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R. Gilliland:
Why a revolution?

CoRoTlaunched: 27.XII.2006

Keplerlaunched: 7.III.2009

K2: III.2014

TESS: 2017 (Transiting Exoplanet Survey Satellite)

PLATO: 2024 (PLAnetaryTransits and Oscillation of stars)

Discoveries < 1994 1999 2004 2009 2014

Exoplanets 4 25 120 265 1 382

Asteroseismology 0 0 10 380 15 000+
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A. Santerne:
From super-Earths to brown dwarfs

a ŘŜǘŜǊƳƛƴŀǘƛƻƴΥ w±Σ ¢¢±Χ όŜΦƎΦ YhL-94d)

ά ρπφρρ-ṥ ά υςȢρ Ȣ
Ȣ-ṥ

(Weiss et al., 2013: ApJ, 768, 14) (Masuda et al., 2013: ApJ, 778, 185)
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A. Santerne:
From super-Earths to brown dwarfs

a ŘŜǘŜǊƳƛƴŀǘƛƻƴΥ w±Σ ¢¢±Χ

False positive signals:
ÅStellar blend

Radius estimation error

(Cameron, 2012: Nature, 492, 48)
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A. Santerne:
From super-Earths to brown dwarfs

a ŘŜǘŜǊƳƛƴŀǘƛƻƴΥ w±Σ ¢¢±Χ

False positive signals:
ÅStellar blend

ÅPlanet/spot occultation

Fake TTV/TDV

(Oshaghet al., 2013: A&A, 556, 19)
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A. Santerne:
From super-Earths to brown dwarfs

Planetarystatisticsneeds (census2014):
ÅAccurate false positive determination

ÅBetter pipelines (instrumental profile reduction)

ÅMore objects (hot Jupitersfrom Kepler, neptunesfrom CoRoTςbias?)

ÅBetter Ὑᴖ to compute better Ὑ

BLENDER ςplanetary transit validation (Torres et al., 2011: ApJ, 727, 24)

6



A. Santerne:
From super-Earths to brown dwarfs

Planetarystatisticsneeds (census2014):
ÅAccurate false positive determination

ÅBetter pipelines (instrumental profile reduction)

ÅMore objects (hot Jupitersfrom Kepler, neptunesfrom CoRoTςbias?)

ÅBetter Ὑᴖ to compute better Ὑ
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A. Santerne:
From super-Earths to brown dwarfs

Planetarystatisticsneeds (census2014):
ÅAccurate false positive determination

ÅBetter pipelines (instrumental profile reduction)

ÅMore objects (hot Jupitersfrom Kepler, neptunesfrom CoRoTςbias?)

ÅBetter Ὑᴖ to compute better Ὑ

PASTIS (Planetary Analysis and Small Transit Investigation Software)
ÅModels LC and follow-up obs., validation of planet parameters

Statistics:
Åςς ψ% of sun-like stars with

earth-size planet in their HZ

Åρυ % of Keplerobjects have 2

earth-size planet in their HZ

(Fressinet al., 2013: ApJ, 766, 81)8



D. Gandolfi:
CoRoT-32bςyoungest aligned exoplanet

Planet migrationtheorychangesὥ, Ὡ(Alignedsystems)

Kozaimechanismchangesὥ, Ὡ, Ὥ(Misalignedsystems)

Tidesare more efficient @ cold stars (with convective zone)

(Albrecht  et al., 2012: ApJ, 757, 18) 9



D. Gandolfi:
CoRoT-32bςyoungest aligned exoplanet

Star: F4V (Ὕ φφχπK), ὖ πȢψρd (from stellaractivity)

Observed RM effect ςorbital & rot axis (ʇ πȢτЈ)

Li-rich star (Li is more depleted in colder stars) => age 15-30Myr

Starmemberof NGC 2232 (25 Myr ςold cluster)

PlanetὺÓÉÎὭ π@ transit midǇƻƛƴǘ Ҧalignedin the line-of-sight

Aligmenttimescale> 100 GyrҦprimordial alignement?
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D. Gandolfi:
CoRoT-32bςyoungest aligned exoplanet

Two scenarios of hot Jupiter migration:

Young system ςL cannot be lost through winds

Evolutionary track for the star to find at least 1:1 resonance: 0.6 Myr

ὖ ὖ ςπd
1:1 resonance

ὖ ςπd
ὖ τπd
2:1 resonance

11



E. DǸƴǘƘŜǊ:
CoRoT-35bςpolar orbit planet

Primordial disk lifetime @ hot starsisshorter
ὓᵔ ρͯ-ἄȡʐ ςȢυMyr ὓᵔ ρͯȢσ-ἄȡʐ ρȢςMyr

