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Exoplanet Demography

Commonality of Small Exoplanets

exoplanets.org | 11/29/2016 ]
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Exoplanet Demography

Wide-Separation Exoplanets
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Image of a Solar System
Starshade Rendezvous Mission simulated image of a nearby star

.
.+ Jupiter
Exozodi with
Saturn Earth and Venus
‘ Background
galaxies

Hypothetical

dust ring at 15 AU

Seager et al. 2015



Characterizing Giant Exoplanets
Solar-System Analogs

@ EARTH
JUPITER SATURN URANUS NEPTUNE
B Molecular hydrogen B Hydrogen, helium, methane gas
" Metallic hydrogen B Mantle (water, ammonia, methane ices)

Core (rock, ice)

Figure credit: Lunar and Planetary Institute



Characterizing Giant Exoplanets

« Abundances of C, N, O

« Convection and

advection
« Thermal evolution
* Role of photochemistry

« Comparative

planetology

Figure credit: Pearson Education, Inc.
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Characterizing Giant Exoplanets
Cloud and Gas Abundance

Uppermost Cloud Deck (H,0) at 2 Bars

Volume
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Geometric Albedo

Uppermost Cloud Deck (NH,) at 0.4 Bars
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Hu 2014



Measuring Spectra of Sub-Neptunes and Super
Earths
* Isthere a surface?
— Cloud, liquid, or solid
« What is the composition of the atmosphere?
— H,-dominated or non-H,-dominated
« What are the formation and evolution pathways?

Iron core Iron core Iron core

Rocky mantle

Rocky mantle _~~_-Rocky mantle

lcy outer _ lcy outer

layer layer

Massive Hydrogen- Hydrogen
water vapor and helium-rich atmosphere
atmosphere atmosphere

Water planet Mini-Neptune Rocky planet
Seager et al. 2015 10
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Measuring Spectra of Sub-Neptunes and Super
Earths

Diversity of Atmospheres

1
0.9 Chemically as Gas Giant Atmospheres
0.8

0.7

0.6 Water-rich H,, CO, Hydrocarbon

Carbon el W R Carbon

Atmosphere

Depend on 1
- PO O r 0.4 Temperature — RI C h
0.3
0.2; Oxygen-rich | CO,
0.1 Atmosphere C02

Hu & Seager 2014 t




Measuring Spectra of Sub-Neptunes and Super
Earths

Condensible-Rich Atmospheres

Tropopause Tropopause
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Hot, Moist, Buoyant

| Evaporation adds non-buoy
mass to atmospher

Ding & Pierrehumbert 2016



Detecting Earths
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Detecting Earths

Water and Oxygen
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Detecting Earths

Earth vs. Venus

Reflective
clouds

Atmospheric

carbon
dioxide

Reabsorbed
infrared

Atmospheric radiation

carbon

dioxide
- Sunlight
striking

surface radiation

Sunlight ' Reabsorbed
striking e \ infrared

nirared

Copyright © 2005 Pearson Prentice Hall, Inc.




Detecting Earths

Land and Sea
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Detecting Earths

Bare-Rock Exoplanets

—— Metal-rich (399K)

— Ultramarfic (356K)

 Rocky exoplanets =
without atmospheres o O ES
have Spectral featu res Fe—oxidized (399K)
In reflection

« Signhature absorption
features in 1-2 ym are
characteristic of water
iIce and hydrated
minerals

1.5
A [microns]

Hu et al. 2012



Artist’s concept
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