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In the solar system:
Glant planets far away

Circular orbits

*Planetary orbits aligned with the Solar spin
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Core accretion paradigm
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Rocks and metals condense, hydrogen  Hydrogen compounds, rocks,
compounds stay vaporized. and metals condense.
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Doppler Shift due to
Stellar Wobble
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Extra-solar planets:

"Year of discovery" vs "Planet Mass" (651)
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Rocks and metals condense, hydrogen  Hydrogen compounds, rocks,
>ompounds stay vapo‘rized. \\ ., and metals condense.
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Planets discovered by RV

Period histoy
' ' | Circular orbits

Orbits aligned with Solar spin
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HD80606

HD 80606
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Transits

R* + Rp The inclination (i) must be

p— o
F’tmmsit = very close to 90
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Next Step - A Transiting Planet

CoOnTacts:

[

FIG. 4—&chematic illustration of the lipht curee of & transiting planet.
Mleagura bl quantities are the duration of the transit [ the transit depeh 4,
the inpresgfeprese duration w, and the central curvature of the light curve
€. Given the orbital speed (which follows from the orbital period and the
steller masze) these quentities determine the radi of the star aod of the
planet, the orbital inclination, and thedepree of imbdarkening.
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HD 209458

Mazeh et al., 2000
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PlanetSin(i) — 068 I\/IJup
i = 3-224 days
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HD 209458

Charbonneau, Brown, Latham & Mayor 2000

Henry, Marcy, Butler & Vogt 2000

relative flux

Depth: ~1.5%
Duration: ~2.5 hours
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HD209458

Brown, Charbonneau, Gilliland, Noyes & Burrows, 2001,

_HST photometry
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Spin-orbit relative inclination

Stellar Spin-Planetary orbit relative inclination
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The Rossiter-McLaughlin effect

Gaudi & Winn 2007:

AV, =
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planet
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CAUIM & WINN
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CoRoT-1b  The R-M effect
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Figure 3. Probabihity distribution of the projected spin-orbit angle accord-
g to the MCMC inte gration.
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Winn et al. 2009

HAT-P-7:

A =1825+9.4deg

0.995}

Relaotive Flux

0.990

0.004
o 0.002
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=0.004 &

Time since midtransit [hr]

Figure 3. Spectroscopic and photometric transit of HAT-P-Th. {a) The anoma-
lous RV, defined as the output of the Doppler code minus the orbital BV, We
observed a blueshift in the first half of the transit, and a redshift in the second
half of the transit, demonstrating that the sky projections of the orbital and
stellar angular momentum vectors point in opposite directions. (b) Eesiduoals.
Red squares are HDS data from 2009 July 1, and blue circles are HIRES data
obtained on various nights in 2007 and 2009, (c) The relative flux, observed in
the Sloan § band with the FLWO 1.2 m telescope and Keplercam. (d) Residuals.
In panels (a) and (b), the gray line shows the best-fitting model.
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Figure 4. Distribution of projected spin-orbit angles for systems in Table 3.
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The CoRoT mission

e 27cm telescope with polar orbit
e lLaunchedon 12 /27 /2006
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The CoRoT Satellite

A French CNES mission with European partners & Brazil
[+ S. Aigrain, T. Mazeh, A. Shporer]

27cm telescope with polar orbit

Joint stellar seismology & exoplanets transits mission

Launched on 12 /27 / 2006

5 fields of 4 square degrees observed, including two for ~150 days at
~mid-term of the mission.

~30,000 dwarf stars observed between 11 < Vmag < 16
Photometric data is gathered in a « mask » of pixels

T. Mazeh: Astrobiology, Dec. 2011,
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CoRoOT-7b

Relative Flux
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Superimposed transits
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Mormalized Flux

CoRoT-7b: first super —earth transiting planet
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Fig. 9. Orbital solution for the 0.85-d period using the residuals from
the radial velocity data after removing the contribution of all other fre-
quencies detected by the pre-whitening procedure.
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CoRoOT-7b
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The Kepler mission
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e 95 cm telescope with earth-trailing orbit e
e Launchedon 07/03/2009
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Ihe Kepler Orrery
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Candidate Multi-Planet Systems
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Candidates from the first 120 days of Kepler data

Planets smaller than Neptune are more common



408 candidates

Rp [REarth]

Rp [R]upiter]

Period [days]

Hot Jupiters are rare in flat systems
Large planets stir things up, disrupt the flatness.

Systems of small planets have more sedate histories



408 candidates

Rp [REarth]

Rp [R]upiter]

Period [days]

Many systems show gravitational interactions

(transit time variations), which can be used to
constrain planet masses and bulk densities.




Composition of Kepler-11 Planets
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Planet Sizes

Kepler-7b
Kepler-5 .
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Kepler-22 System
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Kepler-20e

Kepler-20e Kepler-20f




Qrbital trajectory
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Terrestrial Planet Finder Interferometer >
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