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ABSTRACT

The CoRoT space mission observed 163 665 stars over 26 stellar fields in the faint star channel. The exoplanet teams detected a total of 4123
transit-like features in the 177454 light curves. We present the complete re-analysis of all these detections carried out with the same softwares
so that to ensure their homogeneous analysis. Although the vetting process involves some human evaluation, it also involves a simple binary flag
system over basic tests: detection significance, presence of a secondary, difference between odd and even depths, colour dependence, V-shape
transit, and duration of the transit. We also gathered the information from the large accompanying ground-based programme carried out on the
planet candidates and checked how useful the flag system could have been at the vetting stage of the candidates. From the initial list of transit-like
features, we identified and separated 824 false alarms of various kind, 2269 eclipsing binaries among which 616 are contact binaries and 1653
are detached ones, 37 planets and brown dwarfs, and 557 planet candidates. We provide the catalogue of all these transit-like features, including
false alarms. For the planet candidates, the catalogue gives not only their transit parameters but also the products of their light curve modelling:
reduced radius, reduced semi-major axis, and impact parameter, together with a summary of the outcome of follow-up observations when carried
out and their current status. For the detached eclipsing binaries, the catalogue provides, in addition to their transit parameters, a simple visual
classification. Among the planet candidates whose nature remains unresolved, we estimate that eight (within an error of three) planets are still
to be identified. After correcting for geometric and sensitivity biases, we derived planet and brown dwarf occurrences and confirm disagreements
with Kepler estimates, as previously reported by other authors from the analysis of the first runs: small-size planets with orbital period less than
ten days are underabundant by a factor of three in the CoRoT fields whereas giant planets are overabundant by a factor of two. These preliminary
results would however deserve further investigations using the recently released CoRoT light curves that are corrected of the various instrumental
effects and a homogeneous analysis of the stellar populations observed by the two missions.

Key words. binaries: eclipsing — techniques: photometric — space vehicles: instruments — methods: data analysis

1. Introduction sion and long, almost uninterrupted coverage characteristic of
a space-based transit survey such as CoRoT. Surviving candi-
dates are then included in an extensive programme of ground-
based follow-up observations, aiming to weed out as many of the
remaining false positives as possible, and to establish the plan-
etary nature and measure masses for genuine planets. The com-
plete screening process for each candidate can last more than a
year, but it provides a useful insight into the nature and relative
frequency of the false positive scenarios.

Initially, individual papers were used to publish lists of tran-
sit candidates and eclipsing binaries, as well as with results from
the follow-up observations from the fields IRa01 (Carpano et al.
. . . . X 2009; Moutou et al. 2009), LRcO1 (Cabrera et al. 2009), LRa01
transit). The transit candidates are first subjected to a detailed (10 ot al. 2012) SRCO1 (Erikson et al. 2012), and LRa03 and
light curve analysis, exploiting the excellent photometric preci- SRa03 (Cavarroc et al. 2012), with a comparison between pre-
* The CoRoT space mission, launched on December 27th 2006, has dicted and observed rates of fa!se positives from the first three
been developed and is operated7by CNES, with the contribution of Aus- long runs (IRaOl to LRa01) given b.y Almenara ctal. (2009).

However, this procedure was discontinued in favour of collat-

tria, Belgium, Brazil, ESA (RSSD and Science Programme), German . . .
arlld Spaignl'u “ ( ' g 4 Y ing all the candidates from all the stellar fields, and their status

** Full TablesA.1, A.2, A4-A.6 are only available at the CDS via at the end of the follow-up programme, in a single location. This
anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via 1S the purpose of the present paper, which also provides a gen-
http://cdsarc.u-strasbg. fr/viz-bin/qcat?]/A+A/619/A97  eral summary of the results and a basic analysis of the statistical

The CoRoT space mission (Baglin et al. 2006) operated from
January 2007 to October 2012, with the two core science goals
of discovering transiting exoplanets and probing the structure of
stars through asteroseismology. During this period, the instru-
ment photometrically monitored 163 665 targets distributed over
26 stellar fields in two opposite regions in the galactic plane. It
collected 177 454 light curves lasting between 21 and 152 days
with some targets covered in two or more separate light curves.
Their analysis provided a few thousand transit events that went
through a complete screening process to identify astrophysical
false positives (such as eclipsing binaries mimicking a planetary
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properties of the candidates and false positives. To ensure con-
sistency, and because both the light curve analysis and the
ground-based follow-up have improved over time, the fields pub-
lished in the aforementioned papers are also included in this
study.

The remainder of this paper is structured as follows. The
strategy of observation and the stellar fields that have been ob-
served are summarised in Sect. 2. Section 3 gives details of the
methods used to detect transit events and vet them on the ba-
sis of their light curves only. The properties of the surviving
candidates and the ground-based follow-up observations are re-
ported in Sect. 4. In Sect. 5, we use the results of the follow-up
programme to assess the effectiveness of the candidate vetting
based on the light curves only. Candidates whose nature remains
unsolved are discussed in Sect. 6, while Sect. 7 presents some
very simplified estimates of the occurrence of different kinds of
planets based on the CoRoT results, and a comparison to pub-
lished planet occurrence results. Our summary and conclusions
are given in Sect. 8.

2. The CoRoT exoplanet mission profile

A complete description of the mission profile and observations
could be found in Baglin et al. (2016) but to make reading easier,
we provide a quick description in the following subsections.

2.1. Photometry in the exoplanet chanel

CoRoT’s focal plane was equipped with four CCDs, each cov-
ering 1.3 % 1.3°. The exoplanet and seismology observations,
which targeted stars of very different brightnesses, took place
side by side, with two CCDs dedicated to each of the scien-
tific objectives. The breakdown of the first data processing unit
(DPU1), which occurred in March 2009, caused the loss of one
CCD in each of the exoplanet and seismology channels, reducing
the field of view by half. In the exoplanet channel, the satellite’s
on board processing and telemetry capacity enabled the obser-
vation of up to 6000 stars per CCD. Each was assigned a pix-
ellised photometric aperture at the start of each run, which was
selected automatically from a library of 254 pre-defined masks,
so as to optimise the signal to noise ratio of the integrated flux
(Llebaria & Guterman 2006). For these stars, photometry was
carried out on board and only light curves were downloaded to
Earth. In addition, twenty 10 X 15 pixel windows were used on
each CCD to provide sky reference images and monitor the back-
ground level. A further 80 such windows, known as imagettes,
were assigned to selected targets of interest, and were down-
loaded as pixel-level data to enable a finer photometric analysis
on the ground. Nominally, the targets in the exoplanet channel
have magnitude 11 <r <16, but a number of brighter stars were
also observed, despite being saturated. Most of these were as-
signed an imagette to enable their photometry to be optimised
on the ground.

A prism was located in the optical path of CoRoT’s exoplanet
channel, so that each star produced a “mini-spectrum” on the fo-
cal plane. For stars with magnitude r < 15, the photometric aper-
ture was divided along detector column boundaries into three
regions corresponding approximately to the red, green and blue
parts of the visible spectrum, and three-colour light curves were
extracted and transmitted to Earth. These could then be summed
together on the ground to give a “white” light curve. For stars
with r > 15, only white light curves were extracted and no colour
information is available.
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2.2. Observation programme

The target fields accessible to CoRoT were restricted to two cir-
cles of radius ~10° located in the Ecliptic plane and separated by
180°, known as the CoRoT continuous viewing zones (CVZs) or
CoRoT Eyes. Within the CVZs, continuous observations for up
to nearly six months were possible while maintaining the amount
of light scattered by the Earth hitting the detector at or below
an acceptable level. The two CVZs were centred on zero dec-
lination and right ascension 6"50™ and 18"50™, corresponding
approximately to the Galactic anti-centre and centre directions,
respectively. The telescope switched between those two direc-
tions twice a year (in April and October).

At the beginning of the mission, the observations mainly
consisted of one long run (LR), lasting about 140 days, and
one shorter run (SR), lasting between 20 and 30 days, per half-
year. The exact duration and the number of pointings per year
were flexible, however, and were adapted later in the mission
to account for the evolution of the scientific requirements of
both the exoplanet and the stellar physics programmes. After the
break-down of DPUI, the observation strategy was changed,
resulting in two runs of intermediate duration per six-month
season, to compensate for the lower star counts per pointing.
This flexibility also made it possible to re-observe the same
field after few years. This was done, for example, in January
2012, returning to the field in which the transiting super-Earth
CoRoT-7b was initially discovered in 2008 (Léger et al. 2009).
This enabled a more precise determination of that planet’s ra-
dius by scheduling simultaneous observations with CoRoT and
HARPS (Barros et al. 2014; Haywood et al. 2014). Similarly,
the SRc03 pointing was designed to re-observe a single tran-
sit of CoRoT-9b (Deeg et al. 2010). Consequently, it lasted only
five days, and only 652 targets were effectively photometri-
cally measured, making it unsuitable for transit searches but
sufficient to secure simultaneous Spitzer observations and fur-
ther update the CoRoT-9b physical parameters (Bonomo et al.
2017; Lecavelier des Etangs et al. 2017). Although it is listed in
Table 1, the SRcO03 field was then excluded from this study.

The location of all 26 exoplanet fields observed during the
mission, from January 2007 to October 2012, is shown in Fig. 1,
and their details are listed in Table 1. In a number of cases,
there is some overlap between successive fields, albeit with a
different orientation. Some targets were thus observed twice or
even three times a few months or years apart, with a slightly
different instrumental configuration. As a consequence, the
photometric mask used to perform the on-board photometric
measurements typically varied from one observation to the next,
changing the contamination of the aperture (the fraction of mea-
sured flux coming from other stars in the vicinity of each target).
Table 1 also provides an estimate of the median photometric pre-
cision at R=14.0. For these estimates, we applied a one-hour
duration non-linear filter to all light curves in a given run, ig-
noring obvious outliers flagged by the CoRoT data reduction
pipeline such as SAA crossing. The scatter on each light curve
was then estimated on these detrended light curves as the me-
dian from the median of a running window of three hours du-
ration (Hoaglin et al. 1983). Finally the noise at R =14.0 was
calculated as the median of the scatter of all stars in the range
13.9-14.1 in r-mag.

The targets observed in each exoplanet field were selected to
maximise the number of main-sequence stars with spectral type
F or later, and with relatively uncontaminated apertures. This in-
volved estimating the spectral type and luminosity class of all
potential CoRoT targets in the magnitude range 10.5 <r <16, as
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Table 1. Summary of the CoRoT runs.

Field CCD Startdate Duration  Overlap Targets Targ. § 1 Targ. 2 Targ. § 3 Dwarfs Dwarfs FGKM FGKM Pipeline noise @R=14

(dd/mm/aa) (days) avyvy)y (V) avyvy)y (V) Version (1074
IRa01 2 06/02/2007 54.3 LRa0Ol/LRa06 9921 8216 821 884 6550 4507 4017 2683 2.1 2.73
LRa01 2 23/10/2007 131.5 1IRa0l1/LRa06 11448 11448 0 0 8961 5593 4907 3150 2.1b 2.87
SRa0l 2 21/03/2008 23.4 SRa05 8190 5822 2368 0 4218 2252 2173 989 2.1 3.27
SRa02 2 11/10/2008 31.8 LRa07 10305 10305 0 0 7990 4247 4770 2372  2.1b 4.47
LRa02 2 16/11/2008 114.7 11448 11448 0 0 9410 5940 6292 4048 2.1b 4.06
LRa03 1 03/10/2009 148.3 5329 5329 0 0 3862 2537 2793 1811 2.2 3.65
SRa03 1 05/03/2010 24.3 4169 4169 0 0 3038 1670 1856 950 22 3.19
LRa0O4 1 29/09/2010 77.6 4262 4262 0 0 2967 1910 2128 1354 2.2 8.10
LRa05 1 21/12/2010 90.5 4648 4648 0 0 3332 1918 2624 1466 2.2 4.39
SRa04 1 07/10/2011 52.3 5588 5588 0 0 3840 2103 3500 1886 3.0 4.00
SRa05 1 01/12/2011 38.7 SRa01 4213 4213 0 0 2452 1271 1106 514 3.0 427
LRa0O6 1 12/01/2012 76.7 LRaOl/IRa0l1 5724 1356 3484 884 947 601 701 449 32 3.66
LRa07 1 04/10/2012 29.3 SRa02 4844 4390 454 0 3173 1540 1936 926 33 4.62
SRcO1 2 13/04/2007 25.6 - 7015 7015 0 0 4484 2560 3039 1790 2.1 3.51
LRcOl 2 16/05/2007 142.1 11448 11448 0 0 4922 2995 4632 2805 2.1 3.80
LRc02 2 15/04/2008 145 LRcO6/LRc05 11448 11448 0 0 6239 4283 5324 3732 2.1 3.44
SRc02 2 15/09/2008 20.9 11448 11448 0 0 3477 1782 1765 651 2.1 3.70
LRcO3 1 03/04/2009 89.2 5724 5724 0 0 3639 1839 2753 1168 2.1 4.60
LRcO4 1 07/07/2009 84.2 LRcl10 5724 5724 0 0 4200 2695 3987 2635 22 3.34
LRcO5 1 08/04/2010 87.3 LRc06 5724 5724 0 0 2456 1673 1951 1332 2.2 3.38
LRc0O6 1 08/07/2010 77.4 LRc02/LRcO5 5724 3836 1880 8 2029 1311 1709 1149 2.2 3.55
LRcO7 1 08/04/2011 81.3 LRcO08/LRcl0 5724 3953 1771 0 1784 1182 1631 1107 3.0 4.20
SRc03 1 01/07/2011  20.9 LRc02/LRc06 652 85 559 8 0 - -
LRcO8 1 08/07/2011 83.6 LRc07/LRcl0 5724 5724 0 0 2658 1793 2488 1670 3.0 421
LRc09 1 12/04/2012 83.6 5724 5724 0 0 2630 1780 2444 1649 3.0 3.56
LRcl0 1 09/07/2012 83.5 LRc04/LRc07 5286 4618 668 0 1825 1192 1628 1130 32 4.18
Total 163665 150768 12005 892 101083 61174 72154 43416

Notes. Column 2 gives the number of CCD, Col. 6 the number of stars monitored during the pointing, Col. 7 the number of those targets that were
observed in this field only, Col. 8 the number of those targets observed in this field and another, Col. 9 the number of those targets observed in
this field and two others, Col. 10 the number of targets classified as dwarfs, Col. 14 the pipeline version used for the candidates and EB analysis,
Col. 15 the CDPP measured at mag-r = 14 on a 2 h timescale (see text). The last line gives total counts without duplication for the whole mission.
The SRc03 field was excluded from this study, because of its very short duration and the limited number of stars observed. LR stands for long run,

IR

SR for short run and IR for initial run. The next letter, “a” or “c”, means anticentre or centre direction respectively.

