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in the Milky way

Estimated number of planetary systems
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Victor Safronov 1969

Proposes the scenario to
explain the formation of
planets in the accretion disk
by agglomeration of
planetesimals from dust
grains to planets. The
accretion disk is a by-product
of the stellar formation .
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dgrowjo[anemry disks in the Orion nebula

.

Protoplanetary Disks HST - WFPC2
Orion Nebula

PRC95-45b - ST Scl OPO - November 20, 1995
M. J. McCaughrean (MPIA), C. R. O'Dell (Rice University), NASA

Orion Nebula Mosaic HST - WFPC2

PRC95-45a - ST Scl OPO - November 20, 1995
C. R. O’Dell and S. K. Wong (Rice University), NASA
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Detection of planets via Doppler spectroscopy
Present sensitivity SA/A = 1072

AR EE—

The spectrograph HARPS uses simultaneously» 6000 spectral
lines (cross-correlation technique)
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A first planet : 51 Pegasi

My = 0.5 M

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

Mayor & Queloz , Nature 1995
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Pegase 51 b
Surprise !

Prototype of

First evidence of
orbital migration

Lyplaitre Coje)¢
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" Formation of close-in planets . disk - planet interaction
Format|on outside the “lce line” -> migration- -> Center
T How to stop the mlgratlon Pt

Goldreich & Tremaine 1980
i Papaloizou & Lin 1986
G. Brydeh - Lin, Bodenheimer & Richardson 1996
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Planet detectability with radial velocities
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28.4ms” m,sini(m +m P
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Jupiter @ | AU : 284 m s’/
Jupiter @ 5 AU : 127 ms!
Neptune @O0.1AU :48ms’!
Neptune @ | AU : 1.5ms!
Super-Earth (5 M,) @O0.1AU : 14ms!

Super-Earth (5 M,) @ | AU : 045 m !

Earth @ | AU : 0.09 ms’!
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Eccentricity
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The diversity of planetary systems
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planets (+ several transit candidates)

Statistical properties

— Mass distribution
1.0 MEarth < Mpl < 20 MJUD

— Period
0.3 d < P < more than 10 years

— Eccentricity-period distribution
0<e<0.93
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Super-Earths in the Habitable zone
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HD 85512
Pepe et al. 2011

e b ¢ d

Gliese 581
Mayor et al. 2009

Mass of star (in solar masses)
-
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- Possible extension of the habitable

Zone gue to vanous uncertainties,
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HD 209458
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... transits from space
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Transits of rocky planets !!

e Gaseous giant planets : 0.01 mag
e Rocky planets ; 0.0001 mag

A, Neptune

< IO DN N -

Jupiter -

KEPLER

Spacecran
ectronics

Brown etal, 2000  HD209458 by HST.
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Radial velocities + transits give the planetary bulk density
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Transits allow the study of planetary atmospheres

(day side... and night side)
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Transiting Planets as a Tool for
Studying Exoplanetary Atmospheres

Secondary Eclipse

See thermal radiation and

reflected light from planet
disappear and reappear

Orbital Phase Variations

See cyclical variations in
brightness of planet
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Orbit of HD 189333b
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Phase curve observed
at 8 um with Spitzer
Knutson et al. (2007b)
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Multi-transiting KEPLER candidates
--> 367/Sept 2011 -->

Period (days)

Numbers of multiplanets:

115 doubles, 45 triples, 8 quads
Lissauer, Ragozzine,
Fabrycky et al. 2011

The orbital planes of systems with low mass planets
are uncredibly coplanars : <1 degree !
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arth-twins ?
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STELLAR INTRINSIC LIMITATIONS
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. CHARACTERISING EXOPLANETS SATELLITE

fj- CHEOPS

David Ehrenreich

UNIVERSITE
DE GENEVE

{ ~ @Sa’sfirst small-class mission
= : p
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Mass continuity
& diversity of structures
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Mass continuity
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@ss Transiting Exoplanet Survey Satellite
The TESS Mission:

Discovering New Earths and Super-
Earths in the Solar Neighborhood

George Ricker (MIT)
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instrument

- 32 « normal » cameras, cadence 25 sec - Cameras are in groups
- 2 « fast » cameras : cadence 2.5 sec, 2 colours » Offset to increase FoV
- dynamical range: 4 =m,, < 16
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MBulk properties of Farth-like planets up to the HZ

Status super-Earths detection and characterization
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JWST
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Life «a cosmic imperatives ?

Christian de Duve
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E-ELT

An ESO project of a
39 meter telescope.

2020

Cerro Armazones

Atacama desert
Chile
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study cooled gas in the universe .
(Formation of galaxies, stars, planets)
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