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A French/European/Brazilian mission  
(France : 80%) 

Operations started on Jan 2007
March 2010 : end of the nominal mission 
March 2013 : end of the first extended 
mission
March 2016 : end of the second extended 
mission

March 2009 : DPU1 stopped  
November 2012 : DPU2 stopped
Reconfiguration of the  spacecraft on going 

Core Program : 
• stellar structure - asteroseismology 
• planet search - transit method
• stellar physics

CoRoT - in brief
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26 exoplanet fields located in two continuous viewing zones
Run duration : flexible - 21 days to 152 days
Duty cycle  ≳ 91% 
Possibility to re-observe the same field : CoRoT-7 & CoRoT-9

Observations 

18h50
6h50
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163 664 light curves   (oct 2012)
 11.5 ≤ r-mag ≤ 16.
42 500 targets are classified as 
FGKM dwarf (class V) based on 
color separation 

Stellar population
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Fig. 1. J ! K versus J color–magnitude diagram of the 6974 stars in
SRc01 field. Dwarf and giants stars are most likely to be found to the
left and right, respectively.

from the CoRoT lightcurves, as well as the subsequent ground-
based follow-up observations performed for a number of those
candidates to determine their true character. The final yield of
that process was that among the 6974 SRc01 targets observed
by CoRoT, we identified 51 transit candidates and 139 eclipsing
binaries. Follow-up observations were started for the candidates
and a non-planetary nature has so far been established in seven
cases. The remaining candidates are unresolved pending future
observations.

2. Field characterization

The CoRoT SRc01 pointing was primarily chosen to cover stars
within the seismology core program and has not been particu-
larly optimized for the planet-finding programme of CoRoT. The
target stars were selected using the information from ground-
based surveys available in the ExoDat database (Meunier et al.
2007; Deleuil et al. 2009). Compared to CoRoT LRc01, the first
long run field in the same direction of the sky (Cabrera et al.
2009), the SRc01 field contains fewer target stars and has a more
inhomogeneous distribution. The number of stars observed by
CoRoT is 11 408 and 6974 for the respective fields. Moreover,
to increase the planet detection probability we have to consider
not only the total number of stars in the field. It is equally cru-
cial to select the field for which the fraction of dwarf stars among
the target stars is optimized (Brown 2003; Batalha et al. 2010).
Figure 1 shows a J ! K versus J color–magnitude diagram from
the 2MASS survey (Skrutskie et al. 2006) for all the stars ob-
served by CoRoT in the SRc01. Dwarfs and giants can be dis-
tinguished with the help of magnitude-limited samples in these
colour-magnitude diagrams (see Deleuil et al. 2006, for its ap-
plication to CoRoT data). On the basis of the division shown in
the figure, the fraction of dwarf stars in the SRc01 field can be
estimated to be around 65%, which is in agreement with the 68%
fraction provided by the stellar classification in ExoDat (Deleuil
et al. 2009). This is considerably higher than the corresponding
number (42%) for the previously reported LRc01 field (Cabrera
et al. 2009).

More detailed studies of the dwarf and giant populations in
other CoRoT runs have appeared in the literature (Gazzano et al.
2010; Hekker et al. 2009, 2010; Miglio et al. 2009a,b; Mosser
et al. 2010). The fraction of giant stars determined in previous
papers are consistent with the estimates made from the color-
magnitude diagrams (Aigrain et al. 2009).

3. Data acquisition and reduction

The SRc01 field was observed by CoRoT for a total of 26 days
between Julian dates 2 454 193.94 and 2 454 229.81. A complete
description of the satellite operations can be found in Boisnard &
Auvergne (2006); Barge et al. (2008b); Auvergne et al. (2009).
For the exoplanet channel of CoRoT, the light is dispersed by a
bi-prism to help separate true planetary transits, which are nearly
achromatic, from stellar variability. Depending on the brightness
of the star, the lightcurve is either measured in chromatic mode
(CHR) consisting of three separate channels (red, green, and
blue), or in monochromatic mode (MON). Out of 6974 SRc01
targets, 1269 were observed in chromatic and 5705 in monochro-
matic mode.

During subsequent data treatment the main systematic error
sources (jitter, hot pixels, outliers) are corrected or flagged (see
Drummond et al. 2008; Auvergne et al. 2009; Pinheiro da Silva
et al. 2008). The resulting CoRoT lightcurves are then provided
for further analysis at the CoRoT N2 data level (Baudin et al.
2006). A discussion of systematic noise sources still present and
how to address them, is found in Aigrain et al. (2009); Carpano
et al. (2009); Cabrera et al. (2009). The data used for the analysis
presented in this paper is the version 1.3 released on 1 April
2008.