“IRA0 L

ERCO9

Fig. 1. Position of all the exoplanet fields observed by CoRoT in the Galactic anti-centre (leff) and centre (right) directions.
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well as the contamination within the CoRoT aperture. The lat-
ter was calculated prior to launch, taking into account fainter
background contaminants and using an ideal generic photomet-
ric aperture (Llebaria & Guterman 2006). The resulting estimate
of the fraction of the measured flux coming from neighbouring
stars was re-evaluated later for the targets actually observed, tak-
ing into account the actual photometric mask used for the obser-
vation and the in-flight measured point-spread functions (PSFs).

Where possible, the spectral classification was initially made
using dedicated, ground-based multi-colour photometric obser-
vations carried out prior to the instrument launch (Deleuil et al.
2009). However, due to the large area of the continuous viewing
zones, this was possible only for some pre-selected regions cor-
responding to the approximate fields of the first few long runs
(those planned during the mission’s initial nominal lifetime of
3.5 yr, which were known before the launch).

The location of the short runs was primarily driven by the
stellar physics programme, and for those we relied on existing
photometric catalogues for the exoplanet target classification and
selection. In some cases, such as SRa0l and SRa02, the target
selection was performed without any stellar classification infor-
mation. Furthermore, the mission lifetime was extended by three
additional years in 2009, and again in 2012 (although this was
ultimately cut short by the failure of the second data process-
ing unit, DPU2). This led to the selection of new long and short
run pointings, for which no dedicated ground-based observations
were available, and once again we had to rely on published cat-
alogue information.

The final release of the CoRoT light curves (Chaintreuil et al.
2016)" was accompanied by a complete update of the database
of spectral classifications for all potential exoplanet targets in
the continuous viewing zones (ExoDat), which is described
in Damiani et al. (2016). To overcome the incomplete cov-
erage of the dedicated ground-based observing programme,
the final version of ExoDat is based on the PPMXL cata-
logue, which combines USNO-B1.0 and the 2MASS catalogues
(Roeser et al. 2010). This results in a homogeneous, magnitude
limited coverage of the entire continuous viewing zones. The
spectral classification was performed using the same methodol-
ogy as presented in Deleuil et al. (2009), but the dwarf-giant sep-
aration in the (J, J-Kj) colour-magnitude diagrams was adjusted
for each field, and made use of reddening maps from the Planck
mission. When tested against synthetic Galactic populations gen-
erated using the Galaxia code (Robin et al. 2003), the classifica-
tion appears accurate to about half a spectral class for late type
stars. Even though the uncertainties can be large for individual
stars (see e.g. Gazzano et al. 2010), the classification is statisti-
cally reliable, and gives a good overview of the stellar properties
in the various fields, as well as an estimate of the total number of
main-sequence stars usable for transit searches in each case.

The target selection made use of the version of the spectral
classification that was available in the input catalogue at the time
the observations were prepared. The priorities in the selection
process have evolved slightly from one run to another, but for
the exoplanet programme the main criteria have been, in de-
creasing order of priority: 1) F, G, K, or M-type dwarfs with
r <16, and with a contamination rate less than 10%; 2) F, G, K
or M-type dwarfs with r < 14, regardless of contamination rate;
3) K-type giants with » < 14, and with a contamination rate less
than 10%; 4) A-type dwarfs with » < 14, and with a contamina-
tion rate less than 10%. For the target selection process, stars

! http://cdsbib.u-strasbg.fr/cgi-bin/cdsbib?2014yCat.
...102028C

A97, page 4 of 25

15— T T T T 8 T T — —

= [ LRa ] [ SRa

x [ ] 6 B

1) 10 — = i

5] L ]

» E ] ] 4L ]

ks . ] L

s 1 2FfF

£ r ] C

= L ]

Z ot I | I I 1 ok 1 | I I 111
10 11 12 13 14 15 16 10 11 12 13 14 15 16

r-magnitude r-magnitude

B T e N RN = R 8r—T—T T T T T

= [ LRc n ] I SRc

x [ ] 6 L ]

) 10 =1 i

S [ ] L ]

7] r ] 4 -

ks 5: ] L ]

3 I 1 2 .

£ r ] C j

3 r 4

Z 0 I I I I 1 ol I I I ]
10 11 12 13 14 15 16 10 11 12 13 14 15 16

r-magnitude r-magnitude

Fig. 2. Distribution of r-magnitude for the stars observed in the long
runs and short runs in the anticentre (fop) and centre (bottom).

with luminosity Class V or IV were treated as dwarfs because
the boundary between the two classes is not very precise: our
priority was to avoid missing potential good targets. While some
fields are crowded, none had sufficiently high dwarf counts to
use up all the available apertures, even when including luminos-
ity Class IV stars. Consequently, the remaining available pho-
tometric apertures were allocated to stars with a lower priority
flag, typically stars with a much higher contamination rate up
to 30% or even more, or to stars specifically selected by stellar
physics programmes.This ad hoc and evolving selection process
resulted in a non-homogeneous distribution of target magnitudes
from one field to another (Fig. 2).

Table 1 provides a summary of the CoRoT runs in terms
of targets. A target that has been observed more than one time
is counted in Col.7 in the run with the longest duration and
not in the shortest run(s). For the latest, re-observed targets
appear in Col.8 or 9 depending whether they have been re-
observed one or two times. Among the 163 665 targets, 12 005
were observed twice and 892 three times, providing a total of
177454 light curves obtained through on-board photometry or
from imagettes, that is the complete photometric window time-
series downloaded and processed on the ground (see Barros et al.
2014).

According to the wupdated spectral classification
(Damiani et al. 2016), 61174 of these targets are identified
as luminosity Class V stars. This number increases to 101 083
when also including luminosity Class IV, showing that dwarf
and subgiant stars represent the majority of the targets observed
by CoRoT. There is however a significant difference in dwarfs
counts depending on the pointing direction: they account for
48.9% of the observed targets in the Galactic centre fields, and
74.8% in the anti-centre ones. These numbers drop to 30.4% and
44.4% respectively, when we consider only stars of luminosity
Class V (see Table 1). As expected the dwarf counts are more
homogeneous in the anti-centre fields than in the centre ones
(Fig. 3). In the latter, there are noticeable differences between
fields to another, with dwarf counts as low as 30% in SRc02, for
example, but as high as 73% in LRc04.

Figure 4 shows for dwarfs only how these targets distribute
over the main spectral types in the two directions. Among them,
72 154 have spectral type F, G, K, or M, and are thus best suited
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for transit detection due to their small stellar radii. They rep-
resent 44% of the total number of targets observed by CoRoT.
The largest spectral type group among the remaining dwarfs are
A-stars, which account for 14.9% of the total number of stars
observed.

3. Transit candidate detection and vetting

Whatever the spectral classification of each target or its photo-
metric behaviour, all the available light curves (including those
extracted from imagettes), were searched for transit-like sig-
nals. The light curves used in the present paper to produce
the final version of the transit candidate and eclipsing binary

catalogues were produced using different versions of the CoRoT
pipeline, as listed in Table 1. The basic processing steps in the
CoRoT pipeline are described in Auvergne et al. (2009) and the
differences between successive versions are listed in the docu-
mentation of the CoRoT archive (Chaintreuil et al. 2016). The
changes between the successive versions are mostly minor, the
most noteworthy being a significant improvement in the jitter
correction from version 3.0 onwards. We note that the photo-
metric noise (Asensio-Torres 2016) as well as the spatial varia-
tion of the background has increased over CoRoT’s lifetime due
to the ageing of the CCDs, which led to a gradual increase of
the dark current and decrease of the charge transfer efficiency
(Ollivier et al. 2016). This has been corrected in Version N2-
4.4 of the pipeline, but data processed using this pipeline ver-
sion only became available shortly before the submission of the
present paper, too late to be incorporated in the analysis. Thus
we caution that the light curves used here have sub-optimal back-
ground correction, which might affect the reported transit depths,
especially for the later runs. As a guide along the various pro-
cessing steps that are described in the following sections and the
object counts that resulted, we refer the reader to the flow-chart
in Fig. 5.

3.1. Transit detection

There was no official CoRoT pipeline at mission level for tran-
sit detection and light curve analysis. As described in previous
run report papers (see e.g. Carpano et al. 2009; Cabrera et al.
2009), once the science-grade (N2) light curves of a given run
were released to the co-investigators and associated scientists,
the transit search was carried out in parallel by different teams,
who use different methods to filter the light curves and detect
the transits. The methods implemented by the different teams to
identify transit signals were presented in Erikson et al. (2012).
We do not describe them again here as there has been no ma-
jor change in the detection algorithms since then. On the other
hand, efforts have been made to improve the pre-filtering and de-
trending of the light curves (Ofir et al. 2010; Grziwa et al. 2012;
Bonomo et al. 2012). As the transit search for each run was car-
ried out as soon as it was released, the methods used for transit
detection and the initial vetting of the candidates by the individ-

2 http://idoc-corotn2-public.ias.u-psud.fr/jsp/doc/
CoRoT_N2_versions_30sept2014.pdf
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CoRoT/exo original data

176 802 light curves + 760 imagettes
163 865 different targets

|

Search for transit-
like events

| 114 FA: other stellar

498 FA [

(Table 4) 211 FA: ghost
signals
(Table 4)

Initial classification
of detections

24 mono-transit

4123 detections
616 contact binaries

(Table 4)

594 transit
candidates

(Table 9)
1653 detached EB

92 mono-eclipse

candidates
(Table 8)

(Table 5)

570 multi-fransit EBs
candidates

1661 EBs with

(Table 7)
modelled

Detailed modelling
and observational
follow-up

parameters
(Table 8)

127 CEB

2| orreB

37 planets/
Brown
dwarfs

Final counts in
details (Table 2 and
Fig. 14)

9288 |

193
unresolved

48 WCCF

241 unknown

Fig. 5. Flow-chart of the processing steps and their resulting counts over the various categories described in Sects. 3 and 4. We note that the first
count gives the total number of transit-like features detected in the CoRoT light curves. The others numbers are corrected from duplications. FA

stands for false alarms.

ual team have evolved significantly from the first to the last run.
We also note that not all teams analysed every run.

Each team produced a list of transit candidates for every run
they processed, and most also reported the obvious eclipsing
binaries they had identified in the process. The candidate lists pro-
duced by the different teams were then combined, and each can-
didate discussed individually, in order to come to a consensus on
the likely nature of the signal: bona fide transit candidate, astro-
physical false alarm, or instrumental false alarm. The plots and as-
sessments used to inform this discussion evolved over the lifetime
of the mission, eventually settling into the transit vetting, mod-
elling and candidate flagging procedure described in the rest of
this section, but manual inspection of the light curve and discus-
sion of each candidate during regular teleconferences remained
an integral part of the candidate vetting process throughout the
mission.

In this manner, the combined detection teams identified a to-
tal of 626 significant transit-like events, of which just over 600
were deemed potentially worthy of follow-up observations after
discarding obvious instrumental and astrophysical false alarms.
Before being provided to the follow-up team, these candidates
were given a priority ranking ranging from 1 to 4, on the ba-
sis of the likelihood that the transit event was indeed of plane-
tary origin. This priority ranking was conferred by the detection
teams. The follow-up team then modified the priorities to take
into account the magnitude of the star, as radial velocity preci-
sion is mostly limited by photon noise. These intermediate prior-
ity rankings were intended solely to help organise the follow-up
process, the results of which have been incorporated into the can-
didate catalogues, so they are not reported here.

For the present paper, we went back to the full list of transit-
like events reported by one or more of the detection teams, in-
cluding cases ultimately deemed by them to be false alarms,
and systematically re-analysed them, in order to produce a
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homogeneous transit candidate catalogue. Each of the detec-
tion teams provided initial estimates for the transit parameters,
namely the period, depth, duration, and epoch of the transits.
When a given detection was reported by more than one team,
these estimates sometimes differed somewhat from each other,
as they depend on the pre-processing of the light curve and
the specifics of the transit detection algorithm used. Addition-
ally, there was considerable variation in the number and na-
ture of the checks which were performed by the different teams
to identify false alarms, such as grazing and diluted eclips-
ing binaries. To overcome this limitation and produce a co-
herent catalogue, we systematically vetted all the candidates
by performing a uniform set of semi-automated checks, mod-
elling all the transits in a consistent manner, and producing a
number of plots for each candidate used as assessment tools.
This was done using a purpose-written software package devel-
oped in Oxford and written in PytHon. This package was ini-
tially developed to help prioritise transit candidates and optimise
the follow-up. It has been used in this manner since 2010, al-
though it has evolved somewhat since it was first used. For the
present paper, we re-ran the latest version of the code on all
the transit-like events identified since the start of the mission,
resulting in a homogeneous set of transit parameter estimates.
The main lines of this analysis are described in the following
sections.