CoRoTdetectionlimits: 1 Ὑ (B-stars) and 2 Ὑ (G-stars)

Sp. type % planets CoRoTsample Mἄ

A 0 - 5% 16% 1.3 - 3.2

F 30 - 32% 35% 1.1 - 1.3

G 50 - 54% 15% 0.9 - 1.1

K 13 - 16% 5% 0.4 - 0.8

(Johnson  et al., 2010: PASP, 122, 894) 12



E. DǸƴǘƘŜǊ:
CoRoT-35bςpolar orbit planet

Follow-up: Hi-resspectroscopy, AO imaging

ὖ υȢφÄ, ὓᵔ ρȢτ-ἄ, Ὑ ρȢω2

ObservedRM effectς> polar orbit? (check for surface features of ᴖ)
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A. Ofir:
TTV in Keplerdata

TTV caused:

Åangularmomentumexchangebetweenplanets(direct)

Åhoststarmovesaroundbarycentrum(indirect)

Firstobserved: 2010 ςKepler-9 (Holmanet al., 2010: Science, 330, 51)

(Holman & Murray, 2005:
Science, 307, 1288)

(Agolet al., 2005:
MNRAS, 359, 567)
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A. Ofir:
TTV in Keplerdata

Kepler-9:

ὖ ρωȢςτd, ὖ σψȢωρd (2:1 resonance)
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A. Ofir:
TTV in Keplerdata

Kepler-9: better resultswith 6x more data (arXiv:1403.1372)

New Ὑlarger, new ὓ υͯυϷsmaller

Error limit of Kepler:ὓ ͯςȢψϷ, Ὑ ͯπȢςϷ

LargeTTVsevenwithout MMR:

Catalogof KeplerTTVs(Mazeh, 2013: ApJS, 208, 16)

Kepler-9 Transitsper planet Totaldays ╜Ἣ[ἙἏἩἺἼἰ]

b c

Fulldata 68 36 1 400 31 ҕ1

Partialdata 9 6 200 55ҕ3

Diluteddata 9 6 1 400 33 ҕ2

16



A. Ofir:
TTV in Keplerdata
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A. Ofir:
TTV in Keplerdata

Kepler-117
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A. Ofir:
TTV in Keplerdata

Kepler-117
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A. Ofir:
KOINet

Primaryfor 1m+ classtelescopes(13-15 mag)

DistinguishTTVs

http://koinet.astro.physik.uni-goettingen.de/

0.6 1.3
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J. Cabrera:
CoRoT-29b

Peculiar transit (95% conf. level)

Asymmetry confirmed from ground

Ruled out: 
ÅTidal distortion of planet

ÅStellar spots (ὺÓÉÎὭͯ σȢυËÍȾÓ)

ÅEvaporation

Maybe: gravity darkening?

Barnes, 2009: ApJ, 705, 683
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K. Heng:
Exoplanet atmospheres from optical data

(Benneke& Seager, 2012: ApJ, 753, 100)

22



K. Heng:
Exoplanet atmospheres from optical data

Someexoplanetsare cloudy, someare not.
Unclearreasons.

(Nikolovet al., 2014: MNRAS, 437, 46)
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K. Heng:
Exoplanet atmospheres from optical data

(Heng& Demory, 2013: ApJ, 700, 100) (arXiv: 1404.4348)

No trend of A with stellarirradiation, M, R, rho, g
Superearthsappearmore reflectivethan Jupiters.
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M. Havel:
CEPAM ςplanetary evolution model

Constrains properties of CoRoTstars and planets

New 1D EOS and atmospheric boundary conditions (M, R, L, T-P, g, rot)

Ὕᶰςππȟςςππ+, ὓᶰπȢρȟρπ- , ὤᶰπȟπȢυ, ὒ ᶰπȟπȢυ, ὸɴ πȟρτ'ÙÒ

WARNING: Various exoplanet catalogs have different data for the same objects.
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M. Havel:
CEPAM ςplanetary evolution model

Categories of giant exoplanets:

ÅInflated (155 of 249) Ὑ Ὑ Ὑ ὝͯȢ Ȣ
(Lauglin, 2011: ApJ, 729L, 7)

ÅMassive core

ÅYoung

Inflated Massive Core Young

(Gillonet al., 2010: A&A, 520, 97) (Bonomoet al., 2010: ApJ, 520, 65) (IŞbrard et al., 2011: ApJ, 533, 130)
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M. Havel:
CEPAM ςplanetary evolution model

Inflationmechanisms:
ÅStellar-flux dissipation

ÅTidaldissipation

ÅDelayedcontraction
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V. Parmentier:
Cloudyatmospheres

tǊŜǎŜƴŎŜ ƻŦ ŎƭƻǳŘǎ ƛƴ ŜȄƻǇƭŀƴŜǘΩǎ ŀǘƳƻǎǇƘŜǊŜǎ ƛǎ ǳōƛǉǳƛǘƻǳǎ

Known planets: HD209458b(Deming, 2013: ApJ, 774, 95), Kepler-7b (Demory, 

2013: ApJ, 776, 25), HD189733b (Sing, 2009: A&A, 505, 891)

Techniques: transmission spectroscopy, albedo (and combination)

Clouds:

ÅIf PT crosses condensation

ÅAt limb?

