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ABSTRACT

We report the discovery by the WASP transit survey of a gidawgt in a close orbit (0295+ 0.0009 AU) around a moderately
bright (v = 116, K = 10) G9 dwarf (089 + 0.08 M, 0.84 + 0.03 R,) in the Southern constellation Eridanus. Thanks to high-
precision follow-up photometry and spectroscopy obtaimgthe telescopes TRAPPIST aRdler, the mass and size of this planet,
WASP-50b, are well constrained to4¥ + 0.09 My, and 115 + 0.05 Ry, respectively. The transit ephemeris is 24556520
(£0.0002)+ N x 1.955096 £0.000005) HIRc. The size of the planet is consistent with basic models afliated giant planets. The
chromospheric activity (o8, = —4.67) and rotational period, = 16.3+ 0.5 days) of the host star suggest an age.8f®.4 Gy
that is discrepant with a stellar-evolution estimate basethe measured stellar parameters£ 1.48+ 0.10p,, Ter= 5400+ 100 K,
[Fe/H]=-0.12+ 0.08) which favours an age of#3.5 Gy. This discrepancy could be explained by the tidal andmetiginfluence of
the planet on the star, in good agreement with the obsenstimt stars hosting hot Jupiters tend to show faster ootatid magnetic
activity (Pont 2009; Hartman 2010). We measure a stelldination of 84'S, deg, disfavouring a high stellar obliquity. Thanks to its
large irradiation and the relatively small size of its hdar,SWASP-50b is a good target for occultation spectropmetoy, making it
able to constrain the relationship between hot Jupitemsbapheric thermal profiles and the chromospheric actifith@ir host stars
proposed by Knutson et al. (2010).

Key words. stars: planetary systems - star: individual: WASP-50 -népies: photometric - techniques: radial velocities - héghes:
spectroscopic

1. Introduction Jupiters also make it possible to study the physical respons
While the Keol L g its bi ._of a giant planet to an irradiation orders of magnitude large
e the Repler Space mission 1S pursuing ItS ploneering,p, jn gojar system planets (Burrows et al. 2008; Fortney. et

search for habitable terrestrial planets transiting stipe stars 5410y and also to the strong gravitational and magnetidsfiel

(Borucki etal. 2011), ground-based, wide-field surveysioo®e o, cjnse to their host stars (Correia & Laskar 2010; Chang et

to detect short-penod (|.e: a few days, or even Ig_ss) }“a.g@" al. 2010). Furthermore, these planets could be able to imfleie

ant planets at an increasing rate. These transiting ‘hatelep o properties of their parent stars, notably by modifyineirt

are important objects for the nascent field of comparati® ex; 4 jar momentum budget and by inducing chromospheric ac-

planetology. As .they could not fOf!'"" Situ at suc_h sho.rt dis- tivity (Lanza 2010). The atmospheres of hot Jupiters caa als

tances from their parent stars, their orbital configuratipase 1 gygied thoroughly. Their generally large atmosphegides

an interesting challenge for,theorles of formation and @VOIheights and their frequent transits maximize the signaieise

gggé)f q_lﬁn_etar_y sygtemlsh(_D Angelo %t afl. 2210, LUbO\é\’. & 1d3,ti0s (SNR) achievable on short timescales in transit gbso

A ). Their mlgratlfork\]a Istory can feh urt el;_colnst_r 'i'tg tion spectrophotometry, while their large irradiation reakit

the measurement of the orientation of their orbital axiatree ,qipe 1o measure the thermal emission profile of their day

to the stellar Spin axis (Winn 2010a)., the.measufeme”Fma side through occultation-depth measurementsfém@int wave-

so far suggesting that past dynamical interactions withiral th o 4ho (Seager 2010). Such atmospheric measurements have

body could be driving their migration (Triaud et al. 2010ptH made possible the study of the atmospheric compositionvef se

eral planets (Seager & Deming 2010). They have also revealed
* The photometric time-series used in this work are only atdd that most ‘hot Jupiters’ harbour a high-altitude thermagéirsion

in electronic form at the CDS via anonymous ftp to cdsartrasbg.fr on th%'lr daySIdle, tZe p_rﬁsince or gbsefn(;]e Of]: this Inverzlg%b