4. Data analysis

The analysis of the SRc01 data set was performed by the di!er-
ent teams listed in Cabrera et al. (2009). All of them applied dif-
ferent methods for filtering and detrending the lightcurves, and
searched for transit-like signals (Alapini & Aigrain 2008; Bordé
et al. 2007; Carpano & Fridlund 2008; Defaÿ et al. 2001; Mazeh
et al. 2009; Mislis et al. 2010; Moutou et al. 2005, 2007; Ofir
et al. 2010; Régulo et al. 2007; Renner et al. 2008). The main
advantage of this approach is that di!erent methods have dif-
ferent types of false alarms and that a combined analysis tends
to minimize their occurrence in the final candidate list (Moutou
et al. 2005, 2007). In a second step the candidates found by the
di!erent teams are compared and ranked according to the quality
of the signal and the planetary likelihood as described in detail
in Carpano et al. (2009) and Cabrera et al. (2009); for the rate
and nature of false positives, we refer to Almenara et al. (2009).
The particular aim here is to identify as many as possible of the
candidates for which the transit-like event can be attributed to
either eclipsing binaries, contaminating binaries, or stellar activ-
ity. The outcome of this process is a ranking consisting of four
separate Classes: priority 1 consists of very promising planetary
candidates (see Fig. 2 for an example), priority 2 and 3 are candi-
dates with indications of a non-planetary nature, but where there
is not enough information to reject them from a pure photometric
analysis, and finally priority 4 consists of candidates for which
the transit signal is most likely not due to a planet. In addition,
a large number of eclipsing binary systems are found during the
detection process.

4.1. Detected planetary transit candidates

The 51 transit candidates found in the SRc01 field are listed in
Table 10. For each case, this table indicates the priority, CoRoT
identification (CoRoT-ID and CoRoT win-ID, i.e. the identifi-
cation of the target window in the specific field), coordinates,
B and R magnitudes from ExoDat, orbital period, epoch of the
detected event, depth and length of the transit, and the outcome
of ground-based follow-up observations (see Sect. 5). Table 10
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No official CoRoT pipeline in charge of the transit detection but 
different teams in labs 
Different detrending techniques and detection algorithms 

Transit detection 

Bonomo et al., 2012 
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Transit ghost signals 

25 candidates excluded 
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Assessing the detection capability

Simulations based on real 130-days LC of G & K dwarfs in 6 long 
runs with simulated transits 
60 % of 2 - 4 R⊕ planets in short periods are detected
10 % of  1.3 - 2 R⊕ planets
under-detection of Neptunes compared to Kepler:  12±2 expected, 
1-6 detected

Bonomo et al., 2012 
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3472 transit-like signals in the 19th first runs:
• 2886 eclipsing binaries - 83% 
• 567 candidates flagged for follow-up observations 
     27 single transit events - 5%
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Follow-up observations 
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• photometric observations : more 
than 200 nighs of 1-m telescope

Filtering out the candidates

A&A 539, A14 (2012)

Table 4. Radial-velocity measurements of E1 2630.

BJD-2 400 000 RV ! Instrumental
[km s!1] [km s!1] mode

HARPS
55 063.61054 –23.1961 0.0827 HAM
55 064.64912 –23.0967 0.0401 HAM
55 066.59265 –23.1767 0.0526 HAM

Fig. 5. Result of the CCF between the HARPS spectrum of E1 3860 and
a G2 mask. The three peaks indicate the presence of three stars in this
system.

companion of 0.5 MJup, assuming a solar mass star. Thus, the
nature of this candidate remains unresolved.

SRc01 E1 3860 – MON – 0211635507

For the candidate E1 3860 with a 2.5% deep and a period of
21.238 days, one HARPS spectrum was acquired on 25 July
2008. The cross-correlation function (see Fig. 5) indicates a
spectroscopic binary of type 3 (SB3), with components sepa-
rated by 50 and 60 km s!1. Thus, one exposure was su!cient to
discard this candidate as an eclipsing binary diluted by a third
star. That the eclipses measured by CoRoT, which are already
2.5% deep, are diluted by the light of two stars makes the planet
hypothesis unlikely.

SRc01 E2 1822 – MON – 0211642286

This priority 2 candidate shows shallow (0.25%) eclipses with a
period of 0.94 days. IAC80 photometric follow-up data found no
evidence of any nearby eclipsing binary, but the ephemeris at the
time of the observations had large errors (estimated 2 h). With
a mR of 15.8, this candidate is too faint for precise enough RV
measurements. The nature of the candidate remains unclear.

SRc01 E1 2700 – MON – 0211650167

Ground-based follow-up observations for E1 2700 were per-
formed with SOPHIE on 27 June 2008. No peak in the CCF was
detected and the spectrum contains only Balmer lines. The tar-
get is also a hot star or a very fast rotator making accurate radial
velocity measurements di!cult. The nature of the 0.37% deep
transit event with a 2.857 days period found by CoRoT remains
unresolved.

SRc01 E1 3691 – MON – 0211651069

The candidate E1 3691, with a 0.35% transit and a 2.763 days
period was observed with HARPS on 23 August 2009. No peak

in the CCF was detected. The target is also a hot star or a very
fast rotator. The cause of the transit could not be determined by
RV measurements.

