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From detection to characterization
Exoplanets: Planets beyond the Solar System
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Radial Velocity

Transits
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From detection to characterization
Exoplanets: Planets beyond the Solar System
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Microlensing

Direct Imaging
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Where did we come from? Are we alone?
Exoplanets: Big Questions
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Weather and Climate of Exotic 
Worlds

Habitability and Biogenic 
Gases
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What can we learn?
Transiting Extrasolar Planets
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Secondary Eclipse
See planet’s thermal 
radiation appear and 
reappear, measure 
dayside temperature 
and composition

Thermal phase 
variations between 
transit and secondary 
eclipse probe 
temperature structure 
with longitude

Primary Eclipse
See stellar light transmitted 
through planet’s 
atmosphere, measure what 
atmosphere is made of

Image Credit: Kevin Stevenson
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What drives the atmospheric circulation in 
exoplanets? 
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?

Advection

Chemistry
Radiation
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From theoretical modeling to characterization
My research
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Circulation Models of Hot Jupiter WASP-43b

Comparisons to HST observations
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2D Thermal Mapping of a Jupiter-sized exoplanet
Better Data:
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Stevenson, 
Desert, Line, 
Bean, Fortney, 
Showman, 
Kataria et al. 
2014, Science
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Comparative Exoplanetology with Space-Based Telescopes (HST/Spitzer)
More Planets
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Population probes a wide range of rotation rates, planetary radii, planetary 
gravities, and temperatures, all of which influence the planet’s weather

Sing et al. 2016, Nature
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Comparative Exoplanetology
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By studying individual planets, we can identify trends in chemistry 
and dynamics over a range in planetary properties
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Planets on eccentric orbits provide critical insights into the atmospheres 
and interiors of exoplanets.

Eccentric Exoplanets
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Time-variable heating:
• Radiative timescales
• Chemical timescales
• Advective timescales (rotation+winds)
• Planet-Star tidal interaction
• Orbital evolution

HAT-P-2b (Lewis et al. 2013)
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Understanding Clouds in Hot Jupiters
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The Future of Exoplanet Detection, 
Observations and Characterization
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The First Thermal Map of a Super-Earth
Smaller planets:
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Demory et al. 2016, Nature
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Probing Climates on TRAPPIST-1
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Terrestrial Exoplanet Circulation

Proxima Centauri b
Teq ~ 230 K (-45°F)
Porb ~ 11 days
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A&A proofs: manuscript no. proxima_habit_II

Fig. 3. Annual mean surface temperatures of completely dry atmospheres, for 2 orbital configurations (synchronous and 3:2 orbital resonance) and
4 atmospheric compositions/pressures (6 bars of pure CO2, 4 bars of pure CO2, 1 bar of pure CO2 and 1 bar of N2 + 376 ppm of CO2 – Earth-like
atmosphere). The solid black line contour corresponds to the 273.15 K isotherm; the dashed blue line contour indicates the regions where the
atmospheric CO2 collapses permanently into CO2 ice deposits. Note: the 1 bar pure CO2 (synchronous) simulation is not stable in the long term
since CO2 would collapse at the two cold points.

point. In this case, the temperature would also exceed the critical
point so that discussing the transition to a liquid phase at the
surface would not be very meaningful. The habitability of such
environment seems largely unexplored

4.2. Maximum amount of water stored on the surface

4.2.1. Cold climates: limits on glaciers.

As soon as water is available in su�cient amount (which
depends on the atmospheric gas content, as detailed above),

Article number, page 6 of 21
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Probing Climates on TRAPPIST-1
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Emitted light

Reflected light



Spitzer

Kepler

TESSMissions
PLATO

CHEOPS 4

NASA
Missions Non-NASA

Missions

1 NASA/ESA Partnership
2 NASA/ESA/CSA Partnership
3 CNES/ESA
4 ESA/Swiss Space Office

Hubble1

CoRoT3

Large Binocular 
Telescope Interferometer NN-EXPLORE

WFIRST

HabEx5

W. M. Keck Observatory

Ground Telescopes with NASA participation

OST5

LUVOIR5

Starshade 
Rendezvous5

Gaia

5 2020 Decadal Survey Studies

JWST2

ARIEL
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On the cusp of detecting and characterizing habitable worlds

Launch mid-2020s
Imaging planets in 
reflected light

Launch 2030s
Dedicated facility for 
exoplanet 
characterization

Already launched!
Finding the nearest, 
brightest exoplanets

Launch March 2021
Exoplanet 
characterization in HD

HabEx

LUVOIR

Flagship concepts for 
2020 Astrophysics 

Decadal Survey

Future Exoplanet Missions
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Sing et al. 2016
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