3.2. Initial transit candidate vetting

Various instances of eclipsing stellar systems which can mimic
a planetary transit are the astrophysical false positives to be
chased for. The on-board photometry did not provide photo-
centre curves that could have been used to assess the transit
source location within the large photometric mask. Instead, for
the brightest targets, CoRoT provided light curves in the three
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Fig. 6. Top: light curves in white, red, green, and blue (with the ac-
cording colour code) of a false positive. Bottom: CoRoT image of the
field around the target indicated by a star symbol (CID: 102779171,
r-mag = 13.84) with the shape of the photometric mask overploted and
the location of nearby stars indicated with crosses.
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Fig. 7. Light curves of an eclipsing binary that displays a series of dis-
continuities indicated by blue arrows. The colour code corresponds to
the three colour light curves, with the resulting white light curve plotted
in black. We note that the colour light curves have been shifted by a
constant in order to avoid too large a scale on the y axis. The top inset is
a magnification of a portion of the light curve where the discontinuity
in flux is not a simple step but a sudden increase of the flux, followed by
an exponential decrease as could be generated by the impact of a proton
on the CCD.

coloured bandpasses. They were used to identified obvious cases
where a background eclipsing binary is causing the transit sig-
nals. Figure 6 shows such an example: for this bright target
(r-mag = 13.84) neither the transits observed in the white light
curves or the stellar activity signal appear in the red and green
light curves but both are clearly visible in the blue. The source
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Fig. 8. Enlargement of one CoRoT CCD in the LRa02. Among the tar-
gets (black dots), the light curve of some of them (red stars) contains the
imprints of a bright periodic variable star, V 741 Mon, whose position
is indicated by the orange star symbol.

of the two is likely the nearby faint contaminant (r-mag = 15.31)
whose flux is enclosed in the photometric mask.

In addition to these well-known stellar configurations, the
other main sources of false detections, are the following two phe-
nomena, which require careful treatment. The first phenomenon
is the “hot-pixels”, which produce sudden discontinuities in the
light curve and can cause spurious but significant detections.
These can be identified by inspecting individual transit events
and, where available, the three-colour photometry (as hot pixels
typically affect one of the three channels only; see Fig. 7). The
second occurs when light from a bright eclipsing binary leaks
over one or more pixel columns either due to blooming effect that
can occur for a very bright and saturated star, or due to smearing
generated during the charges transfert. Depending on its bright-
ness and its position on the CCD, a bright EB can leave its pho-
tometric imprint in the light curve(s) of other nearby target(s).
In that case, the ghost transit signal exhibits the same period,
epoch, and duration as those of the contaminating eclipsing bi-
nary, but the depth is shallower. An impressive example of such a
phenomenon occurred in LRa02: V 741 Mon, a well-known vari-
able star of CVn type (Renson & Catalano 2001), far too bright
to be selected for observation in the faint channel, left its im-
prints through both blooming and smearing in the light curves of
46 targets as transit-like signals with the same period of 1.143
days and epoch. As shown in Fig. 8, stars distant by more than
47 arcmin from V 741 Mon were contaminated.

To identify these “ghost” signals, we systematically
inspected the light curves of stars in the vicinity of each tran-
sit candidate (see Fig.9). We also produced plots of the N2
light curve of a candidate, both unfolded and folded at the
period of the transits, including the coloured light curves when
available, and magnifications of the individual transit events to
help identify false alarms due to hot pixels and obvious EBs.
The same plots were also produced after removing all variability
on timescales longer than a day using the iterative non-linear fil-
ter of Aigrain & Irwin (2004). We visually inspected these plots
for each object, and obvious false alarms are excluded from the
rest of the analysis described in Sects. 3.3 and 3.5.

This visual inspection step may seem primitive, but it is rel-
atively quick and very effective, reducing the number of tar-
gets under consideration from 4123 light curves with transit-like
events to 594 surviving planetary candidates. Of the discarded
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Fig. 9. Example of a clear “ghost” false positive. The light curves of the
candidate, LRa01_E1_4594 (red line at the top), and its closest neigh-
bours are all phase-folded at the period of the detected transit signal. In
this case, the transits detected in LRa01_E1_4594 are those that occur
on the nearby eclipsing binary, LRa01_E1_3453, whose primary and
secondary eclipses are clearly visible in its light curve.

transit-like events, 499 were found to be false detections, some
due to hot pixels, others to unconfirmed detection or spurious
contamination, 211 clear ghosts, and at least 115 false alarms
due to other forms of stellar variability, such as pulsations or ro-
tational modulation of star spots. Among these 4123 transit-like
events, we identified 1653 detached eclipsing binaries (EB) and
616 contact binaries. Table 2 gives an overview of the number
of candidates and binaries detected in each pointing. It also pro-
vides the number of candidates identified as different types of
astrophysical false positives on the basis of a deeper analysis of
their light curve or ground-based follow-up observations (which
are discussed in more detail in Sects.4.2 and 4.3). Table A.1
reports the list of the transit features that we discarded as false
alarms. We stress that this table is not exhaustive, since no at-
tempt was made to identify all the ghost signals caused by each
bright EB systematically for example. Only those that happened
to be considered initially as transit planetary or eclipsing binary
candidates are listed here, but we deemed it useful to record them
nonetheless.

For the remainder of this paper, the term candidates is used
only to refer to the objects which passed the preliminary vetting
steps, while those that were rejected at this step are referred to as
false alarms or EBs. Of course, some of the candidates are in fact
EBs identified in the second step of the analysis (see Sect. 4.2).
These cases which were left as candidates, were originally in-
cluded in the follow-up programme, before the light curves vet-
ting tests were fully set up. We thus keep the term EBs in the
following sections, to designate “obvious” EBs identified at the
preliminary vetting stage. This visual inspection step also helps
identify cases where some error has crept into the transit proper-
ties reported by the detection teams, which need to be corrected
manually before the transits can be modelled in detail.

3.3. Transit candidate modelling

For the surviving transit candidates, we fitted the light curve
with a simple transit model assuming a zero eccentricity. We
first fitted a linear trend to the region around each individual
transit, to remove stellar variability, phase-fold the resulting sec-
tions of light curve, and perform a global transit fit using the
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formalism of Mandel & Agol (2002). The fitted parameters are
the period P, the time of transit centre Ty, the planet-to-star ra-
dius ratio R, /R, the system scale a/R,, and the impact param-
eter b. We used a quadratic limb-darkening law, but fix the coef-
ficients to u, =0.44 and u;, = 0.23, the values tabulated by Sing
(2010) for a 0.9 M, star in the CoRoT bandpass. The signal-to-
noise ratio of the transits is not sufficient, in most cases, to fit
for the limb-darkening coefficients, and we opted to use a sin-
gle set of values because of the large uncertainty in the stel-
lar parameters. It is important to bear in mind, however, that
the limb-darkening coefficients used may not be appropriate
for some objects. The fit was performed using an implementa-
tion of the Levenberg-Marquart algorithm for non-linear least-
squares regression adapted for PytHoN from the the IpL program
MPFIT.

Once these physical parameters have been obtained, the in-
dividual transit events are fitted, allowing only the time of transit
centre to vary, and the ephemeris is refined using a linear fit to
the times of transit centre. We repeated the process of variabil-
ity removal, global and individual fits, until all the parameters
have converged, meaning that their values change by less than
their formal uncertainties (which are derived from the covari-
ance matrix of the fit). At that point, we also computed the orbital
inclination, stellar density and stellar radius, using the equations
of Seager & Mallén-Ornelas (2003) and assuming a power-law
stellar mass-radius relation with an index of 0.8. These were
used to check if the transits are too long for their period, indi-
cating a large (early type, or evolved) primary star, or a blended
system. We note however that these calculations ignore limb-
darkening, and are very approximate, particularly for grazing
eclipses, where there is an almost complete degeneracy between
the planet-to-star radius ratio, system scale and impact parame-
ter. Therefore, the reported parameters for grazing events have
very large uncertainties, and and we do not report stellar density
estimates for such events, as they are essentially meaningless.
Additional fits are made using simple trapezoidal or triangular
models to obtain direct estimates of the transit depth, total tran-
sit duration and duration of totality (or “outer” and “inner” du-
rations respectively). Finally, we also performed separate transit
fits whose results were used to perform some basic tests intended
to help identify the candidates most likely to be planetary (see
Sect. 3.5):

— on the odd- and even-numbered transits separately: signifi-
cant differences between the two indicate that the transits-
like events are caused by a near-equal mass eclipsing binary
whose light is diluted by that of a third star (blended eclips-
ing binary), rather than by a planet.

— on the light curves in the three coloured bandpasses
(where available): significant differences can indicate that the
transit-like events are not grey — and hence have a stellar ori-
gin. This is to be used with caution, though, as there is a
degeneracy between actual colour, and spatial location along
the dispersion direction of the CoRoT prism: different depths
in different colour channels are actually more likely to be due
to a faint star contaminating the blue or red end of the pho-
tometric aperture, than to a real colour difference. In such
cases, the transit might be on the main target — and hence
might still be a genuine planetary event — or might be on the
contaminating star (blended eclipsing binary).

— on the light curve around phase 0.5, to check for a sec-
ondary eclipse, which would indicate a stellar origin for the
transits.

These additional transit fits were carried out with the period,
epoch, impact parameter and system scale fixed to the values
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Table 2. Summary of the transit events per field.

Field Candidates EB CB
Total Planet unres. PEB CEB SB WCCF FU

IRa01 39 2 13 1 9 9 5 27 98 15
LRa0l 52 4 14 6 15 7 6 42 162 18
SRa01 8 0 4 1 1 0 2 4 77 12
SRa02 18 1 8 3 2 4 0 10 92 59
LRa02 40 3 11 1 7 10 8 37 130 39
LRa03 16 0 5 1 4 3 3 15 40 10
SRa03 11 3 5 0 0 2 1 7 41 3
LRa04 7 0 0 1 1 5 0 7 38 10
LRa05 19 0 5 7 1 5 1 11 43 9
SRa04 11 2 1 1 5 2 0 11 50 10
SRa05 8 1 0 2 3 1 1 7 35 57
LRa06 10 0 2 5 3 0 0 5 15 5
LRa07 5 0 3 0 0 1 1 3 42 25
Total anticentre 244 16 71 29 51 49 28 186 863 272
SRc01 47 0 32 0 3 4 8 24 114 26
LRcO1 42 4 7 8 14 9 0 36 109 37
LRc02 50 6 20 11 6 7 0 28 94 31
SRc02 16 0 3 0 5 2 6 13 117 67
LRc03 45 2 14 10 9 8 2 25 72 21
LRc04 29 0 11 7 8 3 0 17 50 17
LRc05 30 2 8 8 10 2 0 13 46 42
LRc06 18 1 6 6 4 0 1 7 35 23
LRc07 10 2 4 0 2 2 0 10 30 5
LRc08 14 3 6 3 0 1 1 10 39 27
LRc09 28 1 5 10 7 3 2 17 40 31
LRcl10 21 0 6 5 8 2 0 20 44 17
Total centre 350 21 122 68 76 43 20 220 790 344
Grand total 594 37 193 97 127 92 48 406 1653 616

Notes. These numbers are filtered out from duplications. The types of counts that are given in the Cols. 3—8 correspond to the candidates categories
discussed in Sect. 4. Column 9 gives the number of candidates with follow-up observations. Column 10 gives the number of transit events identified

as detached EB, and Col. 11 those identified as contact binary.

determined from the main transit fit, allowing only the radius
ratio (i.e. the depth) to vary. For the secondary eclipse check,
the limb-darkening parameters are set to zero and the initial es-
timate of the depth is set to a tenth of the transit depth. We note
that we only checked for secondaries around phase 0.5 (for prac-
ticality reasons), so weak secondaries from eccentric binaries are
missed.

The resulting parameters of the 594 planet candidates are re-
ported in Table A.2, for all those which were not identified as ob-
vious false positives at the preliminary vetting stage, and which
displayed at least two transits in any given run. For the fitted pa-
rameters, we report the formal uncertainties (from the diagonal
elements of the covariance matrix), standard error propagation
is used to compute uncertainties for the derived parameters. We
note that these errors do not account for correlations between the
parameters, or for correlated noise in the data, so they should be
taken as indicative only.

Some of them were observed twice; for these we report the
parameters derived from the light curve obtained in the point-
ing with the longest duration, but we also list the other runs in
which they were observed. This number includes those (37) that
have been confirmed as planets or brown dwarfs on the basis of
subsequent ground-based observations.

A further 24 candidates, which displayed only one tran-
sit in any given run, are listed separately in Table A.3. Two

single transit events (CoRoT IDs 102723949 and 102765275),
initially discovered in IRa01 (Carpano et al. 2009; Moutou et al.
2009), were re-observed in the LRa01. This allowed us to de-
termine their orbital period and they are thus now listed in
Table A.2.

