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CoRoT: launched 12/27/2006

HARPS: ~15 new super Earths with
mass < 104,
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MEarth: capable of detecting super Earths

HAT-P-7 Light.Curves transiting M-dwarfs from the ground

Kepler Measurements (7x Magnificaton)

Kepler Measurements (100x Magriification)

Kepler: launched successfully - March 6,
. _ 2009
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Emission
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exoplanet transit secondary eclipse

Starlight
filters through
sodium-rich
planetary Absarplicn-line
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Sodium absorption
in star's spectrum is
enhanced by sodium

in planet’s atmosphers
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Do super Earths retain atmospheric
hydrogen?

Optically thin vs. optically thick?

What are the photochemical properties?
Outgassing history?
Plate tectonics & cycles?

Habitability?
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1-D plane-parallel structure
Pressure profile: hydrostatic equilibrium

Temperature profile: Irradiated grey
atmosphere (Hansen et al.) + adiabatic
convection

Chemical equilibrium + photochemical
considerations

Molecular opacities (H,0O, CO, CO,, CH,,
NH3I OZI 03)

Produces emission and transmission spectra
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Star: Gl 581
« Spectral Type: M3, V = 10.55

Planets:

e: 1.9 M,
P=3.15d

b: 15.6 Mg
P=537d

c: M = 5.4 M
P=12.9d

e = 0.16

d: 7.1 Mg,
P=668d
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Star: Gl 581
« Spectral Type: M3, V = 10.55
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1) Hydrogen-Rich Atmosphere -
H,, He, + H,0, [CH,, NH;]

2) Intermediate Hydrogen Content Atmosphere -

Mostly H,0O, CO,, and [CH,] with some H,

3) Hydrogen-Poor Atmosphere -
Mostly CO,
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Planet core

Atmosphere
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No atmosphere
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Hydrogen—Rich
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Eclipse depth ~ (R_/R.)? (T,/T.)
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« Signals of several to 100 ppm = JWST

Hot super-

Habitable
super- Earth

Relative Transit Absorption [ppm]
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Recent Direct Imaging Results
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Gemini Planet Imager
TMT Planet Formation Instrument ——
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Image credit: http://www.eso.org
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Image Credit: Don Davis

Surface temperature:

1,500-4,000 K

Cooling time 1n free space:

~100,000 yrs

Cooling time with a thick atmosphere:
~1-10 Myr

~10% of young stars with
mmd 2 hot super-Earth
afterglow at a given time
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Solar Composition

2 4
Wavelength [microns]

Miller-Ricci et al., 2009

Eliza Miller-Ricci




30 x Salar Compasition
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TMT — PFI
—— GMT — HRCAM
E—-ELT — EPICS
Gemini — GPI
VLT — SPHERE
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Venusian
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Planet Contrast
(10 Mg Planets)
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Super-Earths are detectable with
, and these planets may be

Super Earths may exhibit a

is the best way to
differentiate between

Super Earth atmospheres will be
next generation facilities such as
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