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ABSTRACT

CoRoT-7b, the first super-Earth with measured radius desealy has opened the new field of rocky exoplanets charsatien. To
better understand this interesting system, new obsensti@re taken with the CoRoT satellite. During this run 90 transits were
obtained in the imagette mode. These were analysed togeithethe previous 151 transits obtained in the discoveryamth HARPS
radial velocity observations to derive accurate systerarpaters. A dierence is found in the posterior probability distributidn o
the transit parameters between the previous CoRoT run (LRatd the new run (LRa06). We propose this is due to an exisz no
component in the previous CoRoT run suspected to be trgmstibecultation events. These lead to the mean transit dvequaming
V-shaped. We show that the extra noise component is domatamiv stellar flux levels and reject these transits in the fimalysis.
We obtained a planetary radiu®, = 1.585+ 0.064 R, in agreement with previous estimates. Combining the péepeadius with
the new mass estimates results in a planetary densityl8f£10.27 p,, which is consistent with a rocky composition. The CoRoT-7
system remains an excellent test bed for tfieas of activity in the derivation of planetary parametarthie shallow transit regime.

Key words. planetary systems — stars: individual: (CoRoT-7b) —stars:activity —techniques: photometric-methods:data analysis—
methods:observational

1. Introduction mys and hence, higher than the planet signatufie6 — 5.7 nys.

] N ] ] Several methods were developed to correct the activityded
CoRoT-7b was the first transiting super-Earth discoverédi¢ Ry variability. However, the measured RV planet signatuss w
et al. 2009) and it is one of the most interesting planetsatiedle found to be method dependent with estimates of the mass of
by the Convection Rotation and planetary Transits (COROEbRoT-7b ranging from 26 to 80 M, (Queloz et al. 2009;
space telescope. CoRoT-7b was detected in the LRa01 runHatzes et al. 2010, 2011; Boisse et al. 2011; Pont et al. 2011;
CoRoT from the 24 October 2007 to the 3 March 2008. Thgerraz-Mello et al. 2011). Nevertheless, 90% are congistién
planet orbits a GOV type star every 0.85days (Léger et al. 3 mass @+ 1.2 M, . Interestingly, two additional planetary sig-
2009). The host star was found to be young (1.2-2.3 Gyr) affltures were seen in the RVs one with a period.692lays and
active showing a 2% amplitude variability in the CoRoT ligh mass of 8! + 0.9M,, (Queloz et al. 2009) and a second com-
curve. The stellar activity severelyfacted the radial velocity panion with period @ days and mass of T6Ms, (Hatzes et al.
(RV) follow-up observations needed to confirm the planettand2010).
derive its mass (Queloz et al. 2009). During the RV obseouati
the semi-amplitude of activity-induced RV variability wa¢
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It was suspected that the stellar activity aldteeted the We begin by presenting the data reduction procedure in@e2ti
derived transit parameters of CoRoT-7b (Léger et al. 2009)here we also describe the CoRoT imagette pipeline. In &ecti
The stellar density derived from transit fitting was foundo® 3 we present our transit fitting model and show our resultgfer
much lower p. = 0.12p,) than the derived spectroscopic valueew LRa06 data in Section 4. In Section 5 we compare the two
(0« = 1.4ps). However, the authors noted that when subsets GbRoT observations, LRa01 and LRa06. The tests performed
4-5 transits were fitted separately, the resulting stelarsity to LRaO1l to investigate the distortion of the parametergrast
was in agreement with the expected value for a G9V type stdistributions that lead to rejecting some transits arearpd in
Therefore, they concluded that adding all the transitstteare Section 6. The final results presented in Section 7 are diedus
degraded the transit shape and suggested two possiblescauisé&ection 8. Finally the conclusions are given in Section 9.

The first was transit timing variations due to hypothetiaidia

tional planets in the system and the second was stellatbititya )

To avoid the underestimation of the stellar density, thespe 2. Data reduction

scopic derived radius was used as a prior in their transiditt

; X ; The CoRoT satellite has two science channels for its twanseie
Later, an in-depth spectroscopic study of the host staroreut

! - oals: asteroseismology and exoplanet search. In the axaipl
the stellar radius and consequently the planetary radluGh"’hghannel 6006 12 000 tg)r/get stars zre monitored in each run and
was fou_nd to be 58+ 0.10 R, (Bruntt et al. 2_0_10)_' . due to limitations on telemetry, data reduction is perfadroa
In this paper we test theffect of stellar activity in the transit 414 and only the light curves are transmitted to the ground
Qbservatlon pf CoRoT-7b. Stellar activity cafiexct the transit However, for 40 targets per channel, a window of<L0 pix-
light curves in two diferent ways (Czesla et al. 2009). Darlg|g i transmitted to the ground. These are called imagatigs
spots or bright faculae outside the transit chord (profep@h e ysed for special targets or for the bright stars in thel.fiel
of the planet in the stellar surface) alter the out-of-tiestsllar \yhjle there are two sampling rates in the light curve mode 51
flux and can also introduce trends in the normalisation. $pkconds and 32 seconds, in the imagette mode the sampling rat
or faculae inside the transit chord (planet-spot occalte) will  is 5vays 32 seconds. The imagette mode has several advan-
affect th_e transit shape. Botlffects will influence the parametertages compared to the light curve mode and hence, the CoRoT-7
estimation. _ o _ re-observation was performed in the imagette mode. In LRa01
The out-of-transit stellar variability of COR0T-7b duritiie  coRoT-7 was observed in the light curve mode with a sampling

LRa01 CoRoT observations was modelled by Lanza et al. (203§ of 32 seconds. A full description of the CoRoT satetlda
who found that the photometric variability is dominated IBpk e found in Auvergne et al. (2009).

spots with reduced facular contribution in comparison eghn.

This was also confirmed by ground-based colour-photometry a

quired in Dec 2008 to Feb 2009 (Queloz et al. 2009). Moré-1. Imagette pipeline
%V;:; Iz_ai'?i\zlzei I?)tnalit&zdoelso\)/\/fi?r?rrlgtg':iz(i)tr:n (e:r(i)(?dos-r;;r:hier:e wggféhrThe imagette pipeline is composed of two parts. The first is
to 27.6 days V\?hich were attributed I[ioﬂ“e'rential Eitegl;’lar rota- r_elated o ir_nage calib_ration and consists of three maineoerr

. : P : . tions: the bias correction, the cross tafkeet® correction, and
tion. These active longitudes could persist for severatyaa

suggested by the phase coherence of the light modulation hge_ background correction. To estimate the latter, thexel 86
tween LRa01 CoRoT light curve and the light curve of Quel ckground windows spread over the CCD each consisting of

" oo : <. x 10 pixels. In the beginning of the mission, the background
et al. (2009). The mean lifetime of |n(_:I|V|duaI active regas < evaluated to be very uniform over the CCD and therefere th
about 18 days and they cover a maximum d§% area of the

stellar surface. Furthermore, an analysis of the spot il median of the background windows was used for the correction

X X However, recently it was found that due to the ageing of th®CC
u?ls le?ld L?nza etal. (2Qt1hol)_ftot_prop(;s46éh§t thet:]e !{S a\E;()Sp]'lmlathe background is no longer uniform and depends on the posi-
of small aclive regions with iretime of 4-5 days that Coven.L  ion along the reading direction of the CCD (y-directionhi§
percent of the stellar surface.