SRc01 E1 2322 – MON – 0211657825

The candidate E1 2322 has a 0.35% deep and 2.246 days pe-
riod and was observed with HARPS on 21 and 24 June 2009. A
first analysis of the CCF shows a single peak caused by Moon
background light contamination. After correcting this contami-
nation, there is no longer a peak in the CCF, which indicates that
the target is also a hot star or a very fast rotator, thereby making
precise RV measurements di!cult. Unfortunately, a later reanal-
ysis of the photometric CoRoT lightcurve revealed that the light
from the bright eclipsing binary SRc01 E1 0198 contaminated
the nearby masks of the candidates E1 2322 (at 27"") and E1
4746 (at 16""), because both share the ephemeris of the eclipsing
binary. Therefore, these candidates were resolved with the help
of CoRoT on-o" photometry. This is one of the consequences
of the severe crowding of this particular area in the SRc01 field
and was not realized at an earlier stage of the mission because of
an underestimate of the importance of the contamination. The
eclipsing binary contributes only 0.7% of the flux within the
mask of E1 4746 and only 0.3% in the case of E1 2322, but this
small contribution is still enough to produce a false detection,
because of the high precision of the measurements.

SRc01 E2 2046 – MON – 0211660744

This transit candidate has a 0.28% deep and a 0.821 days period.
Photometric follow-up observations were done with the IAC80
telescope in April 2009. Two close neighbors (separation # 3"")
could be excluded as possible contaminants and no deep eclipses
were found in any nearby stars. Given the faintness of the tar-
get (mR = 15.6) and the extremely shallow transit found in the
CoRoT data, it was impossible to resolve this case with the per-
formed observations.

SRc01 E2 0338 – CHR – 0211662131

In the CoRoT data of E2 0338, a transit event with 0.26% depth
and a period of 6.098 days was found. The candidate was ob-
served with FLAMES on 10 June 2008. Two peaks are present in
the CCF that indicate a clear SB2. One exposure was thus su!-
cient to identify this candidate as an eclipsing binary. We did not
attempt to constrain the secondary mass with a second measure-
ment, nor to check whether the velocity variation was in-phase
with the CoRoT ephemeris. The lightcurve shows an additional
transit-like event at the epoch 2 454 221.2 with a depth of 0.7%
in the blue channel, which was invisible in the red or green chan-
nels, which indicates that this event occurs in a background ob-
ject, probably a long-period eclipsing binary.

SRc01 E1 3835 – MON – 0211666030

From CoRoT, the candidate E1 3835 has a 0.51% deep tran-
sit event with a period of 2.261 days. The candidate was ob-
served with HARPS on 22 June 2008 showing a vsini of about
2.5 ± 1.0 km s!1 (see Table 5). Later photometric on-o" obser-
vations with the IAC80 revealed that a 1.1 mag fainter star lo-
cated 10"" NW of the CoRoT target had a 5% deep eclipse at the
CoRoT ephemerides. These observations are consistent with the
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~320 nights of RV since Feb 2007 inc. long term
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•  high contrast imaging : a 
few nights of 8-m telescope

• radial velocity (RV) measurements 

• spectroscopic analysisJ. Cabrera et al.: Transiting exoplanets from the CoRoT space mission

Fig. 3. Detail of the Keck spectrum of CoRoT-13 around the pressure-sensitive Ca �� line at 6162 Å. The synthetic spectrum is shown with a dashed
line. Spectral lines used in the abundance analysis are marked with solid vertical lines while the other spectral lines are marked with dotted lines.

184.C-0639). HARPS is a cross-dispersed echelle spectrograph
fiber-fed from the Cassegrain focus of the 3.6 m telescope at La
Silla Observatory, Chile (Mayor et al. 2003). Fifteen spectra with
a spectral resolution R ↵ 115 000 were obtained using exposure
times of 3600 s, and setting one of the two available fibers on
the sky in order to monitor the presence of moonlight and to ob-
tain an optimal sky background subtraction, which is important
for faint targets such as this. The signal-to-noise ratios per pixel
at 5500 Å of these observations range from 7.1 to 11.7. Th-Ar
calibrations were obtained at the beginning of each night, which
has been shown to be enough to obtain the required precision,
due to the high stability of the instrument.

The spectra were reduced and extracted using the HARPS
pipeline, and the radial velocity was measured on each extracted
spectrum by means of a weighted cross-correlation (see Baranne
et al. 1996) with a numerical mask corresponding to a G2 star.
The resulting cross-correlation functions (CCFs) were fit by
Gaussians to get the radial velocities. The measured values are
listed in Table 4 and shown in Fig. 5, together with the best fit
orbital solution (see below). During some of the observations,
the star fiber was contaminated by moonlight. In those cases, if
the peak of the CCF produced by moonlight was expected to be
close to the measured speed of the target, a correction was ap-
plied using the fiber which recorded the sky (see Bonomo et al.
2010, in preparation). Those points are shown as white circles
in Fig. 5 and we added quadratically 30m s�1 to the uncertainty
estimated from the CCF, in order to account for possible system-
atic errors introduced by the moonlight correction.

