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Transiting exoplanets from the CoRoT space mission*
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ABSTRACT

] 15 Jul 2010

O we report the discovery by the CoRoT satellite of a new ttargsigiant planet in a 2.83 days orbit abouv/a15.5 solar analog staM, =
LU 1.08+0.08 Mg, R. = 1.1+ 0.1 Ry, Ter = 5675+ 80 K). This new planet, CoRoT-12b, has a mass.82@ 0.07 M;,, and a radius of #4+ 0.13
Ruup. Its low density can be explained by standard models fodiatad planets.

§£l Key words. stars: planetary systems - star: individual: CoRoT-12 hnégues: photometric - techniques: radial velocities higgues: spectro-
scopic
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)+ 1. Introduction lar analog star. We present the CoRoT discovery photometry i
(q0] Sec. 2. The follow-up, ground-based observations estahgs

—— Because of their special geometric configuration, a wedlt-0 ¢ p1anetary nature of CoRoT-12b are presented in Sec.i wh
formation can be learned abouttransiting extrasolar i6(Beg., e spectroscopic determination of the parameters of tiestar

Winn 2010), making them very important for our understands gescriped in Sec. 4. A global Bayesian analysis of the JoRo
ing of the vast planetary population hosted by our galaxeyTh o follow-up data is presented with its results in Sec. Bal,

are the only exoplanets for which accurate measurement®of .o iscuss the inferred properties of the CoRoT-12 system in
mass and radius are available. Furthermore, their atmasphg,. ¢

properties can be studied during their transits and odintiz
(e.g., Deming & Seager 2009).
More than 70 extrasolar planets transiting their pare@t CoRoT photometric observations

stars are now knowi) most of which having been discovere . .
i g d@ble 1 presents the ID, coordinates and magnitude of CoRoT-

This star is located in a field near the galactic anti-@ent
gection, in theMonoceros constellation. It was monitored by
oROT from October 24, 2007 to March 3, 2008 (CoRoT run
LRa01; see Rauer et al. 2009, Carone et al. in prep.).

The transits of CoRoT-12b were noticed after 29 days by the

by dedicated photometric surveys. Among these, the CoR
(Convection, RCtation, and planetary Transits) space mission -~
(Baglin et al. 2009) stands out as a pionner project. Becal
of its excellent instrumental capabilities and its low Baot-
bit, CoRoT can monitor the same fields of view with a very hig
hotometric precision for up to five months. This makes Si Ll ’
?he detectior?of planets thgt would be out of reach for‘g:gunﬁo'ca”ed ‘alarm mode’ pipeline (Surace et al. 2008). Theet

; FR ling was then changed from 512s, the nominal value, to
based surveys, as demonstrated for instance by its digcofrer S2MPINY nang ’ . '
the first transiting ‘Super-Earth’ CoRoT-7b (Léger et £09: 32s. The processed light curve (LC) of CoRoT-12 is shown in

Queloz et al. 2009), and the first ‘temperate’ transitingegas Fig. 1. This monochromatic LC consists of 258 043 photoroetri
planet CoRo.T-9b ([Seeg et al. 2010). measurements for a total duration of 131 days. It results fro
We report here the discovery of a new planet by CoRoT,t e processing of the raw CoRoT measurements by the stan-
‘hot Jupiter’ called CoRoT-12b that transitsna = 155 so- ard CoRoT pipeline (Vefs'oﬂ 2.1, see Auvergne et al. 2009),
followed by a further processing (outliers rejection ansteyn-
. o - tics correction) similar to what is described by, e.g.,géaget
Send offprint requests to: michael.gillon@ulg.ac.be a S '
* The CoRoT space mission, launched on December 27, 2006, %3(2008) ar_1d Alonso et al. (2008). 47 transits .Of.COROT'lzb
been developed and is operated by CNES, with the contribigfo ar€ present in the LC, 36 of them being found in its oversam-
Austria, Belgium, Brazil, ESA (RSSD and Science Prograneyn@any Pled part. Some discontinuities are present in the LC. Thenew

arXiv:1007.2497v1

and Spain. caused by energetic particles hits during the crossinghef t
! See, e.g., Jean Schneider's Extrasolar Planet Encyctpadi South-Atlantic Anomaly by the satellite. A large jump of the
httpy/exoplanet.eu measured flux (more than 5%) caused by the impact of a cosmic
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CoRoT window ID LRa01 E2 3459

