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ABSTRACT

We present twenty-three transit light curves and sevenl@timn light curves for the ultra-short period planet WA8®Db, in addition

to eight new measurements of the radial velocity of the $taainks to this extensive data set, we improve significahtyparameters
of the system. Notably, the largely improved precision angtellar density (21+ 0.08 p,) combined with constraining the age to be
younger than a Hubble time allows us to break the degeneffabye stellar solution mentioned in the discovery paper. fdseilting
stellar mass and size are’@7+ 0.025 M, and 0667 + 0.011R,. Our deduced physical parameters for the planet &x&42: 0.052
Mjup and 1036+ 0.019Ry,,. Taking into account its level of irradiation, the high dignsf the planet favors an old age and a massive
core. Our deduced orbital eccentricityO035jgjgggg, is consistent with a fully circularized orbit. We detece¢ ttmission of the planet
at 2.09um at better than 1%~ the deduced occultation depth being 156040 ppm. Our detection of the occultation at 1,418 is
marginal (790t 320 ppm) and more observations are needed to confirm it. Vée pl@e¢ upper limit of 850 ppm on the depth of
the occultation a+0.9 um. Together, these results strongly favor a poor redigdinhwf the heat to the night-side of the planet, and

marginally favor a model with no day-side temperature igier.
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1. Introduction Not only the origin of these planets but also their fate mise
many questions. Their relatively large mass and small semi-
There are now more than seven hundreds planets known togjor axis imply tidal interactions with the host star thadsld
bit around other stars than our Sun (Schneider 2011). Afsigniead in most cases to a slow spiral-in of the planet and tastra
cant fraction of them are Jovian-type planets orbiting i1 fer of angular momentum to the star (e.g. Barker & Ogilvie200
AU of their host stars. Their very existence poses an interegackson et al. 2009, Mastumura et al. 2010), the end result be
ing challenge for our theories of planetary formation and-eving the planet’s disruption at its Roche limit (Gu et al. 203
lution, as such massive planets could not have formed se clahe timescale of this final disruption depends mostly on the
to their star (D’Angelo et al. 2010; Lubow & Ida 2010). Longimescale of the migration mechanism, the tidal dissipatit
neglected in favor of disk-driven migration theories (Linat ficiency of both bodies, and théeiency of angular momentum
1996), the postulate that past dynamical interactions @b |osses from the system due to magnetic braking. These taree p
with tidal dissipation could have shaped their presenttdr@s rameters being poorly known, it is desirable to detect andyst
raised a lot of interest recently (e.g. Fabrycky & Tremai@®2 in depth ‘extreme’ hot Jupiters, i.e. massive planets fgeix-
Naoz et al. 2011, Wu & Lithwick 2011), partially thanks to theeptionally short semi-major axes that could be in the fitzajes
discovery that a significant fraction of these planets haga h of their tidal orbital decay.
orbital obliquities that suggest past violent dynamicatyma-

tions (e.g. Triaud et al. 2010). The WASP transit survey detected two extreme examples of

such ultra-short period planets, WASP-18b (Hellier et 809
and WASP-19 b (Hebb et al. 2010), both having an orbital jgerio
* Based on data collected with the TRAPPIST dnuer telescopes t€ms were amenable for a thorough characterization thaemad
at ESO La Silla Observatory, Chile, and with the VHRWK-I instru-  possible a study of theffiects of their tidal interactions (Brown
ment at ESO Paranal Observatory, Chile (program 086.C)0222 et al. 2011). Notably, photometric observations of soméneirt
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occultations made possible not only to probe both planetg: d TRAPPIST time-series, thanks to a ‘software guiding’ syste

side emission spectra but also to bring strong constraimtiseir deriving regularly astrometric solutions on the sciencagdes

orbital eccentricity (Anderson et al. 2010, Gibson et all@0 and sending pointing corrections to the mount if neededuta

Nymeyer et al. 2011), a key parameter to assess their tidal hinfortunately not be used for WASP-43, because the stainlies

tory and energy budget. The same WASP survey has recently arsky area that is not covered by the used astrometric caialog

nounced the discovery of a third ultra-short period Joviangt (GSC1.1). This translated into slow drifts of the stars andahip,

called WASP-43b (Hellier et al. 2011b, hereafter H11). lts othe underlying cause being the imperfection of the telesqap

bital period is 0.81 d, the only hot Jupiter having a smalker plar alignment. The amplitudes of those drifts on the totahtion

riod being WASP-19b (0.79 d). Furthermore, it orbits aroandof the runs were ranging between 15 and 85 pixels in the right

very cool K7-type dwarf that has the lowest mass among all tagcension direction and between 5 and 75 pixels in the @eclin

stars orbited by a hot Jupiter. 88+ 0.05M, Ters = 4400+ 200 tion direction. Table 1 presents the logs of the observatidhe

K, H11), except for the recently announced MO dwarf KOI-25#rst of these 20 transits was presented in H11.

(0.59 + 0.06Mg, Tert = 3820+ 90 K, Johnson et al. 2011).  After a standard pre-reduction (bias, dark, flatfield correc

Nevertheless, H11 presented another plausible solutiothé® tion), the stellar fluxes were extracted from the imagesgiie

stellar mass that is significantly larger7@+ 0.05M,. This de- IRAF/DAOPHOTH aperture photometry software (Stetson, 1987).

generacy translates into a poor knowledge of the physical geor each transit, several sets of reduction parameterstestes,

rameters of the system. and we kept the one giving the most precise photometry for the
With the aim to improve the characterization of this intéresstars of similar brightness as WASP-43. After a carefuldida

ing ultra-short period planet, we performed an intense iggeu of reference stars, fierential photometry was then obtained.

based photometric monitoring of its eclipses (transits@wll- The resulting light curves are shown in Fig. 1 and 2.

tations), complemented with new measurements of the reelial

locity (RV) of the star. These observations were carriedrotite

frame of a new photometric survey based on the 60cm rob

telescope TRAPPISIT(TRAnsiting Planets andPlanetesmals  Three transits of WASP-43 b were observed in the Guiriil-
Small Telescope; Gillon et al. 2011a, Jehin et al. 2011) Th@r (/leff = 6204+ 05 nm) with the EulerCAM CCD camera
concept of this survey is the intense high-precision phetsm at the 1.2-nEuler Swiss telescope, also located at ESO La Silla
ric monitoring of the transits of southern transiting sysseits Observatory. EulerCAM is a nitrogen-cooled»kk CCD cam-
goals being (i) to improve the determination of the physaal era with a 15’ 15’ field of view (pixel scale0.23"). Here too,
orbital parameters of the systems, (ii) to assess the pres#n the telescope was slightly defocused to optimize the phetnm
undetected objects in these systems through variabiliifies precision. The mean exposure time was 85s. The stars were kep
of the transit parameters, and (jii) to measure or put an UpRproximately on the same pixels, thanks to a ‘softwareiggid
limit on the very-near-IR thermal emission of the most ghlsystem similar to TRAPPIST’s but using the UCAC3 catalogue.
irradiated planets to constrain their atmospheric progertiVe The calibration and photometric reduction procedures wiene
complemented the data acquired in the frame of this progoam fiar to the ones performed on the TRAPPIST data. The logs of
the WASP-43 system by high-precision occultation timeeser theseEuler observations are shown in Table 1, while the result-

photometry gathered in the near-IR with the VHRWK-l in- ing light curves are visible in Fig. 2. Notice that the firstioése
strument (Pirard et al., 2004, Casali et al. 2006) in our @Y Euler transits was presented in H11.