The orbital solution was found by ⌥2 minimization, with the
period and epoch of inferior conjunction (when radial velocity
is zero after removal of the systemic velocity) being fixed to the
values provided by the CoRoT ephemeris (which are calcu-
lated by fitting a linear regression to the center position of
the individual transits). The eccentricity of the orbit was a free
parameter at first, but since the best fit solution was compatible
with a circular orbit at the two-⌃ level (the three-⌃ upper limit to
the eccentricity is 0.145), we decided to fix it to e = 0 for the de-
termination of the rest of the parameters and their uncertainties.
Figure 5 shows the RV measurements, phased to the CoRoT pe-
riod, together with the best fit circular model and the residuals;

the obtained parameters are listed in Table 6. The resulting value
of ⌥2 is 8.2 for 13 degrees of freedom, and the rms of the resid-
uals is 20.2 m s�1, which is compatible with what should be ex-
pected based on the median of the RV uncertainties, 21.2 m s�1.
These facts suggest that the circular model – with the obtained
parameters– adequately describes the available data.

With fixed ephemeris and eccentricity set to zero, the fitting
problem is reduced to a linear least-square minimization with
two free parameters. The uncertainties reported in Table 6 are
therefore estimated by means of the covariance matrix, which
has a covariance term of 6.48 m2 s�2. However, stellar activity
and other long-term phenomena can produce correlated noise in
the observations and hence render the above estimation of the
uncertainties invalid. In order to explore this we used the Prayer
Bead method (see, for example, Désert et al. 2009; Winn et al.
2009), i.e. we performed a cyclic permutation of the residuals
of the best fit curve and fit the model again. We repeated this
for every possible shift and measured the standard deviation of
the obtained parameters. We also performed a similar analysis
but randomly re-ordering the residuals rather than shifting them.
In this way, we constructed 10000 synthetic data sets that were
used to fit our model again. In both cases, the obtained dispersion
of the parameters were smaller than the error bars reported in
Table 6.

The bisector analysis for these data is shown in Fig 6, where
the uncertainty in the bisector span velocity has been set to twice
that of the corresponding radial velocity. The bisector span ve-
locities do not show any clear dependence with radial velocity
values and the Pearson correlation coe⇤cient between these two
magnitudes is around 0.15, which is a sign of lack of corre-
lation. This fact clearly indicates that the measured RV varia-
tions do not originate from changes in the shape in the CCF
as would be the case if the system consisted of a background
eclipsing binary whose light were diluted by the CoRoT main
target. Additionally, no significant changes in the measured RV
are observed when di⇥erent stellar masks are used for the corre-
lation, which further excludes the background eclipsing binary
scenario.
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Figure 2: (Top) Ground-based image of a typical anticenter (left) or center (right) field within

the CoRoT eyes. The middle image shows the image of a star as seen by CoRoT and the

optimal photometric aperture mask that is assigned to such a PSF. (Bottom) The histogram

of flux contamination of CoRoT targets ( ratio of the contaminants’ flux over the target flux),

in both directions.
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Crowding of the field : an issue

Deleuil et al., 2009
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• photometric observations

Filtering out the candidates
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Table 4. Radial-velocity measurements of E1 2630.

BJD-2 400 000 RV ! Instrumental
[km s!1] [km s!1] mode

HARPS
55 063.61054 –23.1961 0.0827 HAM
55 064.64912 –23.0967 0.0401 HAM
55 066.59265 –23.1767 0.0526 HAM

Fig. 5. Result of the CCF between the HARPS spectrum of E1 3860 and
a G2 mask. The three peaks indicate the presence of three stars in this
system.

companion of 0.5 MJup, assuming a solar mass star. Thus, the
nature of this candidate remains unresolved.

SRc01 E1 3860 – MON – 0211635507

For the candidate E1 3860 with a 2.5% deep and a period of
21.238 days, one HARPS spectrum was acquired on 25 July
2008. The cross-correlation function (see Fig. 5) indicates a
spectroscopic binary of type 3 (SB3), with components sepa-
rated by 50 and 60 km s!1. Thus, one exposure was su!cient to
discard this candidate as an eclipsing binary diluted by a third
star. That the eclipses measured by CoRoT, which are already
2.5% deep, are diluted by the light of two stars makes the planet
hypothesis unlikely.

SRc01 E2 1822 – MON – 0211642286

This priority 2 candidate shows shallow (0.25%) eclipses with a
period of 0.94 days. IAC80 photometric follow-up data found no
evidence of any nearby eclipsing binary, but the ephemeris at the
time of the observations had large errors (estimated 2 h). With
a mR of 15.8, this candidate is too faint for precise enough RV
measurements. The nature of the candidate remains unclear.

SRc01 E1 2700 – MON – 0211650167

Ground-based follow-up observations for E1 2700 were per-
formed with SOPHIE on 27 June 2008. No peak in the CCF was
detected and the spectrum contains only Balmer lines. The tar-
get is also a hot star or a very fast rotator making accurate radial
velocity measurements di!cult. The nature of the 0.37% deep
transit event with a 2.857 days period found by CoRoT remains
unresolved.

