
“Other Worlds in the Cosmos? The Search for Planets Similar 
toDoppler cross-correlation spectroscopy + transit spectroscopy  
   as a path to the detection of Earth-like planets  and maybe life. 

Michel Mayor
Université de Genève
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Adapted from S. J. Dick

Tidal interaction during a close stellar encounter
(probability close to zero)

Disk as a result of the stellar formation  
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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. "
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Fellgett 1955  :   the cross-correlation idea
                         “A proposal for a radial velocity photometer,” 
                          Opt. Acta 2, 9–15.

Griffin 1967    :   A first instrument on the 1 m telescope
                           at Cambridge Obs. photomultiplier,  500 m/s
                           Efficiency relative to photographic plate
                           gain 1000 !
1967, “A photoelectric radial-velocity spectrometer,”

                           Astrophys. J. 148, 465–476.

Baranne, Mayor, Poncet 1977,1979 :  
                          CORAVEL at 1-meter telescope OHP. 
                          Cross-dispersed optics, 
                          white pupil, computer controlled.
                          300 m/s  , optical cross-correlation,
                          efficiency gain 4000 !

                          1979, “CORAVEL: A new tool for radial velocity measurements. 
                               Vistas Astron. 23, 279–316.
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Baranne, Queloz, Mayor ,et al. 1996  
  
                          ELODIE , Haute -Provence Observatory , 
                        1.93 m-telescope, 2  optical fibers, 
                         CCD >> numerical cross-cross-correlation (!!!)
                         13 m/s   >>>>>>>  51 Pegasi b  (1995)

Mayor, Pepe, Queloz et al. 2003
                          HARPS , ESO-La Silla, 3.6-m telescope,
                          vacuum and temperature control, + a lot of software
                          improvements ( CCD stitching, better air mass 
                          correction, octogonal fibers for better scrambling,
                          Perot-Fabry etalon, lasercomb… )  1 m/s

Pepe et al. 2018
                          ESPRESSO , ESO Paranal , 1 (or 4)  x 8.2 m-telescope
                          0.1 m/s 
                             



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 
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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. (ESPRESSO Spectrograph , ESO Paranal Obs.)
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. (about 1 nanometer)
>>>>>> the cross-correlation technique makes it possible to concentrate the Doppler 
information of several thousand spectral lines to achieve this precision. 



8



9

Proxima Centauri   , ESPRESSO measurements  of the 2 inner planets,

Proxima b  P =   11 d       Anglada-Escudé et al. 2016 
Proxima d  P=    5.12 d    Faria  et al. 2022        Mass = 0.26 Earth.mass
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The harvest from the KEPLER space mission



HARPS-N @ Galileo  telescope at 
La Palma Observatory
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Magnetic Cycle

Active Regions

Granulation

Oscillations

~10 years

Rotational period ~30 days

~1 night

~a few min

Crédit : X.Dumusque



Reiners+ 15

Convective blueshift



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

Credit: A. Glenday



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
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22Cretignier 2022   (PhD)
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C

Cretignier 2022   ,  PhD     (  HARPS measurements , ‘*’ New 
low mass candidates detected with the Yarara software)



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



The most interesting feature 
for next decade (or more !) 
>>>> chemical composition 
of planetary atmospheres 
>>>> biomarkers
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The apparent size of the planet depends on the 
opacity at a given wavelength  >>>>>
The contrast of the transit as a function of wavelength 
gives access to the composition of the planetary 
atmosphere .



Life :     a  « cosmic imperative » ?
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Palomar  5.08 m   (1948)

ESO ELT  39 m  (2028)
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ANDES

ANDES
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Thank you