086.C-0222. We present here the results of the analysigof th
extensive data set. Section 2 below presents our data. aiedir ] )
ysis is described in Sec. 3. We discuss the acquired resuts &-3- TRAPPIST Z filter occcultation photometry

drawn inferences about the WASP-43 system in Sec. 4. Finajly,e gccultations of WASP-43 b were observed with TRAPPIST
we give our conclusions in Sec. 5. in a Sloan filter (1eft = 9159 + 0.5 nm). Their logs are pre-
sented in Table 1. The mean exposure time was 40s. The cali-
bration and photometric reduction of these occultatioa tadre

2. Data similar to the ones of the transits. Fig. 3 shows the resylight

2.1. TRAPPIST |+z filter transit photometry curves with their best-fit models.

We observed 20 transits of WASP-43 b with TRAPPIST and its ]
thermoelectrically-cooled 2k 2k CCD camera with a field of 2-4- VLT/HAWK-I 1.19 and 2.09 um occultation photometry

view of 22’ x 22’ (pixel scale= 0.65”). All the 20 transits were \yg gphserved two occultations of WASP-43 b with the cryogenic
observed in an Astrodord+£Z filter that has a transmittance near-IR imager HAWK-I at the ESO Very Large Telescope in
>90% from 750 nm to beyond 1100 Anthe red end of theffec- program 086.C-0222. HAWK-I is composed of four Hawaii

tive bandpass being defined by the spectral response of tbe Copi 2048 2048 pixels detectors (pixel scate0.106"), its to-
This wide red filter minimizes thefkects of limb-darkening ;) field of view on the sky being 7.57.5". We choose to ob-
and diferential atmospheric extinction while maximizing stelgerye the occultations within the narrow band filters NB2090
lar counts. Its #ective wavelength foife;¢ = 4400+ 200 K (1 = 2.095um, width = 0.020um) and NB1190 { = 1.186

iS derr = 8435+ 1.2 nm. The mean exposure time was 209,y \idth = 0.020um), respectively. The small width of these
The telescope was slightly defocused to minimize pixepit®l 5smological filters minimizes theffect of diferential extinc-

effects and to optimize the observationgigency. We gener- tipn. Furthermore, they avoid the largest absorption anem
ally keep the positions of the stars on the chip within a box o

a few pixels of side to improve the photometric precision@f 0 3 1par is distributed by the National Optical Astronomy
Observatory, which is operated by the Association of Ursiies

1 see http/www.ati.ulg.ac.oE RAPPIST for Research in Astronomy, Inc., under cooperative agreemith the

2 see httg/www.astrodon.corproductgilters/near-infrareg National Science Foundation.

oﬁt,z' Euler Gunn-r’ filter transit photometry
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Date Instrument Filter Np Epoch Baseline o 01208 Pw Br CF
function [%] [%]
06 Dec 2010 TRAPPIST 1+z 393 11 p(t?) 0.35,0.36 0.14,0.17 1.26,1.30 1.00, 1.90 1.26, 2.47
09Dec2010  VLJHAWK-l NB2090 183  13.5  p(t?)+ p(I}) + p(xy!)  0.055,0.055 0.036,0.036 1.04,1.04 1.09,1.14 1.14,1.18
15 Dec 2010 TRAPPIST 1+z 442 22 p(t?) 0.36,0.36 0.12,0.14 0.97,0.97 1.038,1.13 1.00,1.10
19 Dec 2010 TRAPPIST 1+z 480 27 p(tz) 0.27,0.28 0.11,0.12 1.00, 1.01 1.00, 1.18 1.00, 1.19
28 Dec 2010 TRAPPIST 1+z 574 38 p(tz) 0.32,0.32 0.12,0.12 1.01, 1.02 1.29, 1.50 1.30, 1.53
28 Dec 2010 Euler Gunny’ 111 38 p(t2) + p(xy?) 0.10, 0.10 0.10, 0.10 1.54,1.64 1.04,1.15 1.61,1.90
30 Dec 2010 TRAPPIST z 332 40.5 p(t2) 0.30,0.30 0.14,0.14 1.04,1.04 1.00, 1.00 1.04,1.04
01 Jan 2011 TRAPPIST I+z 407 43 p(t2) + p(xy?) 0.27,0.27 0.11,0.12 1.00,1.01 1.00,1.00 1.00,1.01
06 Jan 2011 TRAPPIST 1+z 273 49 p(t?) 0.24,0.24 0.11,0.11 1.07,1.09 1.00,1.38 1.07,1.50
09Jan2011  VLJHAWK-l NB1190 115 515  p(t?) + p(b') + p(xy)  0.087,0.087  0.047,0.048 2.22,2.22 1.00,1.00 2.22,2.22
14 Jan 2011 TRAPPIST 1+z 237 59 p(tz) 0.17,0.18 0.09,0.10 0.91,0.93 1.04,1.34 0.95,1.24
19 Jan 2011 TRAPPIST 1+z 279 65 p(tz) 0.18,0.19 0.09,0.10 0.91,0.95 1.00, 2.16 0.91, 2.05
23 Jan 2011 TRAPPIST 1+z 244 70 p(tz) + p(xyz) 0.20,0.20 0.08,0.09 1.02,1.02 1.00, 1.00 1.02,1.02
28 Jan 2011 Euler Gunny’ 114 76 p(t2) + p(xyt) 0.13,0.13 0.13,0.13 1.36,1.42 1.17,1.24 1.59,1.76
06 Feb 2011 Euler Gunny’ 107 87 p(t?) 0.13,0.15 0.13,0.15 0.92,1.07 1.10,1.86 1.02,1.99
14 Feb 2011 TRAPPIST 1+z 311 97 p(t?) 0.21,0.22 0.11,0.12 1.05,1.08 1.00, 1.42 1.05,1.53
08 Mar 2011 TRAPPIST 1+z 285 124 p(tz) 0.21,0.22 0.11,0.13 1.11,1.15 1.00, 2.00 1.11,2.30
10 Mar 2011 TRAPPIST z 216 126.5 p(tz) 0.22,0.22 0.17,0.17 1.09, 1.09 1.00, 1.00 1.09, 1.09
21 Mar 2011 TRAPPIST 1+z 322 140 p(tz) 0.20,0.21 0.11,0.13 0.83,0.88 1.20, 2.04 1.00, 1.80
22 Mar 2011 TRAPPIST 1+z 237 141 p(tz) 0.21,0.22 0.10,0.11 1.10,1.14 1.00, 1.67 1.11,1.91
28 Mar 2011 TRAPPIST z 195 148.5 p(t?) 0.28,0.28 0.18,0.18 0.81,0.81 1.03,1.04 0.84,0.84
31 Mar 2011 TRAPPIST 1+z 238 152 p(t?) 0.24,0.26 0.12,0.17 1.04,1.15 1.00, 2.28 1.04,2.63
02 Apr 2011 TRAPPIST z 160 1545 p(t2) + p(bt) 0.18,0.18 0.11,0.11  0.93,0.93 1.27,1.30 1.19,1.21
13 Apr 2011 TRAPPIST 1+z 293 168 p(tz) + p(xyz) 0.23,0.23 0.12,0.13 1.00, 1.01 1.00, 1.00 1.00, 1.01
17 Apr 2011 TRAPPIST 1+z 289 173 p(tz) 0.26,0.27 0.13,0.15 1.05, 1.09 1.00, 1.26 1.05, 1.36
30 Apr 2011 TRAPPIST 1+z 327 189 p(tz) 0.32,0.33 0.16,0.17 1.31,1.33 1.07,1.30 1.40,1.73
09 May 2011 TRAPPIST 1+z 280 200 p(t?) 0.19,0.20 0.10,0.12 0.98, 1.05 1.00,1.77 0.98, 1.85
11 May 2011 TRAPPIST z 214 202.5 p(t?) 0.21,0.21 0.14,0.14 1.08,1.03 1.23,1.29 1.27,1.33
18 May 2011 TRAPPIST 1+z 250 211 p(t?) 0.18,0.18 0.10,0.11 0.93, 0.96 1.10,1.48 1.02,1.42
13 Jun 2011 TRAPPIST 1+z 605 243 p(tz) 0.33,0.34 0.13,0.14 0.97,0.99 1.25,1.87 1.22,1.84