3.4. Eclipsing binaries

A total of 2269 clear eclipsing binaries were identified at
the preliminary vetting stage. Of those, 1653 were sufficiently
well-detached for the transit modelling described in Sect. 3.3 to
converge, so their light curves were also modelled in the same
way. Since the transit model used assumes a non-luminous com-
panion, some of the fitted parameters such as R, /Ry, b and a/R
are meaningless for EBs, but the modelling process does enable
us to derive improved estimates of the ephemeris and primary
eclipse depth and duration. Of this sample, 137 were observed
twice or even three times (mostly in fields IRa01, LRa01, and
LRa06, which have the strongest overlap, see Fig. 1), leaving a
total of 1653 unique detached EBs identified and characterised
as a by-product of the exoplanet search. The multi-transit ones
(1561) are reported in Table A.5, along with a rough (by eye)
classification based on their phase-folded light curve. Indeed, in
the first step of the vetting process, binaries were visually classi-
fied in four sub-classes:
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1. eclipsing binaries with distinct eclipses and a detected sec-

ondary eclipse at phase 0.5;

2. eccentric eclipsing binaries with distinct eclipses and a de-

tected secondary eclipse not at phase 0.5;

3. eclipsing binaries with distinct eclipses but without detected

secondary at phase 0.5;

4. contact binaries that present no clear eclipse but a near-

sinusoidal modulation of their light curve.
In 243 of these detached EB we identified a secondary, but
not at phase 0.5, indicating an eccentric system. Three of
those were observed twice, which improved the constraints
on their orbital periods. CoRoT ID 105499823 was observed
in both LRc05 and LRc06, and its orbital period was deter-
mined thanks to the observation of two secondary eclipses dur-
ing LRc05. For CID 102768841, an orbital period of 54.138
days was derived from the 131.5 days of LRa0l observations,
but only one eclipse was observed during the much shorter
LRa06 (76.6 days). Among these detached EBs, 92 showed
only one primary eclipse in a given run (Table A.4). A sin-
gle eclipse of CID 102586624 was observed in each of LRa0Ol
and LRa06, which implies that its orbital period is greater than
132 days.

Finally, Table A.6 provides the list of transit features we clas-
sified as contact binary. For these kind of binaries, we carried out
no modelling but provide the ephemeris and the period. Sorting
all these events as a function of their period allow us to identify a
second round of ghosts. An independent compilation of eclipsing
binaries in CoRoT data has been published by Klagyivik et al.
(2016). Their table contains 2290 likely eclipsing binaries of all
types (contact or detached), which they used as input sample for
a search for circumbinary planets.

3.5. Flag system

Once the transit fits were complete, a number of tests were per-
formed to check if the transit parameters are compatible with a
planetary origin. The outcome of these tests were recorded in the
form of six binary flags, which are also included in Tables A.2
and A.5. The flags are:

— Fy.: low detection significance, set if the transit depth in the
white light curve is less than five times the corresponding
uncertainty;

— F.: secondary eclipse detected, set if the secondary eclipse
depth (at phase 0.5) is more than three times the correspond-
ing uncertainty;

— Fodqdjeven: 0dd/even depth differences, set if if the odd-
to-even depth ratio is more than 1.1 at 30 confidence
level;

— Fo: strong colour dependence, set if the ratio of the deepest
to the shallowest of the transits in the three colour channels
is more than 1.5 at 30~ confidence level;

— Flong: transit too long, set if the best fit stellar radius is >2 R
at 30~ confidence level;

— Fy: V-shaped transit, set if the best-fit transit model is graz-
ing that is with a null inner duration estimate which means a
bottom flat section is lacking.

While the four first flags are directly related to the light curve
analysis, the two last are associated to the physical parameters
that have been derived assuming the star is a solar twin. We note
that these flags are intended for a first, quick-look sorting of the
candidates: they are by no means unequivocal, in the sense that
a real planet could have one or more flag set, and many candi-
dates, which were later found to be astrophysical false alarms,
had none.
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Fig. 10. Stacked histograms of the period distribution (in days) of EBs
(pink) and candidates (grey). The dash lines give the median of each
distribution. The inset shows an enlargement of the short end of the
period range.

All the candidates (Table A.2), including the planets, and
the EBs (Table A.5) have been yet blindly re-analysed with this
new tool, even if their nature had already been elucidated us-
ing ground-based follow-up observations. This gives us an op-
portunity to learn whether we could have made better use of
the transit modelling and flag system to prioritise the follow-
up resources, and may be helpful in informing the candidate
prioritisation strategies for future missions such as TESS and
PLATO.

4. Overview and follow-up observations of the
candidates

4.1. Statistics of the candidates

Figure 10 shows the period distribution of the candidates com-
pared to that of the EBs. The two distributions are similar: both
peak at 1.5 days, and their medians are 3.9 days and 3.1 days,
respectively. Two thirds of both the candidates and the EBs
have orbital periods shorter than ten days, and 90% shorter than
25 days. In both cases, a handful do show orbital periods in ex-
cess of 100 days. Some of those are single transit events, but
some were detected as periodic events during long runs, as was
the case for CoRoT-9b (e.g. Deeg et al. 2010).

The distributions of the transit depths, shown in Fig. 11, are
more different. While both peak at 0.15%, the medians depths
are 0.54% and 5.26% for the candidates and EBs respectively.
This is of course as expected, since the depth of the transits
was one of the factors used in distinguishing EBs from possible
planets. As a consequence, the distribution is truncated at large
depths for the candidates, but not for the EBs.

There is a noticeable spread in the number of candidates
detected during each pointing, ranging from 8 in SRa0l to 50
in LRc02 (Table?2). While the centre fields account for less
dwarfs than the anticentre ones (33 3351 against 38 803), we find
6.3 +0.4 candidates per 1000 F, G, K, and M dwarfs surveyed
in the anticentre fields and 10.5 + 0.6 in the centre. This differ-
ence is also found in the number of planets with 0.41 +0.1 %o
and 0.63 + 0.1 %o respectively. By contrast, for the same targets
sample, there is no such difference in the number of EBs de-
tected in each pointing direction: 22.09 + 0.7 and 23.57 + 0.8 per
thousand of the same population of targets, in the anticentre and
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Fig. 11. Stacked histograms of the depth distribution (in %) of EBs
(pink) and candidates (grey). The inset shows an enlargement of the
short end of the depth range and the dash lines give the median of each
distribution.

centre directions respectively. The higher rate at which we detect
planets in the centre fields might reflect some dependency on the
properties of stellar populations located in opposite galactic di-
rections. Assessing such a dependency would however require
precise and complete parameters of the underlying stellar popu-
lations we are still lacking.

This lack of a precise characterisation of the stellar popu-
lation not only prevents a detailed assessment of the detection
performance. Other limitations include the different duration of
the CoRoT runs, their different noise properties due for exam-
ple to different background levels or aging of the instrument,
and the fact that the detections do not come from a single soft-
ware, but from various ones that have been updated and op-
timised throughout the life of the mission. As a first attempt
we checked any dependency with the run duration. Indeed, the
median of runs duration is 54.3 days in the anticentre and 83.6
days in the centre. We calculated the Spearman’s rank-order cor-
relation between the number of candidates and the run duration.
We found a correlation coefficient of 0.5626 with the evidence
against a null hypothesis (p-value) of 0.34%, indicating a weak
but significant correlation between the number of candidates and
the duration of the run.

We also checked whether the distributions of depths and pe-
riods for the detections are consistent with what we might expect
given the duration of the runs. We separated the short runs (du-
ration less than 40 days: SRa01, SRa02, SRa03, SRa05, SRc01,
SRc02, and LRa07) from the longest ones with a duration greater
than 80 days, and compared in these two groups the candidates
and detached eclipsing binaries to the expected transit signal that
is the noise level over the transit duration, following the ap-
proach described by Pont et al. (2006). It was calculated for a
time sampling of 512 s as the product of the depth of the transit
and the square root of the number of points in the transit and us-
ing the median photometric precision at R = 14 given in Table 1.
Figure 12 shows how the detection threshold varies as a func-
tion of the run duration. While the transit signal of a planet like
CoRoT-7b appears at the limit of the detection threshold for short
duration runs, it is well within CoRoT detection capacity when
the duration of the run goes over 80 days. Longer run durations
favour the detection of shallow or long orbital period transits, as
expected.
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Fig. 12. Transit signal as a function of the period of all candidates and
EB in fields whose duration was less than 40 days (fop) and those whose
duration was greater than 80 days (bottom). The plain blue lines show
the expected transit S/N for three different noise levels (given by the n
values). The position of CoRoT-7b is indicated by the red star.

4.2. Follow-up observations of the candidates

Ground-based photometric and spectroscopic follow-up obser-
vations formed a key part of the CoRoT exoplanet programme.
Photometry taken during and just outside the transits (on-off
photometry) with larger telescopes at higher spatial resolution,
was used to confirm whether the transits occurred on the main
target or a fainter nearby star. High contrast imaging helped iden-
tify background binaries or physical triple systems further. Ra-
dial velocity (RV) measurements allowed us to identify objects
with multiple sets of spectral lines, and to measure the masses of
any actual planets, together with the eccentricity of their orbits.
These or additional spectroscopic data were also used to esti-
mate the fundamental parameters (effective temperature, grav-
ity, mass, radius, and age) of the target stars. The role these
ground-based observations in assessing the nature of the candi-
dates has been already discussed in detail in previous run reports
(e.g. Moutou et al. 2009; Cabrera et al. 2009) or planet discov-
ery papers (e.g. Léger et al. 2009), so we do not describe the full
process in detail here.

A total of 406 candidates were observed by at least one
ground-based facility as part of the CoRoT follow-up pro-
gramme, representing 70% of all the candidates which had been

A97, page 11 of 25


https://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201731068&pdf_id=11
https://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201731068&pdf_id=12

A&A 619, A97 (2018)

60 T 1T | T T | T 1T

Anticentre 79

40 94 |6t

93 g6

Number

20

(0]
Nl b

0 H—==F
80 Centre

60 77

)]
oo

40 86

89

Number

)
o

20 91

11 12 13 14 15
r-mag

o
-
o

—_
o

Fig. 13. r-magnitude distribution of the full set of candidates (grey) and
those that received follow-up observations (pink). The numbers at the
top of each bin give the percentage of candidates observed from the
ground in that bin when different from 100%.

deemed worthy of follow-up at one point or another. We note
that the follow-up observations started as soon as possible after
the end of each run, while the candidate vetting and light curve
modelling process described in Sect. 3 evolved and matured con-
tinuously during the mission. Thus, 88 of the candidates initially
deemed worthy of follow-up were later identified as unambigu-
ous EBs on the basis of their light curves. At that point, they
were removed from the follow-up programme, but some had al-
ready been observed. This sample provides us with a valuable
opportunity to check the validity of our vetting procedures.

Figure 13 shows the distribution of the r-band magnitude
of the candidates, together with the fraction which received at
least some follow-up observations in each magnitude bin. This
figure excludes the candidates which were initially included in
the follow-up programme but later discarded on the basis of a
refined light curve analysis. The only exceptions to this rule are
four cases from IRa01, the first pointing of the mission, because
the follow-up for that run was completed before the re-analysis
of any of the light curves began. As Fig. 13 shows, candidates
spanning the full magnitude range were followed up, but brighter
stars were given higher priority: nearly all the candidates with
r < 14 received follow-up observations, while the fraction drops
to 78% for 14<r<15, and 63% for the faintest targets with
r>15. Overall, almost 85% of the candidates included in the
figure were observed.

4.3. Outcome of the follow-up observations

Based on the results of the follow-up observations, transit candi-
dates were assigned to one of the following classes:

— Spectroscopic binary (SB): Either the radial velocity cross-
correlation function (CCF) of these candidates shows
multiple, well separated peaks (indicating a double- or triple-
lined spectrum), or the RV variations clearly indicate a stellar
mass companion.
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— Wide CCF (WCCF): The CCF of these candidates shows
a very broad peak, preventing the measurement of precise
RVs. This can occur either because the host star is hot, and
its spectrum contains few abosorption lines, or is rapidly ro-
tating, as is typical of A and early F-type stars. While plan-
etary companions are not excluded for these more massive
stars, their characterisation remains out of reach with stan-
dard methods, and these candidates are set aside.

— Contaminating eclipsing binary (CEB): This category covers
all cases where the CoRoT aperture contains an eclipsing bi-
nary whose light contaminates the target star, giving rise to
a transit-like signal, independently if the EB is a background
object, or is physically related to the brighter star (triple
system). These configurations are identified through on-off
photometry as described in detail in Deeg et al. (2009), high
contrast imaging, or the so-called RV mask effect, where the
measured RV changes significantly depending on the cross-
correlation mask used (indicating that stars of more than one
spectral type contribute to the spectrum).

— Photometric eclipsing binary (PEB): These are candidates
that were initially included in the follow-up programme, fail-
ing a clear identification as EB during the vetting tests de-
scribed in Sect. 3.2, but were later identified as EBs based on
a more thorough analysis of their light curves, after the start
of the follow-up observations. In most cases, these objects
were down-graded either because a secondary was detected
at a phase other than 0.5, or on the basis of a more quan-
titative assessment of the eclipse depths in the three CoRoT
band-passes. We expect these to be mostly EBs that are iden-
tical to the target stars, although instances of contaminating
EBs may be present here as well.

— Unresolved: This category comprises all the candidates
whose nature remains unresolved, because the follow-up ob-
servations were either inconclusive, incomplete, or in some
cases (for the lowest priority objects, mostly those at high
magnitude) never started. The follow-up observations may
remain inconclusive for a number of reasons: i) ground-
based photometry demonstrates that the transit is on the main
target, but the latter is too faint to allow RV measurements
at the required precision; ii) repeated RV observations re-
veal no significant variation consistent with the ephemeris of
the transits; iii) shallow transits for which on-off photome-
try are not precise enough to pinpoint the precise source of
the photometric signal, and no RV measurements could be
performed because of the faintness of the target.

— Planet: Only candidates having passed a whole battery of
tests, including unambiguous detection of the RV signal in-
duced by the companion, or full statistical validation of the
companion’s planetary nature using the CoRoT light curve
and all available ground-based data, are included in this cate-
gory. All but the most recent discoveries of these planets have
been published in dedicated papers (see Bordé et al. 2018;
Grziwa et al., in prep.; Gandolfi et al., in prep. for the most
recent). We keep them all in the final candidates catalogue
for consistency and further assessment of the flag system.
We note that we have included those that were reported as
brown dwarfs in this category.

These categories are reported for each candidate in Table A.2,
while the number of candidates in each category is summarised,
run by run, in Table 2.

