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The Exoplanet Revolution 
9 to 2000 in 20 years! 
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You are here! 

Planets before 1995… 
Small rocky planets close to the Sun 

Gas-giant planets more distant from the star  
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The first extrasolar planet 

Solar system: 
small rocky planets close to the Sun 

gas-giant planets more distant from the star à à  

Su
n 

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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Mercury Venus Earth 
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Hot Jupiters – migration 
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~2000 Exoplanets! 
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Exoplanet today 

The lightest 
Mercury’s mass (KOI-1843 b) 

 
The heaviest 

30 Jupiter masses (HD 284149 b) 
 

The shortest year 
4.5 hours (KOI-1843 b) 

 
The longest year 

730000 days (Oph 11 b) 
 

The closest to the Earth 
4.4 light years (Alpha Cent Bb) 

 
The farest to the Earth 

22000 light years (OGLE-390 b) 
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Sub- and Super-Earths 

GJ1214 
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Thousands of planetary candidates discovered by Kepler! 
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Exoplanets are common… 
On average, every star host a planet 
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A pulsar is a neutron star: the small, ultradense remnant of a star that has exploded as a supernova. Pulsars 
emit radio waves extremely regularly as they rotate. Slight anomalies in the timing of its observed radio pulses 
can be used to track the pulsar's motion. Like an ordinary star, a pulsar will move in its own small orbit if it 

has a planet. 

Pulsar timing 

In 1992 Aleksander Wolszczan and Dale Frail used this method to discover planets 
around the pulsar PSR 1257+12.  

Their discovery was quickly confirmed, making it the first confirmation of planets 
outside our Solar System. 
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Astrometry 
Motion of the Solar System barycenter relative to the Sun 
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Detections of exoplanets 
using astrometry 

•  So far no planets detected  

•  Gaia space mission will 
measure stellar parallaxes with 
unprecedented precision 

•  Gaia space mission will feature 
accuracy of ~30micro arc-sec 

•  Gaia is predicted to discover 
10,000 planets using 
astrometry in our local 
surrounding alone 
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The star motion is detectable with the Doppler Effect.  
The light coming from a star moving toward the Earth will be Doppler 

shifted to bluer (shorter) wavelengths, while a star receding from 
the Earth will emit light shifted to redder (longer) wavelengths. 

 The effect is very small. For instance Jupiter induces a 12 m/s velocity 
change on the Sun for an extern observer whereas the Saturn 
effect is only 2.7 m/s. 
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Doppler spectroscopy 
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Doppler spectroscopy 
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Measuring the radial velocity parameters 

P

2K
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Summary of equations 

Kepler’s third law: 

Conservation of momentum:  

Radial velocity curve amplitude:  

Planetary speed: 
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Which parameters can we observe 
directly? 

Kepler’s third law: 

Conservation of momentum:  

Radial velocity curve amplitude:  

Planetary speed: 
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Which parameters need to be observed 
otherwise? 

Kepler’s third law: 

Conservation of momentum:  

Radial velocity curve amplitude:  

Planetary speed: 

derived 

derived 

derived 

derived 

derived 
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Examples of RV of measurements 
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Effect of orientation 
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The effect of ellipticity 
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Upsilon Andromedae 

A complex system 
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Radial velocity instruments 

HARPS-South 

•  HARPS-South and HARPS-North (High Accuracy Radial velocity Planet 
Searcher) are the most accurate spectrographs ever built.  

•  It can detect the wobble of a star by with a precision of 30cm per 
second. As a guide, 51 Peg b has a radial velocity amplitude ~ 16 times 
larger. 

•  Multiple Super-Earths and complex 
multi-planet systems were discoved  

•  Current sites: 3.6m telescope on La 
Silla (Chile), 3.58m TNG on La 
Palma (Spain) 
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Even a Jupiter size planet will  only 
obscure ~ 1% of the stellar light. 

The transit depth is proportional to the 
surface ratios of the planet and the star: 
 
 
 

out-of- 
transit 

ingress 
in-transit 

egress 

Transit of an exoplanet 
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Rplanet
2/Rstar

2 ~ 1% 
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Transit of an exoplanet 
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Fossey, Waldmann, Kipping, MNRAS, 2009 

You can do it from London,  
with 35 cm telescope… 
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Solving the star-planet system 

Seager & Mallén-Ornelas (2003) 

First to fourth contact points 

Lightcurve 
Transit depth 

Duration of full eclipse 
(contact points 2-3) 

Duration of total eclipse 
(contact points 1-4) 
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Solving the star-planet system 

Seager & Mallén-Ornelas (2003) 

From Kepler’s third law and radial velocity we have: 

From the transit depth measurement we have 
the planet/star ratio: 

We can now calculate the orbital inclination: 
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Solving the star-planet system 

Seager & Mallén-Ornelas (2003) 

We can now calculate the orbital inclination: 

What is b?? - it’s called the impact parameter: 

We can even calculate the stellar density: 
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Transit hunters 

Earth-size planet transiting Sun-
type star ~ 0.01 % 

COROT (CNES/ESA) 
2006-2013 
 Kepler (NASA) 

2009 - present 
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Hat-NET Super-WASP MEarth 

Transits from the ground 
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Future transit missions/surveys 
 

�  ESA-Cheops 
�  NASA-TESS 
�  ESA-PLATO  
�  NGTS 
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Galileo « Sidereus Nuncius » 1610 

Galileo (the mission), 1989 
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Kipping, 2008, 2009 
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Transit duration variation (TDV) 
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Transit duration variation (TDV) 
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Transit duration variation (TDV) 
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Gravitational Lensing 
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Gravitational Lensing 
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Gravitational Lensing 
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Gravitational Lensing 
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Microlensing and exoplanets 
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Direct detection 
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New generation of DI instruments: 
GPI, SPHERE, SUBARU 

Fig. 2. Combined 30-minute GPI image of Beta Pictoris. The spectral data has been
median-collapsed into a synthetic broadband 1.5–1.8 µm channel. The image has been PSF
subtracted using angular and spectral di↵erential techniques. Beta Pictoris b is detected at a
signal-to-noise of ⇠ 100
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Fig. 3. Contrast vs. angular separation at H (1.6 µm) for a PSF-subtracted 30-minute
GPI exposure. Contrast is shown for PSF subtraction based on either a flat spectrum similar
to a L dwarf or a methane-dominated spectrum (which allows more e↵ective multi-wavelength
PSF subtraction.) For comparison, a 45-minute 2.1 µm Keck sequence is also shown. (Other
high-contrast AO imaging setups such as Subaru HiCIAO, Gemini NICI, and VLT NACO have
similar performance to Keck.)

8 www.pnas.org/cgi/doi/10.1073/pnas.0709640104 Footline Author
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Formalhaut b (HST) 
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Formalhaut b (Alma) 
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Formalhaut b 

•  Hot Jupiter first discovered in 
2008 

•  Orbital parameters: a = 115au, 
e= 0.11, i = 66 degrees 

•  Orbital period of 872 years 
•  Some debates on its existence 

in the literature but is now 
thought to be confirmed. 
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SunKepler field

Other transiting and Radial velocity 
surveysMicrolensing surveys

Where are these planets? 
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