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Giant molecular clouds :
sites of stellar and planetary formation



Protoplanetary discs observed by the HST



Most important techniques to detect exoplanets

* Doppler spectroscopy
* Planetary transits   
* Direct imagery
* Astrometry
* Gravitational lenses
* Chronometry (cf planets hosted by a pulsar)
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Detection of planets via Doppler spectroscopy
Present sensitivity δλ/λ = 10⁻⁹ 



A first exoplanet  :  
        51 Pegasi

Observatoire de 
Haute-Provence 

193 cm

Mpl = 0.5 MJup 

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

Precision: 10 m/s

Mayor & Queloz ,  Nature 1995



 Pegasi 51 b 

Prototype of 
“Hot Jupiters” 

Formation? 
 



Formation of short period gaseous planets : 
 interaction disk - planet 

       Formation outside the  “ice line” -> migration  -> centre 
                                              How to stop the migration ? 
                                              

G. Bryden

Goldreich & Tremaine 1980 
Papaloizou & Lin 1986 
Lin, Bodenheimer & Richardson 1996



Life time of accretion discs 
Haisch, Lada, Lada 2001
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ALMA:   A  NIR  interferometer  at 5000 
meters on  the chilean altiplano (ESO, US, 
Japan)
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Planetary Transits 
The relative inclination of 
orbital plane and stellar  

equatorial plane 

... A new hint of complex 
dynamical interactions



T

The Rossiter - Mac Laughlin effect

The transit of a planet in front of a rotating 
star creates a distorsion of stellar lines
and an anomaly of the velocity curve



where I is the orbital inclination with respect to the sky plane. In
the latter equality we have assumed mTM and e ¼ 0.

Assuming that the width of the absorption line is dominated
by rotational broadening, and further assuming that the stellar
Doppler shift is small, the first-moment approximation mentioned
previously gives (Ohta et al. 2005)

!VR(t) ¼ "VS sin IS

R R
xI (x; y) dx dyR R
I (x; y) dx dy

: ð4Þ

Here, VS is the equatorial rotation speed of the stellar photo-
sphere, IS is the inclination of the stellar spin axis relative to the
sky plane, and I (x; y) is the surface brightness of the observed
stellar disk (including the dark spot due to the planet). The sky-
plane coordinates x and y are measured in units of the stellar
radius, have their origin at the projected center of the star, and
are perpendicular and parallel to the projected stellar rotation
axis, respectively. In fact, equation (4) also holds for lines that
have additional broadening mechanisms, such as thermal broad-
ening, provided that the additional broadening mechanisms pro-
duce no net Doppler shift (i.e., the broadening kernel is symmetric
about its centroid).

For convenience, we write the RM effect as

!VR(t) ¼ KRg(t; xp; yp; !; "; : : :); ð5Þ

separating the overall amplitude KR of the RM effect from the
dimensionless function g(t) P 1. The amplitude is given by

KR % VS sin IS
!2

1" !2

¼ 52:8 m s"1 VS sin IS
5 km s"1
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; ð6Þ

where ! % r/R. In the latter equality, we have assumed !T1.
For convenience, we will define V % VS sin IS . The dimen-
sionless function g depends primarily on the projected position
of the planet (xp; yp), but also on ! and the limb-darkening
function. For simplicity, we use a single-parameter ‘‘linear’’

description of the limb-darkening law, such that the (unocculted)
surface brightness of the star is

I (x; y)

I0
¼ 1" "

h
1" 1" x2 " y2

# $1=2i
; ð7Þ

with " the linear limb-darkening parameter. Note that in some
circumstances—for example, the case of differential rotation,
as discussed in x 3—the function g will depend on additional
parameters.

Figure 2 shows three different trajectories of a transiting planet
across the stellar disk. These trajectories all have the same impact
parameter b, and consequently they all produce exactly the same
photometric signal.3 However, the trajectories differ in the value
of k, and consequently produce different RM waveforms, as
plotted in the lower row of panels. The sensitivity of the RM
waveform to k is what enables the observer to assess spin-orbit
alignment. The question of the achievable accuracy in k will be
taken up in x 3.

An especially simple case is when the planetary disk is fully
contained within the stellar disk, and limb darkening is negli-
gible (" ¼ 0). In that case, g is the perpendicular distance from
the projected stellar spin axis, g(t) ¼ xp(t). If we consider a
rectilinear trajectory across the face of the star with impact
parameter b, we can write the position of the center of the planet
as a function of time as

xp(t) ¼ # cos k" b sin k;

yp(t) ¼ # sin kþ b cos k; ð8Þ

where # % (t " ttra)/Ttra, ttra is the time of the transit midpoint,
Ttra ¼ R/vorb is the radius crossing time corresponding to the
planet’s orbital velocity at the time of transit [so that the transit
duration is approximately 2Ttra 1" b2ð Þ"1=2], and k is the angle
of the trajectory with respect to the apparent stellar equator. We
define k to be between "180( and +180(, such that for k > 0,
the planet moves toward the stellar north pole as it proceeds

Fig. 2.—Dependence of the RMwaveform on k. Three different possible trajectories of a transiting planet are shown, alongwith the corresponding RMwaveform (as
computedwith the formulae of Ohta et al. 2005). The trajectories all have the same impact parameter and produce the same light curve, but they differ ink and produce different
RM curves. The dotted lines are for the case of no limb darkening (" ¼ 0), and the solid lines are for " ¼ 0:6.

3 The impact parameter is given by b ¼ a cos I /R, where a is the orbital
semimajor axis.

TRANSITING EXOPLANETS 553No. 1, 2007

The Rossiter-McLaughlin effect

a spectroscopic transit
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HD 189733b

WASP-15b

HD 189733bHD 189733bHD 189733bHD 189733bHD 189733b

Triaud et al. 2010Triaud et al. 2009

A coming diversity in 
spin-orbit angles:
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it allows to probe planetary formation



An example of retrograde and inclined orbit  : WASP 8b 

Orbital migration is not the only explanation for the «Hot Jupiters»



• δλ/λ = 10 (-9)    >>>>   0.3 m/s  

ESO-3.6m @ La Silla

HARPS

A survey with the HARPS spectrograph





HD10180 : a planetary system with 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. 2010



(Mayor et al. 2011)



Smaller-mass planets 

3 < M < 100 M⊕ 

P < 1yr 
fsyst = 51 +/- 8 %

(Mayor et  al.2011)



Planetary transits 
>>>> Comparative planetology



Ground based .. and from space. 

 

STARE

The Hubble space telescope



28

Kepler detections of planetary transits 

Batalha et al. 2013



29Batalha et al. 2013
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HARPS programme at La Palma observatory  
(Canary Islands) 

> Constraints on the composition of  low-mass planets