Figure 14 shows the distribution of the candidates among the
categories defined above, for the Galactic centre and anti-centre
fields separately. In both directions, about 40% of the candidates
remain unresolved (these are discussed further in Sect. 6). Faint
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Fig. 14. Distribution of the candidates among the six categories defined
on the basis of the follow-up observations (fop), and the three larger
groups obtained by merging some categories together (bottom) in centre
and anticentre (see text for details). The number at the top of each bin
gives the percentage of the corresponding category in the considered
direction.

stars, which are challenging for precision RV measurements,
account for a large part of this class, but it also contains some
relatively bright targets, for which no clear RV variation could
be detected. Confirmed planets account for only 6% of all the
candidates.

A more synthetic overview of the status of the candidates
after follow-up can be obtained by merging categories which
were distinct observationally, but are essentially the same in
their underlying nature. The nature of the WCCF objects re-
mains unknown: the transits could be caused by a small star,
brown dwarf, or a Jupiter-sized planet, or by a contaminating
EB. Indeed, one can not exclude the presence of a Jupiter-size
planet orbiting a A-type star. Ultimately, WCCF objects can be
merged into the “unresolved” class. The classes SB, PEB, and
CEB can be merged in a single EB class. The SB class, identified
as such through follow-up observations, consists indeed of undi-
luted EBs. In the same way, we only know for sure that the
transit events identified as CEBs are from contaminating objects,
whereas the other cases identified as PEBs may be identical to
the target star or may be contaminators as well. Figure 14, bot-
tom, shows the distribution of the candidates among this smaller
set of classes. The unresolved cases now account for a little over
40% of the candidates, while EBs are the main source of resolved
false positives, at more than 50% of the total. The confirmed
planet fraction is unchanged at 6%. Among the total number of
resolved configurations in both directions, EBs be they diluted
or not, account for 89.7% and planets are 10.3%.

5. Evaluation of the candidate screening process

While the flags described in Sect. 3.5 were computed automati-
cally for all candidates and detached EBs, they were not used in
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Fig. 15. Occurrence in percentage of each flag (see Sect.3.5) for the
candidates (blue) and the EBs (grey).

selecting or prioritising candidates for follow-up observations, or
if so, only in an ad hoc manner for individual cases. This is partly
because the flags were not available during the early phase of
the mission, and partly because we were wary of using an auto-
mated process in case we discarded good planet candidates. This
could happen, for example, because they had non-standard prop-
erties (unusual host star spectral type, transit timing variations)
or because the transit modelling failed to converge properly. In
principle, however, the flags could have been used both to dis-
criminate automatically between EBs and candidates (thereby
avoiding, or considerably reducing, the visual vetting stage),
and to prioritise the candidates for follow-up observations. Hav-
ing performed the visual vetting and the follow-up, we can
now use the benefit of hindsight to investigate, after the fact,
to what extent the flag system could have been used in this
manner.

5.1. Candidates versus EBs

We first checked how useful the flag system could have been at
the vetting stage, by comparing the occurrence of the different
flags for the planet candidates and for the EBs, which are shown
in Fig. 15.

The most striking feature of the figure is that the relative or-
der of occurrence of the flags (most common to least common)
is virtually identical for both candidates and EBs. Fy (V-shaped
transit) and F. (secondary eclipse) are the most common, set in
48 and 28% of the candidates, respectively, and in more than
70% of the EBs. The next most common flag is Fiong (long-
duration transit), which is set in 16% of the candidates and 27%
of the EBs. The remaining flags are all set in less than 15% of
the candidates or EBs. In particular, Fg, (low detection signif-
icance) is set only for <2% of the candidates and EBs, which
shows that the detection teams were conservative when selecting
transit-like events. The individual occurrence rates of individual
flags for candidates and EBs do differ, so that — for example — a
given object is more likely to be an EB than a planet candidate if
either of Fyc, F'v or Fiong are set, but these differences are cer-
tainly not strong enough to allow a clear distinction to be made
between the two groups.

The relatively high number of candidates that have flags
on secondary eclipse or long-duration transit is due to human
decision during the vetting process. Indeed at the vetting stage,
shallow secondaries that would trigger the F. flag could not

A97, page 13 of 25


https://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201731068&pdf_id=14
https://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201731068&pdf_id=15

A&A 619, A97 (2018)

L 53.6 4
& °r 34.3 ]
. R _
2
o - 28.6 28.3] -
3 - 23.2 B
O
O 20— 17.7 —
- 7.6 .
B 42 _
o 10138 o2
) 1 2 3 4 5

Number of flags

Fig. 16. Distribution of the number of flags occurrence of the candidates
(blue) and the EB (grey). We note that none of the detected events are
attributed six flags.

necessarily be seen by eyes. Furthermore, real planets, such
as CoRoT-1b or CoRoT-2b (Alonso et al. 2009; Snellen et al.
2009), can have detectable secondaries and thus we did not
want to be excessively strict in excluding them. Similarly, while
V-shaped transits are much rarer for companions that are small
compared to the primary star, they are not entirely excluded (see
Table 3), and therefore we refrained from using the shape of the
transits at the vetting stage, though we did use the depth.

We can go a step further by examining the number of flags
set for individual candidates or EBs, and the combinations of
flags which are set simultaneously. This is illustrated in Fig. 16.
28% of the candidates have no flag set at all, but the situation
occurs for a few of the EBs as well. The vast majority of the two
groups have one or more, while none have more than five out of
the six flags set. Here we do see a clear difference between the
candidates and the EBs: while 63% of the candidates have <2
flags set, 72% of the EBs have >2. This suggests that the over-
all number of flags set may be a better, though still imperfect,
indicator of whether a given object belongs in the EB or planet
candidate group. We note also that all 37 of the CoRoT planets
included in this analysis but one have fewer than two flags set.

5.2. Follow-up results versus flagging

We took advantage of the large follow-up effort to check our flag
system against the results obtained through complementary ob-
servations. To that end, we checked the distribution of the num-
ber of flags for each of the six classes of candidates defined in
Sect. 4.3; the results are shown in Fig. 17. The EBs among candi-
dates identified through follow-up observations follow the same
trend in number of flags as those identified through the anal-
ysis of their light curve. For the other classes, the outcome is
less obvious. The confirmed planets that have one flag set are
highlighted in Table 3. In each case this flag can be explained
by a real characteristic of the system. If a reliable spectral type
had been available for the host-star before the automated tran-
sit modelling and flagging step, none of the planets would have
had Fiong set. Some would still have had Fy or Fc, but these
are the few exceptions with genuinely high impact parameter or
marginally detectable secondary eclipses.

On the other hand, taking at face value the observation
that none of the confirmed planets had more than one flag
set (except for CoRoT-36b/LRc07_E2_0307, Grziwa et al., in
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ous categories defined following follow-up results (see Sect. 4.3).

Table 3. CoRoT planets with one flag triggered.

Planet Flag Host-star R,
spectral type (Ro)

CoRoT-1b Secondary GOV 1.11+0.05
CoRoT-10b V-shape K1V 0.79 £0.05
CoRoT-17b Duration G5V 1197043
CoRoT-22b  Colour-depth GOV 1.1 36f%:§%8
CoRoT-24b Secondary K1V 0.86 +0.09
CoRoT-25b V-shape FoV 1.19f0:14
CoRoT-26b Duration GSIV 1 .79f§:?§
CoRoT-28b Duration G8/91V 1.78 +0.11

References. (1) Barge et al. (2008); (2) Bonomo et al. (2010); (3)
Csizmadia et al. (2011); (4) Moutou et al. (2014); (5) Alonso et al.
(2014); (6) Almenara et al. (2013); (7) Cabrera et al. (2015).

prep.), one might conclude that follow-up observations could
have concentrated on the candidates that received at the most
one flag. This would have reduced the number of follow-up
targets by 36%. However, the more salient conclusion of this
exercise is that the flag system that we defined is too blunt a
tool for reliably distinguishing between genuine planetary tran-
sits and astrophysical false positives reliably. A more nuanced
approach is required, including for example a probabilistic as-
sessment of the planetary nature of each candidate, as pro-
posed by Morton (2012) and implemented in the VESPA package
(Morton 2015).

6. Unresolved candidates

Following the conclusion of Sect. 5.2, planets could be searched
for among unresolved candidates with one flag triggered at most,
that is 119 candidates out of 193 whose status remains yet unre-
solved. About half of them have not been subject to ground-based
complementary observations, and for those that were observed
(56), the complementary observations remained inconclusive
about their exact nature. Among those that were not observed,
none is brighter than r-mag = 13, five are in the range 13.4—14, and
the remaining ones (51) are much fainter. As discussed in Sect. 4.2
follow-up observations were also driven by the magnitude of the
targets. We checked the five brightest candidates without follow-
up observations and we found that either the target was suspected
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Fig. 18. Depth versus period of the unresolved candidates with at most
one flag, according to their magnitude.

being a giant or the USNO-A2 r-magnitude that was used in the
input catalogue, mostly for the short runs, was much higher than
the one from PPMXL, which is currently used in the last release
of the input catalogue. In both case, the target ended up with a low
priority for follow-up observations.

Figure 18 shows the transit depth of these 119 candidates as
a function of their period and their magnitude. Five have a depth
between 3 and 4%. They are likely stellar systems but, in ab-
sence of a reliable spectral type of the host star, they are kept
in the unresolved category. We note however that 68 of these
unresolved events have a depth less than 0.05% among which
12 a depth less than 0.01%. About 90% have a r-mag > 14. For
Jupiter-size planets radial velocity measurements remain diffi-
cult at the faint end of the CoRoT magnitude range (typically
for r-mag > 14.5). For those whose host-star is brighter, the do-
main of Neptune-size planets and smaller is still challenging the
current spectrograph performances. The later is well exempli-
fied by CoRoT-22b (Moutou et al. 2014) whose nature could not
be fully secured by radial velocity measurements and required a
complex process of planet validation, that also included ground-
based images (Diaz et al. 2014).

According to current spectral classification (Damiani et al.
2016), 68% of these unresolved candidates are classified as
dwarfs (luminosity Class IV or V). The ExoDat spectral clas-
sification is not completely reliable but is at least indicative.
As a result, selecting the unresolved events classified as dwarf
and with one flag at the most, we get 81 good candidates. As-
suming that the unresolved cases follow the same distribution
as the resolved cases and would distribute over EB and planet
classes, following the same proportions as derived in Sect. 4.2
from the resolved cases, we may expect that 8.4 + 3 planets are
lurking in this category, waiting to be confirmed as such. This
highlights the challenge of establishing the planetary nature of
CoRoT candidates. Even for Jupiter-sized planets, RV charac-
terisation is difficult at the faint end of the CoRoT magnitude
range, while even bright stars hosting Neptune-sized planets re-
quire many RV observations. Examples of confirmed CoRoT
planets, which were at the limits of the capabilities of RV fa-
cilities, include CoRoT-16b (Ollivier et al. 2012), CoRoT-19b
(Guenther et al. 2012), and CoRoT-22b (Moutou et al. 2014).

7. CoRoT planet occurrences

The number of planets detected is a function of the sensitivity
and contamination of the complex CoRoT detection, vetting and
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Fig. 19. Depth versus period of the unresolved candidates and con-
firmed planets detected by CoRoT (black dots) and by Kepler (grey
dots).

follow-up process, as well as the underlying occurrence rate
for different types of planets around different types of stars.
A detailed estimate of the occurrence rate would require end-
to-end simulations to measure the sensitivity, as well as a care-
ful accounting of the various sources of false alarms among
the candidates. A number of studies have done this, for exam-
ple, for Kepler, where the task is made somewhat more man-
ageable by the extremely high precision of the light curves and
the uniform detection and vetting process of the candidates (see
e.g. Howard et al. 2012; Fressin et al. 2013; Christiansen et al.
2015). Doing this for CoRoT is more tricky, not least because
of the multiple and evolving pipelines used for candidate de-
tection and selection over the mission lifetime. A proper com-
pleteness estimate is available for only one of the pipelines used
(Bonomo et al. 2012), and then only for the special case of small
(Neptune-size) planets. Additionally, the various pointings had
different durations, and targeted regions of the sky with differ-
ent stellar properties. Finally, the aging of the detectors over
the mission lifetime affected the noise properties of the data
(Aigrain et al. 2009; Asensio-Torres 2016) which might have
had a significant impact on the detectability of the smaller plan-
ets in particular, but this effect has not been quantified. Proper
completeness estimates of the CoRoT planet yield, or of the can-
didates catalogue, are thus beyond the scope of this paper. How-
ever, we can refine our calculations somewhat, if only to check
to what extent the planet yield is consistent with occurrence rates
derived from previous surveys. In support of the results pre-
sented in the following subsections, Fig. 19 shows candidates
and confirmed planets as detected by the two missions in the
period — depth diagram. Clearly there is a weak overlap only be-
tween the two missions detections in this parameters space.

We consider the number of confirmed planets detected by
CoRoT that is all published objects with a CoRoT planet num-
ber. We do distinguish between small (R <5 Rg) and large (gi-
ant) planets. At least 2 of the latter, CoRoT-15b (Bouchy et al.
2011) and CoRoT-33b (Csizmadia et al. 2015), with masses
>30 Mjyp, are classified as brown dwarfs. Furthermore, CoRoT-
3b (Deleuil et al. 2008), with a mass of 21.7 My, could be con-
sidered either as a low-mass brown dwarf or massive planet.
For the purposes of the following discussion, we treat CoRoT-
3b as a brown dwarf, and consider transiting brown dwarfs
and hot Jupiters separately. However, we emphasise that this
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approach follows the standard classification and could be ques-
tioned as the distinction between planet and brown dwarf
is unclear and increasingly controversial (see Schneider et al.
2011; Hatzes & Rauer 2015). Finally, as the orbital periods of
CoRoT planets fall in a relatively narrow range (from a few hours
to just under 13 days, except for CoRoT-9b), we do not attempt
to look for trends in period space.

