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Mdwarf mass funtion

17% 83%
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Distributions of a and M 
of planets predicted by 

the Monte Carlo 
simulations of Ida & Lin 
(2005) for a range of 

primary masses (model 
includes migration and 

disk evolution).

Rocky planets are 
common around all 

spectral types, whilst gas 
giants are only predicted 
in large numbers around 

high mass stars.

(see also Lodato et al. 2006)

icy cores
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the transit method: sensitivity
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Mass of Planet hosts
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4 fields with 8o<b<23o
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WTS 17h

WTS 19h

E(B-V)<0.1
uniform RA coverage
poor seeing backup programme

requires queue-scheduling
long-term status
patience !
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U/CMP/2 Progress
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Release 4

As of ~1 month
ago:

Field   Nep  ΔNep
03hr:   581 [194]
07hr:   765 [142]
17hr:   828 [122]
19hr:  1196  [52]

Field  Exp/star
03hr:    14.5h
07hr:    19h
17hr:    21h
19hr:    30h

1.56 sq degs 

WTS total on sky exposure: 84.5h x 8 = 676h
WTS total time used  = 898.6h (75% efficient)
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M Dwarf selection in WTS
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A sensitivity analysis of the WTS 15

Stellar effective temperature bins 3600-4100, ...,
6600-7100K

Stellar surface gravity, log g 4.0-4.9
Kepler magnitude, Kp <15

Lightcurve quality, SNR >10
Planetary radius bins, R⊕ 2-4, 4-8, 8-32

Orbital period, T <50 days
Detection threshold, SNR >10

Table 6. Properties of stellar and planetary samples considered
in the H11 Kepler study.

contribution of each discovered (high quality) Kepler planet
(candidate). Eq.2 from H11 is reproduced here:

f =

Npl∑

j=1

1/PT

n∗,j
(7)

f is evaluated for each studied stellar bin. Each planet’s con-
tribution are augmented by their geometric transit probabil-
ity (1/PT ) to include planetary systems with non-transiting
orientations as well (i.e. a detected planet with low geometric
transit probability give a high contribution). Each planet’s
fractional contribution is calculated over the number of high
photometric quality stars only (n∗,j). Only those stars are
selected from the Kepler Input Catalog (KIC) that belong
to the analyzed stellar bin and have a high enough quality
lightcurve where the actual planetary transit can be cer-
tainly detected (Table 6). A SNR value is derived from the
edge-on planetary transit depth signal and from the mea-
sured scatter (σCDPP; see Eq.1 in H11) of the lightcurve. A
lightcurve counts in the total number of stars if SNR>10 is
fulfilled.

For transiting planets, a SNR>10 transit detection (cal-
culated from the actual transit signal depth) and orbital
period T < 50 days are required. These planets are not
all confirmed yet but part of the released Kepler planetary
candidates passing an automated vetting procedure of the
Kepler data processing pipeline. They are counted as planets
both in H11 and in the present paper as they are assumed
to be actual planets with high probability (Borucki et al.
2011).

To obtain stellar parameters, the Kepler project uses
model atmospheres from Castelli & Kurucz (2004). They
perform a Bayesian model fitting on seven colours of the
KIC objects determining effective temperature (Teff), sur-
face gravity (log g) and metallicity (logZ) among other non-
independent model parameters simultaneously (Brown et al.
2011). Restrictive priors also ensure that parameters remain
within realistic value ranges. Temperatures are considered
to be most reliable for Sun-like stars with differences from
other models below 50K and up to 200K for stars further
away from the Sun on the CMD. Brown et al. (2011) call
temperatures below 3750K untrustworthy. There are 1086
M dwarfs identified in Q2 (Table 7).

Using the Q2 Kepler data release, we calculate Kepler
planetary fractions for the 0.8–10 days period range to com-
pare with our present WTS study. We follow the steps of
H11 by selecting KIC objects and Kepler planets (candi-
dates) from the Q2 data release using most criteria listed
in Table 6 but selecting planets with T < 10 days (Figure
12). We cannot filter for high quality lightcurves however as
noise data is not readily available from H11. It is beyond the

Figure 12. Cumulative number of discovered Jupiter size (8-
32R⊕) planets in Kepler Q2 as a function of orbital period (T)
in different stellar temperature bins. There are no planets in the
two coolest stellar bins (3600–4100K, 4100K–4600K). Planet oc-
currence fractions in Figure 13 are calculated for the 0.8–10 days
region, augmenting the contribution of each discovery by its geo-
metric transit probability.