Table 1.WASP-43 b photometric eclipse time-series used in this wieok each light curve, this table shows the date of acqaisiti
the used instrument and filter, the number of data pointseploeh based on the transit ephemeris presented in H11,lduesk
baseline function (see Sec. 3.1), the standard deviatitimeobest-fit residuals (unbinned and binned per intervais min), and
the deduced values f@;,, 8;, andCF = 3, x B (see Sec. 3.1). For the baseline functipt\) denotes, respectively,d-order
polynomial function of time £ = t), the logarithm of time = 1), x andy positions € = xy), and backgrounde(= b). For the
last five columns, the first and second value correspondecgsply, to the individual analysis of the light curve aodihe global
analysis of all data.

sion bands that are presentirandK bands, reducing thus sig-the whole run allows minimizing theffiects of interpixel sensi-
nificantly the correlated photometric noise caused by thm-cotivity inhomogeneity (i.e. the imperfect flat field). The &msas
plex spatial and temporal variations of the background due af HAWK-I calibration frames showed us that the detector is
the variability of the atmosphere. As this correlated nigsthe nearly linear up to 10-12 kADU. The peak of the target image
main precision limit for ground-based near-IR time-sephs- was above 10 kADU in the first images, so a slight defocus was
tometry, the use of these two narrow-band filters optimibes tapplied to keep it below this level during the rest of the run.
photometric quality of the resulting light curves. This §pe- The mean full-width at half maximum of the stellar point-aad
cially important in the context of the challenging measueain function (PSF) was 7.3 pixels 0.77", its standard deviation for

of the emission of exoplanets. the whole run being 0.57 pixets0.06”. The pointing was care-

The observation of the first occultation (NB2090 filter) too%ﬂ%éﬂ%ﬂﬁi&r: void cosmetic defects on WASP-43 or on the

place on 2010 Dec 9 from 5h37 to 9h07 UT. Atmospheric con-
ditions were very good, with a stable seeing and extinction.

Airmass decreased from 2.1 to 1.05 during the run. Each of the The second occultation (NB1190 filter) was observed on
185 exposures was composed of 17 integrations of 1.7s daech @011 Jan 9 from 4h57 to 9h27 UT. The seeing varied strongly
minimum integration time allowed for HAWK-I). We choose toduring the all run (mean value in our image3.76”, with a stan-

do not apply ajitter pattern. Indeed, the background cbation  dard deviation= 0.19”, minimum= 0.51", maximum= 1.22")

in the photometric aperture is small enough to ensure tleat tivhile the extinction was stable during the first part of the and
low-frequency variability of the background cannot causee:  slightly variable during the second part. No defocus wasiegpp
lated noises with an amplitude larger than a few dozens of pphe peak of the target being in the linear part of the detesbjer

in our light curves, making the removal of a background irmmamic in all images. Airmass decreased from 1.37 to 1.03, the
age unnecessary. Furthermore, staying on the same pix@igduincreased to 1.13 during the run. Here too, no jitter patieas
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Fig. 1. Left : WASP-43b transit photometry (12 first TRAPPIST transitsgdiin this work, binned per 2 min, period-folded on
the best-fit transit ephemeris deduced from our global MCM@lsis (see Sec. 3.3), and shifted alongyiais for clarity. The
best-fit baselinetransit models are superimposed on the light curves. Tlediftl ninth models (from the top) show some wiggles
because of their position-dependent terRight: best-fit residuals for each light curve binned per inteof& min.

applied. Each of the 241 exposures was composed of 17 integaaent pixels. At this stage, aperture photometry was peréd

tions of 1.7s. with DAOPHOT for the target and comparison stars, anfiiedt
After a standard calibration of the images (dark-subteati ential photometry was obtained f(_)r WASP_-43. _Table 1 present

flatfield correction), a cosmetic correction was appliedsTor- the 10gs of our HAWK-I observations, while Fig. 3 shows the

rection was done independently for each image and based od&§tlting light curves with their best-fit models.

automatic detection of the stars followed by a detectionutf o

lier pixgls. This latter was based on a co.mparis_on of th(?e/afu 2.5. Euler/CORALIE spectra and radial velocities

each pixel to the median value of the eight adjacent pixels. F

a pixel within a stellar aperture, a detection threshold @5 We gathered eight new spectroscopic measurements of WASP-

was used, while it was b-for the background pixels. Outlier 43 with theCORALIE spectrograph mounted &uler. The spec-

pixels had their value replaced by the median value of the adsscopic measurements were performed between 2011 Feb 02
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Fig. 2. Left : WASP-43 b transit photometry (8 last TRAPPIST transithe 3Euler transits) used in this work, binned per 2 min,
period-folded on the best-fit transit ephemeris deduced fsar global MCMC analysis (see Sec. 3.3), and shifted albeg-axis

for clarity. The best-fit baselindransit models are superimposed on the light curves£r@®APPISTI + zfilter; green= Euler
Gunn+’ filter). The third, ninth and tenth models (from the top) shemme wiggles because of their position-dependent terms.
Right: best-fit residuals for each light curve binned per inteoféd min.

and March 12, the integration time being 30 min for all of then8. Data analysis
RVs were computed from the calibrated spectra by weighted
cross-correlation (Baranne et al. 1996) with a numericatsp

tral template. They are shown in Table 2. We analyzed these ngy analysis of the WASP-43 data was divided in two steps. In

RVs globally with the RVs presented in H11 and with our e®ips; fist step, we performed individual analyses of the 30 eelip

photometry (see Sec. 3.3). light curves, determining independently for each lightvesr
the corresponding eclipse and physical parameters. Thefaim
this first step was searching for potential variability amahe
eclipse parameters (Sec. 3.2). We then performed a globkl an
ysis of the whole data set, including the RVs, with the aim to
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Fig. 3. Left : WASP-43b occultation photometry, binned per interval ahin, period-folded on the best-fit transit ephemeris
deduced from our global MCMC analysis (see Sec. 3.3), arftedralong they-axis for clarity. The best-fit baselir@ccultation
models are superimposed on the light curves (BIT®RAPPISTZ -filter; green= VLT /HAWK-I NB1190 filter; red= VLT /HAWK-

I NB2090 filter). Right: same light curves divided by their best-fit baseline madete corresponding best-fit occultation models

are superimposed.

obtain the strongest constraints on the system param&ecs ((PDFs) for the parameters of a given model (e.g. Gregory 2005

3.3).

