


You are here!

Planets in our solar system
small rocky planets close to the Sun

gas-giant planets more distant from the star



Habitable zone

Habitable zone= presence of water in the liquid phase

Temperature increases towards the Sun

GLACEvapeur



Planetary Energy balance is given by:

σTe
4 = S(1-A)/4

Teffective Tsurface Greenhouse

Venus             -43C                  470C                             513C
Earth               -17C                   15C                               32C
Mars                -55C                  -50C                                 5C

After Table 9.1, Bennet, Shostak, Jakosky, 2003
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Planetary Atmospheres
in the Solar System





Habitable zone for different stars



Solar system:
small rocky planets close to the Sun

gas-giant planets more distant from the star àà
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51 Pegas: a gas-giant very close to 
its parent star (hot-Jupiter)

(ß) M. Mayor & D. Queloz, 1995, Nature 378 p. 355
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450 Extrasolar planets



Mayor & Queloz, 1995
Pravdo & Shaklan, 2009



Deming et al., 2005
Charbonneau et al., 2005



Microlensing

Beaulieu et al., 2005



Direct detection

109 photons in the visible 

106 photons in the infrared 





Where are those planets?



The lightest
1.9 Earth masses (Gliese581d)

The heaviest
+5000 Earth masses (HD 202206 b)

The shortest year
1 day + 5 hours (OGLE-TR-56 b)

The longest year
100 years (PSR B1620-26 b)

The closest to the Earth
10 light years (Epsilon Eridani)

The farest to the Earth
22000 light years (OGLE-390 b)

1 light-year = 10 000 billion km



Equal opportunity for Super-Earths





Sertorio & Tinetti, 2002
Williams et al., 2002

Duffy, Tinetti, Liang, in prep

Combining eccentricity and tilt





Rplanet
2/Rstar

2 ~ 1%



You can do it from London, 
with 35 cm telescope…



Transit hunters
Earth-size planet transiting Sun-

type star ~ 0.01 %

COROT (CNES/ESA)
launch Dec. 2006

Corot 7b, First transiting super E

Kepler (NASA)
launch 2009



Radial velocity & Occultation

Period = 3.524738 days

Mass = 0.69 ±0.05 MJupiter

Radius = 1.35 ±0.04 RJupiter  

Density = 0.35 ±0.05 g/cm3

HD 209458b



Sotin, Grasset & Mocquet;
Kuchner & Seager;

Ice
Silicate

Carbon



Galileo « Sidereus Nuncius » 1610

Galileo (the mission), 1989



Kipping, 2008, 2009;
Kipping et al., 2009

The Jupiter-planet’s wobble 
can be detected with Kepler

(Combination of TTV-TDV)

















annulus/Rs
2 ~ 0.01%







http://en.wikipedia.org/wiki/Boltzmann_constant�
http://en.wikipedia.org/wiki/Temperature�
http://en.wikipedia.org/wiki/Molecular_mass�
http://en.wikipedia.org/wiki/Acceleration�
http://en.wikipedia.org/wiki/Gravity�


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; Sing et al., 2008�

589. nm       Wavelength (nm)



STIS:   Lya HD 209458b

~9% absorption in the Lya line,
No red/blue shift

Ben-Jaffel, ApJL, 2008

15% absorption in the Lya line

Vidal-Madjar et al., Nature, 2003
Ballester, Sing, Herbert, Nature, 2007



STIS:   Lya HD 209458b

Planetary properties of the upper 
atmosphere

Stellar wind

Yelle, 2003; Lecavelier et al., 2003; Lammer..2004, Tian et al. 2005, 

Koskinen et al., Nature, 2008                       Holmstrom et al., Nature, 2008



Star+Planet Flux

+





Combined light star-planet



Harrington et al., Science, 2006



g

Multiple scattering of reflected photons:
Rayleigh scattering/clouds/surface types
Molecules with electronic transitions

Molecules/clouds/surface types g

Photons emitted by the planet, 
Molecules (roto-vibrational modes), 

thermal structure, clouds

Molecules/thermal structure



Borucki et al., Science, 2009



IRIS / Voyager R = 4.3 cm-1
Voyager /UVS



Tinetti, Liang, et al., ApjL, 2007

H2O

C/O ratio = solar?

