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HST observations of accretion discs 



A first exoplanet  : 51 Pegasi 
       >>> orbital migration 

Observatoire de 
Haute-Provence 

193 cm

Mpl = 0.5 MJup 

P  = 4.2 days <<<<<!!!!! 
a  = 0.04 AU

Precision: 10 m/s

Mayor & Queloz ,  Nature 1995



Detection of planets via Doppler spectroscopy
Present sensitivity δλ/λ = 10⁻⁹ 

The spectrograph HARPS uses simultaneously 6000 spectral lines 
(cross-correlation technique)



Formation of planets with very short  P : interaction disc - planet 
       Formation outside the   “ice line” -> migration  -> center 
                                              How to stop the migration ? 
                                              

G. Bryden

Goldreich & Tremaine 1980 
Papaloizou & Lin 1986 
Lin, Bodenheimer & Richardson 1996



>>>> The Diversity of planetary systems
1995-2016: >1000 RV-planets+ about 1000 (3000) detections from  
transits (ground-based and space)

    Statistics : 

– Occurence 
    > 70% of stars have planetary systems 

– Mass Distribution 
1  MEarth < Mpl < 20 MJup 

– Periods 
0.3 d < P < several years 

– Eccentricities  
0 < e < 0.93 

– Multiplanetary systems 

– Retrograd orbits 

– Host star properties  
Metallicity , … 

F G K M



The HARPS search for low-mass planets

ESO-3.6m @ La Silla

HARPS

• Sample of ~350 slowly-rotating, nearby solar-type stars, <1m/s precision                                      

• Non active and non evolved stars 

• Observations ongoing since 2004 

• Focus on low-amplitude RV variations 

=> ~ 50% of HARPS GTO time (265 nights) 
=> + 280 nights over 4 years (-->2013) 
=> + 165 nights over 3 years (2013-->)



An emerging population of Hot Neptunes and 
Super-Earths

P1 = 4.31 days 
e1 = 0.02 
m1 sini = 4.3 M⊕ 
P2 = 9.62 days 
e2 = 0.03 
m2 sini = 6.9 M⊕ 
P3 = 20.5 days 
e3 = 0.04 
m3 sini = 9.7 M⊕

Mayor et al. A&A 2009

HD 40307 
K2 V 
Dist 12.8 pc 
[Fe/H] = -0.31 

O-C = 0.85 m/s 
135 observations 

+ drift = 0.5 m/s/y



HD10180 : 7-planet system
P1 = 1.18 day 
e1 = 0 
m1 sini = 1.5 M⊕ 
P2 = 5.76 days 
e2 = 0.07 
m2 sini = 13.2 M⊕  

P3 = 16.4 days 
e3 = 0.16 
m3 sini = 11.8 M⊕

P4 = 49.7 days 
e4 = 0.06 
m4 sini = 24.8 M⊕ 
P5 = 122.7 days 
e5 = 0.13 
m5 sini = 23.4 M⊕  

P6 = 595 days 
e6 = 0.0 
m6 sini = 22 M⊕

P7 = 2150 days 
e7 = 0.15 
m7 sini = 67 M⊕

Lovis et al. 2010

Today :  Nmeas = 257

Publi  :  Nmeas = 124



Mayor et al. 2011

HARPS



Mayor et al. 2011

Smaller-mass planets 

3 < M < 100 M⊕ 

P < 1yr 
fsyst = 51 +/- 8 %



Mayor et al. 2011

Orbital periods < 50 days: 
            => increase of f(m) towards low masses



A drastic difference of the occurence of planets 
as a function of stellar metallicity and planetary mass.



Radius  
Mass 

>> bulk density

 Photometric detection of planetary transits

Internal 
composition



A first planetary transit : HD209458

Rpl = 1.4 RJup 

Mpl = 0.69 MJup 

ρpl  = 0.31 g/cm3

STARE

Mazeh et al 1999

Charbonneau et al 2000

P=3.5j

Sept 1999



And from space ... 