) . . _.is mainly due to an increase in the dark current and a decofase
Planet-spot occultations were first observed in the tranfsit y

o he transfer fficiency (Chaintreuil et al. in prep.). Consequently,
HD209459b by Deeg et al. (2001); Silva (2003). For example., ction which depends on the y-position of the targétén
in CoRoT-2b (Alonso et al. 2008),_the analysis of 'ghe evoluti CCD was added to the median in the estimation of the back-
of the spots thro_u_gh several ransits allowed probing thiast ground. This correction was included for both observatioihs
surface and deriving spot properties (Lanza et al. ZOOQIGNOICORO-I-_7 presented here.
et al. 2009; Silva-Valio et al. 2010; Silva-Valio & Lanza 201 In the second part of the pipeline, the extraction of thetligh
However, in ground based observations where only a fewﬂsan%ur

X : ve from the image time series is performed using aperture
are observed, thdfects of spots can befticult to recognise and h :
' otometry. The procedure starts by computing the apetttate
to correct (Barros et al. 2013). P Y b y puting b

: L maximises the signal-to-noise in the mean image. Subséguen
To better understand and characterise this iconic syst g 9 i

X ; centroid of each image is computed. The centroid positio
CoRoT-7 was re-observed with the CoRoT satellite for adqk e to centre the images before extracting the flux irtiele

tional 80days, from the 1Oth of January 2012 to thg 29th gbtimum aperture. Since there is a prism in the exoplanetcha
March 2012. Furthermore, simultaneous RV observationgw el in front of the CCD that produces a low resolution speutru

Eikgn _I_Witg HARPS ir|1 thhe_ first 26 consecutiveh nightsl of :‘h olour information can also be extracted. The imagettelipipe
ORoT observation. In this paper we present the resultseot thyiqes three colour light curves for the red, green ane blu

analysis of the new CoRoT photomet_ric observations. Th ts of the spectrum, however, these colours do not camesp
new data allowed a better understanding of thiea of stellar , e standard photometric filters. The number of columns in
activity in shallow transits and updating the system patamse . gispersion direction used for each colour is calculatetthat
Although the RV analysis will be presented elsewhere (Haavo
et al. 2014, Hatzes, A. et al. in prep), the full HARPS RV set i5 Perturbation due to simultaneous reading of the stellanssbgy
included in our analysis in order to obtain consistent patans. channel (Auvergne et al. 2009).
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The customisation of the data reduction led to a 50% de-
- crease of the light curve’s rms relative to the automatieliie.
The final light curve after sigma clipping is shown Figure 2. |
1000 2000 3000 4000 5000 has a mean rms of 1300 ppm per point, €l.3x the expected
photon noise. The rms is higher than in the previous run proba
bly due to the ageing of the CCD an increasing of the dark cur-
rent and a decreasing of the charge trandfiéeciency. To reach
the photon noise level, as in this case, it is very importamet
duce sources of systematifects for example due to movement
of the target across the CCD (Barros et al. 2011b). The ggidin
of the CoRoT satellite is based on bright stars in the seismol
ogy field and is very accurate, resulting in a very stabldastel
centroid. For example, the centroid of CoRoT-7 varied by 0.2
pixels in the x-direction (dispersion direction) and 0.@8ts in
the y-direction during the 80 days of the run.

Fig. 1. Field of the CoRoT CCD around CoRoT-7. The bigger rect- [
angle shows the imagette position while the smaller red¢aisgthe r
optimum aperture used to obtain the final light curve. Thegesaare 1.005-

shown in a square root scale of the flux so that the contaminahe L ; ]
top left of CoRoT-7 becomes visible. ﬁ ]
1.000 . A /1 N \

] ¢ i |

i \
“H

x ,/ E
‘ _
‘ z

the red flux is 40t 12 %, the blue flux is 3@ 8 % of the total
flux and there is at least one column for the green (Rouan et al.
1999). An important part of the pipeline is the flagging of the
bad data points mainly due to passage through the southtistlan 0.990
anomaly (SAA), cosmic ray events and hot pixels.

Recently, the computation of the barycentre was also in-
cluded in the imagette pipeline. The barycentre is comphyed S ——
subtracting the mean position of the stars in the field (ColRT 4400 4420 4440‘]ng6‘?50%%%0 4500 4520
of sight) from the position of the centre of light of the targtar.
The barycentre is very sensitive to the existence of comtanti
stars inside the aperture (Barros et al. 2007) which can &é us
to discard false positives as it is done for the Kepler camgisl
(e.g. Borucki et al. 2011).

——— e e

|

0.995

Normalised Flux

2.2. Customised data reduction

During the CoRoT run LRa06 which started on the 10th of Jan-

uary 2012 and was finished on the 29th of March 2012, CoRoT-7

was re-observed in the imagette mode. The most obvious ad-

vantage of the imagette mode is that the data reduction can be =z

optimised and customised for a particular target. In Figure 0.990

we present an image of the field of view around CoRoT-7 where '

we show the position of the imagette (larger rectangle) @n th

CoRoT CCD. T ‘ ‘ T ‘
To improve the data reduction, we started by optimising the 5940 5960 5980 6000

target aperture in order to minimise the rms of the final light JD-2 450 000

curve on time scales shorter than 30 minutes. Variabilitiiroe

scales longer than 30 minutes is dominated by intrinsidastelFig. 2.  Light curve of CoRoT-7b binned to 30 minutes for clarity

variability while variability on shorter timescales is dorated during LRa01 (top) and LRa06 (bottom). Itis evident thatthsability

by instrumental and reduction noise. From our Signal_t'{s.mo level during LRa01 is twice of the one in LRa06 CoRoT |Ight\£&1r

optimisation procedure, we realised that due to jitter @@isd

the elongated PSF shape, rectangular shapes were predaded We included in our transit analysis procedure the previous

pixels in the border of the imagette should be avoided. The dpansits of CoRoT-7b obtained in the LRa01 run and presdmnted

timum aperture found is the smaller rectangle ofx16 pixels Léger et al. (2009). We used the latest version of the lighteu

shown in Figure 1. The contaminant seen on the top borderpibeline to re-reduce the previous data that includes tlv&-ba

the imagette was deliberately excluded from the apertaseilt- ground correction in the y-direction mentioned above. Thera

ing in a zero estimated contamination inside the final apertuture used for the LRa01 data is larger than the one for LRa06.