3.1. Method and models

Carlin & Louis 2008). Our implementation of the algorithm
assumes as model for the photometric time-series the eclips
model of Mandel & Agol (2002) multiplied by a baseline model
aiming to represent the other astrophysical and instruahent

Our data analysis was based on the most recent versionf§jchanisms able to produce photometric variations. For the
our adaptive Markov Chain Monte-Carlo (MCMC) algorithnRVS: the model is based on Keplerian orbits added to a model
(see Gillon et al. 2010 and references therein). To summgr the stellar and instrumental variability. Our globaldebcan
rize, MCMC is a Bayesian stochastic simulation algorithm déclude any number of planets, transiting or not. For the RVs
signed to deduce the posterior Probability Distributiongtions OPtained during a transit, a model of the Rossiter-McLainghl
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Time RV ORY BS Filter U Uy

(BJD1pe-2,450,000) (kms) (ms?) (kms?) l+2z N(0.440,0.03%) N(0.180Q 0.02%)

5594.848273 -3.921 21 0.021 Gunni’  N(0.6250.01%) N(0.115 0.01()

5604.730390 -4.149 19 0.052 Table 3. Prior PDF 4in thi < for th dratic limb

5605.677373 3.862 15 0.044 able 3. Prior PDF used in this work for the quadratic limb-

darkening cofficients.

5626.663879 -4.123 18 0.035

5627.670365 -3.759 21 -0.039

5628.713064 -3.059 18 0.061

5629.686781 -3.388 17 —0.009 the combinations; = 2 x u; + Uz andc, = u; — 2 X Up to mini-

5632.715791 3126 22 0.115 mize the correlation of the obtained uncertainties (Holmeteal.

2006). In this case, the theoretical values and error bars;fo
Table 2. CORALIE radial-velocity measurements for WASP-43ndu, deduced from Claret’s tables can be used in normal prior
(BS = bisector spans). PDFs. In all our analyses, we assumed a quadratic law ang let
andus, float under the control of the normal prior PDFs deduced
from Claret & Bloemen'’s tables. For the non-standasdz fil-

ter, the modes of the normal PDFs iorandu, were taken as
averages of the values interpolated from Claret's safde
standard filterbc andZ, while the errors were computed as

effect is also available (Giménez, 2006). Comparison betw
two models can be performed based on their Bayes factor, t 8

latter being the product of their prior probability ratio Hiplied the quadratic sums of the errors for these two filters. Ther pri

by their marginal likelihood ratio. The marginal likelihdoa- PDFs deduced for WASP-43 are shown in Table 3. They were
tio of two given models is es.tlmated. from thefdrence of t.helr computed fofTe; = 4400+ 200K, logg = 4.5+ 0.2 and [F¢H]
Bayesian Information Criteria (BIC; Schwarz 1978) whicke ar_ ~0.05+ 0.17 (H11)

given by the formula: At the first step of the MCMC, the timings of the measure-

1) ments are passed to tf&IDrpg time standard, following the

recommendation of Eastman et al. (2010) that outlined tiet t
commonly-use®JDy+c time standard is not practical for high-
precision timing monitoring as it drifts with the additiofi@ane
Igap second roughly each year.

BIC = x? + klog(N)

wherek is the number of free parameters of the modikels the
number of data points, ang is the smallest chi-square found

in the Markov chains. From the BIC derived for two models, th . -
corresponding marginal likelihood ratio is given &y8/C/2 At each step of the Markov Chains, the stellar density is

For each planet, the main parameters that can be .randor‘?y%?ived from Keplers third law and the jump parameteFs
perturbed at each step of the Markov chains (cgllea param- b ' W, vecosw E.ind \/é.s'n‘” (Seager & Mallen-OrneIas 2.003'
eters) are Winn 2010). Using as input values the resulting stellar dgns

and values fofT¢i¢ and [F¢H] drawn from their prior distri-
— the planesstar area ratialF = (Ry/R.)?, R, andR, being butions, a modified version of the stellar mass calibratam |
respectively the radius of the planet and the star; deduced by Torres et al. (2010) from well-constrained detdc
— the occultation depth(s) (one per filtelff occ; binary systems (see Gillon et al. 2011b for details) is ueeatet
— the parameteb’ = acosip/R, which is the transit impact rive the stellar mass. The stellar radius is then deriveahfitoe
parameter in case of a circular ortitandi, being respec- stellar density and mass. At this stage, the physical paease

tively the semi-major axis and inclination of the orbit; of the planet (mass, radius, semi-major axis) are deduced fr
— the orbital periodP; the jump parameters and stellar mass and radius. Alteefgtiv
— the time of minimum lighfT (inferior conjunction); a value and error for the stellar mass can be imposed at the

— the two parameters/ecosw and vesinw, e being the or- start of the MCMC analysis, In this case, a stellar mass vialue
bital eccentricity andv being the argument of periastron; drawn from the corresponding normal distribution at ea€lp st

— the transit width (from first to last contadty; of the Markov Chains, allowing the code to deduce the other
— the parameteK, = K V1— € P¥3, K being the RV orbital physical parameters. We preferred here to use this second op
semi-amplitude; tion, as WASP-43 was potentially lying at the lower edge ef th

_ the parametersyvsini, cos3 and VVsinl, sing, vsinl, mass range for which the calibration law of Torres et al. Iglya
andg being respectively the projected rotational velocity of 0.6Mo.

the star and the projected angle between the stellar spsn axi |f measurements for the rotational period of the star and for
and the planet's orbital axis. its projected rotational velocity are available, they canuised

in addition to the stellar radius values deduced at eachaitep

Uniform or normal prior PDFs can be assumed for the jump atldle MCMC to derive a posterior PDF for the inclination of the
physical parameters of the system. Negative values arelnotsiar (Watson et al. 2010, Gillon et al. 2011b). We did not use
lowed fordF, dF g, b/, P, To, W andKo. this option here despite that the rotational period of the was

Two limb-darkening laws are implemented in our codeletermined from WASP photometry to be 1%.6.4 days (H11),
quadratic (two parameters) and non-linear (four pararaptebecause th& sinl, measurement presented by H110(4 0.4
For each photometric filter, values and error bars for thélimkms™) was presented by these authors as probabégeed by
darkening cofficients are interpolated in Claret & Bloemen'sa systematic error due to additional broadening of the lines
tables (2011) at the beginning of the analysis, basing oatinp  Several chains of 100,000 steps were performed for each
values and error bars for the stelldfextive temperaturdey, analysis, their convergences being checked using theststati
metallicity [F&H] and gravity logg. For the quadratic law, the cal test of Gelman and Rubin (1992). After election of thetbes
two codficientsu; andu, are allowed to float in the MCMC, model for a given light curve, a preliminary MCMC analysis
using as jump parameters not thesefioients themselves but was performed to estimate the need to rescale the photametri
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errors. The standard deviation of the residuals was cordfare of the best-fit residuals, unbinned and binned per 120s.€Thes
the mean photometric errors, and the resulting rafipsvere results allow us to assess the photometric precision of $ked u
stored 3, represents the under- or overestimation of the whitastruments.The TRAPPIST data show mean valuegfcand
noise of each measurement. On its side, the red noise piiaset very close to 1, thé+zdata having 8y >= 1.03 and< gy >=
the light curve (i.e. the inability of our model to represeet- 1.05, while thez data have< B, >= 0.98 and< B, >= 1.11.
fectly the data) was taken into account as described byrséto This suggests that the photometric errors of each measuateme
al. (2010), i.e. a scaling factgy was determined from the stan-are well approximated by a basic error budget (photon, read-
dard deviations of the binned and unbinned residuals féerdi out, dark, background, scintillation noises), and thati¢iwel of
ent binning intervals ranging from 5 to 120 minutes, thedatg correlated noise in the data is small. Furthermore, we adtiat
values being kept a8;. At the end, the error bars were mul-nost TRAPPIST light curves are well modeled by the ‘minimal
tiplied by the correction facto€F = B; x By. For the RVs, a model’, i.e. the sum of an eclipse model and a quadratic tirend
‘jitter’ noise could be added quadratically to the errordoafter time. Only one TRAPPIST transit light curve requires adudisl
the election of the best model, to equal the mean error with tterms inx andy, while one occultation light curve acquired when
standard deviation of the best-fit model residuals. In thigcit the moon was close to full requires a linear term in backgdoun
was unnecessatry. The mean photometric errors per 2 min intervals can also be

