
Situation on the exo-side

in operation for 1793 days; 
22 runs, 3 considered as closed : IRa01, SRc01, LRc01, 3 on “alarms” and 2 
recently provided to CoIs

145 074. LC up to LRc06 --> 3769 transits detected --> 625 assigned for FUp 
observations --> 24 planets

22 233 dwarfs with R ≤ 14.0 up to LRc08 among which 18 333 are FGKM 
dwarfs  
~58. deg sq covered - with ~ 10% overlap 

duration ranges from 21 days (SRc02) to 152 days (LRc01)
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Candidates versus planets 

• Transits detected per run:
268 +/- 61 --> LRa02
177 +/- 60 --> LRc03 to LRa04

• Candidates to FUp per run :
45 +/- 17  --> LRa02 and a mean of 2 planets  
31 +/- 19   --> LRc03 to LRa04 and a mean of 0.85 planet
1 CCD lost and candidates ranking has improved so false positives are better 
filtered out 

• Longer runs seem to provide the highest number of planets but no real trend. 

• Challenging candidates need also several observation campaigns to be secured 
e.g. C-22 or C-7. LRc02, SRc02, LRc03, LRc04 , LRc05 fields have been still observed 
last summer
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CoRoT planets

Giants, high cost  and poor 
characterization

Sub-Jupiter planets, high cost  
but high scientific value

•candidates at the fainter end of the magnitude range have a high cost in terms of 
FUp whereas they could provide giant planets only. Not very well characterized.
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CoRoT planets - highlights - Small sizes

CoRoT - 7b
G9V
Period = 0.85 days 
Mp=  7.42 ±  1.21 M⊕  
Rp = 1.58 ±  0.1 R⊕  
ρ= 10.4 ± 1.8 g/cm3

Léger et al., A&A 2009
Hatzes et al., A&A 2011

0.35 mmag

 K1 V 
Period = 6.21 days
Mp=  0.22 ±  0.03 Mjup   
Rp = 0.57 ±  0.02 RJup  
ρ= 1.6 ± 0.10 g/cm3

[Fe/H] = 0.30 ± 0.10

Bordé et al., A&A 2010  

CoRoT - 8b

CoRoT - 22b

G0 IV
Period = 9.756 days 
Mp=  < 0.15  Mjup   
Rp = 0.52 ±  0.12 RJup  
ρ=  < 1.3 g/cm3

Moutou et al., A&A 2011

Moutou, C. et al.: Transiting exoplanets from the CoRoT space mission:

0.5 1.0 1.5 2.0 2.5 3.0
Mass star 2 [M O • ]

-2

0

2

4

6

8

!
J

allowed by CoRoT
photometry sc A

sc B

allowed by HARPS CCF

excluded by bisector

allowed by

NACO at >0.1"

allowed by

NACO at >0.2"

allowed by

NACO at >0.4"

allowed by

NACO at >1.0"

Fig. 14. E xclusion zones of B E B scenarios built up from all observational methods are combined: adaptive

optics imaging (horizontal lines; the arrows show where the written condition applies), analysis of the cross-

correlation function of the spectrum (outer yellow zone), RV and bisector time series (green hatched area) and

CoRoT photometry (red and blue zones for scenario A and B, respectively). The thick lines shows the final

limited areas where the combined data cannot exclude a blend (A : dashed red line; B: plain blue line). See

details in the text.

detected point source in the vicinity of the main star or in the H A RPS spectrum. To validate the

planet scenario, the probability of having such a false positive must be much smaller than that of

a transiting planet. From pre-launch observations, we have a quantitative estimate of the stellar

density in the direction of CoRoT-22, and its magnitude distribution. This information is available

in the CoRoT input catalog E xo-Dat (Deleuil et al. 2009). In order to assess the frequency of stars

fainter than V = 16, we need to extrapolate the observed histogram. This is done by applying

an additional factor 2.5 per magnitude bin. This factor is obtained from the brightest end of the

magnitude histogram, and is typical for this Galactic direction, as predicted by the Galactic model

of Besancon (Robin et al. 2003). F igure 15 shows the probability of having a star within the 0.3 and

0.9” distances from CoRoT-22, as a function of its magnitude. The probability that this star is in the

magnitude range corresponding to the ∆J of possible blends is then multiplied by the probability of

it being an ”appropriate” eclipsing binary as defined in Morton & Johnson (2011). We assume 40%

binaries in the Galaxy (Robin et al. 2003) and a main-sequence star. The value is 8.9−5 for scenario

A and 4.4 10−6 for scenario B. The probability of having a triple system, calculated in the same

way as Morton & Johnson (2011) is 10−4, but we have shown that this configuration is discarded

by the data and the simulations. F inally, the probability of having a transiting planet at this orbital

distance is 3.10−3, given the measured stellar radius and assuming a planet occurrence of 5%. This