ÅPartly on day-side
ÅLongitudalvariations

ÅLatitudalvariations Clouds

Condensation curve
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V. Parmentier:
Cloudyatmospheres

HD209458b (Ὕ ρͯυππ+) ςlimb clouds?

(Parmentieret al., 2013: A&A, 558, 91)
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V. Parmentier:
Cloudyatmospheres

HD189733b (Ὕ ρͯςππ+) ςlatitudal variations

(Parmentieret al., in prep.)
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V. Parmentier:
Cloudyatmospheres

Kepler-7b (Ὕ ρͯσππ+, ὃ πͯȢσυ) ςlongitudalvariations

Lambertiansphere Single band Twobands

(Demoryet al., 2013: ApJ, 776, L25)(Parmentieret al., in prep.)
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Sz. Csizmadia:
Characterizing Exoplanets

Distinguish rocky/giant planets: ρπϷὓ, υϷὙ

Bulk characterization, interior structure of rocky planets: ςϷὙ

Ubiquity in atmospheric studies: πȢρϷὙ

Ў
ḙ

ᵔ
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Sz. Csizmadia:
Characterizing Exoplanets

Distinguish rocky/giant planets: ρπϷὓ, υϷὙ

Bulk characterization, interior structure of rocky planets: ςϷὙ

Ubiquity in atmospheric studies: πȢρϷὙ

Gaia prediction: ςϷὙᴖ (today host stars: ρπ ρυϷὙᴖ )

Ў

ᵔ
ὒ όȟόȟὼȟώ

Type I Type II Type III

(Czeslaet al.,
2009: A&A, 505, 1277)

(Silva-Valio& Lanza, 
2010:A&A, 510, 25)

(Jackson & Jeffries, 2012:
MNRAS, 423, 2966) 33



Sz. Csizmadia:
Characterizing Exoplanets

Distinguish rocky/giant planets: ρπϷὓ, υϷὙ

Bulk characterization, interior structure of rocky planets: ςϷὙ

Ubiquity in atmospheric studies: πȢρϷὙ

Ў

ᵔ
ὒ όȟόȟὼȟώ

Neilson& Lester (arXiv:1305.1311)

Real radius

LD radius

Giants and dwarfs:

‘

Giants canevenhavelimb brightening!
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Sz. Csizmadia:
Characterizing Exoplanets

Spots change: Ὕ , Ὑᴖ ȟM-R relation (Torres, 2013: AN, 334, 4)

Spot-fitting map of CoRoT-2 (Lanza, 2009: A&A, 493, 193)

Parameter Typicalerror

Ὕ 100 K

ÌÏÇὫ 0,1

ὓȾὌ 0,1

,$ 5% 35



A. Sozzetti:
Gaia

ÅLaunched: 19.XII.2013

ÅFOV: 0,75 deg2 (4 500 x 1 960 pix)

ÅPrecision 20 Аarcs up to 12 mag

ÅFirst data delivery: V.2016

ÅDetection: ͯ ρπσexoplanets with short ὖÏÒÂ@ FGKM, capable of:
Å2-3 -*within 2-4 AU off star (<200 pc)

ÅSaturn mas (1/3 -*) within 1-4 AU off star(<25 pc)(Sozzetti, arXiv:1406.1388)

Åρπstarsup to 20 magwith 430 Аas astrometricprecission

ÅStatistical reanalysis of planet occurrence found by KEPLER(Howard 

2012: ApJS, 201, 15)as function of ὓ ,ᴖ ὓȾὌ , Ὕᴖ ȟ Χ

ÅGaiaDPAC Pipeline

ÅFirst major release (middle of 2016)
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R. Jayawardhana:
Planetary phase curves

Reflection + Thermal emission
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R. Jayawardhana:
Planetary phase curves

Ellipsoidal variations
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R. Jayawardhana:
Planetary phase curves

Doppler beaming
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R. Jayawardhana:
Planetary phase curves

Kepler+ Spitzer ςday/night variations: reflected light + thermal 
emission, ellipsoidal variations, Doppler beaming, e.g. Kepler-7b 
(Demory, 2013: ApJ, 776L, 25)(others: 5,6,8,10,12,41,43,76,91,412)

~50% of sampleshow offset of peakplanetarylight from the mid-
eclipse (Esteves, 2013: ApJ, 772, 51)

westward eastward

Winds contra-rotating Winds co-rotating

Ὕ ςυππK Ὕ ςυππK

Condense particles? Cannot condense particles?

