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Transit

Secondary 
Eclipse See thermal radiation 

and reflected light from 
planet disappear and
              reappear

See radiation from star 
transmitted through the 
planet’s atmosphere

Orbital Phase Variations

See cyclical variations in 
brightness of planet

Transiting Planets as a Tool for Studying 
Exoplanet Atmospheres



• The atmosphere + the planet’s 
optically-thick disk
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Why are the IR signatures the 
same?

• In the IR, a small planet with a thick 
atmosphere can block as much light 
as a large planet with a small 
atmosphere
– Hot Jupiter atmospheres are opaque in 

the IR
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However, not the same in the 
visible

• In the visible, the planet’s 
atmosphere is now transparent, so a 
small planet will look different than a 
large one
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Spitzer observations of WASP-43b at 3.6 and 4.5 microns (Stevenson et 
al. 2017). Note asymmetric phase at secondary eclipse.



Even in space, these measurements are at the limits of current detectors: 

HST
NICMOS
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Water and Haze on HD 189733b

Figure from Pont, Knutson et al. (2007) showing 
atmospheric transmission function derived from 
HST ACS measurements between 600-1000 nm

Figure from Swain et al (2008) showing infrared 
atmospheric transmission function derived from HST 
NICMOS spectra compared to models for the planet’s 
transmission spectrum with (orange) and without (blue) 
additional methane absorption (Tinetti et al. 2008).  

Featureless visible light 
spectrum indicates hazes… 

… which disappear in infrared, 
revealing water absorption 
features.



  



  



Prospects for Studies of Terrestrial Planets With the James 
Webb Space Telescope

Seager, Deming, & Valenti 
(2008)

Neptune-mass planets are 
observable with Spitzer 
and HST….

… but observations of 
earth-like planets 
orbiting M dwarfs will 
require JWST-level 
precision

Predicted transmission spectrum for a 0.5 
Mearth,  1 Rearth, 300 K planet orbiting a 
M3V, J=8 star



  

Fast Infrared Exoplanet SpectroscopyFast Infrared Exoplanet Spectroscopy

Survey Explorer (FINESSE)Survey Explorer (FINESSE)



  

Atmospheric Remote-sensing ExoplanetAtmospheric Remote-sensing Exoplanet

Large-survey (ARIEL)Large-survey (ARIEL)


