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Prendre une photo
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Observer
le mouvement reflexe
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La premiere exoplanete
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The Staknovist improvement in RV precisions

Velocity Semiamplitude [Meters/Seconds]
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e RV semi-amplitude decreased by ~3 order of magnitudes in 20 years
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Methods




Bannie l.75m - CNRS/OHP
- R=75000
- precision ~ 10 m/s
- N ~ 200 naines M

arps/3.60m - ESO/La Silla

- R=115000
- precision < 1 m/s
- N =100+ 300 M dwarts



our Sun

246 20 4 0

¢ dominant stellar population
@ Grenoble, we have e low-mass stars

specialized in the search for e low temperature
exoplanets around M dwarfs | ¢ small

e intrinsically faint
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Sun

Gliese 581

Mass of star (in solar masses)
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Les transits




star + planet dayside

star + planet nightside

o~ transit

star — planet shadow



: star + planet dayside
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HST detects = Wavelangth (rm)
additional sodium '

absorption due to I Morma
light passing through Addiioral 4 Jt'%a_u. :‘:!'.IL'-'iI
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+NIR transit spectroscopy

HST/STIS+WFC3 transmission spectrum of Wasp-31b (Sing+2014)
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Mocel C1: Medium Ocean Planet Modzal A2: Small Earth
JWST, NIRSpec, 10 transits, 28 hours JWST, NIRSpec, 10 transits, 55 hours
M3V, J=8B, F =29 day, =14 hours M3V, J=5, P.=20 cay, t=1.4 hours
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THE ASTROPHYSICAL JOURNAL, 764:182 (6pp), 2013 February 20 SNELLEN ET AL.
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The Staknovist improvement in LC precisions
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e Transit depths decreased by ~3 order of magnitude in 15 years
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The Kepler Orrery ] t[BJD] = 2455215
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Combination : Mass-radius relations

Rogers (2014)
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e rocky transition
@ 1.5-1.8 Rearth

e Important consideration
for HZ planet searches



K2 = refurbished Kepler mission
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Kepler's Second Light: How K2 Will Work




K2 M Dwart Planet Yield

oK2 will observe ~60000 M dwarfs, 400 planets predicted
eNearby Stars
eH/ planets and Transit Spectroscopy Targets

Kepler (observed) K2 (Simulated)
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Crossfield et al. (2015)

Kepler photometry
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could become the |st system with a HZ planet candidate w/ both mass and radius
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CHEOPS

CHARACTERISING EXOPLANET SATELLITE
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108 days
189 days
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Sullivan et al. (2015)
http://arxiv.org/abs/1506.03845

Xavier Bonfils

«  2x10° Target Stars

TESS Edipsing Binary Detections

FI1G. 19.— Sky maps of the simulated TESS detections in equal-area projections of ecliptic coordinates. The lines of latitude are spaced by 30°, and the lines
of longitude are spaced by 60°. Top.—Planet detections. Red points represent planets detected around target stars (2 min cadence). Blue points represent plancts
detected around stars that are only observed in the full-frame images (30 min cadence). Note the enhancement in the planct yicld near the ecliptic poles, which
TESS observes for the longest duration. Note also that the inner 6° of the ecliptic is not observed. Bottom.—Astrophysical false positive detections, using the
same color scheme. For clarity, only 10% of the false positives detected in the full-frame images are shown. (All other categories show 100% of the detections
from one trial.) Note the enhancement in the detection rate near the galactic plane, which is stronger for false positives than for planets.

EWASS2015
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yield of fully characterized small planets
[wath asteroseismology and RV]
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The MEarth Survey
]6 Robotic Telescopes

Pl. D. Charbonneau (Harvard) MEarth consists of eight identical

telescopes. On each telescope, a 16"
primary mirror focuses starlight onto a
high-grade CCD camera that records the
infrared brightness of each star. By
measuring the brightness of a star many,

o 8 (+8)telescopes (2=40cm, fov=25"x25’) e B et
e CCD cameras 2048x2048 15um cowe oo cummomon st onos. . [
e 1 M dwarf per field

e each telescope cycles on ~10 fields

o effectively observing 16x10=160 stars

at a time

each telescope
cycles on a sub-
sample of N stars

0.01
T

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

-0.1 -0.08 -0.06 —0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1
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Figure 1a | Photometric measurements of GJ1132 in 2 min-bins of
phased-folded time relative to mid-transit.
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Figure 1b | Radial-velocity change over the orbit of GJ1132b.
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Figure 1c | GJ1132b in context. Masses, radii and distances of
known transiting planets.

A rocky planet transiting a nearby low-mass star




EXTrA

Exoplanets in Transit and their Atmospheres




Differential photometry

Method
e integrate flux in aperture

- e normalize w/ comparison stars
8. 0 e de-trend

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



An extra method

Differential spectro-photometry
with a Multi-Object Spectrograph

Correction of atmospheric variation
e small AN => perfect comparisons

e after correction, resolution is degraded to
boost the S/N

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




An extra method

Spectral Energy Distribution

ph/sec/(R=100) - D=60cm - Efficiency=50%

[
(=)
—

0.4 0.6 0.8 1.0 1.2 14 16
Wavelength [micron]

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






ASA DDM160
Direct Drive

4m Dome °

Scopedome

Off-axis Guiding Camera

ASA 600 RC Trius H16

Fiber link

Spectrograph

0.8-1.55 ym
R =200

Princeton / Xenics
InGaAs 640x512
LN2 cooled (-190C)



Parameter space of transit surveys
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Conclusion

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

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

e les nouveaux telescopes géants (JWST & ELTs) pourraient y
détecter des bio-marqueurs