Our MCMC code can model very complex trends for theonsidered as very good for a 60cm telescope monitorMg-a
photometric and RV time-series, with up to 46 parameters fb2.4 star: 0.11% and 0.15% in the zandZ filters, respectively,
each light curve and 17 parameters for each RV time-seri@s. Wvhich is similar to the mean photometric error Bfiler data,
strategy here was first to fit a simple orbjiéalipse model and to 0.12%. Euler data show also small mean values<of3,, >=
analyze the residuals to assess any correlation with tlegrealt 1.27 and< B, >= 1.05. Their modeling requires PSF position
parameters (PSF width, time, position on the chip, linedise terms for 2 out of 3 eclipses, despite the good sampling of the
etc.), then to use the Bayes factor as indicator to find thengpt PSF and the active guiding system keeping the stars nearly on
baseline function for each time-series, i.e. the model mii the same pixels. This could indicate that the flatfields’ &
ing the number of parameters and the level of correlatecnis perfectible.
the best-fit residuals. For ground-based photometric Sarées, For the first HAWKI light curve, taken in the NB2090 filter,
we did not use a model simpler than a quadratic polynomial e notice that we have to account for a ‘ramffeet (the logl)
time, as severalfiects (color ffects, PSF variations, drift onterm) similar to the well-documented sharp variation of ¢fie
the chip, etc) can distort slightly the eclipse shape andlvas fective gain of theSpitzer/IRAC detector at &m (e.g. Knutson
lead to systematic errors on the deduced transit paramg&tess et al. 2008), and also for a dependance of the measured flax wit
is especially important to include a trend in the baselin@leho the exact position of the PSF center on the chip. This pasitio
for transit light curve with no out-of-transit data beforead- effect could be decreased by spreading the flux on more pixels
ter the transit, andr with a small amount of out-of-transit data(defocus), but this would also increase the backgroundisrco
Having a rather small amount of out-of-transit data is qo@-  bution to the noise budget, potentially bringing not onlyreo
mon for ground-based transit photometry, as the targetistawhite noise but also some correlation of the measured counts
visible under good conditions (low airmass) during a limiti-  with the variability of the local thermal structure. The poimet-
ration per night. In such conditions, an eclipse model care haric quality reached by these NB2090 daga£ 1.09, mean error
enough degrees of freedom to compensate for a small-am@litwf 360 ppm per 2 min time interval), can be judged as excellent
trend in the light curve, leading to an excellent fit but alsdi For the NB1190 HAWKI data, we had to include a dependance
ased results and overoptimistic error bars. Allowing theNUT in the PSF width in the model. This is not surprising, conside
to ‘twist’ slightly the light curve with a quadratic polyndedin ing the large variability of the seeing during the run. Wevals-
time compensates, at least partially, for thigeet. tice for these data that our error budget underestimatedgiy

For the RVs, our minimal baseline modelis a scalarepre- the noise of the measuremeng (= 2.22), suggesting an un-
senting the systemic velocity of the star. It is worth naticthat accounted noise source. Still, the reached photometriitgua
most of the baseline parameters are not jump parameters infamains excelleng= 1, mean error of 470 ppm per 2 min time
MCMC, they are deduced by least-square minimization fraen tinterval).

residuals at each step of the chains, thanks to their linetire Table 4 presents for each eclipse light curve the values and
in the baseline functions (Bakos et al. 2009, Gillon et al®0 errors deduced for the jump parameters. Several points €an b
noticed.

8.2. Individual analysis of the eclipse time-series — The emission of the planet is clearly (3f)-detected at 2.09

As mentioned above, we first performed an independent @ralys pm. At 1.19um, it is barely detected~( 2.3). It is not

of the transits and occultations aiming to elect the optimadiel detected in any of th#-band light curves.

for each light curve and to assess the variability and rolasst — The transit shape parametdrs W, anddF, show scatters

of the derived parameters. For all these analyses, theabptait slightly larger than their average error, the correspogidin

riod and eccentricity were kept respectively to 0.81347%gsda  tio being, respectively, 1.24, 1.26, and 1.54. Furthermore
and zero (H11), and the normal distributidtf0.58, 0.05%) M, these parameters show significant correlation, as can be see
(H11) was used as prior PDF for the stellar mass. For theitrans in Fig. 4.

light curves, the jump parameters welfe, b’, W andT,. Forthe  — Fitting a transit ephemeris by linear regression with the
occultations, the only jump parameter was the occultategptlul measured transit timings shown in Table 4, we ob-

dFqc, the other system parameters being drawn at each step oftained T(N) = 2,45552886828940.000072)+ N x

the MCMC from normal distributions deduced from the values 0.81347728£0.00000060) BJBpg. Table 4 shows (last col-

+ errors derived in H11. umn) the resulting transit timing residuals (observed rinu
Table 1 presents the baseline function selected for eaeh lig computed, O-C). Fig. 5 (upper panel) shows them as a func-

curve, the derived factog,, 8-, CF, and the standard deviation  tion of the transit epochs. The scatter of these timing resid
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uals is 2.1 times larger than the mean error, 18s. No clear
pattern is visible in the O-C diagram.

r 13 -
s
The apparent variability of the four transit parameterséspnt 5
in both TRAPPIST andtuler results. The correlation of the de- — #8 -
rived transit parameters is not consistent with actualag@mms .|
of these parameters and favors biases from instrumentgmand® |
astrophysical origin. This apparent variability of therts# pa- R4
rameters could be explained by the variability of the stelit E
Indeed, WASP-43 is a spotted star (H11), and occulted spots oottt
(and faculae) can alter the observed transit shape andhmsas t
measured transit parameters (e.g. Huber et al. 2011, Begita e
2011). We do not detect clear spot signatures in our lightesr
but our photometric precision could be not high enough to de-
tect such low-amplitude structures, so we do not rejecthis b [
pothesis. On their side, unocculted spots should have dgiregl _ 1?5 Tkl
ble impact on the measured transit depths, consideringpthe |< 5 g
amplitude of the rotational photometric modulation detddn = 12 |-
WASP data (6 1 mmag). Still, they could alter the slope of the i £
photometric baseline and make it more complex. We represent.is - %‘
this baseline as an analytical function of several extggasdm- T P T ST
eters in our MCMC simulations, but the unavoidable inaccyra R2 24 ;6[7]“ 3 32 115 1~V2V [h]1~25 13
of the chosen baseline model can also bias the derivedsesslt )
described in Sec. 2.1, no pointing corrections were appligd
ing the TRAPPIST runs because of a stellar catalogue prablédrig. 4. Correlation diagrams for the transit parameters deduced
Even if the resulting drifts did not introduce clear cortiglas of from the individual MCMC analysis of the 23 transit light
the measured fluxes with PSF positions, they could havetklighcurves.Top left: transit depthvs transit impact parametefop
affected the shape of the transits. These considerationsreinf right: transit duratiorvs transit impact parameteBottom left:
the interest of performing global analysis of extensiveadstts transit duratiorvs transit depthBottom right: TTV (observed
(i.e. many eclipses) in order to minimize systematic eresxd minus calculated transit timing)s transit duration. The filled
to reach high accuracies on the derived parameters. black and open red symbols correspond, respectively, to the
TRAPPIST andtuler light curves.
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3.3. Global analysis of photometry and radial velocities

