






You are here!


Planets in our solar system

small rocky planets close to the Sun"

gas-giant planets more distant from the star 








IRIS / Voyager R = 4.3 cm-1

Voyager /UVS







• Solving mass continuity equation

–   


–   


– Kzz = K0×n-γ, γ ≈ 0.5

• Temperature profile from thermochemical 

calculation

• Chemical reactions from, for example, Yung 

and DeMore (1999)
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IRIS / Voyager R = 4.3 cm-1

Voyager /UVS




Habitable zone


Habitable zone= presence of water in the liquid phase 

Temperature increases towards the Sun




Habitable zone"
for different stars




Planetary Energy balance is given by:


              σTp
4 = S(1-A)/4ε


                          Teffective          Tsurface                         Greenhouse


Venus             -43C                  470C                             513C

Earth               -17C                   15C                               32C

Mars                -55C                  -50C                                 5C


After Table 9.1, Bennet, Shostak, Jakosky, 2003










Terrestrial Planet Spectra Vary Widely in Solar 
System




Terrestrial Planet Spectra Vary Widely in Solar 
System




IRIS / Voyager R = 4.3 cm-1

Voyager /UVS












Yung and DeMore Icarus 1982

Yung et al. JGR 2008
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Emission 

Multiple scattering of 
reflected photons:


Rayleigh scattering/clouds/
surface types. Molecules with 

electronic transitions


Photons emitted by the 
planet, 


Molecules (roto-
vibrational modes), 


thermal structure, clouds




Karkoschka, Icarus, 1998




IRIS / Voyager R = 4.3 cm-1


Samuelson et al. (1983)


Titan




463 Exoplanets




463 Exoplanets








Transiting planets




Rplanet
2/Rstar

2 ~ 1%




Planet with no atmosphere


λ=λ0


Rp= R




λ=λ1


Rp= R


Planet with no atmosphere




λ=λ2


Rp= R


Planet with no atmosphere
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Borucki et al., Science, 2009
 Knutson et al., Nature, 2007


HD189733b 

Spitzer




Combined light star-planet




Harrington et al., Science, 2006




Na   in the atmosphere of Hot-Jupiters


0.0232±0.0057%


0.0131±0.0038%


Charbonneau et al., 2002


Hubble-STIS " Ground-based 
observations "

Redfield et al., 2007

Snellen et al., 2008; 

589. nm       Wavelength (nm)




Ben-Jaffel, ApJL, 2008


15% absorption in the Lyα line


Vidal-Madjar et al., Nature, 2003

Ballester, Sing, Herbert, Nature, 2007






Tinetti et al., Nature, 2007; 

Beaulieu et al., 2008


Beaulieu et al., 2009


Terminator of 

HD189733b & HD209458b




Grillmair et al., Nature, 2008


HD189733b, day-side






Swain, Vasisht, Tinetti, Nature, 2008


HD189733b, terminator


Madhu, Seager 2010




Beaulieu et al., 2010


Methane-rich atmosphere?




Beaulieu et al., 2010


Methane-rich atmosphere?

No evidence of CO/CO2






HD189733b, day-side


Swain et al, 2009


CO2 


CH4 


H2O 

CH4




Transit spectroscopy, Hubble


Tinetti, et al., 2010


XO-1b




NICMOS:   transmission spectroscopy


Tinetti, et al., 2010




NICMOS:   transmission spectroscopy


Tinetti, et al., 2010




NICMOS:   transmission spectroscopy


Tinetti, et al., 2010




NICMOS:   transmission spectroscopy


Tinetti, et al., 2010




Non simultaneous observations (risky)


HD189733b, terminator


Tinetti and Griffith, 2010


NICMOS,

Swain et al., 2008


Beaulieu et al., 2008


Desert et al., 2009

Agol et al., 2008


Knutson et al., 2008


H2O, CH4, CO2 /CO?






Charbonneau et al., 2008; Barman, 2008; 


water + CO?


HD189733b, day-side




Snellen et al., Nature, 2010




Degeneracy of solutions




(AIRS data) 

Mid-lat


Polar


Desert




HD209458b, day-side


Swain, et al., 2009; Griffith and Tinetti, 2010




Swain, et al., 2009; Griffith and Tinetti, 2010




Swain, et al., 2009




Beaulieu et al., 2010


Degeneracy of solutions


Stevenson et al., Nature, 2010


Methane-rich atmosphere

or methane poor?


Spectroscopy needed!






Swain, et al., Nature, 2010


Snellen et al., Nature, 2010
Janson et al, 2010


Redfiled et al, 2007








 Access: coronagraphs for exoplanet missions (John 
Trauger)


 Davinci, Dilute Aperture VIsible Nulling Coron. 
Imager(Michael Shao)


 EPIC: directly imaging exoplanets orbiting nearby stars 
(Mark Clampin)


 PECO: refining a Phase Induced Amplitude Apodization 
Coronograph (Olivier Guyon)




NWO is a large-class Exoplanet mission that employs two 
spacecrafts: a “starshade” to suppress starlight before it 

enters the telescope and a conventional telescope to detect 
and characterize exo-planets. 


Cash, Nature, 2006


Occulter




   Mission for combined light

• European version of THESIS (M-class)


• 0.5-16 (28) micron spectroscopy of planet+star

• Giants, Neptunes, Super-earths in Hab. Zone M-stars