7.1. Small size planet occurrences

In the small planet group, CoRoT detected four confirmed or
validated planets: CoRoT-7b, CoRoT-22b and the two planets
of the only CoRoT transiting multi-planet system, CoRoT-24b
and c. To convert this to a crude occurrence rate, we first con-
sider only the 16 pointings surveyed for more than 70 days. Such
long durations were needed to detect these small planets, apart
from CoRoT-7b, which was detectable after only 20 days of ob-
servations, but is unusual in that it orbits one of the brightest
K-dwarfs observed during the entire mission. Additionally,
we restrict ourselves to the sample of G, K and M-type tar-
gets in these runs with a luminosity class of V and a mag-
nitude ' <15.5. This stellar sample corresponds to the one
for which we have an estimate of the detection completeness,
of 36.6+0.4% for transiting planets in this size range from
Bonomo et al. (2012).

We found a total of 19 562 targets that satisfy these criteria.

This number is corrected from targets that have been observed
more than one time in different runs. Damiani et al. (2016) as-
sessed the statistical accuracy of the spectral classification based
on broad-band multi-colour photometry in the CoRoT input cat-
alogue, and found that in the worst case, 85% of targets clas-
sified as dwarfs are indeed well-classified, and that the spectral
type is generally good up to half a spectral class for the major-
ity of CoRoT targets. We thus adopted an error of 15% in the
number of stars around which CoRoT could have found small
transiting planets. Finally, following Howard et al. (2012), we
corrected for the probability that a given planet transits using
the a/R, parameter measured from the light curve. Combining
all these factors, we obtained an approximate occurrence rate for
planets with R, <5 Rg and periods of P < 10days around G, K,
and M main sequence stars of 0.46 +0.28%.
Because the CoRoT planets validation is strongly driven by the
follow-up process, to account for its incompleteness we added
candidates in the small size domain. Among the candidates
whose nature remains unknown and depth is compatible with
being a Neptune-size or smaller planet (i.e. transit depth less
than 0.20%), we selected those detected in the same reference
sample as the three planets, and with one or zero flags. We
ended up with 12 candidates. All these candidates have an or-
bital period less than 15 days. Assuming all these candidates are
real planets, this gives an occurrence rate of 2.2 + 0.6%, a value
which is still more than three times less than that the percent-
age of stars with at least one planet of 7.43 +0.5% derived by
Fressin et al. (2013) for the class of small Neptunes and super
Earth in the Kepler field. Our result confirms the discrepancy
pointed out by Bonomo et al. (2012) between the CoRoT and
Kepler detection rates for this class of small-size planets.

7.2. Giant planet occurrences

For the giant planets, we followed the same methodology, but we
enlarged the stellar sample of reference to all spectral types from
F5 to K5 and with no restriction on the run duration. In order to
mitigate incompleteness in the follow-up process in the planet
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occurrence, as few candidates fainter than »/ =~ 15.5 were
followed-up from the ground, we adopted ' <15.1 as a con-
servative limit in magnitude. This gives 26391 targets without
duplication. Considering only planets that have orbital periods
of ten days or less in this range of magnitudes (21 planets), we
obtained an approximate occurrence rate of 0.88 +0.2%, with-
out correcting for the detection completeness. The later has never
been properly estimated for CoRoT, but in this range of transit
depths, itis reasonable to assume that very few transits are missed.
Assuming a conservative value of 90% for the detection complete-
ness gives an occurrence rate of 0.98 +0.26%. This result is in
agreement with the occurrence rates estimated for hot Jupiters
from radial velocity surveys (Wrightetal. 2012; Mayor et al.
2011) but not with the estimates for Kepler data (Howard et al.
2012; Fressin et al. 2013; Santerne et al. 2016). The later range
from 0.4 to 0.5% for F, G, and K dwarfs, that is less than our find-
ing for CoRoT data. We note that separating giants detected in the
anticentre fields from those in the centre ones, we found no sig-
nificant difference in the occurrence rates of the close-in giants
which are 0.96 +0.37 and 0.99 + 0.31 respectively.

Additionally, three giant planets discovered by CoRoT
CoRoT-10b (Bonomo et al. 2010), CoRoT-37b (Gandolfi et al.
in prep.), and CoRoT-9b (Deeg et al. 2010) have periods in the
range 10-100 days, with 13.24, 20.05, and 95.27 days respec-
tively. Considering these planets in a single bin gives an oc-
currence rate of 0.61 +0.36% assuming here again a detection
completeness of 90% and keeping the same reference stellar
sample as for the giants. While of very low precision, this num-
ber is in agreement with the recent estimate of 0.9 +0.24% of
Santerne et al. (2016) for the Period-valley giants. We empha-
sise however that this estimate should be seen as a lower limit.
Indeed, the follow-up did not concentrate on single transits and
its completeness in this period domain must be lower. As a first
order correction attempt, we revised this occurrence rate adding
single event candidates and some at longer orbital period whose
nature remains unknown and which didn’t get more than one
flag tune on. To that purpose, we selected those that appear com-
patible with a giant planet in this range of orbital period with
the following criteria: a transit depth between 0.4 and 3.0% and
a duration between 3.0 and 10.0h. We selected 6 candidates
which match these criteria. This increases the occurrence rate
to 1.86 +0.68%.

7.3. Brown dwarf occurrences

Finally, we obtained an approximate occurrence rate of
0.07 £0.05% for brown dwarfs, from CoRoT-3b and CoRoT-
33b only, as CoRoT-15b’s magnitude is 15.47, and using the
same stellar population and detection completeness as for the hot
Jupiters. This value is about four times smaller than the estimate
by Santerne et al. (2016) of 0.29 + 0.17% for the Kepler field, but
the latter covers periods up to 400 days of orbital period, while
the three CoRoT brown dwarfs all have P <6 days. In addition,
this number assumes a follow-up completeness of 100% which
might not reflect the reality and may explain part of the dif-
ferences. However, our results indicate that short-period brown
dwarfs are significantly less numerous than hot Jupiters in the
same period range, a trend already noticed by Csizmadia et al.
(2015) and Santerne et al. (2016).

8. Summary

We provide the full catalogue of all the transit-like events
identified in the CoRoT light curves during the mission
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lifetime by the CoRoT collaboration. It includes planet candi-
dates that were identified after the release of each run, their
status once follow-up observations were completed, and also
binaries. The later were separated in two groups: detached
eclipsing binaries and contact binaries. All these events, whose
detection was performed by different teams in a first stage,
have been re-analysed with a unified procedure and using the
same softwares so that to derive, in a homogeneous and con-
sistent way, the complete set of transit parameters, using fixed
limb-darkening coefficients because of the uncertainties on the
spectral classification. In addition to this modelling, we also
carried out a vetting process of both candidates and binaries.
It is based on a simple binary flag system over basic tests:
detection significance, presence of a secondary, odd or even
depth differences, colour dependence, V-shape transit, and du-
ration of the transit. Among the 4123 transit-like signals that
were analysed, it allowed us to identify periodic signals that
are instrumental false positives and false detections. In total,
the presented catalogue comes up with 594 events initially
flagged as planet candidates which include published planets
and brown dwarfs, 1653 EBs, 616 contact binaries, and 824
false alarms. For all candidates, including published planets or
brown dwarfs and those whose status was later resolved through
subsequent detailed analyses of their light curves or follow-
up observations, the catalogue provides the complete set of
transit fitted parameters with their associated errors, the valida-
tion assessment, and a summary of the outcome of follow-up
observations when they were carried out. For the detached
eclipsing binaries, the catalogue provides the basic transit fitted
parameters and the validation assessment as for the planet can-
didates, and it indicates those that are clear eccentric binaries.
For the contact binaries, only the basic parameters are given:
ephemeris: transit epoch and period, and an estimate of the am-
plitude of the modulated signal. Finally, the catalogue provides
the list of false alarms identified through a careful analysis of
CoRoT light curves. For the unresolved candidates, we expect
that the provided flagging will help in deciding which may be
the highest priority in future observations or in tuning automated
classification softwares.

The CoRoT exoplanet programme was supported by a large
accompanying ground-based observation programme, whose
completion required several years for some of the candidates.
Owing to the limited amount of telescope time available and to
the relatively faint nature of the target stars of CoRoT’s exo-
planet programme, we purposely did not carry out the follow-
up observations of all candidates but concentrated efforts on the
brightest ones, typically those brighter than the 15th magnitude.
We resolved the nature of about two third of the candidates but
could not firmly conclude for the remaining.

Follow-up completeness is close to 100% for the brightest
candidates and about 78% in the range r-mag 14 to 15. As a
result of both follow-up and light curves detailed analysis, all
instances of EB account for 89.5% of the candidates whose na-
ture has been resolved, which gives a false positive rate close to
90%. 193 candidates remain unresolved among which 119 have
some chances being of planetary nature. For the latter, the lim-
itation comes from the target’s magnitude that does not allow a
proper characterisation of the transiting body. They may be in
the giant domain but around a faint star, or in the small-size one
around a bright star. A simple scaling of our analysis of the can-
didates whose nature has been secured, allows us to estimate that
about eight (within an error of three) planets among them should
still be still confirmable. Although a slightly higher number of
dwarfs in the anticentre stellar fields suggests at least similar

occurrence rates in both directions as for the EB, we found that
CoRoT planets are detected at a 50% higher rate in the centre
direction than in the anticentre one. The complexity and changes
in time of the detection and candidates screening process, to-
gether with the lack of precise and complete parameters of the
underlying stellar populations prevent us from drawing firm con-
clusions. This abundance behaviour could be related to different
properties of stellar populations in the two opposite galactic di-
rections that CoRoT probed. It could also simply be related to a
detection favoured by a much longer duration on average of the
runs in the centre direction.

Finally, using this first complete catalogue, we attempted to
provide estimates of the occurrence rates. By distinguishing the
various populations in the CoRoT detections, we find that the
occurrence of small-size planets with R, <5Rg orbiting GKM
dwarfs within ten days is 0.46 +0.28%. Including the best can-
didates in the small-size domain in the occurrence rate esti-
mate, assuming these candidates are planets that could not be
confirmed by radial velocity observations, increases the occur-
rence rate to 2.2 +0.6%. This still a very low occurrence rate
compared to Kepler estimates (7.43 +0.5%) confirms the dis-
agreement previously obtained by Bonomo et al. (2012) from the
analysis of six CoRoT fields only. Either small-size planets es-
caped the detection process likely due to unproperly corrected
instrumental noises or this discrepancy points to a trend in the
planet formation process as a function of the Galactic proper-
ties. Indeed, CoRoT fields and the Kepler one probe very dif-
ferent Galactic regions. Other sources of discrepancy might be
the poor characterisation of the stellar population in the various
CoRoT fields but also the lack of an unique magnitude reference
system between the two mission targets catalogues.

For giant planets the situation is reversed: the occurrence rate
of hot Jupiters (P < 10 days) in the CoRoT fields is 0.98 + 0.26%
that is about twice the estimate derived by Santerne et al. (2016)
for the Kepler field based on planet candidates follow-up ob-
servations. For longer orbital periods, between 10 and 100
days, the occurrence rate of the secured planets in this range is
0.61 £0.36%. As for the small size planets, to account for the
likely incompleteness of follow-up observations in this period
domain, observations that have led the CoRoT planets identifi-
cation process, we revised this value including our best candi-
dates, single or periodic. This increases the occurrence rate to
1.86 +0.68%, a value which is more in agreement with previous
studies (Mayor et al. 2011; Fressin et al. 2013; Santerne et al.
2016) and support the idea that some planets are still awaiting
for confirmation in the candidates list. Assuming the separation
between giant planets and brown dwarfs is real, we finally de-
rived a brown dwarf occurrence rate of 0.07 + 0.05%.

We do, however, emphasise that these planet occurrence cal-
culations are first order estimates for different reasons. First,
this paper presents results that have been achieved before the
final processing of all the CoRoT light curves in their version
N2-4.4. Not only does this release provide an homogeneous pro-
cessing of the light curves but it also corrects for the disconti-
nuities produced by hot pixels and pointing displacements, and
for the systematics (Ollivier et al. 2016; Guterman et al. 2016),
effects that may have prevented the detection of small planets
(Bonomo et al. 2012). Second, the detections are the product of
different software programmes that have evolved over the years,
preventing a precise estimate of the detection completeness for
the various planet populations. Third, the follow-up process has
led the targets selection and somehow biased the planets identifi-
cation process. Its incompleteness may lead us to underestimate
some of the occurrences. Finally, one of the main issues when
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assessing occurrence rates is not only the candidates detection
and the planet validation but also the good knowledge we have
of the stellar population that is observed. For the faint CoRoT
targets that were observed in various pointings whose selec-
tion was decided according to a wide diversity of criteria that
changed during the mission lifetime, the incomplete knowledge
of CoRoT targets remains a limitation, despite recent improve-
ments of the targets spectral classification. In particular, the stel-
lar multiplicity is completely ignored in the targets characterisa-
tion process. The forthcoming release of Gaia catalogues and in
particular of the binaries and the parallaxes will certainly greatly
improve the situation. Using them to characterise the stellar pop-
ulation in both CoRoT and Kepler stellar fields would provide
stellar reference samples with accurate parameters and homo-
geneously determined. This, completed by an homogeneous re-
analysis of the recently released CoRoT light curves, including
the transit detections is now required to check for any depen-
dency of planet occurrences with the stellar Galactic properties
as suggested from the current comparison with Kepler ones. In
the future, we expect that the upcoming TESS and PLATO mis-
sions will answer this question on a much larger scale.
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Appendix A: Additional tables

Table A.1. Discarded transit-like signals.

