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Plan du cours: 4 séances

Introduction — Pré requis (14/12/2012)
Déconstruction d’images brillantes (21/12/2012)
Déconstruction d’images sombres (11/01/2013)

. Construction d’'une image scientifique (18/01/2013)






Séance #2: les exoplanetes

1. Gliese 581



Gliese 581
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No. 1,2010 A SUPER-EARTH IN THEHZ OF GJ 581 Vogt et al. 2010, ApJ 961

Radial Velocity (ms™!) |

Figure 6. Top view of the GJ 581 system. For reference, the orbits of
Earth, Venus, and Mercury are overlaid as dashed blue, green, and red lines,

respectively.
Table 3
Photometric Semiamplitudes Modulo the Radial Velocity Periods
) o ) . ) Planet Planetary Period Semiamplitude
0 0.5 1 (days) (mag)

Orbital phase b 5.36841 0.00045 £ 0.00044
Figure 5. Phased reflex barycentric velocities of the host star due individually ¢ 129191 0.00083 =+ 0.00044
to the planets at 3.15 days, 5.37 days, 12.9 days, 37 days, 67 days, and 433 days d 66.87 0.00129 £ 0.00044
from the all-circular fit of Table 2. Filled (red) hexagon points are from Keck € 3.14867 0.00061 £ 0.00045

while filled (blue) triangles are from HARPS. f 433 .
g 36.562 0.00058 £ 0.00047

and 37-day planets’ orbits with these two planets participating
in a secular resonance.

Wa alon rarafullyr avaminad tha affante Af inaluidina Avmamainc

Note. The data set is insufficient to address the 433-day
period.
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4 ou 6 planetes ?

Gliese 581
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Gliese 581 ?

Etoile. Naine rouge. Type M.

Issue du catalogue Gliese-
Jahreiss (Wilhem Gliese,
astronome allemand 1915 —
1993). 10 000 étoiles.

Etoiles a moins de 25 pc du
Soleil.

Gliese a = étoiles

Gliese b, c, ... = compagnons
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Zone habitable
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Peut-on vraiment voir une planete
hors du systeme solaire ?

Distance entre nous et un autre soleil:
— 10 pca 10 kpc
Pour les plus proches (~¥10 pc = 10x3el16 m = 10x3e13 km):

— Jupiter (r=72000 km) apparaitrait sous un angle de: 2x72000/
(10x3el3)=1e-4 arcsec

— Terre (r=6400 km): 2x6400/(10x3e13)=1e-5 arcsec

— Distance Terre-Soleil (1 ua=1,5e8 km): 1,5e8/(10x3e13)=0,1 arcsec
Résolution angulaire d’un télescope de 10 m de diametre
dans le visible:

— longueur d’'onde/diamétre ~ 0,5e-6/10=0,01 arcsec = 1le-2 arcsec
— Pour atteindre 1e-4 arcsec, Dtél=1 km.

— Pour voir une ville a 10 pc, Dtél=150 000 km

— Pour voir un objet d’'un 1m a 10 pc, Dtél=1 ua
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2. Les exoplanetes




Depuis 1995: 854 exoplanetes
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Jupiter chaud (hot Jupiter):
proche de la masse de Jupiter (318 masses terrestres, 1,9e27 kg)
en orbite proche ~0.05 ua (1 ua = 150 millions de km = Terre-Soleil)



Exoplanetes comparables a la Terre

Kepler-20e Venus Kepler-20f

Fressin et al. 2011, Nature



Current Potential Habitable Exoplanets

Compared with Earth and Mars and Ranked in Order of Similarity to Earth

#1

Gliese 581 g* Gliese 667C ¢

Sep 2010 Nov 2011

*unconfirmed planets

#3 #4 #5

Earth Similarity Index

0.81 0.79 0.77

Kepler-22 b HD 40307 g* HD 85512 b

Discovery Date

Dec 2011 Nov 2012 Sep 2011

CREDIT: PHL @ UPR Arecibo (phl.upr.edu) Nov 7, 2012

Earth WETES
1.00 ¢ 0.66

Gliese 163 ¢ Gliese 581 d

Sep 2012 Apr 2007
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3. Les techniques d’observation




Imagerie directe

2MAS5WJ1207334-393254

debris disc

size of Saturn’s orbit around the Sun

B Pictoris b

B Pictoris

8 Mjl 8 u a - location of the star

North

778 mas
East 55 AU at 70 pc

Crédit: ESO/VLT




Détection par transit

BRIGHTNESS

TIME IN HOURS




Kepler, lancé en 2009:
observe 145 000 étoiles

Schmidt Corrector
with 0.95 m dia
aperture stop

NGC6791

Thermal Radiator

Primary Mirror
1.4 mdia, ULE

Sunshade
55° solar avoidance

Focal Plane

Electronics:

clock drivers and

analog to digital converters

Focal Plane:

42 CCDs,

>100 sq deq FOV
Mounting Collet 4 Fine Guidance Sensors




Courbe de transit de Kepler-20e
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Fressin et al. 2011, Nature



