Spectroscopy in the HR 8799
extrasolar planetary system
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Eclipse spectroscopy

12T
[ H20
1.0} H20 + CO
- H50 + CO,
H20 + CH4

06} {N

[ AT
0.4 MM{ \
0.2}

0.0 — '}

Flux Planet / Flux Star (1073)

|
——

Swairlz et al. (20?9) ]

s s L . 1 s . s | .
1.6 1.8 2.0 2.2
Wavelength (micron)

The measured spectra are sometimes

inconsistent with other data (especially for
NICMOS, e.g. Gibson et al. 2010)

Trivial geometry: the vast majority of
exoplanets do not transit

Eclipse spectroscopy has been done for both

transits (day/night terminator) and secondary
eclipses (dayside) for HD 189733 and HD

209458

Mainly from space (HST, Spitzer) for temporal
stability
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0.008 - Dayside emission spectrum of HD 189733b

0.007 - Spectroscopy (this paper)
Photometry (Charbonneau et al. 2008)

Grillmair et al. (2008)
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Non-deuterium burning companions
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HR 8799

HR 8799 Planetary System
(Sept. 2008)

Marois et al. (2008)

0.5 arcsec
20 AU

HR 8799: First imaged multi-planet
system by Marois et al.

- Planets b, c, d are about 7, 10, 10
Mjup and at 24, 38, 68 AU (proj.)

- Orbits likely close to face-on,
circular, co-planar

- Both a Kupier belt and an asteroid
belt equivalent also present in the
system

Our focus: planet ¢, about 1100 K,
1.3 Rjup, log(g)~4.2



L' observations

The L' range offers a better contrast and a higher

b Strehl ratio than shorter wavelengths => optimal range

for slit spectroscopy

A quicklook image reveals planet c in just 3 min

The planet dominates the stellar PSF wings (except for

regions contaminated by dither-dependent ghost
features)
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HR 8799 ¢ spectrum
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Imaging of the

full system
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Confirmation of non-equilibrium chemistry
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Carbon dioxide?

There are indiciations for CO: in hot Jupiter

atmospheres, and recently unambiguous detections in
field brown dwarfs with AKARI
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Tinetti et al. (2010)

Zahnle et al. (2009):
high metallicity
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CO: could be an indicator for
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Flux density (mJy at 10 pc)
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Carbon dioxide?
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Non-equilibrium models

Surface Flux Density
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