(130.79.128.5) or via httficdsweb.u-strasbg/gi-biyqcat?pa+A/|  Possibly correlated with the activity of the host star (
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et al. 2010). Furthermore, occultation measurements darirne

measuring their orbital eccentricity, an important parsen#o Los b N
assess their energy budget and tidal history (Gillon etGil02). T . ]
These planets are thus real ‘exoplanetology laboratoésge- 1.02 é;. RN ", IR PO I I
cially if they orbit stars bright enough to make possiblehhig .. g \‘;%\&5&4 e ...--.;-,.a:%-.,;-;.",‘}.:,: o
SNR follow-up studies. SRR\ PR Y: ‘-’.i.‘:':i'ﬁ‘.' .;'33.'.’&':':':::};3:.

In that context, we announce here the discovery of a hot [“s25%% = T8 8750 MR e
Jupiter, WASP-50 b, that transits a moderately acti¢e11.6, T S . . ]
G9V star in the Southern constellation Eridanus. Section 2.9 [ . e n
presents the discovery photometry obtained by the WASR tran 7071 e T—— — 0’1
sit survey, and high-precision follow-up observationsaited ' ' PHASE ' ‘

from La Silla ESO Observatory by the TRAPPIST afder

telescopes to confirm the tranSitS and planetary nature BRVA Fig. 1. WASP photometry of WASP-50 folded on the best-fitting
50b, and to determine precisely its parameters. In Secte3, Wansit ephemeris from the transit search algorithm preskin

present the spectroscopic determination of the stellgvepties ; :
and the derivation of the system parameters through a ccmibirg:o"'er Cameron et al. (2006), and binned per 5 measurements

analysis of the follow-up photometric and spectroscopiteti

series. We discuss our results in Sect. 4. amplitudes of about 11 milli-magnitudes in the first seasbn o

data. One of the stars shows significant variability in theoge
season of data near a period of 1day, the other shows no sig-
nificant variability in this frequency range. Our inter@gon of

2.1. WASP photometry these results is that WASP-50 does show a periodic modulatio

of about 16.3 days, but that instrumental noise in the WASR da
The host star WASP-50 (1SWASPJ025445.13-105353.0 y

dd t ti f abat0.5 days to this estimate of th
2MASS02544513-1053536 USNO-B1.0 0791-0028223 ?otafic?nSEZr?cT;agoer’rrwrt?iL?n; the perig)éss f?orr:Sbeostr:rgzaes(c))mt ?’:\n
Tycho-2 5290-00462-1= GSC1 5290-00462= GSC2.3 '

taking into account this systematic error, we conclude that
S2L3000257V=11.6,K=10.0) was observed by the Northeryaion period of WASP-50 is 18+ 0.5 days. One could argue

and Southern telescopes of the WASP survey (Pollacco et@l ihe distribution of star s :

. . _ pots on the surface of a magnet
2006) during the 2008 and 2009 observing seasons, COveeNg L,y active star can produce periodic photometric vasiagiat
intervals 2008 Sep 16 to 2009 January 3 and 2009 August 3G9 of the true rotation period. This is not very likely iretbase
2009 December 19. The 19731 pipeline-processed phot@megi\wasp.50 because a star with a rotation period of 32 days is

measurements were de-trended and searched for transits Ugjq : - i
. ; y to have very low levels of magnetic activity, and ttma-i
the methods described by Collier Cameron et al. (2006). €he $jiad value ofvsini, (< 1.3kms) would be inconsistent with

lection process (Collier Cameron et al. 2007) found WASP-30¢ qhserved value given in Table 2.
as a high priority candidate showing a periodic transie-léig-
nature with a period of 1.955 days. A total of 26 transits are
observed in the data. Fig. 1 (top panel) presents the WASP pB2. High-SNR transit photometry
tometry folded on the best-fitting transit ephemeris.