 

STARE

The Hubble space telescope



• Gaseous planets :   0.01 mag 
• Rocky planets : 0.0001 mag    

Jupiter

Brown et al., 2000

COROT

KEPLER

HD209458 by HST

Earth
NeptuneR=1.7 REarth



The Kepler mission







HARPS-N     La Palma



Two goals : 

- Determine the masses of a few transiting planets 
with small radii … with an uncertainty less than 20% 

>>> to have a significant R-M diagram for M< 20 Earth mass 

-  Search for very low mass planets hosted by very near 
solar -type stars (< 20 pcs) 
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HD 219134, Motalebi et al. (2015) A&A 584,72 2015 
HARPS-N



After the discovery with HARPS-N of the planetary system   
hosted by HD 219134, a search for a possible transit has been 

 done with the Spitzer satellite.

The transit detected  from space: 
contrast : 356 ppm ! 

The closest transiting rocky planet 
at a distance of  6.5 pcs



Rogers(Rogers,L).



Motalebi et al. 2015 
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Discovering	New	Earths	and	Super-Earths	in	the	Solar	Neighborhood

Seager,	Science	2013

The	Habitable	Zone

28

Radius	of	Orbit	Rela0ve	to	Earth’s
0.01 0.1 1 10 100

	TESS



arXiv:iv:1601.051431.05143:1601.051431.0

But also : 

*** Tidal locking  (Lecomte + 2015) 
*** Runaway greenhouse effects (Kopparapu 2013) 
*** Water loss ( luger + 2015) 
*** Solid core + 1% enveloppe H/He. ( Wolfgang and Lopez 2015) 



Discovering	New	Earths	and	Super-Earths	in	the	Solar	Neighborhood
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TESS,	Bright	Stars	
Kepler,	Faint	Stars

Is it possible to find earth-twins ?
(In the HZ, < 30 pc) 

??

RV

Large angular separation
Bright stars

>>> follow-up studies
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Alibert, Mordasini, Benz   (Bern) 
Ida (Tokyo), Lin (Santa Cruz)
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Stellar effects

1) high-frequency stellar intrinsic variations
  - acoustics modes: a few minute timescale
  - (super-)granulation: timescale up to several hours 
 

2) “short-period” activity-related variations
  - spots:  effet over the rotation period of the star

3) long-term activity-related variations
  - magnetic cycles: several years timescale 

Question: low-level stellar intrinsic variation 
               with a 6 month - 1.5 year timescale ? 



Radial velocity Activity indicator

HARPS: >30% of low-activity  
stars show magnetic cycles

- Impact on parameter estimate 
- derived architecture 
- Importance of diagnostics



High precision radial velocities
…Decrease intrinsic stellar noises (non active stars, strategy) 
…Large collecting area (VLT) 
…Ultra stable spectrograph (ESPRESSO/VLT, 2016) 
                                                     
Example : A 2.5 Earth-mass planet orbiting a  
non active-K star in the HZ (P=200 days)

(Dumusque et al., 2010b)



HD 85512 b (Pepe et al. 2011) 
P = 58.4 days, m2sini= 3.6 M Earth 
185 measurements



Importance of the number of measurements 

- 50 observations: a system with 2 planets 
- (+ uncertainties due to aliasing )



Importance of the number of measurements 

- 100 observations: a system with 3 planets well 
defined.

- 50 observations: a system with 2 planets
- (+  aliasing uncertainties )



=> requires a large number of measurements for a “complete” census! 
(>150 meas !)

Importance of the number of measurements

- 150 observations: a system with 5 planets.



?

X X X

X X

HD85512b

None with mass & radius



HD20794: Three Earth-mass 
planets
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Already today, to search for long period planets, binning on 30 days 
allows a rms of 20 cm/s



ESPRESSO

ESPRESSO a spectrograph for the VLT  (diameter 8.2m)
«Echelle SPectrograph for Rocky Exoplanets and Stable Spectroscopic Observations»

• Ultrastable spectrographe for the VLT

• Consortium : Switzerland,  Italy,  Portugal,   Spain

• First light : 2017

• Expected precision   RV :  < 10 cm/s

• Goal : detection and characterization of 
small planets.

Pi: Francesco Pepe



ESPRESSO: integration=>end 2016, vacuum tank in Geneva



PLATO 2.0  

Science objectives and 
consortium overview 

Heike Rauer and the PLATO Team 