CoRoT ID 0102671819 Lir i
UCAC2ID 31290403 F 1
USNO-A2 ID 0825-03015398 [ ]
USNO-B1 ID 0887-0101512 1.05 - .
2MASS ID J06430476-0117471 = F B
GSC2.31D SB3BK006251 E [ ]
1 |
Coordinates i WWWWWWW ]
RA (J2000) 06 43 03.76 [ ]
Dec (J2000) -01 17 47.12 0.95 4(‘)0 — 45‘)0 — 5(‘)0 —
M itudes HJD — 2454000.
agni
Filter Mag Error 1.01 ]
B? 16.343 0.080 [ ]
va 15.515 0.052 1 E ]
ra 15.211 0.040 L
ire 14.685 0.069 2 099 L .
F 14.024 0.029 S ;
HP 13.630 0.030 [ ]
Kb 13.557 0.041 0.98 ¢ 7

@ Provided by Exo-Dat (Deleuil et al, 2009). 0.97 L ‘ R B
b from 2MASS catalog (Skrustkie et al. 2006). 4521 4522 4623 4524 4625 4526

HJID — 2454000.
Table 1. IDs, coordinates and magnitudes for the star CoRoT-

12 Fig. 1. Top: Normalized CoRoT LC of the star CoRoT-12. The
oversampled part of the LC was binned to the same time bin than
its first part for the sake of claritydottom: zoom on a transit of

ray on the detector can also be noticed in the last part of e LCoRoT-12b.

The processed LC shown in Fig. 1 has an excellent duty cycle of

91%.

Despite that its CoRoT LC shows some kind of irregular
variations with a peak-to-peak amplitude of 2.3%, CoRoT-12
appears to be a photometrically quiet star. Except for the-tr
sit signal (see below), the discrete Fourier-transformhefltC
shows no clear periodicity over the noise level. The rotetio
period of the star cannot thus be constrained from the CoRoT N
photometry.

Periodic transit-like signals are clearly visible in the l&3
can be seen in Fig. 1. Initial values for the orbital peried
and transit epocfiy were determined by trapezoidal fitting of
the transit centers, as described by Alonso et al. (20083. Th
resulting values werd@y = 25453986305+ 0.0002 HJD and
P = 2.82805+ 0.00005 days. These values were used to sched-
ule the ground-based follow-up observations (see nexi@gct
and also as initial guesses for the global analysis predente
Sec. 5.

1 arcmin

E

Fig.2. The sky area around CoRoT-12 (brightest star near the
centre).Left: R-filter image with a resolution of 1.3” taken with
the INT/WFC. Right: Image taken by CoRoT, at the same scale
3. Ground-based observations and orientation. The jagged outline in its center is the phot
metric aperture mask; indicated are also CoRoT’s x and y im-
The following ground-based observations were performesto age coordinates and positions of nearby stars from the Eato-D
tablish the planetary nature of CoRoT-12b and to betterazhar (Deleuil et al 2009) database.
terize the system.

3.1. Imaging - contamination

CoRoT has a rather poor optical resolution, so performigg-i N
resolution ground-based imaging of its fields is importzuat, etal. 20(.)9)' It found no nearby contaminating star thatqtdml
only to assess the possibility that the eclipse signaltidepy 2 Potential false alarm source, i.e. that mimiks CoRoT'siaig
CoRoT are due to contaminating eclipsing binaries, but aiso While being an eclipsing binary star (see Fig. 2).
estimate the dilution of the eclipses measured by CoRoTethus Using the method describe by Deeg et al. (2009), the fraction
by contaminating stars (see Deeg et al. 2009 for details). of contamination in the CoRoT-12 photometric aperture mask
Imaging of the target field was undertaken with the 2.5m INWas estimated to be 3+ 0.5%. It is mostly due to a 3.5 mag
telescope during pre-launch preparations (Deleuil et28l09) fainter star that is 8.5” SW. This small dilution was taketoin
and with the IAC80 telescope during candidate follow-upd€fe account in our analysis presented in Sec. 5.
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tion codficient tor = 0.32 with the probability of no correlation
being 0.37.