SRc01 E1 3691 – MON – 0211651069

The candidate E1 3691, with a 0.35% transit and a 2.763 days
period was observed with HARPS on 23 August 2009. No peak

in the CCF was detected. The target is also a hot star or a very
fast rotator. The cause of the transit could not be determined by
RV measurements.

SRc01 E1 2322 – MON – 0211657825

The candidate E1 2322 has a 0.35% deep and 2.246 days pe-
riod and was observed with HARPS on 21 and 24 June 2009. A
first analysis of the CCF shows a single peak caused by Moon
background light contamination. After correcting this contami-
nation, there is no longer a peak in the CCF, which indicates that
the target is also a hot star or a very fast rotator, thereby making
precise RV measurements di!cult. Unfortunately, a later reanal-
ysis of the photometric CoRoT lightcurve revealed that the light
from the bright eclipsing binary SRc01 E1 0198 contaminated
the nearby masks of the candidates E1 2322 (at 27"") and E1
4746 (at 16""), because both share the ephemeris of the eclipsing
binary. Therefore, these candidates were resolved with the help
of CoRoT on-o" photometry. This is one of the consequences
of the severe crowding of this particular area in the SRc01 field
and was not realized at an earlier stage of the mission because of
an underestimate of the importance of the contamination. The
eclipsing binary contributes only 0.7% of the flux within the
mask of E1 4746 and only 0.3% in the case of E1 2322, but this
small contribution is still enough to produce a false detection,
because of the high precision of the measurements.

SRc01 E2 2046 – MON – 0211660744

This transit candidate has a 0.28% deep and a 0.821 days period.
Photometric follow-up observations were done with the IAC80
telescope in April 2009. Two close neighbors (separation # 3"")
could be excluded as possible contaminants and no deep eclipses
were found in any nearby stars. Given the faintness of the tar-
get (mR = 15.6) and the extremely shallow transit found in the
CoRoT data, it was impossible to resolve this case with the per-
formed observations.

SRc01 E2 0338 – CHR – 0211662131

In the CoRoT data of E2 0338, a transit event with 0.26% depth
and a period of 6.098 days was found. The candidate was ob-
served with FLAMES on 10 June 2008. Two peaks are present in
the CCF that indicate a clear SB2. One exposure was thus su!-
cient to identify this candidate as an eclipsing binary. We did not
attempt to constrain the secondary mass with a second measure-
ment, nor to check whether the velocity variation was in-phase
with the CoRoT ephemeris. The lightcurve shows an additional
transit-like event at the epoch 2 454 221.2 with a depth of 0.7%
in the blue channel, which was invisible in the red or green chan-
nels, which indicates that this event occurs in a background ob-
ject, probably a long-period eclipsing binary.

SRc01 E1 3835 – MON – 0211666030

From CoRoT, the candidate E1 3835 has a 0.51% deep tran-
sit event with a period of 2.261 days. The candidate was ob-
served with HARPS on 22 June 2008 showing a vsini of about
2.5 ± 1.0 km s!1 (see Table 5). Later photometric on-o" obser-
vations with the IAC80 revealed that a 1.1 mag fainter star lo-
cated 10"" NW of the CoRoT target had a 5% deep eclipse at the
CoRoT ephemerides. These observations are consistent with the
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•  high contrast imaging 

• radial velocity (RV) measurements : ~ 350 nights

• spectroscopic analysisJ. Cabrera et al.: Transiting exoplanets from the CoRoT space mission

Fig. 3. Detail of the Keck spectrum of CoRoT-13 around the pressure-sensitive Ca �� line at 6162 Å. The synthetic spectrum is shown with a dashed
line. Spectral lines used in the abundance analysis are marked with solid vertical lines while the other spectral lines are marked with dotted lines.

184.C-0639). HARPS is a cross-dispersed echelle spectrograph
fiber-fed from the Cassegrain focus of the 3.6 m telescope at La
Silla Observatory, Chile (Mayor et al. 2003). Fifteen spectra with
a spectral resolution R ↵ 115 000 were obtained using exposure
times of 3600 s, and setting one of the two available fibers on
the sky in order to monitor the presence of moonlight and to ob-
tain an optimal sky background subtraction, which is important
for faint targets such as this. The signal-to-noise ratios per pixel
at 5500 Å of these observations range from 7.1 to 11.7. Th-Ar
calibrations were obtained at the beginning of each night, which
has been shown to be enough to obtain the required precision,
due to the high stability of the instrument.

The spectra were reduced and extracted using the HARPS
pipeline, and the radial velocity was measured on each extracted
spectrum by means of a weighted cross-correlation (see Baranne
et al. 1996) with a numerical mask corresponding to a G2 star.
The resulting cross-correlation functions (CCFs) were fit by
Gaussians to get the radial velocities. The measured values are
listed in Table 4 and shown in Fig. 5, together with the best fit
orbital solution (see below). During some of the observations,
the star fiber was contaminated by moonlight. In those cases, if
the peak of the CCF produced by moonlight was expected to be
close to the measured speed of the target, a correction was ap-
plied using the fiber which recorded the sky (see Bonomo et al.
2010, in preparation). Those points are shown as white circles
in Fig. 5 and we added quadratically 30m s�1 to the uncertainty
estimated from the CCF, in order to account for possible system-
atic errors introduced by the moonlight correction.