The final step of the data reduction was the removal of the ligih has a total of 96 pixels and a shape closer to the CoRoT-7

curve outliers that deviate from the local mean by more than 5point spread function. This results in a contamination @aiti

0.995

ormalised Flux
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0.92+ 0.57 % (Gardes et al. 2011) which is slightly higher thathe joint posterior. PASTIS uses a principal componentyaisl

for LRa06 but not significantly so. that improves mixing while convergence is tested with Gelma
For the transit analysis we extracted individual trangihli & Rubin (1992) statistic (Diaz et al. 2014).

curves with a length of 210 minutes which corresponds to ap-

proximately three transit durations, centered at the madsit )

time. The original sampling of the light curves (32 secovday 3-1- Pure geometric model

kept and no binning was applied. Each transit was normalisede analysis of the CoRoT-7 full data set proved to be com-
by a local baseline function. We tested a linear versus @ui@dr yjex hecause of the low signal-to-noise transit signal. ffesit
baseline function and found that a q.uadratlc baseline m""Ctdepth is~ 0.00034 which is approximately one third of the rms
was not necessary. In total 151 transits of CoRoT-7b werk ang he light curve. Therefore, the transits need to be cortin
ysed in LRa01 and 90 in LRa06. For the final analysis the Ugy derive the transit shape which implicitly assumes a contst
certainties of each of transit light curve were scaled t®80OC 4t shape and a linear ephemeris. To test these assmsipti
for the red noise. We estimated the time corrected mis&ing  4nd gain insight into transit parameter derivation for lagnal-

the procedure of Winn et al. (2008). For LRa01 the mean of the nojse transits in the presence of stellar activity wdquered
beta of each transit is 1.56 and beta ranges from 1.1 to 2813. Egyera] tests. For these tests, we included only the trbgisit
LRa06 the mean is 1.04, the maximum is 1.33 but most of t3gves in the PASTIS fit, which we refer to as a pure geometric

values are 1. fit. In this fit the fitted parameters are: three shape parasete
( Ro/R., the inclination {) and the normalised separation of the
3. Transit Model planet &/R,)), the two ephemeris parameters (P and TO0), the

out-of-transit flux and the jitter. For simplicity, we kepietlimb
The transits observed by CoRoT in the runs LRa01 and LRa@&rkening cofficients fixed to the values of Léger et al. (2009)
were modelled simultaneously with the radial velocitiesnfr and assumed a circular orbit. HenegR. represents the nor-
HARPS with the PASTIS code (Diaz et al. 2014). The HARPalised separation of the planet at the time of the transit an
radial velocities comprise the previous observationsepreesi by needs to be corrected in a first order approximatiori—%,
Queloz et al. (2009) and recent observations described By Hgyr occentric orbits. In the next sections we describe thstien-

wood et al. (2014). As mentioned before, the recent RV Obsﬁg‘htening of our tests before we present our results iniSeat
vations are simultaneous with the LRa06 CoRoT observation

To obtain consistent system parameters, PASTIS uses a Marko
chain Monte Carlo (MCMC) algorithm to sample the parame- .
ter’s posteriors. The radial velocities are modelled byadwan 7. Analysis of LRa06 new CoRoT data
orbit, the transit light curves are modelled with the EBOBe0 \We begin by performing a pure geometric fit to the LRa06 tran-
(Etzel 1981; Popper & Etzel 1981) and the stellar parameteislight curves. This results ia/R, = 5.90799% i = 90.1¢°
are interpolated from Geneva (Mowlavi et al. 2012), Dartthoug 4R /R. = 0.017029923__ which impli < )

= 0. > plies a stellar density of
(Dotter et al. 2008) or PARSEC (Bressan et al. 2012) steviay e 79*0’?12 This is hig()ﬁg$5t2han the stellar density derived from
lution tracks. At each step of the chain, the proposed stel% 32 Po-

density is combined with the stellar metallicity, stellanmpera- spectroscopy but consistent within the errors. Howeveriran-
ture and the stellar tracks in order to derive the stellarsnaasi

sit derived stellar density contrasts with the unconsedemnaly-
radius. Consistent quadratic limb darkening parametersiap

sis of LRa01 (Léger et al. 2009) that led to a transit deriveti s
derived from the tables of Claret & Bloemen (2011) at eacp.stéar density lower than expected from spectroscopy as meeio
To minimise the &ect of stellar variability and of other possible

above. To solve this inconsistency, in the analysis of LRa01
planets on the measured RVs we used a method similar to Hal[S%%Ste”ar radius was used as a prior in the transit fit which r

- - - d in the final solutioa/R, = 4.27 + 0.20,i = 80.1 + 0.3°
et al. (2010, 2011). We considered only nights with more tha ° _ . T D!
RV observation per night and we included a RWset for each th/R* = 0.0187= .0'903 (Léger et al. 2009). This is consistent
m\glth our results within r.

We find that, for LRa06, the inclination is poorly con-
strained, with the & interval ranging from 68to 9C, i.e. all
-cpossible values that would produce a transit. This sugdleats
due to the low signal-to-noise of the transit, the transiipghof
CoRoT-7b is not well resolved leading to a degenerate swluti
This hypothesis is tested in the next subsection.

night which was fitted simultaneously with the system para
ters. This is similar to a low pass filter, removing variailbn
time scales longer than 1 day.

P, the transit epoch TO, the stellar reflex velocity K, theitatb
eccentricity e, the longitude of the periastiopthe inclination,
the ratio of planet radius to star radiRs/R,, the stellar density
p«, 53 nightly radial velocity fisets, the out of transit flux for
each CoRoT run and jitter noise for each CoRoT run. Uniforg . white noise test

priors were used for all the parameters except for the velati

planet to star radiusk,/R., the inclination and stellar parame-To test the posterior distribution of transit parametersvee

ters. ForR,/R. the Jdfreys’ prior was used while for the incli- from low signal-to-noise light curves we simulated trasisis-
nation a sine prior was used to impose an isotropic disidhut ing a preliminary full PASTIS fit (presented in Section 7).€Th

of orbit orientations. Normal priors were used for the stell transits were simulated using the Mandel & Agol (2002) tran-
density, metallicity and temperature according to the eslaf sit model parametrised bg/R. = 4.08, i= 79.20°, Ry/R. =
Bruntt et al. (2010) ( log= 4.47 + 0.05, [FgH] = 0.12+ 0.06, 0.01781, the limb darkening ciientsy; = 0.4396 and
Ter= 5250+ 60 K ). The age of CoRoT-7 was constrainedto bpp = 0.2598 and assuming a linear ephemeris (period of
less than 3 Gyr as in previous analysis (Léger et al. 2009 #Bru0.85359199 days and epoch of 245439869). This transit
etal. 2010). For the final results 30 MCMC chains for each ef ttinodel shape will be used in all the tests presented here.

three stellar models were combined. Each MCMC is comprised For observed times within the same transit windows as the
of 400000 steps and was started at random points drawn frdata analysed above, we simulated transits and added white
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‘] Fig. 4. Dartmouth (Dotter et al. 2008) stellar evolution tracks for
Fig. 3.  Posterior distribution of the parameteggR. andi for the stellar metallicities of 0.05 (solid lines) and 0.15 (dastiees). The

PASTIS pure geometric fits of LRa06 (red) and the transit thptles  POsterior distribution &, 2o~ and 3r contours for a pure geometric fit
white noise simulations at the observing times of LRa06&plu of LRa06 is shown in blue. Including the stellar models infihallows
to better constrain the density by reducing the posteristridution to

the red area.