Four radial velocity (RV) measurements were obtained witht  \We believe that the modestly high correlation fiméent may
HARPS spectrograph (Pepe et al. 2002b, Mayor et al. 2003) g@an artifact of the bisector error being more than a fadttwo

the 3.6-m telescope at ESO La Silla Observatory (Chile), @frger than the RV measurement error and the paucity of mea-
October 2008 (HARPS program 082.C-0120). These first daj@rements. To test this we generated fake bisgRtbdata con-
were made using the highffieiency mode EGGS in order tosisting only of random noise that was sampled the same way as
establish the planetary nature of the companion, showingr a ¢he real data. The standard deviations of the fake measateme
tectable and low-amplitude radial velocity variation inagk ere consistent with the median error of the RV and bisector
with the CoRoT ephemeris, with the shortest exposure tirae. Tmeasurements. In approximately 40% of the cases the correla

3.2. Radial velocities - spectroscopy

additionnal measurements were recorded with HARPS, frafgn codficient of these random data had correlationfioients
November 27, 2009 to February 05, 2010 (HARPS progragt least as large as that of the real data. The RV-bisectozlaer
184.C-0639). These newer data points were acquired using fian codficient that we measure is consistent with random noise
high accuracy mode HAM to increase the precision of the R¥oupled with sparse sampling. This discards the possitiit
measurements compared to the about 30 fofsystematic er- the periodic signal detected in these RVs is caused by a étend
rors of the high &iciency mode (Moutou et al. 2009), and witheclipsing binary. Taking into account the fact that CoR@Tid

out simultaneous thorium (afjB mode) in order to monitor a solar analog star (see Sect. 4), we interpret thus theseslip

the Moon background light on the second fiber B. Radial vefetected in CoRoT photometry as transits of a new giant plane
locities were obtained from the HARPS spectra by computinthRoT-12b.

weighted cross-correlation with a numerical G2 mask (Bagan
et al. 1996; Pepe et al. 2002a).

Sixteen spectra of CoRoT-12 were also acquired with HJD RV TRV Bisector
the HIRES spectrograph on the Keck | telescope as part of (days) (kms') (kms*) (kms™)
B{A‘\TSA’S It<_e?/ Fs;\:/ience project int sgp}port (t):] the CoR(?[T miiﬁiotrr]]. HARPS EGGS

ifferentia s were computed from these spectra wi e

Austral code (Endl et al. 2000). First, ten spectra were gathered gjgj;ig'ggggg ﬁ'égig 8'8523 :82%3?
during a transit of CoRqT—le in January 2009. Unfortunatel 2454747 86641 12.0904 00198 -0.0320
the used set-up of the slit decker did not allow a proper ssbtr 2454763.81411 11.9856  0.0121  -0.0435
tion of the sky background, leading to RV systematics with an HARPS HAM

amplitude of a few dozens m’, so we decided to reject these

data. Six other HIRES RVs were obtained between December ~ 249516373528 12.1193  0.0458  0.0429
2009 and January 2010. For these six spectra, the set-up of th gjggig?%igé ﬁ'gg% 8'8§2§ 'ggle’olg
s]it decker was changed, leading to a proper backgroundsstibt 2455219 63940  12.0051 00195 20,0111
tion. 2455220.68849  12.2435  0.0167  -0.0188

Our HARPS and HIRES measurements are presented in 2455226.66329  12.2126  0.0168 0.0246
Table 2. An orbital analysis was performed treating theedhre 2455227.68971  12.0348  0.0442 0.0335
sets of RV measurements (HARPS HAM, HARPS EGGS, and 2455229.64150  12.2355  0.0292  0.0259
HIRES) as independent data sets witlfetient zero point ve- gjggg%ggggi ﬁ'éggg 8'8533 %%}5175
locities. The orbital solution was made keeping the period a : : : —
ephemeris fixed to the CoRoT values, but allowing the zerotpoi HIRES
offsets to be fit in a least square way. Fig. 3 shows the resulting 2455170.99823  -0.0573 0.0286
orbital solution which is in phase with the CoRoT photomet- 2455223.00984  0.0490 0.0144
ric signal. The resulting eccentricity (0.630.13) was consis- 2455223.02060  0.0466  0.0144
tent with zero while the semi-amplitude was 1245 ms?. gjggggz-ggggg %%%3;5% 8-8%‘712
Assuming a solar-mass host star, this semi-amplitudelatass 5455294 94528  -0.0979 0.0220

into a transiting object with a mass of about 9. In Sec. 5
we present a revised orbit obtained using a global analysis.

Table 2. HARPS and HIRES radial velocity measurements for

The residual RVs were analyzed after removing the orbit f60R0T-12. The HARPS RVs are absolute, while the HIRES RVs

look for the possible presence of additional companions. Ne diferential (measured relative to a stellar template). The bi-
significant variations were found, but given the sparsenésssectors were not measured from the HIRES spectra.

the measurements we cannot exclude the presence of addlition
companions with a good confidence.