We analyzed the WASP lightcurve to determine whether §t2-1: TRAPPIST | +zband photometry
shows periodic modulation due to the combination of magneth order to confirm the origin of the transit signal on WASP-
activity and the rotation of the star. The valuevsfini. derived 50 and to constrain thoroughly its parameters, three tsansi
in section 3.1 together with the estimated stellar radiysli®s  were observed at high-SNR with the new telescope TRAPPIST
a rotation period of 16 —24 days, assuming that the rotati@ ajocated at ESO La Silla Observatory in the Atacama Desert,
of the star is approximately aligned with the orbital axistieé Chile. TRAPPISH (TRAnsiting Planets andPlanetesmals
planet. We subtracted the transit signal from the data aed themall Telescope; Gillon et al. 2011) is a 60cm robotic tele-
used the sine-wave fitting method described in Maxted et gkope dedicated to high-precision photometry of exoplaost
(2011) to calculate the periodograms shown in Fig. 2. Thesgrs and to the photometric monitoring of bright cometeias
are calculated over 4096 uniformly spaced frequencies @@mn installed at La Silla in April 2010. Its commissioning ended
1.5 cyclegday. The false alarm probability (FAP) levels showih November 2010, and it has been operational since then. Its
in these figures are calculated using a bootstrap MontesCaermoelectrically-cooled camera is equipped with ax2
method also described in Maxted et al. (2011). Variabilifed Fairchild 3041 CCD with a 22«22’ field of view (scale=
to star spots is not expected to be coherent on long timescatg657/pixel). We observed three consecutive transits of WASP-
as a consequence of the finite lifetime of star-spots afierén- 50 on the nights of 2010 December 23, 25 and 27. We used the
tial rotation in the photosphere, so we analysed the twoossas2 x 2 MHz read-out mode with % 1 binning, resulting in a
of data for WASP-50 separately. typical readout+ overhead time and readout noise of 6.1s and

Both seasons of data shows a significant periodic modulatieg.5e-, respectively. A slight defocus was applied to the tele-
with an amplitude of 4 —5 milli-magnitudes, although atktly  scope to optimize the observatiofiieiency and to minimize
different periods — 166 + 0.09 days and 165+ 0.13 days. pixel to pixel éfects. We observed through a special? fil-
The FAP is smaller than 0.05% for season 1, an@.1% for ter that has a transmittanc®0% from 750 nm to beyond 1100
season 2. We used a bootstrap Monte-Carlo method to estimat¢ The positions of the stars on the chip were maintained to
the error on the periods. We also calculated periodograrvenf within a few pixels over the course of the three runs, thaokise
stars with similar magnitudes and colours to WASP-50 olesgerv'software guiding’ system that regularly derives an asetin
simultaneously with the same camera. These stars showisigni
cant periodic modulation at periods of 27 and 160 days arfd wit! see http/arachnos.astro.ulg.ac/BejTrappist

2. Observations
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Fig. 2. Upper panels: periodograms for the WASP data from two seasons for WASPF&@ date range (JE245000) is given in
the title of each panel. Horizontal lines indicate falseral@robability levels FAR0.1,0.01,0.001Lower panels: data folded and
binned in 0.005 phase bins for the periods noted togethérthit date range in the plot title.

solution to the most recently acquired image and sendsipgintany clear drift in the photometry itself. Furthermore, aror p
corrections to the mount if needed. tential systematicféect on the photometric baseline is included
Weather conditions were good during the three runs. The in-our analysis under the form of a second-order time polyno-
tegration time was 25s for the first run and 20s for the otherial (see Sect. 3.2). The reduction was similar to the onbef t
runs. After a standard pre-reduction (bias, dark, flatfieldec- TRAPPIST data, i.e. aperture photometry was extractedlfor a
tion), the stellar fluxes were extracted from the imagesgie  stars in the pre-reduced images, theffedential photometry was
IRAF/DAOPHOTH aperture photometry software (Stetson, 19879btained. The resulting light curve is shown on Fig. 3 (bwito
Several sets of reduction parameters were tested, and we kep
the one giving the least scatter for stars of similar brigegto
WASP-50. After a careful selection of reference star§eden-

tial photometry was then obtained. Fig. 3 shows the TRAPPIS], .o \wasP-50 was identified as a high priority candidate we
transit light CUrves d'V'd?d by the besp-ﬂttmg baselinedeio gathered spectroscopic measurements withCORALIE spec-
with the best-fitting transit model superimposed. trograph mounted okuler to confirm the planetary nature of

the transiting body and obtain a mass measurement. 15 apectr
2.2.2. Euler r-band photometry were obtained from 2010 December 5 to 2011 January 5 with an