The orbital solution was found by ⌥2 minimization, with the
period and epoch of inferior conjunction (when radial velocity
is zero after removal of the systemic velocity) being fixed to the
values provided by the CoRoT ephemeris (which are calcu-
lated by fitting a linear regression to the center position of
the individual transits). The eccentricity of the orbit was a free
parameter at first, but since the best fit solution was compatible
with a circular orbit at the two-⌃ level (the three-⌃ upper limit to
the eccentricity is 0.145), we decided to fix it to e = 0 for the de-
termination of the rest of the parameters and their uncertainties.
Figure 5 shows the RV measurements, phased to the CoRoT pe-
riod, together with the best fit circular model and the residuals;

the obtained parameters are listed in Table 6. The resulting value
of ⌥2 is 8.2 for 13 degrees of freedom, and the rms of the resid-
uals is 20.2 m s�1, which is compatible with what should be ex-
pected based on the median of the RV uncertainties, 21.2 m s�1.
These facts suggest that the circular model – with the obtained
parameters– adequately describes the available data.

With fixed ephemeris and eccentricity set to zero, the fitting
problem is reduced to a linear least-square minimization with
two free parameters. The uncertainties reported in Table 6 are
therefore estimated by means of the covariance matrix, which
has a covariance term of 6.48 m2 s�2. However, stellar activity
and other long-term phenomena can produce correlated noise in
the observations and hence render the above estimation of the
uncertainties invalid. In order to explore this we used the Prayer
Bead method (see, for example, Désert et al. 2009; Winn et al.
2009), i.e. we performed a cyclic permutation of the residuals
of the best fit curve and fit the model again. We repeated this
for every possible shift and measured the standard deviation of
the obtained parameters. We also performed a similar analysis
but randomly re-ordering the residuals rather than shifting them.
In this way, we constructed 10000 synthetic data sets that were
used to fit our model again. In both cases, the obtained dispersion
of the parameters were smaller than the error bars reported in
Table 6.

The bisector analysis for these data is shown in Fig 6, where
the uncertainty in the bisector span velocity has been set to twice
that of the corresponding radial velocity. The bisector span ve-
locities do not show any clear dependence with radial velocity
values and the Pearson correlation coe⇤cient between these two
magnitudes is around 0.15, which is a sign of lack of corre-
lation. This fact clearly indicates that the measured RV varia-
tions do not originate from changes in the shape in the CCF
as would be the case if the system consisted of a background
eclipsing binary whose light were diluted by the CoRoT main
target. Additionally, no significant changes in the measured RV
are observed when di⇥erent stellar masks are used for the corre-
lation, which further excludes the background eclipsing binary
scenario.
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 64 %  of the candidates observed by ground-based facilities  (327) 
 72%  in the anti-center and 58 % in the center fields 
 LRc06 : 25% of the candidates followed up, 95% in the LRa02

Follow-up observations 
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Outcomes of  follow-up observations 

unresolved : no follow-up observations or inconclusive observations
Planets : ~ 6% 
86 % of resolved configurations are FP
No major difference between the center and the anti center
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SB = eclipsing binary
Hot/Fast : transits could be those of a small star, a planet or due to a 
contaminating EB = unresolved cases 

False positive

Assuming unresolved distributed as planets and CEB, false positives 
would be  77 % of the total number of candidates 
                               
➙ not all the planets have been identified  as such.

Unresolved 
+ Hot/Fast

EB + SB

CEB

Unresolved 
+ Hot/Fast

EB + SB
EB + SB

Unresolved 
+ Hot/Fast
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Automated software developed by Suzanne 
Aigrain

Need a first screening of the candidates with 
period, T0, depth & duration pre estimates
Transit model : Mandel & Algol formalism with 
limb darkening coefficients fixed at the values for 
a Sun-like star (Sing 2010)
+ additional physical parameters (Seager & 
Mallen-Ornelas, 2003)
6 binary flags : 
- low confidence detection 
- secondary detection
- odd/even depth differences
- colour depth differences
- long transit
- v-shaped 

re-analysis of all the candidates done

Candidates flagging 

secondary

colour

odd/even
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Comparison with results from 
follow-up observations

CEB

➙ promising for FUp 
observation strategy

➙ conservative approach : 
candidates with number of 
flag ≤ 1
FP : 86 % 
10 to 15 planets expected 
among unresolved
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CoRoT exoplanets highlights 

CoRoT 
Kepler 
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Synergy with ground-based 
observations

J. Cabrera et al.: Transiting exoplanets from the CoRoT space mission
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Fig. 8. Position of CoRoT-13b (square) among the other transit-
ing planets in a mass-radius diagram.