20
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CoRoT planets - highlights - Multiple system

 K1V 
Period = 5.11 days
Mp<  33  M⊕ 
Rp = 3.7 ±  0.4 R⊕   

Alonso et al., A&A   

Period = 11.76 days
Mp < 44 M ⊕  
Rp = 5.0  ±  0.5 R⊕   
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CoRoT planets - highlights - Giants

CoRoT - 9b
G3V
Period = 95.27 days 
Mp=  0.84 ±  0.07 Mjup   
Rp = 1.05 ±  0.04 RJup  
ρ= 0.525 ± 0.15 g/cm3

Deeg et al., Nature 2010 CoRoT - 20b
G2V
Period = 9.242 days
e=0.56 
Mp=  4.24 ±  0.23 Mjup   
Rp = 0.84 ±  0.04 RJup  
ρ= 8.87 ± 1.1 g/cm3

Deleuil et al., A&A 2011

CoRoT - 11b
 F7V - vsini = 40km/s 
Period = 2.99 days
Mp=  2.33 ±  0.34 Mjup   
Rp = 1.43 ±  0.03 RJup  
ρ= 0.99 ± 0.15 g/cm3

Gandolfi et al., A&A, 2010   
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CoRoT planets - Long duration light curves 
• Optical orbital phase variation ➺ Albedo 
CoRoT-1b : Snellen et al., 2009, Nature

• Secondary detection ➺ Atmosphere properties  
CoRoT-2b : white LC  : Depth = 0.006 ± 0.002% 
(Alonso et al., 2009, A&A ) 
 

CoRoT-2b

• Star planet interactions 

• Stellar surface mapping : active regions, spot 
coverage and evolution ... 
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Lessons from Kepler

Planet Occurrence from Kepler 11

Lissauer et al. (2011b) noted that the multi-planet sys-
tems observed by Kepler have relatively low mutual incli-
nations (typically a few degrees) suggesting a significant
correlation of inclinations. Converting our measurements
of the mean number of planets per star to the fraction of
stars having at least one planet requires an understand-
ing of the underlying multiplicity and inclination distri-
butions. Such an analysis is attempted by Lissauer et al.
(2011b), but is beyond the scope of this paper.
It is worth identifying additional sources of error and

simplifying assumptions in our methods. The largest
source of error stems directly from 35% rms uncertainty
in R! from the KIC, which propagates directly to 35%
uncertainty in Rp. We assumed a central transit over
the full stellar diameter in equation (2). For randomly
distributed transiting orientations, the average duration
is reduced to π/4 times the duration of a central transit.
Thus, this correction reduces our SNR in equation (1) by
a factor of

√

π/4, i.e. a true signal-to-noise ratio thresh-
old of 8.8 instead of 10.0. This is still a very conservative
detection threshold. Additionally, our method does not
account for the small fraction of transits that are graz-
ing and have reduced significance. We assumed perfect√
t scaling for σCDPP values computed for 3 hr intervals.

This may underestimate σCDPP for a 6 hr interval (ap-
proximately the duration of a P = 50 day transit) by
∼10%. These are minor corrections and affect the nu-
merator and denominator of equation (2) nearly equally.

3.1. Occurrence as a Function of Planet Radius

Planet occurrence varies by three orders of magnitude
in the radius-period plane (Figure 4). To isolate the de-
pendence on these parameters, we first considered planet
occurrence as a function of planet radius, marginalizing
over all planets with P < 50 days. We computed oc-
currence using equation (2) for cells with the ranges of
radii in Figure 4 but for all periods less than 50 days.
This is equivalent to summing the occurrence values in
Figure 4 along rows of cells to obtain the occurrence for
all planets in a radius interval with P < 50 days. The
resulting distribution of planet radii (Figure 5) increases
substantially with decreasing Rp.
We modeled this distribution of planet occurrence with

planet radius as a power law of the form

df(R)

d logR
= kRR

α. (4)

Here df(R)/d logR is the mean number of planets hav-
ing P < 50 days per star in a log10 radius interval cen-
tered on R (in R⊕), kR is a normalization constant, and
α is the power law exponent. To estimate these param-
eters, we used measurements from the 2–22.7 R⊕ bins
because of incompleteness at smaller radii and a lack of
planets at larger radii. We fit equation (4) using a max-
imum likelihood method (Johnson et al. 2010). Each ra-
dius interval contains an estimate of the planet fraction,
Fi = df(Ri)/d logR, based on a number of planet de-
tections made from among an effective number of target
stars, such that the probability of Fi is given by the bi-
nomial distribution

p(Fi|npl, nnd) = F
npl

i (1− Fi)
nnd (5)

