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Can we use
Remote Sensing Spectroscopy,

- Interaction between photon
coming from the parent star and
planet —

to characterize
Extrasolar Planets?
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Learning from our solar system
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Terrestrial planets in our Solar System offer
diverse spectra which aid in their characterization.
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» Radiative transfer -~
» Climate + Cloud .
» Escape processes .
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Averaging over disk and time

Tinetti et al, Astrobiology 2005, 2006
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complex interaction of the photon with the
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{vpl Disk-averaged Earth spectra: VISK_
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Clever vegetation!
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For all phases, NDVI is a useful index to discriminate vegetated areas.

Problems with fully illuminated (unobservable!) when clouds are present.
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~40% vegetation

Caveat: On an extrasolar terrestrial planet the red-edge might be red-shifted,

The cloud microphysics/scattering properties might be different
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3-photon photosynthetic scheme (Wolstencroft and Raven, 2002)
Optical model of plant leaves (Jacquemoud & Baret 1990)
Modified pigment absorption properties

Output: whole leaf spectrum shifted to longer wavelengths



Planetary model
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Simulated spectrum
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Stellar occultation @
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HD 209458: the atmosphere
(Charbonneau et al. 2002)
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Explanations: clouds and ionisation (Brown, 2001, Fortney et al. 2003)
or condensation Na to Na2S on the dark side (Iro et al. 2005, Tinetti et al. 2006)



An extended upper atmosphere
around the extrasolar planet
HD209458b

A. Vidal-Madjar (I1AP)

A. Lecavelier des Etangs (IAP)

J.-M. Désert (IAP) ‘\

G. E. Ballester (Univ. Arizona) — >efore
R. Ferlet (IAP) e
G. Hébrard (IAP) | e
M. Mayor (Obs. Geneve)
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Nature 422, 143, 2003
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Evaporation rate > 1019 g/s
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Transmission spectra of

Hot Jupiters in the IR
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Earth-si

« VVolatile-rich planets are favored

* Late type stars are favored (better S/N, more
numerous)

 Atmosphere of Earth-size planet might be
detectable with 10-40m telescope, dep. on
target

Technigue more sensitive to upper part of
the atmosphere

Ehrenreich D., Tinetti G.,et al., 2006, A&A
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Jet Propulsion Laboratory
California Institute of Technology

4D-Spectral Retrieval:
the Inverse problem

Direct 3D model + Genetic Algorithm & Simulated Annealing
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Level Set Analysis
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Following the planet during its orbit

"Planet Semi-Major Axis" vs "Planet Eccentricity" (78)
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Temporal Atmospheric Signatures

Global Distribution of Atmospheric Methane
NOAA CMDL Carbon Cycle Greenhouse Gases

+ Onthe Earth CH,and ...

CO, both “breathe”
with the seasons.

« Volcanic activity?

« COZ2 cycle on Mars

er 2003
Ocwber U7

Three dimensional representation of the latitudinal distribution of atmospheric methane in the marine boundary layer. Data from the NOAA
CMDL cooperative air sampling network were used. The surface represents data smoothed in time and latitude. Principal investigator: Dr. Ed
Dlugokencky, NOAA CMDL Carbon Cycle Greenhouse Gases, Boulder, Colorado, (303) 497-6228 (ed.dlugokencky(@noaa.gov,
http://www.cmdl.noaa.gov/cegg).
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Temporal surface signatures

Polar cap variation
are detectable ip the Mars
. b I
dlsk-averagedﬁs trag > &

No Polar caps
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Sensitivity to Viewing geometry
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Sensitivity to Phases

. Tl T

Earth disk-averaged spectra,
3D model, study for TPF-C
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ce versus silicate: why do we care

— 1. Metallic core

— 2.Lower silicate mantle — 1. Metallic core

— 3.Upper silicate mantle — 2.Lower silicate mantle

4.High pressure ices 3.Upper silicate mantle
\
r 5.Ice |/ Liquid water r 5.1ce |/ Liquid wate
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Carbon planets: do they exist?

Radius/mass different
*Atmosphere C rich (more CO than H,O!)

Silicate Planet (Earth, Mars, etc.)
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Crust and Atmosphere
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Kuchner, Seager
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Rayleigh Scattering

Alr, 1har, soil
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Sensitivity to Pressure

1 and 2 bar Earth
atmosphere:
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