The HARPS cross-correlation functions were analyzed using
the line-bisector technique (Queloz et al. 2000). Fig. ghihe
correlation between the bisector and RV measurements.drhe ¢

relation codient of all the RV-bisector measurementshas a 4. Stellar parameters

value of 0.56 with a probability 0.026 that the data is uneorr

lated. Ostensibly this correlation looks to be significdmit, we Two master spectra were used to determine the atmospheric pa
do not believe that to be the case as this correlation is llargeameters of the star. The first of them was made by co-addition
driven by one outlier in the HARPS data and another EGG# the seven HARPS HAM spectra which were not strongly con-
measurement. When one examines only the HARPS data thetemrined by the Moon background light. The resulting master
efficient drops ta = 0.47 with a probabilty of 0.15 that the dataspectrum had a signal-to-noise ratio (SNR) about 40 in time co

is uncorrelated. Removing one outlier point lowers the@arr tinuum. The second master spectrum was obtained from the co-
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200 o T L e Ter 5675+ 80 K
i ® Keck E ] logg 4.52+ 0.08
L 4 HARPS ° il Vmic 0.6+ 0.2 kms?
100 ? N Vmac 1.5+ 0.3 kms?
£ ] vsini 1.0+ 1.0 kms?
z L ¢ i d 1150+ 85 pc
o 0 |
i - J [Fe/H] 0.16+0.10
S i } ] INa/H] 0.17+0.06
-100 | _| [Mg/H] 0.13+ 0.07
B 1 [Al/H] 0.15+0.10
i ] [Si/H] 0.12+0.08
s i I EAENEE BRI IRINTI ISR B [Ca/H] 0.09+ 0.10
0 2 4 6 8 L [SgH] 0.22+0.15
Phase .
[Ti/H] 0.05+ 0.09
Fig.3. HARPS and HIRES RVs phase-folded on the CoRoT [V/H] 0.02+ 0.08
ephemeris and overimposed on the best fit orbital model. [CI/H] 0.17+ 0.09
[Mn/H] 0.20+0.13
[Co/H] 0.16+0.14
40O o e e e e B e [NI/H] 0.21+0.08

Table 3. Stellar parameters and elemental abundances derived

100 for CoRoT-12 from our VWA spectroscopic analysis.

5. Global analysis

Bisector Span (m/s)

| |
‘ |
| 17 %}ﬁ Lt

5.1. Description

-100
We performed a thorough global analysis of the CoRoT transit
photometry and HARPSIIRES RVs to get the strongest con-
O N B N N NN ST NN R straints on the system parameters. First, we cut the patteeof
-200 -150 -100  -50 0 so 100 150 200 COROT LC located within 0.15 days of the transit mid-times
Radial Velocity (m/s) deduced from the preliminary transit ephemeris presented i

. . Sec. 2, getting thus 47 individual transit LCs. Considethmejr
Fig. 4. Bisector versus RV measured from the HARPS Spec”l@{rge number of measurements, we decided to stack the mea-

Errors of twice the RV errors were adopted for all the bisectQ (o ments of the 36 over-sampled transit LCs per 4, to spped-

measurements. our analysis. This binning did nottact our final precision on
the system parameters, as the resulting folded LC (see Fig. 5
still well sampled.

" . Our analysis was done with the adaptative Markov Chain

addlpon of two Keck spectra and had a SNR about 100 in tkﬂﬁonte-Carloy(MCMC) algorithm presen?ed by Gillon et al,

continuum. (2009; 2010). MCMC is a Bayesian inference method based

The methodology used to analyze these two master speffisiochastic simulations that samples the posterior pibba
was mainly based on the semi-automatic package VWA (Bruglt gistributions of adjusted parameters for a given mo@elr

etal. 2002, 2008, 2010), and is thoroughly described by ielen;cpc implementation uses the Metropolis-Hasting algarith
et al. (2008) and Bruntt et al. (2010). The derived atmosphe%

o
T T T ‘ T T 1 ‘ T T T ‘ T T T

. see, e.g., Carlin & Louis 2008) to perform this samplingr Ou
parameters and elemental abundances are presented irBTablgyminal model was based on a star and a transiting planet on a

