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The Transits of

Exoplanets
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Exoplanet discoveries

Number of planets by year of dlscnwery
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The “hot Jupiters”

"Planet Semi-Major Axis" vs "Planet Mass" (176)
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Detect the Doppler shift...
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..and then look for transits
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The OGLE collaboration (Udalski et al.)
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Planetary radius
Impact parameter
Orbital inclination
Planetary mass
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Photometry with HST
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The Transit Light Curve project

3 transits of TrES—1 3 transits of TrES—1 (binned)
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The “super-Neptune” HD 149026

HD 149026 b

Why did the core not accrete gas efficiently?
Or, if it did, what happened to the envelope?

G. Laughlin



The “bloated” planets

Early migration (Burrows et al. 2000)

Insolation-driven, deeply penetrating waves
(Showman & Guillot 2002)

Eccentricity tides (Bodenheimer et al. 2001,
2003)

Obliquity tides (Winn & Holman 2005)

Heterogeneity in atmospheric metallicity
(Burrows et al. 2007)

Inhibition of large-scale convection of
planetary interiors (Chabrier & Baraffe 2007)




Unexplained correlations
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Unexplained correlations
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Transit timing variations
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Period Ratio
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Radial Velocity (m/s}

Intensity
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Spectroscopy of transits
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Study
planetary
atmospheres

‘Transmission spectroscopy




photoelectrons

Detection
of neutra
sodium

difference of relative fluxes

Charbonneau,
Brown, Noyes &
Gilliland (2002)

difference of relative fluxes
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Detection of hot (#=2) neutral hydrogen

Very dense, very -
~ hot (>10,000K)

exosphere -
~ Ballester et al. (2007)
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Secondary eclipses

Reflected light
(optical): 10




Secondary eclipses
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Full Phase
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R=80 spectra
of hot
Jupiters

Featureless
continuum; no
water absorption

Harrington et al. 2007



FRedaiive Flux
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Atmospheric circulation models
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Cho, Menou, Hansen, & Seager 2003




Secondary eclipse mapping

U=100, first eclipse U=100, second eclipse

Rauscher, Menou, Seager, et al. 2007




What can we learn from transits?

* Orbital period

* Planetary mass

* Planetary radius

* Moons, additional planets (vzz timing)

* Effective temperature

* Crude infrared spectrum and surface map

Alignment between orbit, stellar spin




Spin-orbit alignment for exoplanets

e Solar system: alignment is within ~10°
¢ How common or unusual is this?

e Theoretical reasons to expect
misalignment:

— Whatever perturbs ¢ may also perturb I
— Migration (disk interaction v. scattering, Kozai)
e Fundamental measurement







Gaudi & Winn
(2007)
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Measuring spin-orbit alignment
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HD 209458: Winn et al. (2005)

n
=

IIII|IIII‘°‘|—‘-ID—III|IIII
i'.'IIII|IIII

t¢++

4 R
4

-
L1

Radial velocity [m/s]
|
LA
)

0.0
Orbital phase

=—4.4 +/- 1.4 degrees

%]
)

I
b
—

Radial velocity [m/s]
s

|
I
O

_L.IIIlIIIIIII'III'III

I
o
(|

Orbital phaose




HD 189733: Winn, Johnson, et al. (2006)
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Spin-orbit alignment for exoplanets

e Random alignments ruled out (>99.9% CL)
e Tidal coplanarization takes too long

47‘(‘7“3@5 R%
T v
3k GMgP

Hut 1981; Queloz et al. 2000; Winn et al. 2005

Migration generally preserves spin-orbit
alignment




What might we learn from transits?

Optical albedo Rowe et al. 2006)
Star SPOTCS (Brown et al., in preparation)
* Differential rotation (Gaudi & winn 2007)
< Planetary I'iIlgS (Ohta, Taruya, & Suto 2007)
- Planetary SpiIl (Seager & Hui; Hui & Seager 2002; Spiegel et al.)
* Artificial planet-sized objects (amold 2005)

e SMALL PLANETS: abundance, structure




Corot

French, German, and
other partners

Launched Dec. 2006

Monitor 10 fields of
12,000 stars each, for
150 days

Lots of hot Jupiters

A handful of “rocky”
planets (<10 M_,_ ;)




Kepler

NASA Discovery
(Ames/ Ball Aerospace)

Launch Oct. 2008
Earth-trailing orbit

Monitor one field of
100,000 stars for 4 yr

> 200 giant planets

~-50f Earth-like planets
in the “habitable zone”




Transiting Exoplanet Survey Satellite

MIT-Harvard—Ames
HETE legacy

Survey the
stars on the sky

1,000 giant planets

stars with
Earth-like planets in
the “habitable zone”
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