Temp (K) Nstars corr. Npl Naug f f95%
3600–4100 1086 1.00 0 0 .04
4100–4600 1773 0.88 0 0 .027
4600–5100 6029 0.79 1 14.5 .003
5100–5600 18935 1.00 6 55.2 .003
5600–6100 31407 1.00 20 197.0 .006
6100–6600 11808 0.88 3 24.9 .002
6600–7100 2302 0.76 1 3.0 .002

Table 7. Total number of stars (Nstars) in Kepler Q2 tempera-
ture bins, their corresponding correction (corr.) factors (see text),
number of Jupiter size short period planets (Npl), their aug-
mented contribution (Naug) and the occurrence ratio (f) or up-
per limit (f95%).

scope of this paper to process each released Kepler lightcurve
and check its noise properties. Rather, we determine a cor-
rection factor for each stellar type bin. We reproduce the
calculation for the planetary fraction in the T < 50 day day
case omitting the lightcurve SNR>10 quality criterion and
compare to the published values in Figure 8 in H11. This
reveals a correction factor that is applied to the T < 10 day
case in each stellar bin (Table 7). E.g. in the coolest stellar
bin, there are 9 planets (2-32R⊕) with period T < 50 days,
counting as 320.5 occurrences around 1086 M dwarfs. This
yield a fraction of 0.295 which is the same rate published in
H11. This means that the correction factor for the M dwarf
bin (3600-4100K) is 1 i.e. all 1086 M dwarf lightcurves are
good enough to detect planets down to super-Earth sizes. As
there is no Jupiter size planet (8-32R⊕) in the 0.8–10 day
period interval, we calculate an upper limit of the planet
occurrence rate as 3/(1081 · 0.068) = 0.04.

In Figure 13 we show Kepler planetary fractions (f) for
hot Jupiters (8-32R⊕) in the 0.8–10 days period range. 95%
confidence intervals for nonzero values are calculated follow-
ing the logic of “effective stars” from H11; using a Poisson
distribution for having the actual number of planet detec-

c© 0000 RAS, MNRAS 000, 000–000

M-dwarfs FGK stars

4600 Mdwarfs to J=17 in 19hr field
Teff based on SED fitting to ugrizZYJHK 
photometry (NextGEN, Dartmouth)
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Sensitivity Analysis
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Insert transit signals 
into real data

Includes all the noise, 
systematics, detection 
difficulties 

Monte Carlo approach:

● sample of flat M dwarf 
lightcurves

● drawing system parameters 
(lc, period, offset, inclination)

● calculate transit shape, add 
to lightcurve
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Sensitivity Analysis Results
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P<10 days
J<17
Optimistic*

M0+Jup: <0.03
M2+Jup: <0.04

M0+Nep: <0.16
M2+Nep: <0.11

*Assumptions: precise recovered period not required, Prior N(p) uniform in p. 
Note figure shows N(p) α 1/p
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Discovery of a short period planet
WTS-2 b (J =13.87 mag,  i =15.15 mag, ~K3V)

Birkby et al. in prep

ρ★ = 2.1 g/cm3 (Seager & Mallen-Ornelas, 2003)
ρ0.85M☉ = 2.2 g/cm3 (Baraffe et al. 1998)

P = 1.01870 days

~3%
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WTS-2b: Light Curves
WTS J-band

INT i-band

Evidence against a blended background eclipsing binary:
- Consistent transit depths between J and i-band
- Consistent stellar density from the light curve and 
spectroscopy

Simultaneous MCMC fitting of J and 
i-band with the Mandel & Agol models
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WTS-2b: Radial Velocities!"#$%$&'("')*+,-./

M. Cappetta, RoPACS Meeting, Madrid 28th November 2011

HET Spectroscopy

No correlation between bisectors 
and phase within the errors - 

further evidence against a blended 
background eclipsing binary

RV
 (

km
/s

)

Phase
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WTS-2b: close in

WTS-2 b
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WTS-2b: inflated radius

WTS-2 b

Jupiter
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Planetary Parameter Space

WTS-2 b
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Most likely scenario for migration: scattering 
followed by tidal decay from 2aRoche

(c.f. WASP-19b, Hellier et al. 2011, Guillochon et al. 2010)

WTS-2 b: a=1.43 aRoche
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WTS-2 b
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Eclipsing Binaries
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4 Eclipsing Binaries in the WTS
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19g_4_02069

still analysing the Gemini GNIRS 
spectroscopy used to pull out the secondary
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Papers
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Conclusions

• The WTS contains:
•  a wealth of multi-epoch photometry (3mmag at J>12, 2% at 

J=17) 
• and astrometry (spanning 5 years, ~10mas per epoch) 
• for 111,000 stars with J<17 
• in 4 sight lines covering 6 sq degs (total).

• Made possible only by a flexibly queue-scheduled telescope, 
and a community willing to support a long-term variability study

• Ground-based infrared transit surveys with irregular observing 
patterns are capable of finding exoplanets.

• WTS-2 b is a short-period hot Jupiter around a sub-solar mass 
star that challenges theory.

22