Fig. 9. Age (in Ga=109 years) versus transit radius of CoRoT-
13b (in Jupiter units, 1RJup=71 492 km). The colored area cor-
respond to constraints derived from stellar evolution models
matching the stellar density and e↵ective temperature within
a certain number of standard deviations: less than 1� (red),
2� (blue) or 3� (yellow). The curves are evolution tracks for
CoRoT-13b (assuming M = 1.308MJup, Teq = 1700 K), with
various models as labelled

5.3. Thermal losses

We estimate the thermal mass loss of CoRoT-13b by using the
method and formulae described in Lammer et al. (2009), and we
find a negligible escape rate which did not influence the planets
mass over its history. The reason of the negligible thermal mass
loss of CoRoT-13b is the planets compactness and high density
of about 2.34 g cm�3.

5.4. Occultation of the planet by the star

In the visible wavelength range, occultations of planets behind
their host stars have to date been detected only in a few cases:
Corot-1b (Snellen et al. 2009; Alonso et al. 2009a) and CoRoT-
2b (Alonso et al. 2009b; Snellen et al. 2010) in data from CoRoT

and HAT-P-7 in data from Kepler (Borucki et al. 2009). All are
inflated giant planets (Rp > 1.4RJup) on very short orbits, which
means that that they have large surfaces favoring a large flux of
reflected light and additionally they are very hot (Te↵ > 2000K),

Fig. 10. Expected amplitude of the occultation of the planet as
a function of the wavelength for two extreme values for the heat
redistribution factor for CoRoT-13b (as defined by Cowan &
Agol 2010; ✏ = 1: uniform heat distribution over the planet;
✏ = 0 no distribution) and two values of the Bond albedo. The
gray shaded area is the wavelength window observed by CoRoT.
The black arrow is the upper limit of CoRoT observations.
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Fig. 11. Raw light curve of CoRoT-13b between the
observed transits number 8 (HJD=2 454 819.06) and 9
(HJD=2 454 823.09). a) is a detail of the 8th transit. b) is a detail
of the event at HJD=2 454 821.03 which mimics the transit of a
long period planetary companion.

which favors thermal emission in the visible regime. Using the
definition from Cowan & Agol (2010), CoRoT-13b, in the most
favorable case (zero albedo, zero heat redistribution factor; up-
per solid line in Fig. 10), should have an average surface tem-
perature around 1700K. The emission of the planet in the visible
range observed by CoRoT is therefore dominated by reflection,
meaning that eclipse amplitudes larger than 2.5 · 10�5 cannot
be expected, even with a very high Bond albedo of AB = 0.5
(Fig. 10, dotted lines). Such a signal is however not detectable in
the current data, as the measured scatter in the folded and binned
light curve is on the order of 10�4.

5.5. Constraints on the presence of additional planets.

The region of the light curve (LC) shown in Fig. 11, between
the 8th and the 9th transits observed by CoRoT shows a feature
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M. Deleuil: CoRoT-20b: A very high density, high eccentricity transiting planet

2010). Assuming that the transit timing precision can be forced
down to 5 sec in the future, this O ! C value will be reached in
45 years from now.

Turning to the evolution of the eccentricity during the cir-
cularization process, it has two consequences. First the occur-
rence of the secondary eclipse will change. The displacement
D of the secondary from phase 0.5 is given by (eqn 1 and 2
Borkovits, 2004, e.g.). The previous results of the tidal evo-
lution calculations indicated ė = !4.5 10!5 1/Myr and Ṗ =
!1.5 10!3 days/Myr. Assuming a constant !, we have that
Ḋ = !37.56 10!5 days/Myr or Ḋ = !9.53 10!12 days/cycle.
This variation is of the same order as the previous one caused by
the decreasing semi-major axis, so it would be observable within
a century, too.

For the second e!ect, that is the circularization of the or-
bit, one can also consider the occurrence of a small precession
of the orbit. This e!ect is hardly observable, but interesting on
the theoretical side, since the transit occurs at the true anomaly
v = 90" ! ! where ! is the argument of periastrion. The later is
also subject to variations because of theory of general relativity
but also because the tidal e!ects force the apsidal line to rotate.
However, this variation has a di!erent time-scale. We thus do
not take this into account here, even if tidal forces also cause a
small precession of the orbit showing that !̇ is not zero. So if e
decreases due to circularization, and even if ! is constant, then
at the epoch of transit the eccentric anomaly will increase and
hence the mean anomaly at transit will occur later. However, a
first estimation shows that this e!ect may be negligible in a ten
year timescale.

6.2. Internal structure

CoRoT-20b is a massive hot-Jupiter with a mass of 4.24 MJup and
a radius of 0.84 MJup. Given the large planetary mass, this small
size is surprising. Among Jupiter-mass planets, only HAT-P-20b
(Bakos et al., 2010) has a comparable size, i.e. 0.867 ± 0.033
RJup.