The global MCMC analysis of our data set was divided in three
steps. For each step of the analysis, the MCMC jump parameter “|
weredF, W, b, T, P, vecosw, vesinw, threedFq (for the e
Z,NB1190, and NB2090 filtersK, and the limb-darkening co- - g
efficientsc; andc; for thel +zand Gunn¥ filters. No model for E I 1
the Rossiter-McLaughlin was included in the global modeha AL ! i { E
RV was obtained at the transit phase. For each light curvaswe . { 1
sumed the same baseline model than for the individual aisalys -2 | E
The assumed baseline for the RVs was a simple scalar (systemi o b oo o b o o 10 o 1L
ve IOCity Vy) . 0 50 100 150 200 250
In a first step, we performed a chain of 100,000 steps with
the aim to redetermine the scaling factors of the photometri
rors. The deduced values are shown in Table 1. It can be dotice
that the mear: g > for the 20 transits observed by TRAPPIST |
in | + zfilter is now 1.52, for 1.05 after the individual analysis & S R ! { 1
of the lightcurves. We notice the same tendency forEher < ©°f— Pﬁjf}*{? ***** TJF* R
Gunny’ transits:< g; > goes up from 1.05to 1.42. Considering= | f
the apparent variability of the transit parameters deddicad - { 1
the individual analysis of the light curves and their caatigins, 2 F E
our interpretation of this increase of tkeg, > is that a part of e L L
the correlated noise (from astrophysical source or not)todra
sit light curve can be ‘swallowed’ in the transhiaseline model,
leading to a good fit in terms of merit function but also to bi-_. ) . )
ased derived parameters. By relying on the assumption thatf9- o Top: Observed minus calculated transit timings obtained
transits share the same profile, the global analysis allowet- 1om the individual analysis of the transit light curves dsiac-
ter separate the actual transit signal from the correlagsses tion Of the transit epoch. The filled black and open red sym-
of similar frequencies, leading to largers; > values. Itis also POIS correspond, respectively, to the TRAPPIST &otér light
worth noticing that the< g, > for the transits, 1.50, is |argercurve_s.Bott0m: same but deduced from the global analysis of all
than the one for the occultations, 1.12, which is consistetit transits.
the crossing of spots by the planet during transit, but can al
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Epoch Filter dFoce b dF W To O-C
[%] [%] [h] [BID 1pe-2450000] [min]
11 | +2 0.682:928 29201 1.250°3538 5537816483954  —-0.09+ 0.69
135 NB2090 Q56°39:%
22 I +z 0.673:3.9%0 2501910 1.23473%2¢ 554676490+ 0.00020 016+ 0.29
27 | +2 0.7163919 2.721+0.077 1250+0018 5550832283530 0.15+0.20
38 I +z 0.64570923 24300 122473522 555978038+ 0.00021 -0.07+0.30
38  Gunn¢’ 0.640°39%  2.4230%% 1.181°3%° 555978092+ 0.00016  071+0.22
0.041 0.083 0.020
40.5 z 0.090°3922
43 l+z 0573792  260+0.17 11763322 556384773+ 0.00023 -0.12+0.33
49 | +2 061170942 2.42509% 1.21073920 556872830500018  -0.54+0.26
51.5 NB1190 (82353
59 I +z 0.6433%922 2534 0%7  1.219+0029 557686380+ 0.00015 051+0.22
65 | +2 0.651:292%5  2.3780%%  1212+0014 5581744123992  -0.28+0.19
70 I +z 0.6673:928 260192 1.222°952 55858121 15950% 0.59+0.56
76 Gunn¢’ 0.546'39%8 2377218 1.1583923 559069260595%17 0.05+0.25
87  Gunn¥ 0.656°09%°  2.649'55%89 12573958 559964042+ 0.00017 -0.57+0.25
97 | +2 0.6433%%2  2.456'39%¢ 11883517 5607775153951 -0.63+0.22
124 I +z 06190028 2456598 1213+ 0.014  562974002335%34 0.79+0.20
126.5 z 0.03472933
140 | +2 0.6982920 25700379  1.223+0018 5642754513991  -0.86+0.25
141 | +z 06330929 27120953  1.240+0.020 5643568713351 0.18+0.27
148.5 z 0.039°39%2
152 | +2 07253923 2.82+0.11 12683922 56525158100502  —1.48+0.33
154.5 z 0.042:39%0
168 I +z 0.606'09%%  242+0.12 1191:5018 566553222000022  —-0.36+0.32
173 I +z 0.670°3928  2.741:59%8 1.27473%2° 566959946+ 0.00025 -0.58+0.36
189 | +2 0.596'295 241219 1.214502¢ 568261592 595029 0.61+0.30
200 I +z 0.677:901  2.738:5%¢0 1.2189018 569156378 590013 0.05+0.19
202.5 z 0.065'39%4
211 I +z 0.642:0922 2.40Q;5%¢7 1.207°2%14 5700512325001 0.47+0.22
243 | +2 0.687:2947 256212 1.2363959 5726544363530% 157+0.81

Table 4. Median and 1s errors of the posterior PDFs deduced for the jump paramfrtarsthe individual analysis of the eclipse
light curves. For each light curve, this table shows the bpmased on the transit ephemeris presented in H11, the &hdrthe
derived values for the occultation depth, impact parametersit depth, transit duration, and transit time of miaimlight. The last
column shows for the transits thefidirence (and its error) between the measured timing and thdextuced from the best-fitting
transit ephemeris computed by linear regressigil) = 2455528368289(00000721 N x 0.81347728(@M0000060) BIBPps.

be explained by the much larger number of transits than ecchhve at these small masses, within tp‘é/@, Ter, [FE/H]) space,
tations. the parameter space over which the tracks were interpatated
ered stellar ages well above a Hubble time. A restrictionhen t

In a second step, we used the updated error scaling factage was therefore added. Only taking agd® Gyr, we obtained

and performed a MCMC of 100,000 steps to derive the margin#tte distribution as shown in Fig. 6, refining the stellar paea

ized PDF for the stellar densips. This PDF was used as inputters toTes = 4520+ 120 K and [F¢H] = -0.01+ 0.12 dex. The

to interpolate stellar tracks. As in Hebb et al. (2009), wedus stellar mass is estimated kb, = 0.717+ 0.025M,. The output

033, mostly for practical reasons. Other inputs were the stélistribution is very close to Gaussian as displayed in Fign6é

lar effective and metallicity derived by H1T = 4400+ 200 addition the outpyt; >/ distribution has not beerifected. Thus,

K and [FgH] = -0.05+ 0.17 dex. Those parameters were asur strongly improved precision on the stellar density corad

sumed distributed as a Gaussian. For gacft value from the With a constraint on the age (to be younger than a Hubble time)

MCMC, a random Gaussian value was drawn for stellar para@llows us to reject the main stellar solution proposed by H11

eters. That point was placed among the Geneva stellar evdlik. = 0.58+ 0.05M,). Because the aIIowed»j(l/s, Ter, [FE/H])

tion tracks (Mowlavi et al. 2012) that are available in a diité  space within the tracks still covers quite a large area,jihjsos-

enough to allow an MCMC to wander without computationdaible at the moment to constrain the stellar age. The prasess

systematic fiects; a mass and age were interpolated. If the poitkescribed in Triaud 2011 (PhD thesis).