6 ‘ ‘ ,
6500 6000 5500 5000 4500
Tegr [K]

Gaussian noise with standard deviation equal to the stdrt#ar
viation of the real datay = 0.0013. Gomez Maqueo Chew et al. (2013). However, for low signal-to-

We performed a pure geometric fit to the white noise simuoise transits where the constraint on the stellar denyitthé
lated transits following the same procedure as for the ratl.d transit is weak, it can be advantageous to use the specfpiesco
The posterior distributions of the problematic fitted pagtens, derived logg to estimate the stellar mass and radius, which con-
a/R. andi are shown in Figure 3. We find that the posteriagequently constrains the transit parameters. This was ditleat
distribution of the real and simulated transits are simifdich applied by Léger et al. (2009) for CoRoT-7b, who included the
confirms our hypothesis that the transit shape is not welt capectroscopic derived radius as a prior in the transit aimly
strained particularly the ingreggrress time which results in anThis was necessary to solve the density inconsistency taat w
unconstrained inclination. Therefore, the LRa06 postatis- mentioned before. Within PASTIS the transits are modelted t
tribution is characteristic of small planets with poor sito- gether with the stellar models and the stellar propertitsiés
noise of the light curve. Within@ we can only constrain the density, [F¢H] and Te¢), which is equivalent to a prior in the
inclination to be higher than 68.e. all the values that would stellar properties but works in a self-consistent way, appf
produce a transit are allowed. We note that the specific sbiapeately weighting the constrains on the density.
the distribution might depend on the specific parametasaif In Figure 4 we show the density derived from the fit of LRa06
the transit shape and priors. In conclusion, the LRa06 pei@m transit data including the stellar models and excludingste#ar
posterior distributions are consistent with the final resspfe- models. We also show the stellar tracks for stars with masses
sented by Léger et al. (2009). Moreover, for low signal-tise  from 0.6 to 13M,, with [Fe/H]= 0.05 and [F¢H]= 0.15. Itis
transits the transit-derived stellar density is not wehsioained evident that the stellar density derived from the trangitdsrly
and the stellar density derived from spectroscopy or aséése constrained with the® interval including 02 — 4.7p,. This is
mology can help constrain the transit geometry as we explahee to the short ingreggress time for small-sized planets com-
next. bined with the low signal-to-noise of the light curve. Indlease,

stellar evolution tracks together with lggTer and [FgH] esti-
. mated from spectroscopy add information to our model ang hel

4.2. Stellar density constrain the transit parameters. Including the stelladein
In this section we discuss in detail our treatment of thelastel (e transit analysis and assuming a circular orbit the smiut
density which constrains the planetary parameters. Irigpart 1S much better constrained and we obtajR. = 4.4757;375
lar, we explain the dferences between our transit fitting methotl= 81.28°3%° andR,/R. = 0.0181399%33  This solution agrees
implemented in PASTIS and the method applied by Léger et wlithin 1o with the final solution presented by Léger et al. (2009).
(2009).

Usuqlly_, for h.igh signal-to-noise transit I.ight curves Et‘!el— 5. Comparison of LRa01 and LRa06
lar density is derived directly from the transit (Seager &l
Ornelas 2003) and at better precision than theglegtimated As mentioned above when stellar priors are not included, the
from spectroscopy. Therefore, the stellar density derfvech transit-derived stellar density for LRa06 is much highearth
the transit together witffs and [F¢H] estimated from spec- for LRa01. To investigate this inconsistency we compared th
troscopy can be combined with the stellar models (Sozzedti e posterior distributions of the parameter fits for each oketén.
2007) or empirical calibrations (Torres et al. 2010) andduse Therefore, we perform a pure geometric fit to the observation
constrain the stellar mass and radius (e.g. Barros et alli§)01 of LRa01 following the same procedure as described above for
Interesting tests on using the transit derived density tiebeon- LRa06. The most probable solution (the mode of the distribu-
strain stellar parameters can be found in Torres et al. (201%on) for LRa01 is given in Table 1 together with the resutis f
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0.018

0.016

LRa06 (LRa0l1 geo and LRa06 geo). The transit-derived st oo b S
lar density for LRa01 is @7+3170., significantly diferent than ST A P
for LRa06. The parameter posterior distributiongfR,, i, and

Rp/R. for LRa01 and LRa06 are shown in Figure 5. It is ob

vious that the distributions are veryfidirent for the two runs.

A Kolmogorov-Smirnov test gives a practically null probiti Fig. 6. Correlation plots for the/R,, R,/R, andi derived by the pure

that the distributions are drawn from _the_ same Samp"?- Ho sometric fits of LRa01 (red) and LRa06 (blue). For each wevshe
ever, the dierence between the two distributions contains zeig 2, and 3 contours.

at 90% confidence limit which is consistent with the modes of

the two distributions agreeing within 2 sigma. Neverthglesrable 1. Geometric fitted parameters for LRa01 and LRa06. We also
this difference is worth investigating. Aftierent contamination show the results presented by (Léger et al. 2009) ([1]) fdngple fit
value related to the sizes of the masks may explain tfferdi and a fit with a prior on the stellar radius.

ence in the depth of the transits. However, instrumentaeoi

is not expected to produce largeffdrences ina/R, ori. To Reference a/R. Rp/R: i[°]
better illustrate the dierences between the parameter posteriotRa01 geo [1] 19+0.1 ~0.0215 ~ 65
distributions of LRa01 and LRa06 the correlation plotsdfiR,, LRa0O1 star [1] 4&7+0.2 0.0187+0.003 801+0.3
Ro/R. andi derived by the pure geometric fits of each run areLRa01 geo 28065 0.02096+ 0.0008 67031
shown in Figure 6. This can be directly compared with FigureLRa01 star 4487f%'&1 001867800025 80.829-25574
18 of Léger et al. (2009) for LRaO1. LRa06 geo 2008 00170902 90 1

In Table 1 we also give both parameter solutions found by Ra06 star 4759952 0.01813_’%@@%2? 81.28°3¢
Léger et al. (2009). The unconstrained analysis (LRa0l1 geo ' ' '
Léger et al. (2009) ) agrees well with our geometric solufam
LRa0l1. The results obtained by including the stellar models TTVs were accounted for. However, the TTVs timescales were
the PASTIS fit and assuming a circular orbit for each of thesruinconsistent with gravitational interaction with otheapéts and
are also given in Table 1 (LRa01 star and LRa06 star). The stglsecond hypothesis suggested, that TTVs were inducedlby ste
lar models constraia/R, that constraing,/R. andi (Figures lar activity. Léger et al. (2009) favoured the stellar aityivy-

6 and 4). We conclude these agree with each other and agsethesis as the cause for the degradation of the transiesieap
with the solution of Léger et al. (2009). This shows that o gsulting on the ingress and egress being less steep thantesipec
ometric and full model fit including stellar models are catent Therefore, the authors chose to fix the stellar radius in tie p
with the method and results of Léger et al. (2009). The inissnsrameter fit process to obtain the system parameters (LRa1 st
tency is between the geometric solution for LRa01 and thé finager et al. (2009)) for their adopted solution.

solution constrained by the stellar models that agree dry-a Fortunately, the stellar activity was lower during LRa06 ob
Hence, the posterior probability distribution of LRa0lmseo servations. During LRa06, the peak-to-peak variabilitypim
be somehow distorted. It is important to understand thisnAc tude of the light curve is half of the value during LRa01. The
sistency to avoid biasing the estimation of the derivedesyist activity induced RV variations have a maximum amplitude®f 5
parameters. m s for the follow-up run of LRa01 while for the simultaneous

The cause of the density inconsistency was investigated diyservations with LRa06 it is 30 m{Queloz et al. 2009; Hay-
Léger et al. (2009) and two possible causes were suggedied. Wood et al. 2014). The spectroscopic activity index (Ryg)
first one was transit time variations (TTVs) caused by thesprameasured in both RV data sets also decreased 460+ 0.03
ence of other planets in the system. This hypothesis was stgp-4.73 + 0.03. Therefore, it is possible that the stellar activ-
ported by the fact that the derived stellar density was highe ity deformation of the transit shape is higher in LRa01 than i
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LRa06 which would explain our results. Another hypothesis i

that the cause of the shape deformation is instrumentalsérhe o1 1T ARARIRS T T i
two possibilities will be investigated in the next SectiarHbw- L 2 sigma any P |
ever, we start by testing the TTV hypothesis. gl Prot i
5.1. Transit time variations . 6L 3 sigma for known P P
As mentioned before, Léger et al. (2009) reported that tlkast % i

density discrepancy was minimised if the TTVs were accalinte o i

for. Therefore, to gain insight into the causes of the dgriig- ar i
crepancy we computed the TTVs of both LRa01 and LRa06.

