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Exoplanet Demography

Commonality of Small Planets
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Detecting ExoPlanet Atmospheres

In transit

HAT-P-11b, a Neptune-sized planet
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H, Atmospheres

Detectable via transit
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Rel. Transit Depth Change [%]

Non-H, Atmospheres?

Complication with stellar variability
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Stellar Contamination Spectra Produced by Spots-Only Models
Giant Spots
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Direct Detection of a Solar System

Starshade Rendezvous Mission simulated image of a nearby star
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Detecting Earths
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Detect Rocky Exoplanet Surfaces

Spectral features of rocky planetary surfaces
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Detect Rocky Exoplanet Surfaces

Direct detection of rocky exoplanets
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Delineate Land and Sea

From phase curves of a rocky planet
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Rotation Period and Hydrological Cycle

What we learned fromm DSCOVR observations of Earth

Minimum sampling rate is 10 hours
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Detecting an Earth-like Atmosphere

Water, Oxygen, and Carbon Dioxide
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Detecting an

Importance of Clouds

Earth-like Atmosphere
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Detecting Earths and Super-Earths

Diverse atmospheric composition of rocky planets
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Continuum from Super-Earths to Sub-Neptunes

Diversity of Atmospheres
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A Special Case for Water Worlds

Condensible-Rich Atmospheres
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Distinguish Water Worlds vs. Giant Planets

In reflected light
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Characterize Rocky Exoplanets’ Atmospheres

Volcanic emission controls O, buildup in CO, atmospheres
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Escape of hydrogen is balanced
by a net oxidizing flux from the
atmosphere to the ocean
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Characterize Rocky Exoplanets’ Atmospheres

O, and CH, together as a biosignature
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Characterize Rocky Exoplanets’ Atmospheres

Measuring volcanic outgassing
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We could not guess how different from us they
(extraterrestrials) might be.

Carl Sagan, Contact, 1985



Characterize Rocky Exoplanets’ Atmospheres

Sensitivity to atmospheric surface pressure

0
107 ¢ ‘ T T T | T 7
5 - H2_. O2 03_. CO-= CH4E How does O, buildup
m----""" - - depend on surface
1072 ¢ R pressure and
“B - - _ ] . . ..
o A - -- irradiation?
g /l——’ \\\ ]
> 104= P e ]
= R _ :
E \\  m---===="
c 6L \\\ -7 4
€ 10 m-_ e
-] S ~o g
3 R
108 ¢ )
Tre’Shunda James
105 Intern at JPL
10 | T | B |
107 10° 10’

Surface Pressure [Bar]

Oxygen buildup peaks at ~1 bar
28 James & Hu, in prep.



Atmospheres of Wide-Separation Exoplanets

Synergy between transit and direct imaging
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