
“Other Worlds in the Cosmos? The Search for Planets Similar to 
our Earth and.“Other Worlds in the Cosmos?  
The Search for Planets Similar to our Earth and... 
perhaps Sheltering Life!”

Michel Mayor 
Université de Genève 



How many planetary systems  
in the Milky Way?



14 

12 

10 

8 

6 

4 

2 

0

1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965

Je
an

s

Sh
ap

le
y R
us

se
ll

Pa
ge

H
oy

le
K

ui
pe

r

H
oy

le

Estimated number of planetary systems  
in the Milky Way

Je
an

s
Je

an
s

R
us

se
ll

Sh
ap

le
y

H
ua

ng
H

oy
le

St
ru

ve

Lo
g 

(n
um

be
r o

f p
la

ne
ta

ry
 s

ys
te

m
s)

Adapted from S. J. Dick



4

Observatory (1952) 72,199

"I have suggested elsewhere that the lack of rapid 
axial rotation of normal solar-type stars ... 
suggests that these stars have converted their 
angular momentum from axial rotation to angular 
momentum from the orbital motion of the planets. 
Therefore there can be many planet-like objects in 
the galaxy. "



Protoplanetary discs 



Mpl = 0.5 MJup 
P  = 4.2 days  
a  = 0.04 UA

Discovery of a first planet  (51 Pegasi b) 
hosted by a star  similar to our Sun

Mayor & Queloz , 
Nature 1995

Today : about 5000 
exoplanets have been 
discovered and 
characterized.



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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Before  the discovery of 51 Pegasi b 

Goldreich,P., Tremaine,S., 1980, Disk-satellite interactions, ApJ 241,425 

Papaloizou, J., Lin,D.N.C. 1984, On the tidal interaction between protoplanets 
and the primordial solar nebula. I. Linear calculation of the role of angular 
momentum exchange.  ApJ,285,818 

Lin,D.N.C., Papaloizou, J. 1986, On the tidal interaction between protoplanets 
and the protoplanetary disk. III -Orbital migration of protoplanets    ApJ 309,846 

Ward,W.R., 1986, Density waves in the solar nebula - Differential Lindblad 
torque. Icarus 67, 164 

After  51 Pegasi b 

Lin,D.N.C, Bodenheimer, P., Richardson,D.C. 1996, Orbital migration of the 
planetary companion of 51 Pegasi to its present location. Nature 380,606 

And now orbital migration is part of all formation scenarii of planetary formation 

The orbital migration of exoplanets was studied by 
several authors before the discovery of 51 Pegasi b 

but not considered in any searches for exoplanets .
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ALMA:  
A Submm 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

Credit : European Southern  Observatory



11



12

The variation in stellar radial velocity induced by the influence of a 
planet analogous to our Earth. 

 Below: 1/10 of the spectral range used for the determination of the radial 
speed using the Doppler effect. 
 This ESPRESSO spectrum has a spectral resolution of 10 ** (5). The 
variation in the speed of a solar star due to an Earth-like planet (P = 1 year) 
is (8 cm / s therefore relative variation of 0.3 x 10 ** (- 4) of the width of the 
spectral lines.  
>>>>>> the cross-correlation technique makes it possible to concentrate the 
Doppler information of several thousand spectral lines to achieve this 
precision.  
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Observed diversity of planetary systems 

>>>>   Accretion, orbital migration, planet-planet interactions , 
 Kozai effect (dynamical interaction with a distant stellar companion), 
evaporation … 



Since 1995: the number of exoplanet 
discoveries has increased 
simultaneously with our ability to detect 
less and less massive planets, 



 

BUT: Difficulty in measuring precise stellar velocities due to the magnetic 
activity of stellar atmospheres. 



HARPS-N Observes the Sun as a Star 
X. Dumusque et al. 2017

Credit: A. Glenday
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A. Collier Cameron

Gaussian Process Regression



RV rms = 0.5 m/s ~ photon noise 
Venus semi-amplitude 0.1 m/s

Residuals after Gaussian Process Regression

A. Collier Cameron





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
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The harvest from the KEPLER space mission



 Planetary Transits 
>>>> Comparative Planetology
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Otegi,JF, Bouchy, F, Helled,R. 2019  , A&A 



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)



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

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

Precision : 
10 cm/s  
Towards characterization of  
Earth-type planets 



Life :     a  « cosmic imperative » ?

Christian de Duve



29Selsis 2007



Atmospheric Seasonality as an Exoplanet 
Biosignature 
(see for example S.L.Olson et al. 2018, ApJ Lett May 18)

30
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E-ELT      2025 
A telescope with a main mirror 
of 39 meters 

Cerro Armazones (alt 2800m) 
Atacama desert Chile
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2  KECK

E-ELT





Life : A cosmic imperative   ? 

- Transiting planets of bright stars (radii) 
    TESS, CHEOPS, PLATO, JWST 
- Doppler spectroscopy (mass)                                               

Very precise cross-correlation spectrographs on very 
large telescopes:  ESPRESSO (on VLT 8 m),  IRD (on 
Subaru 8 m ),… 

- Transmission spectroscopy ( planetary chemistry, 
temperature, biomarkers(?) ….)                                       
High resolution spectrographs (space and ground 
based)                          

     HARPS-  ESPRESSO- JWST- HIRES (E-ELT)- ARIEL.



Thank you