Due to the low signal-to-noise ratio of each individual siiof 2

CoRoT-7b, it is challenging to obtain individual transih@s. In

order to simplify the problem, the transit shape was fixedo t
circular final solution presented in Table 2. To obtain tlair
sit times we used a procedure similar to Barros et al. (2011b)
but each transit was fitted individually with the fixed shapée
included a linear baseline function in the fit and hence tpeee ' )
rameters were fitted for each transit: Ty andFgag. Due to Fig. 8. Lomb scar_gle periodogram of the derived T_T\/_s of CoRoT-
the poor quality of the light curve we imposed a uniform pitor 7b. The rotation perlod.of the star and half of the rotatioriqueof the
the transit times, restricting them to be within half of thensit Str aré shown as vertical red lines. We over lay the flse alarm
duration from the linear ephemeris. Usina a prior with dmbErObabmty Ievgl for any period (black horlzontal Ilng)(hme 3o false
L . phem gap larm probability level for a known period (blue horizontiak).
or half of this size did not significantly alter the resultse \&5-
timated the transit times with the median of the distributmd
the 1o~ limits as the value at which the normalised integral of th@ésert et al. 2011). In WASP-10b the TTVs periodicity ishat t
distribution equals 0.341 at each side of the median. The pestation period of the star (Barros et al. 2013) and for CoRbT
terior distributions of the transit times are clearly notuSsian the TTVs periodicity is also related to the rotation periddhe
and some present several peaks hence, we caution the readstal (Bordé et al. 2010). In the Lomb-Scargle periodogram of
an over-interpretation of the individual results and iasterefer the CoRoT-7b TTVs there is a peak close to half of the rotation
to analyse them in a qualitative way. The residual transiet period of the star. Although this period is not significantain
after removing a linear ephemeris, also called transittgwari- blind periodicity search, if we search specifically at theation
ations (TTVs) are shown in Figure 7. period of the star or half of the rotation period of the starfind
We find that the transit times of CoRoT-7b agree well with gat the latter is significant at@. Therefore, there is a hint that
linear ephemeris, with a reduced chi-square of 0.95 coorebp the transit shapes and times of CoRoT-7b dfected by stellar
ing to p-value of 29. We also conclude that there is neitheragtivity. In the case of planet-spot occultations, the dhfation
significant period variation nor a transit time variatioriioeen of the transit shape is accompanied by apparent transingimi
the two epochs of the CoRoT observations. To explore pariodyariations (Alonso et al. 2009; Barros et al. 2013).
ities in the TTVs, the Lomb-Scargle periodogram was conmgute
(Figure 8). There is no significant peak at the 2onfidence ) ) )
limit (dashed horizontal lines) if we perform a random pdrio 6. Distortion of the posteriors of LRa01
icity search. The conclusion is that we do not detect anysttan . .
time variations in CoRoT-7b due to the gravitational infloeof 6.1. White noise test
other planets. As shown in Section 4.1 the derived parameters from LRa06 are
As mentioned before, two additional planet signatures wepeorly constrained due to the low signal-to-noise of thagits.
found in the radial velocities of CoRoT-7 (Queloz et al. 200However the solution is more precise for LRa01 due to the dis-
Hatzes et al. 2011). Because both are not in resonance vtithtion of the transit shape that results in a high impacapea-
CoRoT-7b and have relatively low mass, the expected TTVs dee. The best geometric solution derived from LRa01 is ooly-c
very small (Holman & Murray 2005; Agol et al. 2005). Takingsistent with the final solution presented in Léger et al. @Ga
the planetary parameters of Hatzes et al. (2011) and perfo3w-. In order to test if the dference in the posterior distribution
ing Mercury6 simulations (Chambers 1999) we find that the eshape of the LRa01 relative to LRa06 is caused by tfferdint
pected TTVs due to CoRoT-7c and CoRoT-7d during the obseampling due to the gaps of cause by the SAA passage we also
vations runs are less than 4 seconds which is much smaller tkested the white noise hypothesis for LRa01. At the LRa01 ob-
our timing accuracy if the planets are coplanar. We can ebecluserved times we simulated transits with the same transitenod
a difference in the inclination between the orbits of planet b astiape as used for the LRa06 white noise test (this correspond
planet ¢ higher than 2because this would imply a measurablé the final solution given in Table 2). To the simulated trens
difference in the transit duration of the planet b (Dvorak et alle added white noise with standard deviation corresponting
2010) which is not seen. From Table 1 we derive a transit duthis runo = 0.00097. The simulated transits were fitted with
tion of 1.056+ 0.017 hours for LRa01 and. 105+ 0.035 hours the pure geometric PASTIS model. Stellar models were not in-
for LRa06 when we include stellar models. These are compatitded in these intermediate tests because they strorgglycte
ble within 1o the parameter space, they will only be included in the final-an
However, if the TTVs are induced by stellar activity theysis. We found that the parameter posterior distributibesstm-
can have periodicities related to the stellar rotationqueriFor ulated transits is the same as for LRa06 implying that tiffedi
Kepler-17b, that shows clear planet-spot occultation &yghe ence in the posterior distribution shape is neither dueaddtv
TTVs have a periodicity at half of the rotation period of thars signal-to-noise of the data nor to thefdrent time of the sam-

o
o

0.1 0.2 0.3 0.4 0.5
Frequency (cycl/pb)
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Fig. 7. Derived TTVs for CoRoT-7b assuming a linear ephemeris foaQR(left panel) and LRa06 (right panel).

pling. The diference between the posterior distributionadR, injected at phase zero which include only white noise (WN) an
for the LRa01 and the LRaO1 white noise simulations is highttre results for the real transits of LRa01 for comparison.

than zero at 95% confidence limit. Therefore, we conclude tha |t is evident that the shape of the parameter posterior dis-
the LRa01 posterior parameter distributions cannot besdx@ll  tributions for all the injected transits light curves is dam but

by the assumed transit shape and white noise. different from the LRa01 light curve. For phases 0.2, 0.6 and 0.8
the diference the posterior @/R. from the observed LRa01

is non zero at 95% confidence but for phase 0.4 tiierdince

is only non-zero at 90% confidence. This implies that neither

To investigate if the distortion of the posterior distrilount of thelout-Of-tranSit. stellar Varlablllty n_OI’ instrumentabrnoise is
LRa01 was due to instrumental noise, the transit shape méflikely to explain LRaO1 observations. However, LRa0Oladat
tioned above was also injected in the light curve of a neiginbocould still be dfected by in-transit stellar activity, more specif-
star in the LRa01 run. This star (CoRoT +D02727008) was ically planet-spot occultation events. Due to the low signa
chosen due to the combination of its brightness:{2.3) and noise ratio of each individual transit, fitting a spot modehot
its proximity to CoRoT-7 (%°). The transits were injected in feasible, so this hypothesis cannot be tested directly.