fell off the tracks, it was discarded. Because of the way stars be-

10
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040 T T MCMC Jump parameter s
pre. E 3 Planefstar area ratioR,/R,)? [%] 2.542:0024
23‘2‘ Z E b’ = acosip/R, [R,] 0.656+ 0.010
000 iy L . S— Transit widthW [h] 1208929053
B I ] To — 2450000 BJID+pg] 572654336+ 0.00012
\ 1T 5 Orbital periodP [d] 0.81347753+ 0.00000071
08 | T E RV K, [msd3] 511551
3 I+ 1 Vecosw 0.020:0922
r ] ] \esinw -0.02559¢¢
. g ] 1 dFoce [PPM] 210%, < 850 (3¢)
g‘ams - E E dFocenBr190 790329 < 1700 (3¢)
- 1 ] dF oce,NB2090 1560+ 140
L ] " cl ., 0.983+ 0.050
- | . sz 0.065+ 0.060
l T 7 ¢l 1.363+ 0.047
- 1 ] 2 0.401+ 0.051
y L AL | ** mmmr Deduced stellar parameters
5200 5000 4800 4600 4400 4200 4000 0.00 0.02 0.04 0.06 ul ., 0.406+ 0.026
Ten(K) 2., 0.171+0.024
Fig.6. Main panel: modifield Herztsprung-Russell diagram uly 0.625+ 0.024
showing the posterior PDF gf,"* as a function ofT; after u2, 0.112+ 0.020
intel;]polatir_]g with the G(K/lneva stellar e&/i(():lgtté(()jn E;rr]f(ijclésrzfgrsond N V, [km s7] —3.5950+ 0.0040
on the main sequence. Masses are in ; 0079
the bold tracks.q The solid, dashed and dotted lines correri)spo Surfa?ee;:\)//lf ; |[op;;] - i:igg;gﬁ
to the 1, 2-0- and 3¢~ contours, respectivelygecondary pan- * FT-0010
els: marginalised PDF gf, /% andTe;. In both panels, there are MassM,. [Mo] 0.717+0.025
three histograms: dotted: input distribution; grey: outgistri- RadiusR, [Ro] 0.667:0012
bution; black: output distribution for ages12 Gyr. Ter [K]2 4520+ 120
[Fe/H] [dex]? ~0.01+ 012
Deduced planet parameters
r RVK[ms?] 547.9°2%
o Ro/R. 0.150453%%0¢
= b [R.] 0.6580'5 5005
E 0 boc [R,,] 0'655i8:8}§
z Toc — 2450000 BJIDrpg] 5726950690900
L Orbital semi-major axis [AU] 0.01526+ 0.00018
500 : | | | ] Roche limitag [AU] 0.00768+ 0.00016
04 o2 o T oz T oa a/ag 1.9863939
o [days] a/R, 4.918/0053
Fig. 8. Euler/CORALIE RV measurements period-folded on the Orbltal, mdmat'onf p,[deg] 8233+ 020
best-fit transit ephemeris from the global MCMC analysis; co Orbital eccentricitye 0.0035 5555 < 0.0298 (3¢7)
rected for the systemic RV, with the best-fit orbital modetey ~ Argument of periastrow [deg] -323°
imposed. Equilibrium temperaturd e [K]° 14403
Densitypp [paud 1.826258¢
Densitypp, [g/cm’] 1.37739%3
Surface gravity log, [cgs] 36720013
MassMp [Maygd 2.03470952
RadiusR, [Ryg 1.036+ 0.019

We then performed a third MCMC step, using as prior distri-

butions forM,, Teg, and [F¢H], the normal distributions match-
ing the results of our stellar modeling, i/(0.717, 0.02%) M,
N(452Q120) K, and N(-0.01,0.12%) dex, respectively. The
best-fit photometry and RV models are shown respectively d AL _
Fig. 7 and 8, while the derived parameters and érror bars are ﬂ\ssummgA 0andF=1.
shown in Table 5.

Table 5. Median and 1z limits of the posterior marginalized
PDFs obtained for the WASP-43 system derived from our global
MCMC analysis2From stellar evolution modeling (Sect. 3.3).
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Fig. 7. Left: TRAPPISTI + z (top) andEuler Gunn+’ (bottom) transit photometry period-folded on the bestréinsit ephemeris
from the global MCMC analysis, corrected for the baseling himned per 2 min intervals, with the best-fit transit modeier-
imposed.Right: same for the occultation photometry obtained by TRAPPISZ iiiter (top), and by VLTHAWK-I in NB1190
(middle) and NB2090 (bottom) filters, except that the datatisare binned per 5 min intervals.

Global analysis of the 23 transits with free timings twice more massive than our Jupiter, orbiting at orly.015

_ AU from a 0.72M,, main-sequence K-dwarf. Despite having the
As a complement to our glqbal analysis of th_e yvhole data SBt, W5 lest orbital distance among the hot Jupiters, WASP-i43 b

performed a global analysis of the 23 transit light curvesial fﬁr from being the most irradiated known exoplanet, becafise

The goal here was to benefit from the strong constraint brougfly g5 size and temperature of its host star. Assumingaa so
on the transit shape by the 23 transits to derive more a®urgl: \ 1ost star. its incident flux9.6 16 erg s cnr2 would cor-

transit timings and to assess the periodicity of the trahsthis respond to @ = 2.63 d orbit @ = 0.0374 AU), i.e. to a rather

analysis, we kept fixed the paramet@gsand P to the values typical hot Jupiter. With a radius of 1.0, WASP-43 b lies

shov¥n in Tark])le 5, E.ind ‘r’]"e a%ded a timin@setdas jgmp.parg'_rtoward the bottom of the envelope described by the published
eter for each transit. The orbit was assumed to be circula. planets in theR, vs. incident flux plane (Fig. 9). Taking into

other jump parameters wed, W, bf, and the limb-darkening ;..o ¢t its level of irradiation, the high density of thenzg

poaﬁcientsclland ¢z for both filters.. The resulting t_ransit tim- favors an old age and a massive core under the planetary struc
ings and their errors are shown in Table 6. Fitting a tran

) r%gre models of Fortney et al. (2010). Our results.ar.e comsist
timings, we obtained (N) = 2,455 528868227:0,000078)+ ith a circular orbit, and we can put ad-upper limit <0.03

to the orbital eccentricity. Despite its very short peridgéhSP-
N>0.81347764£0.00000065) BJBps. Table 6 shows (last col- 431, hag 4 semi-major axis approximatively twice larger itgn
umn) the resulting transit timing residuals (observed rmicam-

. ; Roche limitag, which is typical for hot Jupiters (Ford & Rasio
puteq, 0O-C). Fig. 5 (lower panel) ShOW.S them as.afunc.tlohe)ftzo%’ Mastﬁ?nura et al. é%lO). As notedp by th(ese authors, the
transit epochs. The scatter of these timing residuals is h8w inner edge of the distribution of most hot Jupiters-atax fa-