The Li | line at 670.78 nm was not detected in both makeplerian orbit about their center of mass. More specifjcait
ter spectra, nor any hint of chromospheric activity. Froms,th ysed a classical Keplerian model for the RVs, while we matiele
the low rotational velocity measured in the spectra, andaWe the eclipse photometry with the photometric eclipse model o
photometric variability noticed in the CoRoT LC, CoRoT-¥2a Mandel & Agol (2002) multiplied by a baseline model consist-
pears thus to be a quiet and slowly rotating solar analog star ing of a diferent fourth-order time polynomial for each of the
Using Ter and logg from the VWA spectroscopic analy- 47 CoRoT time-series. The c@ieients of these baseline models
sis, we estimated the absolute magnitudg M4.75 mag and were determined by least-square minimization at each steps
colour excess E— K) ~ 0.08 mag from the Allen’s tables (Coxthe Markov chains (see Gillon et al. 2010 for details).
2000). We calculated the corresponding interstellar adtsnr Our analysis was composed of a nominal MCMC run, fol-
Ay ~ 0.46 (using A = (5.82+ 0.1) x E(J — K); Cox 2000), to lowed by two other MCMC runs having fiierent specificities
estimate, with th&/ apparent magnitude, the distance of the stéinat are described below and summarized in Table 4. Each of
to be d= 1150=+ 85 pc. the MCMC runs was composed of five Markov chains of 10
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steps, the first 20 % of each chain being considered as its bulletached binary systefhdJsing the resulting stellar mass, the
in phase and discarded. For each run, the convergence of¢he fiihysical parameters of the system were then deduced from the
Markov chains was checked using the statistical test ptedenjump parameters at each MCMC step. To account for the uncer-
by Gelman and Rubin (1992). tainty on the parameters of the stellar calibration lawlees

The correlated noise present in the LCs was taken into dof these parameters were randomly drawn at each step of the
count as described by Gillon et al. (2010), i.e., a scalimjoia Markov chains from the normal distribution presented by &sr
was determined for each LC from the standard deviation of tiegéal. (2010).
binned and unbinned residuals of a preliminary MCMC analysi  In our second MCMC run (labeledddCMC; in Table 4), we
and it was applied to the error bars (see also Winn et al. 2008ls0 used as data the parts of the CoRoT LC located within 0.2
For the RVs, a ‘jitter’ noise of 5 nis$ was added quadratically days of theoccultation mid-times deduced from the best fit tran-
to the error bars, this value being an upper limit for a quiddis ~ sit ephemeris of our nomin&dlCMC run. The goal of this run
type star like CoRoT-12 (Wright 2005). Practically, thisljitter was to obtain an upper limit for the depth of the occultation i
noise has no impact on the posterior distributions of théesys the CoRoT photometry. For this run, the occultation depth wa
parameters, as CoRoT-12 is faint and the RV precision isgphothus also a jump parameter.
noisg¢background contamination limited. For the four HARPS Finally, we assessed the perfect periodicity of the trarit
measurements obtained with the EGGS mode, a systematic@RoT-12b in our third run (labeleflCMC; in Table 4). For
ror of 30 ms!was also added quadratically to the error batkis run, a transit timing variation (TTV) was consideregLasp
(see Sec. 3.2). parameter for each of the 47 transits. Obviously, the drp#a

In all three MCMC runs, the following parameters wergiod could not be determined unambiguously without anyprio
jump parametefls the planefstar area ratioR,/Rs)?, the transit on these TTVs, so we assumed a normal prior distribution cen-
width (from first to last contact)V, the parametds’ = acosi/R, tered on zero for each of them. Practically, we added thevall
(which is the transit impact parameter in case of a circutar dng Bayesian penalty to our merit function:
bit), the orbital periodP and time of minimum lightTy, the

. . h 2

two Lagrangian parameteecosw and esinw wheree is the P 1TV, 1
orbital eccentricity and is the argument of periastron, and thePtimings = Z oTT, @
parameteK, = K V1 — €2 PY/3, whereK is the RV orbital semi- =LA
amplitude (see Gillon et al. 2009, 2010). We assumed a unifovhereTTV; is the TTV for thei" CoRoT transit, and-rr. is the
prior distribution for all these jump parameters. To take i&c- error on its timing estimated by a preliminary individuabdysis
count the small dilution of the signal due to contaminatiteags of this transit.
(see Sec. 3.1), the jump paramet®s/Rs)* was divided at each
step of the MCMC by a number drawn from the distribution
N(1.033 0.005) before being used in the computation of the-2- Results