the light curve of 102727008 at the transit times of CoRoT-7b

according to a linear ephemeris as before. The posteriti-dis
bution of the parameters is similar to the one obtained fer t
white noise simulations. Hence, we exclude global instmale Our previous tests suggest that there is an extra noise avenpo
noise as the cause of the distortions of the posterior paeamen the LRa01 not present at other transit phases. This degrad
distributions. the transit shape which appears more V-shaped. To testif thi
is related to the visible spots we divided transits accaydm
their out-of-transit flux level and use the median as a tholesh
separately for LRa01 and LRa06. Each of the selections were
In this section, we investigate if the posterior distributshape fitted with the pure geometric models as before.

of LRa01 may be caused by non-white noise in the light curve of In Figure 10, we show a comparison of the posterior distri-
CoRoT-7. This may be due to out-of-transit stellar varigbdr butions ofa/R. andi for the high and low flux levels of each run.
localised instrumentalffects. A possible way to test this is to in-\We find that the posterior distributions are all similar eptder

ject transits in the real light curve of CoR0T-7 at phasé&edint the selection of the low flux level of LRa01l. We conclude that
from the transit phase. Therefore, transits were injeatdzbih the low flux level transits of LRa01 appear to have more extra
CoRoT runs at phases 0.2, 0.4, 0.6 and 0.8 with the samettraneise than the other samples. As mentioned above, in CoRoT-7
model explained above. The simulated transits were fitteld wthe activity is dominated by spots. Low flux levels imply agar

the pure geometric model as explained above. We find that 8pot coverage and hence a higher probability of spot odauita
posterior distributions for the flerent phases agree well. In Fig-events during transit. In LRa06 the amplitude of the flux vari
ure 9, we present a comparison of the posterior distribatafn ability was half of the one found in LRa01. If we assume that
the most problematic parameteaigR, andi, for transits injected the maximum flux in both light curves (LRa01 and LRa06) is the
in the two observed light curves of CoRoT-7 at phase 0.6, assame, LRa06 has similar spot coverage than the high flux level
example. In the same figure we also show the analysis of tsanskelection of LRa01 which could explain our results.

6.2. Instrumental noise test

.4. Test out-of-transit flux

6.3. Red-noise / Out-of-transit variability test
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. o . lections assume a specific transit shape and can bias thie dept
Fig. 9. Posterior distribution o&/R. (top) andi (bottom) for pure of the transit. Therefore, we opt to select transit on thésbafs
geometric fits of the simulated transit model plus white @@i#/N) at o _of-transit flux that does not assume a transit shapethieor
phase 0, and the transit model plus real data at phase 0.6/RB)th | resyit we combined the high flux level selection of LRa01
LRa01 and LRa06. For comparison we also show the resultdéor 1With the LRaO06 full dataset.These two light curves show aimo
observations of LRaO1. . T ght ct

the same amplitude of flux variability and similar parametes-
terior distributions.

[ LRa01 F high

> 14} 1 LRa01 Flow |
E e = el | 7. Results
Z 08} In our final analysis of the data we combined all transits of
3 0.6] LRa06 with transits of LRa01 that have out-of-transit fluxdle
2 045 higher than the median flux. These were fitted with PASTIS to-
23 gether with the RVs and with the stellar models as described i
"1 8 Section 3 to derive full system parameters. From Table 1 we
conclude that the deriveld,/R, for both runs agree withindt
0.14 ‘ ‘ ‘ ‘ ‘ ‘ ‘ when stellar models are included. Therefore, there is nuifsig
2012y 1 icant diference in contamination between both runs. The mode
2 0.10 1 of the posterior distribution and the 68.3% central confodsn-
3,008} ] terval of the derived system parameters are presented la Zab
5 0.06( 1 Since the value of the eccentricity is consistent with zé¢hne,
;é 0.04F T circular orbit solution is also presented in the same Table
0.02f determined stellar parameters were combined with the CoRoT
000 > = o o - - 0 " % 7 photometric magnitudes from APASS 2MASS (Skrutskie
il et al. 2006), and WISE catalogues (Wright et al. 2010) tovderi

Fig. 10. Posterior distribution o&/R. (top) andi (bottom) for pure the\(/d\;stanc]? to thde sy;tem V.Vh'Ch IS dallso givenin Tai))let\f/. th
geometric fits of the transit selections based on the outamisit flux. . € periormed a bayesian model comparison between the
The transits at high flux levels are shown in red for LRa01 dne for ~ Circular and the eccentric orbit model. In order to estinthte

LRa06 while the one at the low flux levels are shown in mageota fevidence, we use the Chib & Jeliazkov (2001) method, obtgini

LRa01 and cyan for LRa06. log;, of the Bayes factor of the circular over the eccentric orbit
model of 30 + 2.4. We conclude that there is no preference over
both models (Diaz et al. 2014). For the sake of simplicity we

6.5. Selecting transits adopt the circular orbit solution. We note that the resultsath

solutions are within &. A full discussion on the eccentricity will

be presented elsewhere (Haywood et al. 2014, Hatzes, A. et al

) L . in prep). We show the adopted circular model overlayed on the
that the deformation of the transits is not related to outrafisit phase folded transits of CoRoT-7b, in Figure 11. In Figure 12

stellar variability or instrumental noise. Both the pef®ty |\ o <how the phase folded radial velocities
found in the TTVs related to half of the rotation period of the = |\ qerived stellar parameters, = 1 671+ 0.07305, R, =
star and the distortion of the posterior probability disitions 5850, 0019 R, andM. = 0.913+ 0.017 Mo_agjree v?/éll with

for lower flux levels support that the cause of the extra niise, ose of Bruntt et al (2010), = 1.65+0.15p0, R. = 0.82+0.04
spot occultation events. andM. = 0.91 + 603M .* e A ol - .
To avoid biasing the final derived parameters we attempted 1o r:weas‘ure(_j hlanetcito-star radi®,/R. = 0.01784+

to select the transits that would be leseated by this noise g 0047 and planetary radiuR, = 1.585+ 0.064 R, agree
component. We tried selections based on the chi-squared of i

dividual fits and the measured transit times. However, tkese 2 httpy/www.aavso.or@pass

The dfect of stellar activity on individual transits is not clea-b
cause of the low signal-to-noise ratio. Our tests, howeshaw
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Table 2. CoR0T-7 system parameters.