where npl is the number of planets detected in a spec-
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Fig. 5.— Planet occurrence as a function of planet radius for
planets with P < 50 days (black filled circles and histogram). The
top and bottom panels show the same planet occurrence measure-
ments on logarithmic and linear scales. Only GK stars consistent
with the selection criteria in Table 1 were used to compute occur-
rence. These measurements are the sum of occurrence values along
rows in Figure 4. Estimates of planet occurrence are incomplete
in the hatched region (Rp < 2 R⊕). Error bars indicate statistical
uncertainties and do not include systematic effects, which are par-
ticularly important for Rp < 2 R⊕. No planets with radii of 22.6–
32 R⊕ were detected (see top row of cells in Figure 4). A power law
fit to occurrence measurements for Rp = 2–22.6 R⊕ (red filled cir-
cles and dashed line) demonstrates that close-in planet occurrence
increases substantially with decreasing planet radius.

ified radius interval (marginalized over period, nnd ≡
npl/fcell − npl is the effective number of non-detections
per radius interval, and fcell is the estimate of planet oc-
currence over the marginalized radius interval obtained
from equation (2). The planet fraction varies as a func-
tion of the mean planet radius Rp,i in each bin, and the
best-fitting parameters can be obtained by maximizing
the probability of all bins using the model in equation
(4):

L =
nbin
∏

i=1

p(F (Rp,i)). (6)

In practice the likelihood becomes vanishingly small away
from the best-fitting parameters, so we evaluate the log-
arithm of the likelihood

lnL=
nbin
∑

i=1

ln p(F (Rp,i)) (7)

12 Howard et al.

=
nbin
∑

i=1

npl,i(ln kR + α ln Rp,i) + nnd,i ln (1 − kRR
α
p,i).

We calcula te ln L over a uniform grid in kR and α. T he
resulting posterior probabili ty distribution is strongly co-
variant in α and kR . M arginalizing over each parame-
ter, we find α = −1.92 ± 0.11 and kR = 2.9+0.5

−0.4, where
the best-fit values are the median of the marginalized 1-
dimensional parameter distributions and the error bars
are the 15.9 and 84.1 percentile levels.

Howard et al. (2010) found a power law planet mass
funct ion, df / dlogM = k′M α′

, with k′ = 0.39+0.27
−0.16 and

α′ = −0.48+0.12
−0.14 for periods P < 50 days and masses

Mp sin i = 3–1000 M⊕ . We explore planet densi t ies and
the mapping of Rp to Mp sin i in Sect ion 5.

3.2. Occurrence as a Function of Orbital Period

We computed planet occurrence as a funct ion of orbital
period using equa tion (2). We considered this period
dependence for ranges of planet radii (Rp = 2–4, 4–8, and
8–32 R⊕). T his is equivalent to summing the occurrence
values in F igure 4 along two adjacent columns of cells to
obtain the occurrence for all planets in specified radius
ranges. F igure 6 shows tha t planet occurrence increases
substantially with increasing orbital period, par ticularly
for the smallest planets with Rp = 2–4 R⊕ .

For P < 2 days, planets of all radii in our study (>2
R⊕) are ex tremely rare with an occurrence of < 0.001
planets per star. E x tending to slightly longer orbital pe-
riods, hot Jupiters (P < 10 days, Rp = 8–32 R⊕) are also
rare in the Kepler survey. We measure an occurrence of
only 0.004 ± 0.001 planets per star, as listed in Table 4.
T ha t occurrence value is based on K p < 15 and the other
restrict ions tha t define of the “solar subset ” ( Table 1).
E xpanding our stellar sample out to K p < 16, but keep-
ing the other select ion criteria constant , we find a hot
Jupiter occurrence of 0.005±0.001 planets per star. T his
fract ion is more robust as i t is less sensi t ive to Poisson
errors and our concern about detect ion incompleteness
for K p > 15 vanishes for hot Jupiters tha t typically pro-
duce SN R > 1000 signals. M arcy et al. (2005a) found an
occurrence of 0.012±0.001 for hot Jupiters (a < 0.1 A U ,
P ! 12d) around F G K dwarfs in the Solar neighborhood
(within 50 pc). Thus, the occurrence of hot Jupiters in
the K epler field is only 40% that in the Solar neighbor-
hood. O ne might worry tha t our definition of Rp > 8
R⊕ excludes some hot Jupiters detected by RV surveys.
For K p < 16 and the same Teff and log g criteria, we find
an occurrence of 0.0076±0.0013, which is st ill 40% lower
than the RV measurement .