eclipse model. ) o Table 5 present the CoR0T-12 system parameters anérter
We did not assume a perfectly circular orbit in any of oUimits derived from our nominal MCMC run{CMC,), and for
MCMC runs despite that a circular orbit is compatible witke thie two other MCMC runs.
results of our orbital analysis of the RVs (see Sec. 3.2)edakl Our MCMC analysis presents CoRoT-12b as an inflated
most short-period planets could keep a tiny but NON-Zeremcc jpiter-mass planeMp, = 0.92+ 0.07 Myyp, R, = 1.44+ 0.13
tr|C|t.y_during amajor.pfart of theirl_ifetimg (Jz;g:kson e_tm08), Ryup) transiting a solar analog staM( = 1.08 + 0.08 Mo,
so fixing the eccentricity to zero is not justified by tidalde R = 11,101 R.). Using the stellar density deduced from our
and could lead to overoptimistic error bars on the systeramar pcmc analysis . = 0.77:920 ;) and the @ective temper-
eters. o . ature and metallicity obtained from spectroscopy (Tablea3)
We assumed a quadratic limb-darkening law, and we allowggb||ar evolution modeling based on the code CLES (Scuftdire
the quadratic cdicientsu; andus to float in our MCMC runs, a1 2008) leaded to a stellar mass @2+ 0.10 Mo, in excellent
using as jump parameters not thesefioents themselves but agreement with our MCMC result, and to a poorly constrained
the combinationg; = 2x up + Uz andc; = U1 — 2X U 10 age of 63 + 3.1 Gyr. It is also worth noticing that the two inde-
minimize the correlation of the obtained uncertaintieslthn  pendent values obtained for the stellar surface gravity foar
et al. 2006). To obtain a limb-darkening solution consistegpectroscopic and global analysis are in good agreement|1.
with theory, we decided to use normal prior distributionsdo indicating the good coherence of our final solution.
andu; based on theoretical values. Sing (2010) presented re- Fig. 5 presents the period-folded CoRoT photometry binned
cently a grid of limb-darkening cdicients specially computed per two minutes time intervals with the best fit transit maogiel
for the CoRoT non-standard bandpass and for several linfsrimposed. The standard deviation of the residuals ofldlis
darkening laws. We deduced the valugs= 0.47 + 0.03 and ter |.C is 592 ppm, demonstrating the excellent quality of the
w = 0.22+ 0.02 from Sing’s grid for the spectroscopic paramegroT photometry.
eters of CoRoT-12 _and their errors (Table 3). The correspond oy results show that the limb-darkening fiogentsu; and
ing normal distributionN(0.47, 0.0%) andN(0.22,0.02°) were  y, are poorly constrained by the CoRoT transit photometry, de-
used as prior distributions fas andu; in our MCMC analysis.  gpite its good precision. Indeed, the posterior distrdmsiofu;
At each step of the Markov chains, the stellar density dgnd u, are close to the prior distributions, indicating that the
duced from the jump parameters, and valuester and [F¢H]  CoRoT data do not constrain these parameters much.
drawn from the normal distributions deduced from our sgectr oy final precisions on the stellar and planetary masses and

scopic analysis, were used as input for the stellar masisraali ragji are not excellent (about 7% on the masses and about 10%
tion law deduced by Torres et al. (2010) from well-constedin

3 The stellar calibration law presented by Torres et al. it func-
2 Jump parameters are the parameters that are randomlyhettar tion of T, [Fe/H] and logg. We modified it to use as input the stellar
each step of the MCMC. density instead of the stellar surface gravity (see Andeetal. 2010b).
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Data Jump parameters Normal prior distributions
MCMC; CoROT transits Ro/Rs)?, W, 1, u; ~ N(0.47,0.0%)
HARPS (EGGSHAM) P, To, K2, €1, Gy, U, ~ N(0.22,0.02)

HIRES (not transit) ecosw, esinw

MCMC, idemMC MC, idemMC MC, Uy ~ N(047, 0032)
+ CoRoT occultations + occultation depthdF, Uz ~ N(0.22,0.022)
MCMC; idemMCMC, idem MCMC, up ~ N(0.47,0.03)
+47TTVs U ~ N(0.22,0.022)

TTVigar ~ N(0,0%1)

Table 4. Specificities of the three MCMC runs performed during outbglcanalysis. See text for details

on the radii), and more observations are required to thdrgug
characterize this system. In this context, improving gigantly
the precision on the stellar density (about 20%) is desrabl 1
Such an improvement could be achieved mostly through a beto—995 g
ter characterization of the orbital parametec®sw andesinw .~ T
with more RV measurements (and possibly occultation phetorh ¢ o |
etry). Indeed, an new MCMC analysis assuming a perfectly cir .
cular orbit leads- 2 times smaller error bars on the planet’s and ©-9%5 ¢
star’s radii. The characterization of the system would alsoe-
fit from an improved determination of the transit paramenétis
more high-precision transit photometry, if possible acedin a
redder bandpass (less significant limb-darkening).