Dominant reflection Dominant thermal emission

clouds?
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R. Jayawardhana:
Planetary phase curves

westward eastward
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R. Jayawardhana:
Planetary phase curves

Caseof KOI-13b and HAT-P-7b:

ÅOut-of-phasevariationwith 1/3 Porb

ÅSpin-orbital misalignmentand gravity darkening (rotation)

42



S. Barros:
CoRoT-7b

First transiting super-Earth (Ὑὖ ρȢυψυπȢπφτ2 )

{ƻƭŀǊ ŀŎǘƛǾƛǘȅ ǊŜƳƻǾŜŘ ǿƛǘƘ CCΩ ƳŜǘƘƻŘ (Aigrainet al., 2012: MNRAS, 419, 3147)
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S. Barros:
CoRoT-7b
Initial transits: ”ᴖ πȢς”ἄ

New analysis: ”ᴖ ρȢφ”ἄ

Ignoring stellar activity leads to an 
incorrect interpretation of the system

(Barros et al., 2014: A&A, 569, 74)
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I. Baraffe:
Structure of exoplanets

M-R relation for terrestrial planets: Ὑᶿὓ Ȣ (Sotinet al., 2007: Icarus, 191, 
337; Grassetet al., 2009: ApJ, 693, 722)

Used in exoplanet modelling:

Å1D atmospheric model (irradiated or not) ςboundary conditions of the interior

ÅAtmospheric dynamics (Global Circulation Model) ςohmicdissipation, heating, 
mixing

ÅH/He envelope ςEOS for H/He/Z, evolutionary models

ÅRocky/ice core ςEOS for H2O, CH4, NH3, MgSiO4, MgSiO3Σ CŜ ΧΣ ǘŜŎǘƻƴƛŎǎ

Results for solar system:

ÅJupiter: He depleted (ὣ πȢςστ), Ar, Kr, Xe, C, N, S enriched (3-8 solar)

ÅSaturn: He depleted (ὣ πȢρψ πȢςυ), CH4, NH3 enriched (12-21 solar)

ÅAgrees with the core accretion model
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I. Baraffe:
Structure of exoplanets

Molecular weight gradient (​) formed during accretion and stabilizes 
against convection, leads to much fainter planets!

Double diffuse (layered) convection ςtiny diffuse layers prohibit heat 
dissipation (e.g. Saturn has higher L and 30%-60% higher Z than simple 
adiabatic model)

If Z equally distributed in core ς30% error in R! (Baraffeet al., 2008: A&A,482, 315)

Outer envelope: H2, depleted He, Z1

Inner envelope: metallic H, He, Z2

Core: rock/H2O

H/H2 boundary, H/He phase separation

Fully convective 
and adiabatic
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C. Baruteau:
Formation and evolution of planetary systems

Many misaligned hot Jupiters

Discmigrationςaligned
Å Misalignedby nearbystars?
(Batygin, 2012: Nature, 491, 418)

Å Tidalflip of stellarspinaxis?
(Barker& Lithwick, 2014: MNRAS, 437, 305)

High-e migrationςmisaligned
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C. Baruteau:
Formation and evolution of planetary systems

Orbitalperiodresonancesin multiple planetarysystems

ÅManynot in resonance, but slightlywider of resonance

ÅUnseencompanions? (Steffen, 2013: MNRAS, 433, 3246)

Transits RVs
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E. Quintana:
Constraintson PlanetFormationfrom KEPLER

Solar system:

ÅIn situ formation, disk model (Minimum Mass Solar Nebula)

KeplerΩs multiplanetsystems:

ÅMany super-Earths and sub-Neptunes(in situ: needsmassivedisk)

ÅNo MMSN (different density profiles)
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T. Campante:
ExtremelycompactsystemKOI-3158

HoststarK0V has 1/3 solar [Fe/H] and overabundance of Ti, Si

Very large galactic velocities

Hierarchicaltripleᵔ

Age: 11.2Gyr!
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T. Campante:
ExtremelycompactsystemKOI-3158

Å5 planets, MCMC modelling

ÅAll under0.08 AU and 10 dayP

ÅStrongorbital resonances(5:4 and 4:3)
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