_ _ _ exposure time of 30 minutes. Radial velocities (RV) were €om

The transit of 25 Dec 2010 was also observed inrt@enn filter  puted by weighted cross-correlation (Baranne et al. 19%6)av
with the EulerCam CCD camera at the 1.Z=nier Telescope at numerical G2-spectral template (Table 1).

La Silla Observatory. This nitrogen-cooled camera has:a4¥k The RV time-series shows variations that are consistent wit
E2V CCD with a 1515’ field of view (scale-0.23"pixel). 5 planetary-mass companion. A preliminary orbital analysi

The exposure time was 40s, the readeutverhead time be- the Rvs resulted in a period and phase in excellent agreement
ing 25s (readout noise 4.5€7). Here too, a defocus was ap-ith those deduced from the WASP transit detections (Fig. 4)
plied to the telescope to optimize the observatifiitiency and Assuming a stellar mas§l, = 0.91 + 0.07 Mg (Sect. 3), the
minimize pixel to pixel &ects, while flat-field #ects were fur- fitted semi-amplitud& = 260+ 5 ms? translates into a plan-
ther reduced by keeping the stars on the same pixels, thankgdary mass slightly larger than Jupitersl, = 152 + 0.08

a ‘software guiding’ system similar to TRAPPIST's. Howeveny, © The resulting orbital eccentricity is consistent withaer
a residual drift of the target on the detector was observed fg = 001992 The scatter of the residuals is 10.8 Thsvery

) . o e ) ool
airmasses larger than 1.5. This positional drift did notilteis close to the average RV error, 10.5 Ths

2 TRAF is distributed by the National Optical Astronomy To exclude the possibility that the RV signal originatesiiro

Observatory, which is operated by the Association of Umitis ~SPectral line distortions caused by a blended eclipsingriin
for Research in Astronomy, Inc., under cooperative agreemizh the we analyzed th€ORALIE cross-correlation functions using the

National Science Foundation. line-bisector technique described in Queloz et al (2004 Bi-

2.3. Spectroscopy and radial velocities
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Fig. 3. Left, from top to bottom: period-folded TRAPPIST transit light curves of WASP-50 2910 December 23, 25, and 27, and
Euler transit light curve. These light curves are divided by thetitting baseline models (see details in Sec. 4), and theflitng
transit models are superimposed in red (TRAPPIST) and difeder). Three light curves and models are shifted in ykexis for
the sake of clarityRight: the residuals to the fit for each light curve.

sector spans seem quite stable, their standard deviatiog be3. Analysis

nearly equal to their average error (2221 ms?). No evidence ) . )

for a correlation between the RVs and the bisector spans whad: SPectroscopic analysis - stellar properties

found (Fig. 5), the deduced correlation oeent being —0.24. The CORALIE spectra of WASP-50 were co-added to produce

Considering not only this absence of correlation, but aled tg single spectrum with a typical SNR of 100. The standard

excellent agreement between the stellar densities imféroen  ineline reduction products were used in the analysis.

the high-SNR tra}nsit photometry (Sect. 3.2) and from.the:spe The analysis was performed using the methods given by

troscopic analysis (Sect. 3.1), we concluded that a giamigll Gjjion et al. (2009a). TheH, line was used to determine the

transits WASP-50 every1.96 days. effective temperatureTg), while the NaD and Mgib lines
were used as surface gravity (Igpdiagnostics. The parameters
obtained from the analysis are listed in Table 2. The elemen-
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tal abundances were determined from equivalent width nreasu
ments of several clean and unblended lines. A value for micro
bulence &) was determined from Rdines using the method of
Magain (1984). The quoted error estimates include thosengiv
by the uncertainties iTs, logg andé;, as well as the scatter
due to measurement and atomic data uncertainties.
The projected stellar rotation velocity gini.) was deter-