However, we do see modest evidence among the Ke-
pler giant planets of the pile-up of hot Jupiters a t or-
bital periods near 3 days ( F igures 4 and 6) as is drama t-
ically obvious from Doppler surveys of stars in the So-
lar neighborhood ( M arcy et al. 2008; Wright et al. 2009).
T hese massive, close-in planets are detected with high
completeness in both Doppler and Kepler techniques (in-
cluding the geometrical factor for Kepler ), so the differ-
ent occurrence values are real. We are unable to ex-
plain this difference, although a pauci ty of metal-rich
stars in the Kepler sample is one possible explana tion.
U nfor tuna tely, the metallici t ies of Kepler stars from
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Fig. 6.— Planet occurrence (top panel) and cumulative planet
occurrence (bottom panel) as a function of orbital period. The
occurrence of planets with radii of 2–32 R⊕ (black), 2–4 R⊕ (or-
ange), 4-8 R⊕ (green), 8–32 R⊕ (blue) are each depicted. Only
stars consistent with the selection criteria in Table 1 were used to
compute occurrence. Occurrence for planets with Rp < 2 R⊕ is
not shown due to incompleteness. The lower panel (cumulative
planet occurrence) is the sum of occurrence values in the top panel
out to the specified period.

K I C photometry are inadequa te to test this hypothesis
( B rown et al. 2011). A future spectroscopic study of Ke-
pler stars with L T E analysis similar to Valenti & F ischer
(2005) offers a possible test . In addit ional to the metal-
lici ty difference, the stellar popula tions may have differ-
ent Teff distributions, despite having similar Teff ranges.
Johnson et al. (2010) found tha t giant planet occurrence
correla tes with both stellar metallici ty and stellar mass
(for which Teff is a prox y). A full study of the occur-
rence of hot Jupiters is beyond the scope of this paper,
but we note tha t other photometric surveys for tran-
si t ing hot Jupiters orbit ing stars outside of the stellar
neighborhood have measured reduced planets occurrence
( G illiland et al. 2000; Weldrake et al. 2008; G ould et al.
2006).

T he occurrence of smaller planets with radii Rp = 2–4
R⊕ rises substantially with increasing P out to ∼10 days
and then rises slowly or pla teaus when viewed in a log-log
plot (orange histogram, top panel of F igure 6). O ut to 50
days we est ima te an occurrence of 0.130 ± 0.008 planets
per star. Small planets in this radius range account for
approxima tely three quar ters of the planets in our study,

Planet population at orbital period less 
than 50 days :
➺ small size planets ( range 2 - 4 R♁ ) are 
the most numerous 

➺ their frequency increases with increasing 
orbital period 

➺ multiple transiting systems are frequent 
~18%

Howard et al., 2011, ApJ

Borucki et al., 2011, ApJ
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CoRoT detection capability 

• CoRoT is well adapted for the detection of Neptune-size planets with 
orbital period less than a dozen of days and temperate Jupiter-size ones

• Super-Earth size planets could be detected on the very bright stars only.   
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Proposed strategy for CoRoT-3 /Exoplanet 
program - 1

• Concentrate on bright stars. Cut the targets in the exoplanet channel at R=15.

Objectives : 
        - lighten the load on the detection and the FUp observations so that effort 
will concentrate on small-size candidates. 
        - Use the available telemetry to increase  the number of imagettes ➺ the 
centroids curves will be provided and false positives better filtered out. 
         - Investigate the possibility to use at least 2 sizes of imagettes: one for very 
bright stars and another for slightly fainter one. 
         - Improve the selection of targets to be observed with imagettes so that 
they will be dedicated to the observation of well-secured dwarfs.  

Duration of the runs :  
• no short runs : detection of Neptune/Super Earth planets impossible.
• 2 intermediate duration runs per season or a single LR
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• Detection of transiting planets around stars with known planets on the 
asteroseismo CCD. 
          - A dozen of host-stars identified in the 2 eyes.
         -  A radial velocity program that aims at detecting planets around bright 
stars in the CoRoT eyes with an orbital period less than 50 days is proposed: 
74 targets (M1 - F5, no binary) brighter than V = 9  are identified, and additional 
30 stars with magnitudes between 9 and 11. 
A dozen of planets expected among which 1 +/- 1 could be transiting
• No strong case for re-observation of CoRoT planets but CoRoT-9b

Pointing : 
     - with a single CCD, dwarfs FGK brighter than mag R  = 14 account for ~ 500 
per field.  Selection of the field is critical. A study on the planet yields as a 
function of the stellar population is on going. 
     -  stars with known planets (RV). Possibility to observe outside the “eyes” 
under investigation. GJ1214 could be reachable.
     - observation of a cluster well populated in dwarfs 

Proposed strategy for CoRoT-3 /Exoplanet 
program - 2 
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Scientific goal : 

• search for Neptune size planets around bright stars

• characterization of hot Jupiters : bright stars still 
needed!

Beyond CoRoT 2.. 
CoRoT 3 ?
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