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We infer an exoplanet’s bulk composition from its M and R

Need statistics to sort out these effects.

HD 149026
A high-density transiting Hot Jupiter
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m =036 m, high density
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P=29d large core

Sato et. al 2005
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Planet radius decreases (cooling) with age.
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" , Follow-up Techniques
Tidal Heating
o * Reflected light -- Direct spectroscopic separation
(63) (GM.) M*R PRLTER * Reflected light Doppler shifted by planet’s orbit velocity
o * Gives info about the planet albedo and radius
r « Upper limits only (e.g. albedo < 20%)
o . . * Transmission spectroscopy (transit depth vs wavelength)
Radius-tidal heating relation L ’ ° -
* Gives info about the planet atmosphere, temperature, composition,
200 clouds, perhaps eventually even winds.
1.80 ° * Infra-red emission of planet -- photometric and spectroscopic
160 o « Better flux ratio between planet and star in the mid-IR
A 140 . 0 « Searches for water and methane from the planet -- which have
3 o . .
3 120 o Y0 O ublsned sincts molecular bands in the mid-IR
% 100 ) .. o, S oNew WAS:D‘W‘S * Radio emission
% 050 . @ Published WASP planets *» Magnetic field of the planet interacts with charged particles from the
g 060 stellar wind and creates cyclotron radio emission.
040 o * Transit timing
o « Planets in larger orbits affect the timing of Hot Jupiter transits.
0.00 * Most sensitive to planets in resonant orbits (upper limits on Earths).
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* Neptune was predicted to exist, before its discovery, based on the
perturbed orbit of Uranus.
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Spectroscopy
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Spectroscopy
detects Na I in the

atmosphere
of HD 209458b

Nal lines deeper
during transits, but
weaker than expected
from Hot Jupiter
atmosphere models.
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Charbonneau et al. (2002)




Evaporating Atmosphere
Vidal-Madjar et al. (2003)
Larger silhouettes (5-10%) seen in UV
_, lines from material evaporating.
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Broad band transmission spectroscopy in the Infra-red

Observations of the host
star during the primary
eclipse in the mid-IR
bands at 3.6, 4.5 and 8
microns. The absorption
by water in the
atmosphere of the planet
creates a drop in flux in
the 3.6micron band.
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Water Signatures in Exoplanet HD189733b _ Spitzer Space Telescape * IRAC
NASA / JPLCaleach / G. Tinoti (Intiuto d Astrophysique de Pari) 5562007120

Infra-red emission of planet

Extrasalar Planct Eclipse (artist's rondition)

¥
W Observations of the secondary eclipse of

o this planet show the drop in flux as the
046 048 O0s0 052 Ose . .
Phase ) planet moves behind the star. From this,
the planet flux at 16 microns is 660 Wy
T — I,c? and the brightness temperature of the
b7 2% planet is measured to be T,=1117 K

Planet eclipsed by Star

02% Spitzer / IRAC 4.5, 8.0 micron

Direct detection
of infrared light
from hot side of

TrES-1: Charbonneau et al. (2005)
the planet

HD 209458: Deming et al. (2005)

HD189733b 8um brightness map

* Spitzer/IRAC phase modulation
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Knutson et al 2007, Nature 447, 183

Rossiter Effect: 520

A planet transiting a rotating star
perturbs the velocity curve.
Determine orientation of planet’s
orbit relative to the star’s spin.

Rad Velastos (ms”)
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Radial velocity vs
orbital phase.




Rossiter Effect:
Tilted and even Retrograde Orb

. WASP-15
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Radis Voloates ')

Radial velocity vs
orbital phase.




