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Optical phase curves. Solar System

Planet have phases: In the optical we see reflected starlight

Reflected starlight contains unique information on planet envelopes
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Can we do it with exoplanets?
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Optical phase curves. Exoplanets M

Past/Preset: MOST, CoRoT, Kepler

Future: CHEOPS, TESS, PLATO, JWST, WFIRST
Refs.: Angerhausen+ ‘14, Demory+ ‘13, Esteves+ ‘15, Hu+ ‘15, Webber+ ‘15
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A theory that helps extract atmospheric information
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Objectives of ongoing work
Demonstrate that:

Atmospheric info can be extracted from exoplanet phase curves
(Garcia Munoz & Isaak, submitted)

Kepler-7b. Unique: Both visible & IR data; Puffy (g/g,~1/6).
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Methodology. Atmospheric model

6 parameters: trade-off, realistic but simple - Multiple scattering

T=T(T,, O, A,

T. : central optical thickness
o, : offset
A, : width

W, : single scattering albedo

ry - ‘surface’ albedo

g . asymmetry parameter

Particle scattering:
Double Henyey-Greenstein; g-<cos(a)>
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Methodology. Sensitivity to central cloud optical thickness, T,
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Methodology. Sensitivity to assymmetry parameter, g
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Methodology. Sensitivity to @,
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Methodology P

Model-Observations comparison

e Multiple scattering problem for non-uniform atmosphere.
e 6 parameters = 3,000,000 phase curves.

. X2 — Zi [(()i_lvli)/o-i]2 — f(Tc’ O-C! Acl)c’ wO, 9, rg)
i=1, ..., 1320 observation datapoints

e Search the 6-parameter grid = pick smallest x2 value(s).

A degenerate problem:

multiple {t, o, A}, T, g, rg} combinations lead to
comparably good x2‘s
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Degeneracies
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Kepler-7b. Overall picture. Implications M
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AP ~50- 902
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Two predictions. Summary

Transmission spectroscopy:
Flat-ish spectrum with Rayleigh slope

Multi-color photometry:
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Summary

Optical phase curves contain valuable atmospheric information;
Complementary to other techniques

We need GOOD visible + NIR data...
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