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How many planetary systems in the Milky Way ?

Formation of planets by accretion of planetesimals

Discovery of protoplanetary disks

Orbital migration

Progress in Doppler spectroscopy

Diversity of planetary systems

Discovery of the important subpopulation of «super-Earths»

Estimation of the frequency of planetary systems (function of orbital period, planetary 
mass, eccentricity, metallicity of the host star , etc)

Spectroscopy +  planetary transits

First steps toward the atmospheric composition of exoplanets 

Upper mass for rocky planets



How many planetary systems  
in the Milky Way?
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Observatory (1952) 72,199



Protoplanetary discs 



Otto Yulyevitch Shmidt  and Viktor Safronov 

Propose the scenario to explain the formation of 
planetary systems by agglomeration of planetesimals 
from dust grains to planets. 

Safronov,V.S. 1969  Evolution of the protoplanetary cloud and the formation 
of the Earth and planets 

1891- 1956                                                                       1917- 1999



The first exoplanet hosted  
by a solar-type star: 51 Pegasi b (Oct. 1995)

Mpl = 0.5 MJup 
P  = 4.2 days      
a  = 0.04 UA Mayor, Queloz   Nature 23 nov.1995 
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Formation of close-in planets : disk - planet interaction 
       Formation outside the  “ice line” -> migration  -> center 
                                               How to stop the migration ?

G. Bryden

Goldreich & Tremaine 1980 
Papaloizou & Lin 1986 
Lin, Bodenheimer & Richardson 1996
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ALMA:   A NIR interferometer at an altitude of  
5000 meter to observe cold gas in the universe 
(ESO,US,Japan) 
 Formation of galaxies, stars, planets , 
interstellar matter, etc
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Andrews et al.2018, ApJL submitted.  DSHARP I. Motivation,sample,calibration and overview .



Increasing the precision 
Radial velocity via cross-correlation spectroscopy:  
A path to the detection of Earth-type planets

 An increase of the sensibility by a factor 3000 during the last 40 years

SPECTRO year precision Telescope

CORAVEL 1977 300 m/s 1 m OHP

ELODIE 1994 13 m/s 1.9 m OHP

CORALIE 1998 6 m/s 1 m ESO Chile

HARPS 2003 1 m/s 3.6 m ESO Chile

HARPS-N 2013 1 m/s 3.5 m IAC La 
Palma

ESPRESSO 2018 0.1 m/s 8.2 m (x4) ESO Chile



Since 1995 : a huge number of discoveries and 
improvement of astronomical instrumentation



9 and 16th Sept 1999: A first planetary transit  

 

The Hubble space telescope

Brown, Charbonneau,  
Gilliland, Noyes, Burrows  
2001,ApJ,552,699

HOT JUPITERS are gaseous giant planets : density = 0.3 g/ cm**3

Charbonneau, 
Brown,Latham, 
Mayor 2000, ApJ,529







Transmission spectroscopy 
Identification of atoms and molecules

- Na (Charbonneau et al. 2002) 

- H2, H2O 
(Grillmaire et al. 2008,  
 Swain et al. 2008, 2009)  

- CO, CO2 (Swain et al. 2009ab, 
Madhusudhan & Seager 2009) 

- CH4 (Swain et al. 2008) 

- Fe,Fe+,Ti+ (Hoejmakers et 
al,2018)

Rem: mainly for the 2 brightest stars with transit,  
          HD209458 and HD189733

(Charbonneau et al. 2002)



HARPS-N  (la Silla observatory) 2003
Mayor, Pepe, Queloz et al. 2003, Msngr. 114,20
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HD10180 : A planetary system with more than 7 planets

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. 2011, A&A 528,112



Updated from 
Mayor et al. 2011

HARPS

The HARPS survey at la Silla
continuing since  2003

*** % of planetary systems
as function of mass, period, metallicity 
of the host star, …
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In red : Period < 100 days …….  Huge excess of planets in the domain of Super-Earths and 
Neptune-mass planets.

In black : Combined sample CORALIE ,volume and precision limited with HARPS sample
higher precision …..  the « giant planet population is over represented »
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LEFT: Host star metallicity having Jupiter mass companions

RIGHT: Host star metallicity having planetary companions less massive than
 30 Earth-mass.

HARPS Survey at La Silla
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Batalha et al 2013

KEPLER discoveries



Planets with masses 
from 1 to 10 Earth-mass
are the most frequent ones

(at least with our current 
level of detection !)
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HARPS-N @ Galileo  telescope at 
La Palma Observatory
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ESPRESSO

1

The Echelle SPectrograph 
for Rocky Exoplanets and 
Stable Spectroscopic 29

ESPRESSO, an 
instrument for 

advanced exoplanet 
research

F. Pepe  SPIE 2018
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A spectrograph on a 16 m telescope, 



CfP: Science drivers

Abundances in local group 
galaxies  

Rocky planets of
Earth-size ( ~10 cm/s)

  Variability of 
fundamental constants

Tolstoy et al 2009

Webb et al 2011



Four 8-meter Unit Telescopes 
Very Large Telescope  
Paranal, Chile

ESPRESSO 
@Combined Coudé lab
380–780 nm  
λ/Δλ=134,000

Precision :
10 cm/s 
Towards characterization of 
Earth-type planets 
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Life : A cosmic imperative   ?

Christian de Duve



36Selsis 2007



Atmospheric Seasonality as an Exoplanet Biosignature 
(see for example S.L.Olson et al. 2018, ApJ Lett May 18)
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Reflectance and polarization of biopigments (left fig.)
(for example : chlorophyll  (green curve), carotenoids(yellow)
A planet with 80% vegetation + 20 oceans (right fig.)
(with 100% of oceans : black curve)

(Berdyugina et al. 2016)



E-ELT  Un télescope ESO, diamètre 39 m 
Cerro Armazones Chili ,  2024
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Thank you


