sci., in press, 2006]

Escape Rate {em™®z7")
ALTITUDE [km]

L R L R R R L L L

saaaal L
10°
Semi—-Major Axiz (AU COLD AND HOT O DENSITY [cm™]

I3/CA Europlanet - EC Contract 001637 - http://europlanet.cesr.fr/



Extreme plasma-atmosphere
Ur@ . J ‘EIHE interaction
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[Khodachenko et al., Planet Space Sci. , in press, 2006]
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Exomagnetospheres and
IF&: D‘EIHE non-thermal loss processes

Terrestrial planets [0.2 AU]
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Open problems

- Extended atmospheres where the exobase is above the ionopause
— it is not the case with Venus or Mars but there is a similarity with Titan

- Solar/stellar wind/plasma interacts within the collision dominated atmosphere
— at which altitude does the planetary obstacle form?
— how large are induced magnetic fields of dense ionospheres due to high
XUV radiation and how do they contribute to atmosphere protection
— essential for non-thermal loss studies

- In some cases the dense stellar wind close to its star is subsonic
— similar with Titan’s atmosphere-Saturn-magnetosphere interaction

- What is the heat input of CMEs to the atmospheres of planets at close orbital
distances

- Fractionation of atmospheric species over long time periods

— effect and change in bio-markers and atmospheric stability and water
inventories in general
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—> b | 0 | Og | Ca.l effeCtS [GrieBmeier et al., Astrobiology 5, 591, 2005]

— change in atmospheric chemistry
= biO-markel‘S (03) [Grenfell et al., Astrobiology submitted, 2006]
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Global circulation modelling

- atmospheric circulation, climate and atmospheric stability of slow
rotating planets —» what can we learn from Venus and Titan ?

- how does the atmosphere of an habitable planet reacts to
increasing stellar luminosity (i.e. decreasing orbital distance) ?

- how far can habitability be sustained assuming a silicate-carbonate
control of the atmospheric CO, content ?

Application of sophisticated sw-plasma magnetospheric/
atmospheric/ionospheric models (hybrid, etc.) to exoplanets

with X-ray and EUV heated and extended upper atmospheres
— Synergy with early Solar System planets

— Experience from Titan, Mars/Venus/Mercury/Earth
observations/modelling
Connecting thermal/non-thermal loss modelling to

bio-marker studies — fractionation of species — habitability
I3/CA Europlanet - EC Contract 001637 - http://europlanet.cesr.fr/
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OBSERVATIONS OF THE IONOSPHERIC EFFECTS IN THE
HIGH LATITUDE D-REGION DURING SOLAR FLARES IN APRIL, 2004
V.D. Tereshchenko, E.B. Vasiliev, O.F. Ogloblina, V.A. Tereshchenko, S.M. Chernyakov (Polar

vhvsical hr,x'w.h te KSC RAS, 15, Khalturina Str., Murmansk, 183010, Russia,
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lter@pei.ru ) Observations of the ionospheric effects in the high latitude D-region during solar flares in April, 2004
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- Collect atmospheric/ionospheric/magnetospheric/chemical data correlated
to extreme solar events available from various institutes — data base (IDIS)
- Establish a data base related to loss modelling (applied models and input
data used - planet, atmosphere, XUV, plasma, etc., LOSS RATES) — (IDIS)
- Similar data bases could be established to topics related to GCMs, bio-markers
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