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with:

Talk Outline
 Overview of the possible atmospheres of giant planets
 Hot Jupiter model predictions in visible and IR
 Comparison to Spitzer spectra and photometry
 Light curves with orbital phase:  day/night contrast
 Hot Neptune Gliese 436b

Key Questions we’d like to answer:
 Are these planets like Jupiter and Saturn?
 What is the day/night temperature contrast (and is it that simple?)
 What is the importance of atmospheric dynamics in determining
the atmospheric temperature structure of these (presumably) tidally
locked planets?

 We are taking the first steps towards characterizing exoplanets
 These planets receive ~104 more stellar flux than Jupiter
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Pressure-Temperature (P-T) profiles from Jupiter to a 3000K M dwarf star
adapted from Hubbard et al. (2002)

adapted from Hubbard et al. (2002)

Atmospheric Pressure-Temperature (P-T) Profiles

Hot Jupiter atmospheres
sample temperatures
similar to L-dwarfs, but at
103 lower gravity

Silicate clouds may be
important for the hottest
objects, over a narrow
temperature range.

Fortney et al., 2005
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Spitzer has Enabled
a Stunning Level of
Atmospheric
Characterization

Why Spitzer?
Hot Jupiter planet/star
flux ratios only become
favorable at λ > 4 μm

All optical searches for
reflected light from all hot
Jupiters have failed.
Visible geometric
albedos expected to be
~0.05.

IR detection from the
ground in K band is
difficult(includes the ~100X area difference)

Day side:  Purple
Night side:  It depends on the temperature (magenta?)

Fortney et al., (2005)
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 HD 209458: Within 1σ error bar at 24 μm (w/ or w/o cloud opacity)
 TrES-1: Reasonable fit, but is computed infrared spectral slope not
red enough? (Others find a similar slope)
 HD 189733: Day side is clearly warmer than predicted
 HD 149026: Detectable only because it has a hot stratosphere

Spitzer

4 data points
will soon
increase to
~15-40.

How many
data points
will we get,
and for how
many planets,
before the end
of Spitzer?

Fortney et al., 2006a

Are Hot
Jupiters
Dry?

• Highest S/N data obtained to date is consistent with water absorption
• Unpublished IRAC data from 3-10 µm (Charbonneau et al, 2007, AAS) consistent
with H2O and CO absorption for planet HD 189733b
• There is diversity in predicted absorption depths among models

Fortney & Marley (2007)
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• The temperature of the interior can have an important impact on the atmosphere,
even though the intrinsic flux is 104 times less than the incident stellar flux
• For HD149026b, and the other “very hot Jupiters,” atmospheric temperatures,
chemistry, and opacity can change significantly due to the interior cooling past cloud
condensation boundaries

Atmosphere and Interior Interactions

Harrington et al. (2007), for HD 149026b

Fortney et al. (2006a)

υ Andromeda b

Harrington et al.(2006)

• How well can a 1D model be expected
to simulate the atmosphere of a tidally
locked hot Jupiter at 0.05 AU?
• Harrington et al. (2006) and Knutson et
al. (2007) have recently measured phase
variation for υ And b and HD 189733b

• υ And b: variation large!
• HD 189733b: variation small!
• Cowan et al. (2007) also find little
variation for some systems

• Usefulness of 1D models
is limited

1D vs. 3D Models

Knutson et al. (2007)
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2.5 mbar

220 mbar

19.6 bar

-HD 209458b-
Coupling Radiative Transfer
and Dynamical Models:

1) The likelihood that the planets are
tidally locked demands an
understanding of dynamics and how
energy is transported to the poles,
terminator, and night side.

2) Cooper & Showman (2005, 2006)
have computed 3D models utilizing
the primitive equations of dynamical
meteorology to understand energy
transport and winds on HD 209458b Fortney et al., 2006b

HD 209458b Cooper & Showman, 2006

How might the spectrum of
a dynamical model differ
from a 1D model in radiative
equilibrium?  a test for
dynamical models

IR spectra and light curves as a function of orbital phase

Fortney et al., 2006b
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Transiting Hot Neptune:  GJ 436b

Mass: 22 MEarth
Radius: 3.8 REarth
Teq ~ 630 K

The Uranus/Neptune Paradigm:
• Interior mostly FLUID H2O,
CH4, NH3 (dissociated & ionized)
• A few Mearth of rock/iron in
core
• A few Mearth of H/He
atmosphere
• Atmospheric metallicity of 30-
40 X solar!

• Gliese 436b is by far the
coolest transiting planet:
Carbon will be in CH4 not CO
• Thermal emission detectable
with Spitzer

GJ

Conclusions
• Data and 1D Models:

• Planets are predicted to be very
dark in the optical
• Water vapor carves the spectrum
of warm and hot Jupiters

• Observational uncertainties
make it difficult to say what is
going on on the night side

• The “very hot Jupiters” may have
gaseous TiO in their atmospheres,
leading to stratospheres

• Planets are brighter
• One then sees emission
features rather than absorption
• Large effect for HD 149026b

• Data and 3D Models
• Dynamically induced
isothermal day-side can
suppress absorption features
• Light curves give us day and
night temperatures
• Light curves for various planets
are diverse---as are models

• Future:
• ~15 transiting Spitzer targets
as of today. It appears we will
get data for all of them!
• Many opportunities for both 1D
and multi-D models

We’ve seen perhaps only ~10% of the Spitzer exoplanet data that
will be obtained by 2009, when Spitzer coolant runs out


