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(Exo-) 
Planète ?



L’étoile est 1 000 000 000 plus brillante que la planète

ici



L’instrument SPHERE







L’instrument SPHERE
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L’instrument SPHERE



(Chauvin et al. 2004, 2005) IPAG/Grenoble

Prendre une photo

Lagrange et al. (2010) IPAG/Grenoble





astrométrie

Observer  
le mouvement réflexe



GAIA

lancer il y a 1 an

on espère la détection  
de >20 000 exoplanète



vitesse radiale / vélocimétrie

Observer  
le mouvement réflexe



Un ballet stellaire

décalage décalage



temps ➠ période

Michel Mayor & Didier Queloz (Genève)
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La première exoplanète

19954 jours

1/2 Jupiter
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The Staknovist improvement in RV precisions

51Peg b

• RV semi-amplitude decreased by ~3 order of magnitudes in 20 years 
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Fibres
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Harps/3.60m - ESO/La Silla

Sophie/1.93m - CNRS/OHP
- R=75000 
- precision ~ 10 m/s 
- N ~ 200 naines M

- R=115000 
- precision < 1 m/s 
- N = 100 + 300 M dwarfs
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our Sun

• dominant stellar population
• low-mass stars
• low temperature
• small
• intrinsically faint

@ Grenoble, we have 
specialized in the search for 
exoplanets around M dwarfs



Gliese 581 e
2x Terre

b
16x Terre

c
5x Terre

d
7x Terre

2005-2009
Michel Mayor (Genève), Xavier Bonfils (Grenoble) et collaborateurs
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Les transits







Ly-α: 121.6 nm 

Vidal-Madjar et al. (2003) Charbonneau et al. (2000) Richardson et al. (2006)

Infrared: 24 µm
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• Smog 

• Na, K, H2O… 

• Nuages



2019

Seager & Deming (2009)



2024
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(  ) 
55Cnc

The Staknovist improvement in LC precisions

HD209458b

(  ) 
HD80606b

• Transit depths decreased by ~3 order of magnitude in 15 years 
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Combination : Mass-radius relations
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Weiss & Marcy (2015) 

• rocky transition  
@ 1.5-1.8 Rearth  

• important consideration 
for HZ planet searches
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K2 = refurbished Kepler mission
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K2-3

100% Fe

50% Fe - 50% MgSiO3

100% MgSiO3

50% H2O - 50% MgSiO375% H2O - 25% MgSiO3
100% H2O
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could become the 1st system with a HZ planet candidate w/ both mass and radius
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TESS
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Sullivan et al. (2015)  
http://arxiv.org/abs/1506.03845

http://arxiv.org/abs/1506.03845
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TESS
Sullivan et al. (2015)  
http://arxiv.org/abs/1506.03845

http://arxiv.org/abs/1506.03845
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The MEarth Survey

• 8 (+8) telescopes (∅=40cm, fov=25’x25’) 
• CCD cameras 2048x2048 15µm  
• 1 M dwarf per field 
• each telescope cycles on ~10 fields 
• effectively observing 16x10=160 stars  

at a time

each telescope 
cycles on a sub-
sample of N stars

until a 3-σ drop 
in flux triggers 
an alert mode

P.I. D. Charbonneau (Harvard)
16
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Figure 1a | Photometric measurements of GJ1132 in 2 min-bins of 
phased-folded time relative to mid-transit. 

Figure 1b | Radial-velocity change over the orbit of GJ1132b.

Figure 1c | GJ1132b in context. Masses, radii and distances of 
known transiting planets.  



ExTrA  
Exoplanets in Transit and their Atmospheres



Limitations 
• atmosphere (imperfect comparisons) 
• photon noise (small telescopes) 
• detector (imperfect flat field)

Differential photometry

Method 
• integrate flux in aperture 
• normalize w/ comparison stars 
• de-trend 



An extra method

Differential spectro-photometry  
with a Multi-Object Spectrograph

Correction of atmospheric variation 
• small Δλ => perfect comparisons  
• after correction, resolution is degraded to 

boost the S/N

More photons 
• larger spectral window 
• infrared 
• decrease detector systematics



An extra method

• 9-40 times more flux for M5-L3 dwarfs

Spectral Energy Distribution





ASA 600 RC

ASA DDM160  
Direct Drive

4m Dome
Scopedome

Off-axis Guiding Camera
            Trius H16

Fiber link

Spectrograph
0.8-1.55 µm

R = 200
Princeton / Xenics
InGaAs 640x512

LN2 cooled (-190C)



Parameter space of transit surveys





Conclusion 

• on est proche de détecter des exo-Terres  
(taille, masse et température proches de celles de la Terre) 

• autant avec des observatoires spatiaux que sols 
(et avec leur synergie) 

• les nouveaux télescopes géants (JWST & ELTs) pourraient y 
détecter des bio-marqueurs 