The results of the ruMCMC, show that the occultation of
the planet is not detected in the CoRoT data. We can only putan |
upper limit on its depth (3= upper limit= 680 ppm). —0.002 ‘

As expected, the errors oy andP are significantly larger —0.1 0 0.1
for the runMCMCs3, but the posterior distributions obtained for dT [days]
the other parameters agree well with ones of the other MCMC
runs. The resulting TTVs are shown in Fig. 6. No transit shawsrig. 5. Top: CoRoT transit photometry period-folded and binned
significant timing variation. Still, the resulting TTV sed seems per 2 minutes time intervals, with the best fit transit model s
to show a correlated structure. Fitting a sinusoidal funcin  perimposedBottom: residuals. Their standard deviation is 592
this series leads to a best-fit period of about 24 epochsofi.e.ppm.
about 68 days. Nevertheless, the resulting false alarmejitity
is high, about 15%, indicating that this correlated strrectis
not very significant. Still, it is interesting to notice th#ftwe terms of planetary size evolutions are shown in Fig. 8. Fealte
assume a rotational period of 68 days for the star and sin we constrain the age of the system t8 6 3.1 Gyr. Considering
1, and usingR. = 1.1 R,, we obtain a value of 1.2 kmisfor  this age, the measured size of CoRoT-12b is in good agreement
vsini, in excellent agreement with the value derived from owgith all four evolution models. At most can we notice that an e
spectroscopic analysis (see Table 3). In this context, silples tra heat source ayar of larger opacities are favored by the data,
interpretation of the low-amplitude structure visible etfTTV  but a more precise radius measurement is needed to conclude.

0.98 |-

. . . . . .
-0.1 0 0.1

series is that it is caused by the rotation of the surfacee$tar In this context, it is worth noticing that the precision o th

and its influence on the transit barycenters. planet’s radius is mostly limited by the precision on theitaib
eccentricity and argument of periastron (see Sec. 5.2 .thus

6. Discussion desirable to obtain more RV measurements of the systeneBett

constraining the planet’s orbital eccentricity would atsake
The position of CoRoT-12b in a planetary mass-radius diagrgossible the assessment of its past tidal evolution anafis- i
is shown in Fig. 7. While being denser than the extremétnce on its energy budget (e.qg., lbgui et al. 2010).
inflated planets WASP-17b (Anderson et al. 2010a), TrES-4b
(Mandushev et al. 2007) and WASP-12b (Hebb et al. 2009} knowiedgements. The authors wish to thank the ftaat ESO La Silla
CoROT-12b appearsio bo averyowdensiy oL pierngs Q0 e o
}he hypOthe.tS.IS that the p(;atrlhet ISIa C(?[re-less ?E%[.ZGOUS(;ID‘ESC[E{P t,the V\lpMJ Keck Ob‘;ervatOTy_ fr%m telescope t[i)me allocatedhe National
ar QOmDOS' Ion, we use € planetary eVO ution coae - ronautics and Space Administration through the agerswyintific partner-
(Guillot & Morel, 1995) to assess the ability of standardirr ship with the California Institute of Technology and the ity of California.
diated planet models to explain the low-density of CoRol-12The Observatory was made possible by the generous finangabg of the
Several models were used: a standard model with no extra H&a{- Keck Foundation. The authors wish to recognize and astetge the

- L P ery significant cultural role and reverence that the sunmhMauna Kea has
source, a model for which the opacities were artificially mu Iways had within the indigenous Hawaiian community. Weragst fortunate

tiplied by 30, and three models with a constant energy dEpO(gl have the opportunity to conduct observations from thisimt@in. The team
(105, 1077 and 138 erg.s?) at the planet’s center. Our results irat IAC acknowledges support by grant ESP2007-65480-C0@f@e Spanish
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Fig.6. Top: median value and &= limits of the TTV posterior
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Fig.8. Evolution of the size of CoRoT-12b (in Jupiter units,
Ruup) as a function of age (in billion years), compared to con-
straints inferred from CoRoT photometry, spectroscopgiala
velocimetry and CESAM stellar evolution models. Red, blue
and yellow-green dots correspond to the planetary radibaes

distributions obtained iMCMC3. Bottom: same curve obtained that result from stellar evolution models matching the lired
after binning the TTVs per three (error of each bierror onthe P+~ Ter Uncertainty ellipse within &, 20- and 3r, respectively.

mean).