Planet orbital period? [daysT
Mid-transit time, T [BJD]*

eccentric

0.85359163 5.8e-7
2454398.0774% 6.9¢e-4

circular
adopted

0.85359159 5.7e-7
2454398.07756%4

cov(P, T) [dayg] -2.37x10°1° -2.02¢10°10
Orbital eccentricityg® 0.1375323< 0.32

Argument of periastrony [deg] 81+ 30

Orbit inclination,i [deg] 81.20%5, 80.784%%
Orbital semi-major axisa [AU] 0.017027 ;%2 0.0170163/52
semi-major axig radius of the sta/R, 4.469_*8:83? 4.484+ 0.070
Radius ratiok = Ry/R,* 0.01721+ 0.00060 0.01784 0.00047
Linear limb darkening cd@cient,u, 0.517+ 0.015 0.515+ 0.014
Quadratic limb darkening céiécient, uy 0.187+ 0.010 0.188+ 0.011
Transit durationT 14 [n] 1.049729%5 1.059+ 0.026
Impact parameteh 0.594j§:§§g 0.71353%%
Radial velocity semi-amplitudd$ [ms2]* 3.85+ 0.60 3.94+ 0.57
Effective temperaturd,e;[K] ® 5267+ 60 5259+ 58
Metallicity, [Fe/H] [dex]* 0.137+ 0.059 0.138: 0.061
Stellar Densityp, [0o]° 1.665+ 0.080 1.67% 0.073
Star massM,. [Mo] 0.915+ 0.019 0.913+ 0.017
Star radiusR, [Ro] 0.818+ 0.016 0.82Q: 0.019
Deduced stellar surface gravity, Igdcgs] 4572+ 0.011 4573 0.011
Age of the starGyr] 1.32+ 0.76 1.32£ 0.75
Planet massyl, [Mg ] 5.55+ 0.85 5.74+ 0.86
Planet radiusRp[Re] 1.528+ 0.065 1.585: 0.064
Planet mean density, [g cm™3] 8.1+1.6 75+ 1.4
Planet surface gravity, lag, [cgs] 3.348+ 0.068 3.332- 0.065
Planet equilibrium temperaturel ¢ [K] 1759 + 30 1756+ 27
Distance of the system [pt] 154.2+ 4.7 153.7+ 4.5

Adopted Planet mas#), [Mg ]
Adopted Planet mean density, [g cm ]

4.73+ 0.95 (Haywood et al. 2014)
6.59+ 1.5 (Haywood et al. 2014)

* MCMC jump parameter. upper limit, 99% confidence.Teq = Ter (1 - A4 /2, using an albedé = 0.
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Fig. 11. Phase folded light curve of CoRoT-7b binned for clarity. heen we show the best transit model derived from fitting siamdously
the CoRoT light curves and HARPS RVs that corresponds toitbelar solution given in Table 2. We also show the best pwengetric transit
model for LRa01 (red) and LRa06 (blue) corresponding to thet®ns presented in Figure 5 and Table 1.

well with the previous estimate (Léger et al. 2009). Thedsti For high signal-to-noise light curves where the limb darken
planet massyl, = 5.74+0.86 Mg agrees with the previous esti-ing can be fitted a discrepancy between the fitted values &nd th
mates by Queloz et al. (2009); Hatzes et al. (2010, 2011x4®oi tabulated values from stellar atmospheric models was tegor
et al. (2011); Haywood et al. (2014). This implies a planetafe.g. Claret 2009; Barros et al. 2012). This can be a source of
density of 135+ 0.25p, or 7.5+ 1.4g/cm?. systematic errors in the derived planetary parameterzii@si

dia et al. 2013). The fitting of the limb darkening parameters
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however is not feasible in our case. We tried fitting a lin@abl
darkening law and foungl; ~ 1 but it is not well constrained.
The derived planetary radius for this fit was smaller b§56-.
Therefore, it can be concluded that fixing the limb darkenir [~ T T T T T T
does not significantlyféect our results.

The stellar age derived by gyrochronology and by activity I
age relations (Age [1.2, 2.3] Gyr, Léger et al. 2009; Bruntt et al. I w1214

2010) was used to constrain the stellar models in previaus st
HD97658b .

ies. Also in our analysis we constrained the stellar age feds
K-20b

2.5

than 3 Gyr. However, if stellar age is not constrained, we tired
most probable stellar age to b@g:g Gyr and the derived stellar
properties ar@. = 1.34+ 0.13p,, R. = 0.873+ 0.034 R, and
M. = 0.865+ 0.050M,. Since the stellar parameters constrai
the transit parameters this has high impact into the deplexat
etary parameteiR, = 1.94+0.10 Ry, M, = 5.62+0.75Mg and
pp = 3.81+0.78g/cm?’. A better constrain on the stellar density
for example with asteroseismology would significantly iy
the accuracy of the planetary parameters.

2

Radius [Regnn]

1.5

7.1. Planetary density

As mentioned before, the uncertainty on the mass of CoRoT-
prevented constraining its bulk composition in previouskso
The lower mass estimate from Pont et al. (2011) allows a gese
composition. However, all the other mass estimates imply ——s —_——
rocky composition (Valencia et al. 2010; Valencia 2011 ;riar ° 5 10 15

et al. 2010; Leitzinger et al. 2011) between ’Earth-like3¢8 Mass [Meoryn]

iron and 67% silicate mantle) and 'Mercury-like’ (63% ironca

37% silicate maptle). The new radial velocity data set adidw Fig. 13. Mass-radius diagram for low mass planets showing the posi-
a better constraint on the planetary mass. As mentionedsab@iy, of CoRoT-7b withMl, = 4.73+0.95 M, (Haywood et al. 2014) and
the derivation of the planetary mass is the subject of comopanthe derived the radius for the selected sample= 1.585+ 0.064 R,
papers (Haywood et al. 2014, Hatzes, A. etal. in prep). The Riblue). We show the position of Earth and Venus (diamondsgéon-
were included in our analysis to confirm that the eccenyrisit parison. The solid lines show the mass and radius for plavittsliffer-

not significant given that a better accuracy on the eccéfytricent compositions according to the models of Zeng & Sass@0i3).

can be achieved when a combined fit of the transits and RVs is
performed (e.g. Barros et al. 2011a). An accurate eccémgtisc . .
needed to derive accurate transit parameters. Using oplesim  However, the existence of an atmosphere would introduce
method to filter the activity in the RVs we found no significar® degeneracy in the models. The short orbital period and high
eccentricity and the derived planetary mass agrees wéiltwig  €9uilibrium temperature of the plan@ie = 1756+ 27 K might
results by Haywood et al. (2014). Haywood et al. (2014) udg hard to reconcne_ WI|| an _atr_nosphere dominated by a Velati
the light curve to correct the radial velocities with tiiemethod 92S: H20. The stability of similar Water ocean-planet wasi st

of Aigrain et al. (2012) combined with a Gaussian process tH§d PY Selsis et al. (2007) that derived a lower limit for ttie-|

has the same covariance properties as the light curve. We sii'e of atmosphere of planets under the erosion of Extreme UV
these two very dierent techniques result in values of the plan@nd Stellar wind life of the star. According to figure 4 of Sel-
tary mass and eccentricity that are in agreementafhis con- SIS et al. (2007) it is possible that for the derived paransebé
trasts with previous estimates of the mass of CoRoT-7b whgRROT-7 the atmosphere would have been eroded. However,
the stellar activity was higher. Since tiié method is a phe- the contrary cannot be exclgded since no upper limit on fle li
nomenological method we adopted their derived planetagsmdMe was presented. A similar conclusion was found by Valen-
M, = 4.73= 0.95 Mginstead of our value using a simple fil-Ci2 (2011) that shows that in CoRoT-7b the age of the system is
tering technique. Combining the new value for radius with ipsimilar to the timescale of the evaporation of water vapdtie

mass derived by (Haywood et al. 2014) we obtain a planeté?ysence of an atmosphere will be clarified with future obser
density ofp, = 6.59+ 1.5g/cm® . This implies that CoRoT- vations with JWST (Samuel et al. 2014). A better constrain on