CoRoT-ID Run Type
102855348 IRa01 FD
102814334 IRa01 FD
102823343 IRa01 FD
102870852 IRa01 FD
102817472 IRa01 FD
102940723 IRa01 FD
102973070 IRa01 FD
102913574 IRa01 FD
102939944 IRa01 G
102855409 IRa01 G
102835817 IRa01 G
102805893 IRa01 G
102777119 IRa01 G
102588918 LRa01 FD
102776522 LRa0l FD
102717012 LRa0l FD
102733319 LRa01 FD
102754051 LRa0l FD
102790592 LRa01 LRa06 FD
102746008 LRa01 FD
102682858 LRa01 LRa06 FD
102692686 LRa0l FD
102633553 LRa01 FD
102663890 LRa0l FD
102709133 LRa01 FD
102634420 LRa01 LRa06 G
102613782 LRa01 FD
102754163 LRa01 G
102617334 LRa01 G
102609031 LRa01 LRa06 FD
102584786 LRa01 LRa06 FD
102595682 LRa01 LRa06 FD
102582070 LRa01 LRa06 FD
102795835 LRa0Ol IRa01 LRa06  FD
102717803 LRa01 LRa06 FD
102779171 LRa0Ol IRa01 LRa06 G
102697826 LRa01 LRa06 G
102674894 LRa01 LRa06 FD
102577194 LRa01 FD
223923921 SRa01 FD
500007038 SRa01 FD

A&A 619, A97 (2018)

Table A.1. continued.

CoRoT-1D Run Type
223980568 SRa01 FD
224005945 SRa0l SRa05 FD
223951052 SRa01 FD
223979111 SRa01 FD
223963003 SRa0l FD
223958368 SRa0l FD
223932273 SRa0l1 SRa05 FD
221672091 SRa02 FD
221703782 SRa02 FD
221660085 SRa02 FD
221649080 SRa02 FD
221658515 SRa02 FD
221688572 SRa02 FD
221664141 SRa02 G
221625707 SRa02 FD
221640500 SRa02 FD
221616045 SRa02 FD
221649266 SRa02 FD
221663085 SRa02 FD
221652902 SRa02 LRa07 FD
221652242 SRa02 FD
221620551 SRa02 G
221627739 SRa02 FD
110674478 LRa02 FD
110831843 LRa02 FD
103013798 LRa02 FD

Notes. FD: false detection, G: ghost signal; V: stellar variability. The
full table is available at the CDS.
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Table A.3. Single transit events among the planet candidates.

CoRoT-ID Run Epoch Period Depth dur r-mag  Spectral Flags Nature FU
(BID) (days) (%) (h) type
100887662 LRc01 2454322.270238 £0.000619 2142  3.483+0.026 11.677+0.082  15.93 A0 000001 unr no
101068850 LRcO1 2454294.506093 +0.000429 2142  4.471+£0.039  9.330+0.083 15.82 AS 000001 SB yes
101157411 LRc01 2454293.936860 +0.002052 2142 0.587+0.080  6.220 +0.000 15.06 G2 000000 unr yes
102387834 LRa03 2455159.583271 +£0.002346 2148  0.697+0.034  3.039+0.218 13.42 K3 000000 unr yes
102802996 IRa01 2454163.426543 +0.001772 254 1.691+0.069  3.711+0.141 15.56 F5 000001  WCC  yes
102822869 IRa01 2454188.928345 +0.002384 254 0.896+0.055  2.474+0.000 16.08 K1 000000 unr no
102874481 IRa01 2454156.802266 + 0.000462 254 3.212+0.024  6.184+0.053 14.18 K2 000000 WCC yes
102895957 IRa01 2454162.953333 +0.001705 254 0.706 +0.018  5.180+0.149 12.67 KO 000101  WCC  yes
102973379 IRa01 2454171.736236 +0.002136 254 0.865+0.015  8.659+0.141 14.82 B6 000000 unr no
104768853  LRc05 LRc06  2455312.976240 +0.379440 220 4222+0.037 10.696+0.085 1537 AS 000011 PEB no
106015624 LRc02 2454577.574564 +£0.001207 2145  2.543+0.027  8.927+0.109 15.81 G2 000000 unr no
110659798 LRa02 2454880.959203 +0.001458 2114  0.335+0.007  4.787+0.127 15.06 G2 000100 SB yes
211616889 SRc01 2454216.010564 +0.012741 225 0.525+0.019  30.708+1.163  15.86 F8 000000 unr no
211621528 SRcO01 2454220.954299 + 0.004186 225 0.353+0.025  6.141 +£0.365 15.50 F6 000000 unr no
211631779 SRc01 2454213.818543 +0.002793 225 1.963+£0.043  10.236+0.257 1590 G2 000000 unr no
211634383 SRc01 2454215.659145 +0.002352 225 3.863+0.012 64.785+0.201  13.04 G8 000000 unr no
211641087 SRc01 2454211.393121 +0.001907 225 1.330+£0.056  3.412+0.192 15.06 KO 000000 unr no
211647475 SRc01 2454224.349735 +0.003131 225 0.707+0.010  22.163+0.236  15.65 AS 000000 WCC yes
211649312 SRc01 2454212.404953 +0.004319 225 1.280+£0.056  8.530+0.399 14.48 GO 000000 unr no
211650063 SRc01 2454227.869986 + 0.002899 225 1.710+0.032  15.354+0.288  15.62 G2 000001 SB yes
211666578 SRc01 2454208.394234 + 0.003307 225 1.077+£0.027 10.236+0.277  15.59 G2 000000 unr no
604178606 LRa04 2455503.788410 + 0.001063 277 1.648+£0.018  6.723 +£0.085 12.40 AS 000000 SB yes
631571789 LRc07 2455691.326890 + 0.001910 281 2.787+0.044 10.508 £0.186  15.87 G2 000000 SB yes
633483984  LRcl0LRcO7  2454110.229903 +0.004037 220 2.057+0.008 83.186+0.425 15.06 GO 000100 PEB yes
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Table A.4. Likely detached eclipsing binaries of which only a single eclipse was observed.

CoRoT-ID Run Epoch Period Depth dur r-mag  Spectral Flags Nature
(BID) (days) (%) (0] type
102919036 IRa01 2454174.4537940 + 0.004703 254 1.641 £ 0.044 16.187+0.432  15.60 o9V 000001 EB
102819749 IRa01 2454098.1059830 + 0.000232 254 13.354+0.052  7.419+0.030 14.38 FsIV 000000 EB
102801672 TRa01 2454155.1336450 + 0.008315 =54 4.076 +0.317 7.825 +£0.565 15.28 ASIV 000001  EB+sec
102829388 IRa01 2454163.8502930 + 0.000776 254 8.569 +£0.055 18.552+0.108  15.78 A5V 000001 EB
102647266 LRa01 2454465.4379690 +0.013505 2131 7424 +0.154 5.431+0.146 16.56 A5V 000001 EB
102574444 LRa0l 2454422.3187830 £ 0.000420 2131 6.159 +£0.066 5.432+0.077 13.97 F8IV 000001 EB
102582649  LRa0l1 LRa06  2454510.9758390 +0.000244  >131 17.030+£0.151 5.432+0.051 15.85 F6V 000001 EB
102586624  LRa0Ol LRa06  2454473.1756410 +0.000548 2131 15.797+0.117  10.864+0.092  14.99 ASIV 000001 EB
300003789 LRa02 2454842.0261040 +0.000189 2114  11.874+0.117 4.671+£0.053 14.44 F8IV 000001 EB
110851732 LRa02 2454865.9032800 + 0.000592 =114 7.685+0.033 14.013+0.057 1592 A5V 000000 EB
110679817 LRa02 2454811.8894470 +0.000216 =114 7.400 +0.040 4.787 +0.030 15.62 G2IvV 000000 EB
110827324 LRa02 2454875.3730270 £ 0.000863  >114 6.005 +0.057 11.966 +0.103  14.67 G8V 000001 EB
110680774 LRa02 2454824.9235410 +0.000337 2114 6.894+0.020  14.360+0.042  15.29 A5V 000000  EB+sec
110851928 LRa02 2454825.3592330 +0.007684 =114  10.926+0.161  4.786+0.079 14.38 ASIV 000001 EB
102299893 LRa03 2455234.1879060 + 0.000396 =148  37.611+0.116 15.195+0.046  15.40 ATV 000001  EB+sec
605308520 LRa04 2455498.7186640 + 0.001499 277 3.872+0.041 15.132+0.150 1448 GOV 000001 EB
605087784 LRa04 2455516.0710810 + 0.001359 277 12.866 +0.085  15.131+0.110  15.22 G2V 000001  EB+sec
605144096 LRa04 2455499.1986420 + 0.000278 277 20.975+0.117  10.087+0.051  15.44 AQV 000001 EB
602013995 LRa05 2455585.4083140 + 0.000297 290 9.620 + 0.049 5.786 +£0.041 15.08 F5V 000000 EB
738643355 LRa07 2456209.4010750 + 0.001202 229 32.354+0.073 11.312+0.039  14.30 G5III 000000  EB+sec
737917418 LRa07 2456216.9849030 + 0.001026 229 1.301+0.052 3.016 £0.104 15.25 o9V 000101 EB
737553986 LRa07 2456187.1860230 + 0.278301 229 3.131+0.115 1.589 +0.000 15.50 GOII 000000 EB
738645307 LRa07 2456204.8067820 + 0.014339 229 33.847+0.160 11.681+0.050 13.90 ATV 000011 EB
221635112  LRa07 SRa02  2456217.8125120 +0.002304 220 1.594 +0.060 5.279+0.131 13.68 G2IvV 000000 EB
737198603 LRa07 2456217.0058110 + 0.004343 229 2.429+0.151 6.787 £0.392 14.47 GOIv 000001 EB
737552479 LRa07 2456219.4950660 + 0.000872 229 14.613+0.154  8.295+0.083 15.25 FsIV 000001  EB+sec
737198435 LRa07 2456230.0395590 + 0.001043 229 15.634+0.090  9.426 £0.048 15.32 GOorv 000001 EB
737556177 LRa07 2456226.1645000 + 0.001026 229 19.965+0.268  13.197+0.092  15.17 F8IV 000001 EB
737916449 LRa07 2456208.5834500 + 0.003738 229 5.258 £0.245 4.525+0.137 15.54 B6IV 000000 EB
221649269 LRa(07 SRa02  2456215.2371030 +0.004336 220 1.474+0.103 6.033 +£0.408 15.43 ASIV 000000 EB
737200242 LRa07 2456212.6561430 + 0.001559 229 7.726 +0.197 6.033+0.128 15.10 A0V 000001 EB
737916519 LRa07 2456229.0730350 + 0.003177 229 3.347 +£0.106 6.033 +£0.237 15.29 ATV 000000 EB
100758671 LRcO1 2454238.0985440 £ 0.000542 2142 12.859+0.038  8.756+0.034 15.48 ASIV 000000  EB+sec
101044188 LRcO1 2454279.1111380 +0.005101 2142 1.939 +0.050 8.759 +0.300 15.13 KOII 000001 EB
100542479 LRcO1 2454120.2318630 + 1.565207 2142 4.255+0.079 8.275+0.150 13.97 F8V 000001 EB
105921588 LRc02 2454676.9168170 +£0.000243 2145  35.041+0.093 20.831+0.052  15.86 A5V 000001 EB
310126749 LRc03 2454980.8846320 + 0.001609 289 29.685+0.203  7.616+1.579 14.89 A0V 000100 EB
310241881 LRc03 2454929.3697270 + 0.002790 289 11.648 +£0.226  13.330+0.266  15.39 B1V 000001  EB+sec
104232556 LRc04 2455043.7478260 + 0.001310 284 3.529+0.053 10.845+0.137  15.15 G5III 000001 EB
104223201 LRc04 2455063.8665080 + 0.003248 284 2.488 +0.086 9.037 +0.330 14.66 G2V 000001 EB
105592930 LRc05 2455354.9217980 + 0.001795 =87 7.333+0.058 9.337 +0.063 15.16 F8IV 000001 EB
104476149 LRc06 2455430.3165200 + 0.000338 277 29.740+0.091  16.781+0.043  15.99 F8IV 000101  EB+sec
104726248  LRc06 LRc05  2455426.1837940 +0.001351 220 3.303+0.110 3.356 +0.107 15.64 F8IV 000001 EB
223956963 SRa01 2454543.8735990 + 0.001571 223 8.474+0.115 11.224+0.142  14.73 M2I 000000 EB
223929762  SRa0l SRa05  2454547.1971660 + 0.000574 220 5.798 £0.111 3.848 £0.074 13.84 ASIV 000001 EB
224015696 SRa01 2454546.5039710 + 0.000215 223 3.403 +£0.045 2.564 +£0.035 15.50 ASIV 000101 EB
224007715 SRa01 2454552.9463240 + 0.000284 223 32.329+0.178  8.011 +0.045 15.28 F8IV 000001 EB
223957597 SRa01 2454551.0261130 + 0.000853 223 7.236 +0.075 3.845+0.136 14.62 o9V 000000 EB

Notes. The last column indicates whether a secondary was observed (EB+sec) or not (EB). The full table is available at the CDS.
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Table A.5. Detached eclipsing binaries parameters and their categories (last column): 0.0 a secondary is detected at phase 0.5, 0.1 a secondary is
seen but not at phase 0.5, 0.2 no secondary is detected or seen (see Sect. 3.4)

CoRoT-ID Run Epoch Period Depth dur r-mag  Spectral Flags Nature
(BID) (days) (%) M) type

