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*** Searching for planets hosted by low mass
and maybe suitable for the life chemistry !



- 1952 How many planetary systems |
... a complete change of paradigm









"[llustration of exoplanets'

Currently in the Clementinum
cloister (Prague).

1752, By an Italian artist who was
Informed of the suggestion made by
Giordano Bruno (1600)




Log (number of planetary systems)

Estimated number of planetary systems
INn the Milky Way

Adapted from S. J. Dick
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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 thelr 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. ”



The accretion scenario for the



Otto Yulyevitch Schmidt and thor Safronov

1891- 1956 1917- 1999

Propose the scenario to explain the formation of
planetary systems by agglomer ation of planetessmals
from dust grainsto planets.

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



Protoplanetary discs

Images from t






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

Below: 1/10 of the spectral range used for the determination of the radial velocity using the
Doppler effect.

This ESPRESSO spectrum has a spectral resolution of 130’ 000.

The variation of the radial velocity of a solar star due to an Earth-like planet

(P=1year) is (8 cm/s) and corresponds to about 0.001 of the width of one absorption line!

>>>>>> the cross-correlation technique makes it possible to concentrate the Doppler
Information of several thousand spectral linesto achievethis precision.

The concentration of the Doppler information ( distributed on several thousand
lines) wasthe key factor having allowed the discovery of 51 Pegas b.
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ABSTRACT

We calculate the rate at which angular momentum and energy are transferred between a disk
and a satellite which orbit the same central mass. A satellite which moves on a circular orbit exerts
a torque on the disk only in the immediate vicinity of its Lindblad resonances. The direction of
angular momentum transport is outward, from disk material inside the satellite’s orbit to the
satellite and from the satellite to disk material outside its orbit. A satellite with an eccentric orbit
exerts a torque on the disk at corotation resonances as well as at Lindblad resonances. The angular
momentum and energy transfer at Lindblad resonances tends to increase the satellite’s orbit
eccentricity whereas the transfer at corotation resonances tends to decrease it. In a Keplerian disk,
to lowest order in eccentricity and in the absence of nonlinear effects, the corotation resonances
dominate by a slight margin and the eccentricity damps. However, if the strongest corotation
resonances saturate due to particle trapping, then the eccentricity grows.

We present an illustrative applitation of our results to the interaction between Jupiter and the
protoplanetary disk. The angular momentum transfer is shown to be so rapid that substantial

changes in both the structure of the disk and the orbit of Jupiter must have taken place on a time
scale of a few thousand years.

Subject headings: hydrodynamics — planets: Jupiter — planets: satellites —
solar system: general



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 .
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. Il -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 f@rmation



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

(at least with our current
level of detection !)



From 1 m/sto 0.1 m/s
The search for rocky planets

But... Intrinsic variabllity of stel



Credit: A. Glenday

RPS bserves the Sun as a Star



aussian Frocess Hegression

A. Collier Cameron



adial Velocity (m s

“esiduals after (Gaussian Frocess Hegression
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=V rms = 0.5 m/s ~ photon noise f
Venus semi-amplitude 0.1 m/s
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A. Collier Cameron



NIRPSjoining HARPS for further characterization
of planetary systems

Francois Bouchy and the NIRPS consortium
Astronomy department of Geneva University

https.//www.eso.or g/sci/facilities/develop/instruments/NI RPS.html
http://www.astro.umontreal.ca/nirps
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