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MotivationExtrasolar planets

Based on Kasting et al. (1993) andexoplanet.eu (Msin(i)≤10MEarth)

Terrestrial planetaryatmospheres
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Atmospheri
 biomarker mole
ulesOzone produ
ed byO2-photolysisO2 on Earth mainly fromphotosynthesisBiomarker and related
ompounds: CH4, H2O, CO2,N2O
Ozone as a biomarker

Earth's atmosphere
Kaltenegger andTraub 2009 3 / 16



Computational detailsAtmospheri
 modeloriginal 
ode based on Kasting et al. (1984), Segura et al. (2003)1D radiative-
onve
tive 
limate model → T-p, and H2O-pro�les1D photo
hemi
al model → 
on
entration pro�les of 55 spe
iesOur model extensions:IR radiative transfer for N2, CO2, H2O for 100K≤T≥700K andp≤1000bar(von Paris et al. (2010))H2O 
loud parametrization in radiative transfer with feedba
k on
limate (Kitzmann et al. (2010))in
lusion of Rayleigh s
attering of H2O, CH4, H2, Headapted 
hemistry for hot terrestrial atmospheresquantitative analysis of 
hemi
al pathwaysLbl radiative transfer model - SQuIRRLS
hreier and S
himpf 2001, high-resolution emission and transmissionspe
tra and SNR 4 / 16



S
enariosCO2 dominated atmospheres and biomarkersCase study of Gl 581dSpe
tral appearan
e, von Paris et al. (2011)Clouds in Earth-like atmospheres around di�erent types of starsParameter study of the in�uen
e of water droplet and i
e 
louds uponplanetary spe
traBroad band spe
tral appearan
e, Kitzmann et al. (2011)Super-Earths around MdwarfsParameter study for Earth-like and Super-Earth planets around M-typestars in
luding photo
hemistrySpe
tral appearan
e and dete
tability, Rauer et al. (2011) 5 / 16



Case study of Gl 581dPlanetary & stellar parameterfound by RV method + notransitsMsini=6.06MEarth, P=66.6daysM-type star, M∗=0.31MSunGl 581d s
enariosFor 
ertain atmospheri
 s
enariosGl581d 
ould be habitable:95% CO2 and p≥5 bar5%CO2 and p≥20 baruninhabitable for low CO2
on
entrations and low pressures

Stellar spe
trum
Atmospheri
 studies of Gl 581de.g. Wordsworth et al. (2010,2011), von Paris et al. (2010),Kaltenegger et al. (2011) 6 / 16



Syntheti
 spe
tra for Gl581dEmission spe
tra
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False-positive biomarker signals

R=10 8 / 16



Ozone masking by CO2In�uen
e of Earth-like ozone pro�le with di�erent maximum 
on
entrations

Only for O3 pro�les with larger maximum 
on
entrations as for presentEarth O3 distinguishable from CO2 at 9.6µm 9 / 16



In�uen
e of 
louds upon Earth-like atmospheri
 spe
tra
S
enariosExtrasolar planets with Earth-like atmospheres around di�erent typesof 
entral stars (M, K, G, F-type)Earth-like ozone pro�leMultiple Earth-like 
loud layers resulting in mean temperature of 288KBroad band spe
tra from 
limate model in emission and re�e
tion(Kitzmann et al. (2011))Climati
 e�e
ts of 
louds Kitzmann et al. (2010)

10 / 16



Emission spe
tra with 
louds
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louds dampen the overall emission
louds dampen even spe
tral features originating above 
loud de
k,espe
ially strong for F-type star 11 / 16



Re�e
tion spe
tra - Spe
tral albedo with 
louds
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wavelength ( m)Clouds enhan
e the overall re�e
tionRe�e
tion enhan
es the spe
tral signatures of biomarkers 12 / 16



Super-Earths and Earth-like planets around M dwarf starsAtmospheri
 modeling of super-Earths & Earth-sized planets around Mdwarfs in
luding photo
hemistryRauer et al. (2011)temperature-pressure pro�les
for Earth-like planets around Mdwarfs

Ozone pro�les

for solar insolation 13 / 16



Emission spe
tra for planets around M stars
O3 feature CO2 feature
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Dete
tability of spe
tral features around AD LeoEmission Transmission
Integration time needed for photon-limited SNR=3 at R=20 withJWST-like teles
ope 
on�guration 15 / 16



Summary
CO2-dominated atmospheres 
an produ
e false-positive & falsenegative spe
tral signatures of O3
louds dampen O3 feature in emission, but enhan
e the feature inre�e
tion (however low 
ontrast)O3 dete
tion for planets with JWST even around M dwarfs is
hallenging be
ause of SNR
→ needs 
lose by stars and addition of several transit observationsOutlook: Cal
ulations for E-ELT look more promising (Hedelt etal. (2012), submitted)
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