Kepler 20

- Basic data : - More data :
Name |Kepler-20 - Basic data (from Simbad)
Distance | 290 (z 30) pc ref. Plante Masse Rayon Demi-grand axe | Période orbitale | Masse volumique
Spectral Type | G8 (Ms) (R (UA) (d) (glem®)
SnE bt ) Kepler-20b ~87 ~1,91 ~0,04537 ~3,6961219 ~86,5
0912 (+0.035) M
Mass 0912 (0035 M, ref. Kepler20e | 0,3921,67 | ~0,868 ~0,0507 ~ 6,008493 ?
Age 8.8 ( +4'7)Gr ref.
£e (5L 57 4 el Kepler-20c ~16,1 ~ 3,07 ~0,0830 ~10,854092 ~291
Effective Temperature | 5466 (+ 93) K ref. Kepler-20f 0,66 a 3,04 ~ 1,034 ~0,1104 ~19,57706 ?
+0.06
Radius [0.944 (o (o )R ref. Kepler-20d <20,1 ~2,75 ~0,3453 ~77,61184 <4,07
Metallicity [Fe/H] |0.02 (+ 0.04) ref. Systéme planétaire de Kepler-20°.
Right Asc. Coord. |19 10 48
Decl. Coord. |+42 20 19
5 PLANETS
- Basic data :
Name | Kepler-20 b Kepler-20 ¢ Kepler-20 d Kepler-20 e Kepler-20 f
Discovered in | 2011 2011 2011 2011 2011
Mass |0.027 (+0.007) M, ref.|0.051 (£ 0.01) M, ref.[0.06 M, ref, | < 0.0097 M, ref,[0.045 M, rof
Semi major axis [0.04537 (x 0.0006) AU ref.|0.093 (2 0.001) AU ref. |0.3453 (+ 0.0046) AU ref. |0.0507 (_y o7 "D AU ref. [0.11 (5,00 AU ref.
Orbital period |3.6961219 days ref. [10.854092 (+ 1.3¢-05) days  ref. |77.61185 (_ oy ) days ref.|6.098493 (x 6.5¢-05) days ref.|19.57706 ( 0.00052) days ref.
Eccentricity | < 0.32 ref.|< 0.4 ref.|<0.6 ref. | - -
Radius [0.17 (_, ,,""*) R, ref.|0.27 (x 0.02) R, ref.[025 (00 U IR, ref.| 0078 (0o R, ref.[0.09 (x 001 R, ref.
T ransit | 2454967.50027 (j poogs ) ref. |2454971.60758 (+ 0.00046)  ref.|2454997.7271 (+ 0.0019) ref. [ 245968.9336 (£ 0.0039)  ref.|2454968.219 (+0.011) ref.
Inclination (86.5 (_ , *07) deg. ref.|88.39 ( 0.16) deg. ref. | 89.57 (& 0.0048) deg. ref. [87.5 (+ 0.34) deg. ref.|88.68 (+0.17) deg. ref.
Update [21/12/11 21/12/11 21/12/11 23/12/11 23/12/11




Détection par lentille gravitationnelle

SDP 130

Keck & SMA:

/

LENSED IMAGES OF
DISTANT GALAXY

FOREGROUND
GALAXY




Détection des exoplanetes par micro-lensing

Extrasolar planet detected by gravitational microlensing
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When a foreground star If a planet is orbiting the
(red) passes in front of a foreground star, it, too,
background star, it brightens will gravitationally lens the
the light of the background background star for a
star. The gravitational field of shorter duration.
the foreground star warps
space to create a gravitational
lens that magnifies light.




Détection par vitesse radiale




Effet Doppler-Fizeau

«10° Doppler Effect Model in 1
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Effet doppler = modification de la
fréguence lumineuse par la vitesse
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Figure 6. Top view of the GJ 581 system. For reference, the orbits of
Earth, Venus, and Mercury are overlaid as dashed blue, green, and red lines,

respectively.
Table 3
Photometric Semiamplitudes Modulo the Radial Velocity Periods
) o ) . ) Planet Planetary Period Semiamplitude
0 0.5 1 (days) (mag)

Orbital phase b 5.36841 0.00045 £ 0.00044
Figure 5. Phased reflex barycentric velocities of the host star due individually ¢ 129191 0.00083 =+ 0.00044
to the planets at 3.15 days, 5.37 days, 12.9 days, 37 days, 67 days, and 433 days d 66.87 0.00129 £ 0.00044
from the all-circular fit of Table 2. Filled (red) hexagon points are from Keck € 3.14867 0.00061 £ 0.00045

while filled (blue) triangles are from HARPS. f 433 .
g 36.562 0.00058 £ 0.00047

and 37-day planets’ orbits with these two planets participating
in a secular resonance.

Wa alon rarafullyr avaminad tha affante Af inaluidina Avmamainc

Note. The data set is insufficient to address the 433-day
period.
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