102900859  IRa0l  2454131.6769320 +0.000102  4.853439 +0.000014 9.703 £ 0.020 8.620+0.015 15.27 F6v 010011 0.0
102902696  IRa0l  2454134.6788270 +0.000482 1.980958 +0.000030  31.816+0.151 4.469 +0.057 14.35 ASIV 010001 0.0
102844383  IRa0l  2454133.9285540 +0.000608 1.527205 +0.000027 0.855 +0.008 2.639+£0.027 15.81 F8IV 000000 0.0
102896719  IRa0l  2454134.7506080 + 0.000629 1.231210 +0.000023 1.098 £0.014 2.305+0.018 13.69 ASIV 010000 0.0
102836138  IRa0l  2454133.6538860 + 0.000088 3.558188 +0.000009 15208 +0.034  4.270+0.008 15.42 F8IV 010001 0.0
102774523  TRa01  2454129.7628170 +0.000116 5.917754 +0.000020  26.976 +0.083 3.977+0.012 15.49 KoV 010001 0.0
102733170  TRa01  2454133.8829030 + 0.000142 1.979428 +0.000008 5.390+0.011 5.701 +0.011 15.42 AOV 010001 0.0
102879429  IRa0l  2454133.8162850 +£0.000252  4.030543 +0.000030 6.871+0.038 2.902+0.015 14.66 F8IV 010001 0.0
102884662  IRa0l  2454131.2742580 +0.000333 3.848470 +0.000036  34.714+0.068  13.854+0.024  16.03 GOIIL 010011 0.0
102824749  IRa0l  2454131.1953310+0.000105 8.097553 +0.000023  18.376+0.020  7.774 +0.008 15.44 A5V 010010 0.0
102870524  IRa0l  2454134.6168130 +0.000286 1.867599 +0.000016 1.112+£0.014 1.165+0.014 15.90 GOIII 010001 0.0
102741994  1Ra01  2454133.4916110+0.000172  4.622043 +0.000023 8.594 +0.028 4.437+0.013 15.82 G2v 010001 0.0
102785724  1Ra01  2454134.8991220+0.000140  4.716288 +0.000019  21.118 +0.047 6.565+0.013 14.49 Fov 010011 0.0
102892869  IRa0l  2454131.3794870 +0.000735 4.075875 +0.000081 1.542+£0.014 3.913+£0.031 14.76 GOIIL 010101 0.0
102882044  IRa0l  2454127.8463820 +0.000193 9.073544 +0.000043  22.010+0.093 3.920+0.017 13.50 K2v 000001 0.0
102793963  IRa0l  2454134.1519300 +0.000481 1.242180 +0.000018 1.749 £ 0.029 1.371+£0.022 15.06 K2v 010001 0.0
102819692  IRa0l  2454134.8486840 +0.000053 1.382680 +0.000002  28.895+0.038 3.916 +0.005 15.34 F1IV 010001 0.0
102724646  IRa0l  2454134.9375770 £0.000099  0.352998 +0.000001 9.378 £0.029 1.542 +£0.004 15.91 KOV 010001 0.0
102844991  TRa01  2454134.4677200 + 0.000083 1.074246 +0.000003  15.220+0.027 2.888 +0.005 14.95 G2v 010001 0.0
102842466  1Ra01  2454133.8322120+0.000150  4.917104 +0.000022  63.946+0.085 14.397+0.017  13.50 KOV 010011 0.0
102826984  IRa0l  2454133.8828030 +0.000056 1.476765 +0.000002  25.243 +0.037 3.544 +0.005 14.14 ASIV 010001 0.0
102803023  IRa0l  2454133.1874480 +0.000150 2.320584 +0.000010  14.903 +0.032 5.458 +£0.010 15.36 ASIV 010011 0.0
102813089  IRa0l  2454134.1055700 +0.000063 1.306273 +0.000002  20.790 +0.023 3.198 +£0.003 14.05 ASIV 010000 0.0
102826074  IRa0l  2454091.6607660 +£0.001122  48.577117  +0.000704  15.541+0.086 9.327+0.048 15.64 ATV 000001 0.0
102889458  IRa01  2454134.2981250 +0.000160 2.019839 +0.000010  21.091+0.034 6.981+0.010 13.93 ASIV 010011 0.0
102886012  TRa01  2454134.5784140 +0.001820 1.584459 +0.000085 0.857+0.026 2.890+0.081 15.76 ASIV 010001 0.0
102841939  TRa01  2454133.4509710 + 0.000090 2.377641 +0.000006  29.610+0.056 3.538 £ 0.006 13.91 A0V 010001 0.0
102801922  IRa0l  2454133.4725990 +0.001210 5.458740 +0.000193 0.931+0.014 3.668 +0.053 14.27 B8V 000001 0.1
102904593  IRa0l  2454125.1574550 +£0.000277  16.896029  +0.000128  17.949 +0.083 5.677+0.025 14.91 G2v 000001 0.1
102735257  IRa0l  2454133.2567510+0.001183  23.698302  +0.000763  11.504 +0.115 4.550 +0.042 15.25 G8V 000001 0.1
102931335  IRa0l  2454134.8680840 +0.000113 3.979278 +0.000013  22.983+0.034  4.775+0.006 15.68 ASIV 000000 0.1
102760888  TRa01  2454134.1962500 + 0.002251 1.904146 +0.000124 0.155 + 0.006 2.833+0.101 15.50 A0V 000011 0.1
102901962  TRa01  2454134.6515990 + 0.000472 2.444625 +0.000035 9.990 +0.037 7.275+0.023 14.95 G2v 000011 0.2
102870613  IRa0l  2454131.7150160 +0.002800  7.137310 +0.000544  55.538 +£0.092 8.907 +0.015 14.39 F6v 010011 0.0
102943073  IRa0l  2454137.9825880 +0.000107 1.644106 +0.000006  4.722+0.016 2.683+0.010 15.77 B8V 010101 0.0
102912741  IRa0l  2454137.2699780 +0.000225 1.245128 +0.000008  10.081 +0.039 2.809+0.010 15.28 A5V 010001 0.0
102879375  IRa0l  2454137.8072520 +0.000051 0.977191 +0.000002 7.804 +£0.013 2.767 £ 0.004 13.42 F5IV 010001 0.0
102811578  IRa0l  2454137.3639640 +0.000112 1.668697 +0.000006 2.627 +£0.008 2.884 +£0.008 15.57 ASIV 010011 0.0
102872646  1Ra01  2454137.0472510 +0.000274 1.882877 +0.000016 3.489+0.014 4.609 +£0.016 15.63 F8IV 010011 0.0
102806377  IRa01  2454134.4150360 +0.000218 3.816674 +0.000023  11.265+0.012  4.397 £ 0.086 14.25 ASIV 000000 0.1
102790392  IRa0l  2454134.9865150 +£0.000164  4.910225 +0.000024  14.116+£0.040  6.128 +0.016 15.25 G8V 010011 0.0
102828417  IRa0l  2454137.7317330+0.000316 9.594495 +0.000096  11.402 +0.049 6.448 +0.025 15.41 G8V 010011 0.0
102776386  IRa0l  2454137.2178760 +0.001072 2.206876 +0.000072 5.724 £0.036 4.343 +£0.031 15.89 A5V 010000 0.0
102853429  IRa0l  2454136.8619940 + 0.000949 1.638118 +0.000048 1.558 +£0.020 3.538+£0.042 15.82 A5V 010101 0.0
102932176  1IRa01  2454137.3148150 +0.000202  0.872226 +0.000006  22.059+0.040  3.935+0.013 15.62 ATV 010001 0.0
102818428  IRa01  2454131.2076630 +0.000232  7.455240 +0.000045 5.461 +0.019 6.799 +0.021 14.31 ASIV 010011 0.0
102849586  IRa01  2454124.1927030+0.047179  29.134695  +0.030159 0.372+0.036 5.034+£0.125 15.12 G8V 000000 0.1
102982347  IRa0l  2454136.8916670 + 0.000080 2.977598 +0.000007  11.313+£0.027  4.431+0.009 15.67 ASIV 010001 0.0
102806577  IRa0l  2454136.7657470 + 0.000080 3.667052 +0.000010  14.489+0.014  4.929 +0.006 15.28 ASIV 010000 0.0

Notes. The full table is available at the CDS.
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Table A.6. Contact binaries parameters.

CoRoT-ID Run Epoch Period Depth  rmag Spectral
(BID) (days) (%) type
102794135 IRa01 2454134.8450650 + 0.000006  0.263893 7474 14.14 F6v
102846142 IRa01 2454134.6527860 +£ 0.000267 0.410900 +0.000003 21.024 15.00  ASIV
102725806 IRa01 2454134.7549890 + 0.000016  0.341804 +0.000001 11.416 15.22 F5V
102897917 IRa01 2454134.8277380 + 0.000006 0.445615 +0.000001 27.168 15.72 G2V
102924081 IRa01 2454137.8810640 £ 0.000285 0.373480 +0.000003 33.998 12.36 ATV
102826085 IRa01 2454137.0883200 + 0.000021  1.026050  +0.000008  6.208  12.96 A0V
102808511 IRa01 2454137.9855420 + 0.000005  0.239670 39942  13.18 KOIII
102955089 IRa01 2454137.8401450 £0.000153  0.571610 +0.000003 43.028 15.03 G2V
102910432 IRa01 2454137.9430470 £ 0.000011  0.312172 6.608  14.89 Fo6v
102821683 IRa01 2454136.8721520+£0.001160  1.810740 +0.000065  2.723  14.77 AQV
102961901 IRa01 2454137.8887300 £ 0.000536  0.420895 +0.000007 42.194 1543  G2IV
102794063 IRa01 2454137.9682360 + 0.000241  0.381919  +0.000003 29.092  15.57 G8V
102806220 IRa01 2454137.8889950 + 0.000241  0.349696  +0.000003 47.727 1570  G2IV
102806409 IRa01 2454137.9001890 +£0.000398  0.647349  +0.000008 33.212 15.50 AQV
102861060 IRa01 2454134.0349720 £ 0.000035  1.531843 +0.000061 1.481 1540 A0V
102738837 LRa01 2454397.3612970 +£ 0.000011  0.846498  +0.000003 2.336  13.83  ASIV
102745707 LRa01 2454397.3160450 £ 0.000128  0.288539 63.638 12.80  OSIII
102594134 LRa01 2454396.6893470 + 0.000049  0.789553 0.596  13.96 ATV
102634660 LRa01 LRa06 2454396.6475250 £ 0.000019  0.850373  +0.000001 26.130 13.69  ASIV
102786829 LRa01 IRa01 2454396.7969970 £ 0.000088  0.751067 +0.000012  0.669  15.03  ASIV
102788679 LRa0l IRa01 LRa06 2454397.3766250 +0.000005 0.243943 8.476 1340 F5V

102634388 LRa01 LRa06 2454396.8577070 £ 0.000013  0.635896 +0.000001 2.975 13.84 A5V
102686255 LRa01 LRa06 2454397.2253130 £0.000387  0.319579  +0.000002  4.120 12.94 GS5III
102630432 LRa01 LRa06 2454397.3402030 £ 0.000033  0.525376  +0.000002 0.426  12.90 ASIV
102619636 LRa01 LRa06 2454395.3626110 £ 0.001408  2.622253  +0.000048  3.052  14.40 A5V
102738068 LRa01 LRa06 2454397.1967580 £ 0.000010  0.362463  +0.000001 0911  12.95 ASIV
102674076 LRa0O1 LRa06 2454396.8782410+£0.001148 2.437481 +0.000036  5.028  14.47 BoV
102773399 LRa0Ol IRa01 LRa06 2454397.1120390 + 0.000193  0.605546  +0.000002  6.117  14.49 A5V
102752468 LRa0Ol IRa01 LRa06 2454396.9455540 +0.000028 1.197437 +0.000011  0.950  15.01 A5V

102638060 LRa0O1 LRa06 2454397.1716330 £ 0.000031  0.283966 10.563  15.17 G2V
102760539 LRa0Ol IRa01 LRa06 2454397.2917380 + 0.000007  0.227565 17.603 15.52  G2IV
102661163 LRa01 LRa06 2454396.9803400 + 0.000069  1.510652 +0.000021  0.321  13.42 A0V
102798366 LRa01 IRa01 2454135.4774940 £ 0.000024  0.395632 27764  15.10 F8IV
110666679 LRa02 2454787.0909840 + 0.000009  0.358187 4982 12.82 A5V
300002276 LRa02 2454786.2503730 £ 0.001636  1.482793  +0.000038  0.388  12.59  ASIV
102915357 LRa02 2454787.1513500 £ 0.000158  0.541430 +0.000010  0.109  13.53 ASIV
110833565 LRa02 2454786.7797200 £ 0.002498  1.984232 +0.000077 1.144  13.62 F8IV
110753852 LRa02 2454787.1485570 £0.004852  0.393419  +0.000029  8.060  13.91 GOIvV
110672896 LRa02 2454786.6975110 £0.000492  1.198219 +0.000101  0.070  13.91 F5IV
110688556 LRa02 2454786.3391320 £ 0.000948  1.344077 +0.000020 1.973  13.43 F5Vv

110663705 LRa02 2454786.7562770 £ 0.000014  0.808755 +0.000002 28.583 13.63 G2IV
110766755 LRa02 2454787.1030840 £ 0.000060 0.761902  +0.000007  0.633  13.74 A5V
110741580 LRa02 2454787.1133000 £ 0.000409  0.644416 0.834 14.12 AQV
110750397 LRa02 2454787.1746930 +£ 0.000008  0.364125 6.724  14.90 KIHII
110834449 LRa02 2454786.5668850 £ 0.000034  1.214411 +0.000018  1.752  14.57 K2III
110756288 LRa02 2454786.3727370 £ 0.000205  1.242877 +0.000043  0.553  15.32 KOII
110844293 LRa02 2454786.9822300 £ 0.000035 1.071085 +0.000011  1.383  14.46 F211

300001585 LRa02 2454787.1861850 £ 0.000150  0.387078  +0.000004 0.304  13.81 G5IV
110656884 LRa02 2454786.0741520 £0.000197  1.241899 +0.000044  0.927 14.25 ASIV

Notes. The full table is available at the CDS.
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