CO2

CH4

C2H2

CO





Water, between and 2500K



5.8 8 3.6

Star flux

At 3.6, 5.8 and 8 mm,
the planet shows different 
transit depths: 
something is absorbing
in its atmosphere! 

~ 0.08%



Tinetti et al., Nature, 2007

Water 
T-P  ~ 1200 K @ 1 bar, 700 K @ 

mbar

Knutson et al., 2007Beaulieu et al., 2007

HD189733b, terminator



HD209458b, terminator



Beaulieu, Kipping, Batista, Tinetti, Ribas et al., submitted





Swain, Vasisht, Tinetti, Nature, 2008

HD189733b, terminator



Transmission spectroscopy/photometry

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?





HD209458b, day-side

CH4

Swain, Tinetti, Vasisht, Deroo, Griffith, et al., 2009

CH4
CO2

CO2

H2O 



NICMOS:   transmission spectroscopy

Tinetti, et al., ApJ, 2010

XO-1b, terminator



NICMOS:   transmission spectroscopy

Tinetti, et al., ApJ, 2010



NICMOS:   transmission spectroscopy

Tinetti, et al., ApJ, 2010



NICMOS:   transmission spectroscopy

Tinetti, et al., ApJ, 2010



NICMOS:   transmission spectroscopy

Tinetti, et al., ApJ, 2010



NICMOS,
Swain et al., 2009

HD189733b, day-side

CO2

CH4

H2O 
CH4

CO2

Swain, Vasisht, Tinetti et al., ApJL, 2009



IRS new reduction 
Swain et al.

MIPS photometry
Knutson et al., 2008

Deming et al.

IRAC photometry
Charbonneau et al., 2008

NICMOS,
Swain et al., 2009

IRS spectroscopy
Grillmair et al., 2008

HD189733b, day-side
CO2

CO2

H2O 

CH4

Tinetti and Griffith, 2010





NICMOS,
Swain et al., 2009

HD189733b, day-side

CO2

CH4

H2O 
CH4

CO2

Swain, et al., Nature, 2010



NICMOS,
Swain et al., 2009

HD189733b, day-side

CO2

CH4

H2O 
CH4

CO2

Swain, et al., Nature, 2010
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AIRS data

Mid-lat

Polar

Desert



Knutson et al., Nature, 2007; ApJ, 2008

Temperature is well mixed from 
the day to the night side

HD 189733b                     
primary& secondary transit @ 8 & 24 μm                                           



Swain, Tinetti, Vasisht, Deroo, Griffith, et al., 2009

HD209458b, day-side



Swain, Tinetti, Vasisht, Deroo, Griffith, et al., 2009



Swain, Tinetti, Vasisht, Deroo, Griffith, et al., 2009







Coming soon…

High-res. 
Spectroscopy 
from ground,

Super-Earths & 
Earth-size 

planets



High-res. Spectroscopy for Hot-
Jupiters/Neptunes

Super-Earths & Earth-size 
planets



• A THESIS-like mission will be able to characterise 
the atmospheres of exoplanets down to the Super-
Earth size in the habitable zone of later-type stars, 

• using NIR-MIR transit spectroscopy
• The mission characteristics comply with the 

criteria of an ESA medium-size mission
• 1.5m telescope + VIS+NIR+MIR spectrographs



Terrestrial Planet Spectra Vary Widely in Solar System



THESIS performances

S/N = 10, R=10, in each band

Tessenyi, et al., in prep.



ESO Extremely Large Telescope-
EPICS (~2018)

EPICS, instrument for ELT (32 m class ground-telescope) 
to detect directly exoplanets down to large terrestrial 

planets



üAccess: coronagraphs for exoplanet missions (John Trauger)
üDavinci, Dilute Aperture VIsible Nulling Coron. Imager(Michael 

Shao)
üEPIC: directly imaging exoplanets orbiting nearby stars (Mark 

Clampin)
üPECO: refining a Phase Induced Amplitude Apodization 

Coronograph (Olivier Guyon)



O2

Iron 
oxides

CO2

H2O H2O

CO2

EARTH-CIRRUS

VENUS
X 0.60

MARS

EARTH-OCEAN

H2O H2O

H2O ice

?

O3
O2



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

The New World Observer



Back-up
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