2
M (M)

Planetary evolution models for a planet with a solar-coritjmrs
envelope and no core are shown as plain lines and are lat®led a
follow : standard (black): irradiated planet with no extra heat
source ;opacities x 30 (blue): opacities have been artificially
multiplied by 30 compared to standard modéilsi pation: mod-

els in which 166 (green), 10?7 (pink), and 168 (pur ple) erg s*

is deposited at the planet’s center. These models assunta a to
mass of 0.9M 3, and an equilibrium temperature of 1450 K

(ANR-08-JCJC-0102-01) for their continuous support to planet search. The
Swiss team acknowledges the ESA PRODEX program and the Slaiisnal
Science Fundation for their continuous support on CoRoTmgidollow-up. M.
Gillon acknowledges support from the Belgian Science Rdlifice in the form
of a Return Grant, and thanks B.-O. Demory for useful disomss Finally, the
authors thank the anonymous referee for his valuable cortsmen
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Parameter MCMC, MCMC, MCMC;
Jump parameter s
Planefstar area ratioR,/Rs)? 0.017445950% 0.01739735044 0.01735595024
b’ =acosi/R. [R] 0.609'55% 0.614:56%2 0.592:00z6
Transit widthW [d] 0.1072629908 0.1071:393%3 0.1071:33%13
To — 2450000 [HJD] 43982707+ 0.00036 439827040000% 4398626639013
Orbital periodP [d] 2.828042+ 0.000013 28280430000013 5 8980610000052
RV K, [mstd43] 17712 176+ 11 177+ 10
ecosw -0.012:5%24 0.000°2929 -0.017+592
esinw 0.0539973 0.069'G052 0.0435555
o 1.152+ 0.056 1153993 1146305
c 0.028+ 0.052 Q0319522 0.027:5828
dF, 0.00009556055
Deduced stellar parameter s
U 0.466+ 0.027 04680020 0.464:0028
Uy 0.219+ 0.021 Q217+ 0.020 0219f8:8§8
Densityp. [0o] O.77ﬁ8€g 0.75f8€g 0.81f8&g
Surface gravity log, [cgs] 43750965 4.3662.9%° 4.388705%
MassM., [Mo] 1078587 1.0837672 107675571
RadiusR. [Ry] 1.116:”8:882 1.12%8:88; 1.098f8:8;§
Deduced planet parameters
RVK [ms?] 1255780 125474 1255+ 7.1
Brransit [R.] 0.57348% 0.571:5%% 0.564°00%
Boccuttation [R.] 0.64'054 0.65/555 0,620,575
Toccultation — 2450000 [HID] 440@2@8:822 4400041j8:8§g 440001@8:833
Orbital semi-major axis [AU] 0.04016395093 0.040223:35051 0.04013 595054
Orbital inclinationi [deg] 85481072 8539972 8567:521
Orbital eccentricitye 0.070°3983 0.08370:982 0.059°3551
Argument of periastron [deg] 10530 87+33 11392
Equilibrium temperatur@  [K]? 1442+ 58 144933 1431+ 47
Densitypp [oaup] 030955677 0.298 3565 0.327:505%
Surface gravity log, [cgs] 30439952 3.031°39%3 3.060°29%
MassM; [Myyp] O.Qlﬁgjggg 0.916:8:823 0.915’:81823
RadiusRy [Riup] 1.44+0.13 14521 1.417019

Table 5. Median and 1s limits of the posterior distributions obtained for the CARE? system derived from our three MCMC runs
(see Table 4)MCMC; is our nominal analysis (see text for detaifAssumingA=0 andF=1.



	1 Introduction
	2 CoRoT photometric observations
	3 Ground-based observations
	3.1 Imaging - contamination
	3.2 Radial velocities - spectroscopy

	4 Stellar parameters
	5 Global analysis
	5.1 Description
	5.2 Results

	6 Discussion