7b is slightly more dense than the Eapth = 1.19 + 0.27 . the stellar and planetary parameters are needed to obt#iefu

Figure 13 shows the position of CoRoT-7b on a mass-radius df2Sight into the composition of CoRoT-7b.

gram alongside other exoplanets for which mass and radugs ha

been measured. According to composition models by Zenge& piscussion

Sasselov (2013) for solid planets, CoRoT-7b could be coegos

of silicates combined with water ice or iron. These are afso We have showed that the transit-derived stellar densitgéah
agreement with the models of Wagner et al. (2011). In this casf the CoRoT-7b observations idiirent from the spectroscopic
any water ice is mixed with the silicates and does not impdy tlilerived density, for LRa01 it is lower while for LRa06 it is
planet has an atmosphere. Hence, the planetary paramegersigher. The comparison between the transit derived steédar
compatible with a rocky composition. sity and the spectroscopic derived value has long been ssad a

0.5
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blend test in transit surveys (Collier Cameron et al. 200i: T 9. Conclusions

gley et al. 2011). Furthermore, it has also been used to at&im _ . .
the orbital eccentricity directly from the transit for soiepler V€ Present néw photometric observations of CoRoT-7 with the

candidates by Dawson & Johnson (2012), the technique was @QROT satellite during the LRa06 run. These were combined

0 h the previous CoRoT-7 observations during the LRa01 run
suggested by Ford et al. (2008). Recently, Kipping (2014) diV!th the : _ : ! ,
cusses five otherfiects that would lead to the transit derive@nd radial velocity observations obtained with HARPS and fit

stellar density being derent from the true stellar density. Ini€d With the PASTIS code. Due to the lower activity level of

this paper we show two otheffects that can lead to a poor preCOROT-7 during LRa06, we were able to disentangle theoces

cision or accuracy of the stellar density from the transispec- ©f activity and the dficulty of differentiating the ingregsgress
tively the poor resolution of the egrésgress time and transit ime in shallow transits with low signal-to-noise.

spot occultation events that are not resolved in a singfesira For pure geometric fits, we find afférence in the transit
parameter posterior distribution of the two CoRoT-7 runer F

To solve the poor resolution of the egriisgress time we [Ra06 the results are consistent with what would be expected
have used the spectroscopic derived stellar propertigsg,(lo by white noise while for LRa01 we show that the transit param-
[Fe/H] and Te) together with stellar models to help constraieter posterior distribution is distorted implying a trarsape
the transit shape. This allows to constrain the system paters1 deformation.
but assumes that the othefexts are negligible. To investigate the degradation of the transit shape in LRa01
we performed several tests that excluded the low signabiee

In high signal-to-noise light curves, transit spot ocdidta ; ; S X o
events are obvious, they can be used to derive spot prosperﬂfe.the transit and c_)ut-of-transr[ variability du_e to eitreativity
instrumental noise as causes of the transit shape deiorma

. 3
andor the angle between the stellar rotation and the planet Or$his suggested that the transit shape deformation couldube d

(Wolter et al. 2009; Silva-Valio et al. 2010; Sanchis-Ojedal. to planet-spot occultation events and is supported by teHat
2011). However, in some cases it is non-trivial to identify ef- the transit times show a periodicity related to half of thearo

fect of spot occultation events in transits, specially dgihgress .. ; ; . .
and egress as shown by Barros et al. (2013). Once the spott&{l period of the star. Moreover, the dlsto_rtlon of the paisr
happens only for transits with out-of-transit flux lower thée

cultation events are identified there are several ways touatc . . A -
for them, for example, masking théected transit phase, simul-"€dia" Ievelhm LRa01. To avmg. b|as(|jn%'ghe est|ma|t|o_n of the
e ’ : ) ters these transits were discarded in our analysis.
taneously fitting a occultation spot model or rejectirteeted parame . )
y 9 P ) During the observations of LRa06 the star was in a lower

transits. However, when the individual transits are nooiresi g . X :
like for the case of CORoT-7b presented here, it was not pogdftiVity level and the spot latitudes had probably migratiti
ble to identify dfected transits. The only option we found Wa%:espect to LRa01 (Lanz_a etal. 2010 and Lanza et _aI_. in prep).
rejecting transits based on the out-of-transit flux whictelated onsequently, the transit .Sha!pe was lescded by activity and
to the spot coverage. the parameter posterior d|_str|bu§|ons are consistent thighde-
rived transit model for white noise dominated data. Howgver
Assuming the distortion of the posterior is significant agd r due to the low signal-to-noise of the transits the inglezgess
lated to spot occultation events, these could hdkexted the ra- time is not well defined leading to a poor constraint on the in-
dius estimate. For example, for CoRoT-2b it has been shoatn thlination. Therefore, stellar models were included in oansit
spot occultation events lead to an underestimation of theqtt fitting procedure in order to constraint the system pararaete
to-star radius (Silva-Valio et al. 2010). However, in ouse€a  The transits with out-of-transit flux higher than the median
case we found no significantftgrence in the derived planet-todevel in LRa01 were modelled simultaneously with all LRa06
star radius. If we consider all the transits we obtain a value data, the HARPS radial velocity data and stellar modelstivele
the planet-to-star radius consistent within one sigma watlne system parameters using PASTIS.
obtained with the selection. We obtained a planetary masshdf, = 5.74 + 0.86 Mg, sup-
. . orting the previous values by Queloz et al. (2009); Hatres e
o e e . (010 2011 Bsse ot o, GOLL): Hayood ot o (2014 Tr
than 30 degrees howe;/er for stars more active than theheundtenved p_Ianetary radiusg, = 1.585+ 0.064 R, agrees vx_/eII
' X with previous results. Combining our planetary radius tfité

spots can reach higher latitudes (Moss et al. 2011). Beside . .

difference in the stellar activity level between LRa01 and LRal @22::? é?aarl]Ss?t dgfn\{%ci %yzl;ay\\llvv(r)]?cdh (iartnalli e(szglcdcf))mwigtti)é?:n a

the spot mean latitudes have also changed (Lanza et al. m10\ﬁith a siénifican%/an{our;t of siﬁgates b P

Lanza et al. in prep). This can explain thé&dience of &ect of . . -

activity in the transit derived parameters between botls.run Our results illustrate the ﬂjcult In recogn!smg.thefmcts of ,
activity in small planet transits. However, in this case wlfi

Besides the bias in the parameter estimation due to spot that there is no significantiect on the derived planetary param-
cultation events, the stellar activity in CoRoT-7 can alstwd- eters. This could be due to the solution being dominated &y th
duce a bias due to out-of-transit flux variations (Czeslalet arior on the stellar density using stellar models. Themfour
2009). Assuming the stellar variability in CoRoT-7 is doatied results are strongly dependent on the stellar parametdrthan
by cool spots (Queloz et al. 2009; Lanza et al. 2010), thegtanage limit assumed and would benefit from tighter constraints
to-star radius is overestimated. Using equation 19 of Kigpi the stellar properties.
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