To investigate the internal structure of CoRoT-20b, we com-
puted planetary evolution models with CEPAM (Guillot &
Morel, 1995), following the description in Guillot & Havel
(2011), and Havel et al. (2011) for a planet of a total mass 4.24
MJup. We derived a time-averaged equilibrium temperature of the
planet to be Teq = 1002 ± 24 K. The results for Teq = 1000 K
are shown in Fig. 10 in terms of the planetary size as a function
of the system age. The coloured regions (green, blue, yellow) in-
dicate the constraints derived from the CESAM stellar evolution
models (Morel & Lebreton, 2008) at 1, 2, and 3" level, respec-
tively. For preferred ages between 100 Ma and 1 Ga, we find that
CoRoT-20b should contain between 680 and 1040 M# of heavy-
elements in its interior (i.e. between 50 and 77% of the total
planetary mass), at 1" level. While this result is qualitatively in
line with the observed correlation between star metallicity and
heavy elements in the planet (e.g. Guillot et al., 2006; Miller &
Fortney, 2011, and references therein), the derived amounts are
extremely surprising. They would imply that all the heavy ele-
ments of a putative gaseous protoplanetary disk of 0.1 to 0.15 M$
were filtered out to form CoRoT-20b, and then that an extremely
small fraction of hydrogen and helium in that disk was accreted
by the planet. This is at odds with todays formation models (e.g.
Ida & Lin, 2004; Mordasini et al., 2009).

We investigated the possibility that changes in the atmo-
spheric model would yield more ”reasonable” values for the
planetary enrichment. As can be seen from a similar study in the
brown dwarf regime (Burrows et al., 2011), the consequences

Fig. 10. Evolution of the size of CoRoT-20b (in Jupiter units) as a func-
tion of age (in billion years), compared to constraints inferred from
CoRoT photometry, spectroscopy, radial velocimetry and stellar evo-
lution models. Green, blue and yellow regions correspond to the plan-
etary radii and ages that result from stellar evolution models matching
the inferred #$ - Te! - [Fe/H] uncertainty ellipse within 1", 2" and
3", respectively. Planetary evolution models for a planet with a solar-
composition envelope over a central dense core of variable mass (0, 400,
800, and 1000 M# as labelled) are shown as dashed lines. These mod-
els also assume that 1% of the incoming stellar irradiation is dissipated
deep into the interior of the planet.

of modified atmospheric properties are limited for objects with
the mass of CoRoT-20b (i.e. standard radii for objects of this
mass range from 1.05 to 1.20 RJup). By artificially lowering the
infrared atmospheric opacity by a factor 1000 (not shown), we
were able to decrease the 1" upper limit to the core mass from
650 to 390 M#, a small change compared to huge and unphysical
decrease in the opacity.

On the other hand, one strong assumption in our study is that
heavy elements are embedded into a central core. When rela-
tively small amounts of heavy elements are considered, it is not
very important whether they are considered as being part of a
core or mixed in the envelope (e.g. Ikoma et al., 2006). However,
as shown by Bara!e et al. (2008), when 0.5 MJup of ices are
mixed in the envelope of a 1 MJup planet, its radius is smaller by
% 0.1 RJup than when one considers that these elements are part
of a central core. It is thus very likely that the mass of heavy el-
ements required to explain the radius of CoRoT-20b is high but
significantly smaller than considered here. Estimates based on
the Bara!e et al. (2008) calculations indicate that if mixed in the
envelope, a mass of heavy elements 2 to 3 times smaller than
estimated in Fig. 10 would explain the observed planetary size.
This would alleviate the problem of the formation of the planet,
although it would still require relatively extreme/unlikely sce-
narios.

7. Summary

In this article we presented the discovery of CoRoT-20b. The
object belongs to the population of massive planets with or-
bital semi major axes below 0.1 AU, a domain of orbital peri-
ods where low and high eccentricity systems co-exist in a nar-
row range of orbital period. We examined the tidal stability of
CoRoT-20 and found that, within the observational uncertain-
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Multi-planet systems with CoRoT

Numerous  in the low mass, long period ranges 

1R

1RNeptu

CoRoT-7 b & non-transiting c (Queloz et al 09)

CoRoT-24 b & c (Alonso et al subm)

R1=3.7R⊕ P=5.1d
R2=5.0R⊕ P=11.8d
 masses of ~ 40M⊕
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• in operation Jan 2007 to Nov 2012. Extended to 2013 and again (June 
2012) to 2015. Good photometric performances still after 6 years. 
Operations to restore communication with the instrument on going

• 163 664 light curves collected; 3469 transit-like signals detected, 567 
candidates 

• Huge effort in follow-up observations 
- 2 third of the candidates were followed up  
- 40 % remains unresolved, others have their nature pinpointed. 
Among these unresolved cases, planets are still to be identified as 
such 
- confirmation & characterization of planets - difficulty for small 
planets around faint stars. Limited by complementary observations 
performances
- 24 planets and 2 brown dwarfs that provide key M-R- constraints in 
an extended space parameters of planet diversity (and a few others to 
come soon)

6 years of CoRoT 
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