Wdrs migrational mechanisms based on the scattering o&fsan

. . -~ on much wider orbit and the subsequent tidal shortening a&nd c
transit photometry, one can notice that the better COMSIAI 4 ri7ation of their orbits. Thus, WASP-43 b does not appea
the transit shape for the global analysis improves the @frar 1o 5 oanet exceptionally close to its final tidal disruptiomlike

few timings, but that most of them have a slightly larger BITQUASP-19 b that orbits at onlv 12 (Hellier et al. 2011
because of the better separation of the actual transit|digma atorbits atonly 12 (Hellier et al. a).

the red noise (see above).

the timings derived from individual and global analysis loé t

4.2. The atmospheric properties of WASP-43b

4. Discussion We have modeled the atmosphere of WASP-43 b using the meth-
: : ods described in Fortney et al. (2005, 2008) and Fortney &

4.1. The physical parameters of WASP-43b Marley (2007). In Fig. 10, we compare the planet-to-star flux

Comparing our results for the WASP-43 system with the oneatio data to three atmosphere models. The coldest model (or

presented in H11, we notice that our derived parametereagamge) uses a dayside incident flux decreased/®ydlsimulate

well with the second solution mentioned in H11, while beiitg s the loss of half of the absorbed flux to the night side of thegla

nificantly more precise. WASP-43b is thus a Jupiter-sizagtla Clearly the planet is much warmer than this model. In blue and
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Epoch Filter T o-C 23 ST ' " ' "
[BJIDrpe-2450000] [min] I
11 I +z 553781673%%0%47  0.36+ 0.68 20F s
22 l+z 554676494+ 0.00022 030+ 0.32 I
27 I +2 5550832199995 0,10+ 0.23 s - ]
38 I +z 555978033+ 0.00021 -0.07+0.30 g Tt
38  Gunne’  55597807800%016 058+ 0.24 E I
43 l+z 556384771+ 0.00022 -0.08+0.32 S 10+ 4
49 l+z 556872836+ 0.00015 -0.39+0.22 I
59 | +2z 5576863800301 057+ 0.23 I
65 l+z 558174410+ 000020 —0.25+0.29 051 ]
70 | +2 5585812059%0%21 056+ 0.32 I
76 Gunnf’ 559069259+ 0.00018 009+ 0.26 00bcie e v b e e e b
87  Gunn’  559964043%0926  _051.037 0% 107 o ﬂui?;g e rr11(2)]7 10° 10°
97 l+z 560777517+ 0.00014 -0.56=+0.20
124 I +z 5629739955001 0.71+0.27 Fig. 9. Planetary radii as a function of incident flux. WASP-
140 | +z 564275450+ 0.00015 -0.86+ 0.22 43b is shown as a black square. Grey filled circles are
1o ssseoms wisow K by eees (oo Doty Sesger 201
152 I+z 5652515865055 ~1.39:+036 ground-bgasged sErveys, Fz)ire shov{npas grey ,triangles. 'I}"rr]we rel-
168  1+z 5665532290000, —0.26+0.27 evant parameterR,, Rs, Ters and a have been drawn from
173 l+z 566959976+ 0.00023 -0.14+0.33 http;//www.inscience.chiransits on August 29, 2011.
189  1+z 5682615840902 0,49+ 0.33
200 I+z 5691563830%%%22  0.11+0.33
211 1+z 57005123700%014 052+ 0.22 0.00200°T © T ‘
243 l+z 572654399+ 0.00035 100+ 0.50 . L -ef
~ =37
Table 6. Median and 1s errors of the posterior PDFs de- E 0.0015[8 _} ]
duced for the timings of the transits from their global araly Fe -tk
sis. The last column shows theffdirence (and its error) be- Z [® of
tween the measured timing and the one deduced from the besg 0.00101 ¢ -

fitting transit ephemeris computed by linear regressiqiN) =
2455528868227(0000078)+ N x 0.81347764(M0000065)

BJDrps.

Planet/St

red are two models where the dayside incident flux is inckase
by a factor of 43 to simulate zero redistribution of absorbed flux

0.0005

1000 1500 2000
T (K)

1.0 1.5
Wavelength (um)

(see, e.g., Hansen 2008). The red model features a dayside t'g 10. Model ol f . he th
perature inversion due to the strong optical opacity of Tid a Ig. 10. Model planet-to-star fix ratios compare to the three

VO gases (Hubeny et al. 2003, Fortney et al. 2006). The bIflg@ Points. The data are green diamonds with- Brror bars
model is run in the same manner as the red model, but TiO wn. The orange model assumes planet-wide red|str_rbu_t|o .
VO opacity are removed. absorbed flux. The red and blue models assume no redistributi

The blue and red models are constructed to maximize tﬁ: absorbed flux, to maximize the day-side temperature. &tie r

emission from the dayside of the planet. Figure 10 shows th del includes gaseous TiO and VO and has a temperature in-
only such bright models could credibly r:natch the data points sion. [See the figure inset.] The blue and orange modets ha
While a dayside with no temperature inversion is slightiyofed t.ﬁo ar_1d VO opacity remove_d, anc_i do not have a temperature
by the 1.2um data point, it is dficult to come to a firm conclu- inversion. For each model, filled C|rcle§ are model quxes—ave_

; R P ; . aged over each bandpass. The data slightly favor a model with
sion. Day-side emission measurements fidbnm Spitzer will ; : :
help to better constrain the atmosphere as well. They vth al"® day-side temperature inversion.

p p y
allow getting an even smaller upper-limit on the orbitalescc
tricity. L .

Fortney et al. model fits to near infrared photometry of oth&ands, at minima in water vapor opacity, are generally eteplec
transiting planets (e.g., Croll et al. 2010) have generty to probe deeper into atmospheres thanSbiézer bandpasses.
vored ingficient temperature homogenization between the day
and night hemispheres, although the warm dayside of WASP»3  114nsit timings
43b appears to be at the most filgent end of this contin-
uum. The apparentkeciency of temperature homogenization i©ynamical constraints can be placed on short orbits conopani
expected to vary with wavelength. In particular, near irdta planets from the 23 transits obtained in this study. Theslirii
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0.667+0.011R,. Our deduced physical parameters for the planet
are 2034+ 0.052M,,p and 1036+ 0.019R;,p. Taking into ac-
count its level of irradiation, the high density of the plafasors
an old age and a massive core. Our deduced orbital eccéntrici
0.003579.9555 is consistent with a fully circularized orbit.
The parameters deduced from the individual analysis of the
23 transit light curves show some extra scatter that webatti
E—— to the correlated noise of our data and, possibly, to thesorgs
e of spots during some transits. This conclusion is based en th
correlation observed among the transit parameters. Theg#s
reinforce the interest of performing global analysis ofemsive
data sets in order to minimize systematic errors and to rieigth
accuracies on the derived parameters.
Ol L R We detected the emission of the planet at 2«69at better
Orbital Period [days] than 11e-, the deduced occultation depth being 156@10 ppm.
Our detection of the occultation at 1.L#n is marginal (79G:
Fig. 11.Detectivity domain for a putative WASP-43 ¢ planet, as320 ppm) and more observations would be needed to confirm
suminge. = 0 (black) ande; = 0.05 (red). The solid curves de-it. We place a 37 upper limit of 850 ppm on the depth of the
limit the mass-period region where planets yield maximunvTToccultation at~0.9 um. Together, these results strongly favor a
on WASP-43b above 114 s (3-detection based on the presenpoor redistribution of the heat from the dayside to the rdgla
data). The dotted curves show therlthreshold. Nearly hori- of the planet, and marginally favor a model with no day-side
zontal solid, dashed and dotted lines shows RV detectioitslimtemperature inversion.
for RV semi-amplitud&k =5, 10 and 15 m3 respectively.
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