1 mined by fitting the profiles of several unblendediHimes. A
T R B value for macroturbulencesfa) of 2.1 + 0.3 kms?! was as-

-05 0 0.5 sumed, based on the tabulation by Gray (2008). An instruahent
FWHM of 0.11+ 0.01 A was determined from the telluric lines

200

RV [ms—1]
S|

—200

T oa0E I‘ P w ; 3 around 6300A. A best-fitting value ofsini, = 2.6+ 0.5 kms?
5 LoEth I I ST z was obtained.
E 40, | =
-0.5 0 05
dr [days] Parameter Value
Ter 5400+ 100 K
Fig.4. Top: EulefCORALIE RVs with the best-fitting Keplerian logg 45+0.1
model superimposed in reBottom: residuals of the fit. & 0.8+ 0.2 kms*
vsini, 2.6+ 0.5kms?
[Fe/H] ~0.12+0.08
0.06 ——————— —— —— [Na/H] 0.00+ 0.10
[ ] [Mg/H] -0.06+ 0.03
i : [Si/H] -0.01+ 0.09
= of + % 4 [Ca/H] -0.04+0.08
2 L ] [Ti/H] 0.00+ 0.08
=0 + + + ‘} % 1 [V/H] 0.03+0.12
5005 - H’ . [Cr/H] 0.00+ 0.08
I ] [Co/H] 0.02+0.04
I | | ] [Ni/H] -0.07+ 0.06
b5z T a4 T e T log A(Li) <06+0.2
RV [kms—1] Mass 0.9+ 0.07Mp
Radius 0.88: 0.11Rp
Sp. Type G9

Fig. 5. Bisector versus RV measured from #0@RALIE spectra.
We adopt uncertainties of twice the RV uncertainty for all bi
sector measurements. There is no correlation betweentiiese
parameters indicating the RV variations are not causeddbarst
activity or line-of-sight binarity.

Distance 230 40 pc

Table 2. Stellar parameters of WASP-50 from spectroscopic

analysis.

HID-2.450,000 RV oy BS Note):/ Mass and Radius estimf_:lte using the ca}libration of Torres

(kms?) (ms? (kms? et al. (2010). Spectral type estimated frdg using the table in
5535.647447 252667 85  —0.0341 Gray (2008).
5536.647197 25.7970 8.5 —-0.0363
5537.656077 25.2840 10.1 0.0054
5538.646866  25.7690 9.3 -0.0554 There is no significant detection of lithium in the spectra,
5541573212  25.2571 8.8 0.0006 with an equivalent width upper limit of 3mA, correspondinyg t
5541.735749  25.3342 11.0  —0.0410 an abundance upper limit of log A(L§ 0.6 + 0.2. The lack of

lithium suggests an age 0.6 Gyr, since similar levels of lithium

5542.556058 257772 9.7 —0.0461 depletion are found for stars of the same spectral typesen th
5542748534 25.6809 11.3  -0.0453 Hyades and Praesepe clusters (Sestito & Randich, 2005).
5543.671498 253436 145  -0.0548 The rotation rateR,o; = 16.85+ 3.7 d) implied by thevsini,
5557.628117  25.5093  10.1  -0.0214 (assuming siin, = 1) is in excellent agreement with the period
5561.641322  25.6004 109  -0.0256 measured from the WASP photometry,360.5 days. This latter
5562.627319  25.4723 96 -0.0088 implies a young system, the deduced age beir@8 + 0.4 Gy

using the Barnes (2007) gyrochronology relation.

The presence of Ca+K emission (Fig. 6) indicates that
°564.633499 253992 105 -0.0214 WASP-50 is an active star, the deduced spectral indeR]Qg
5565.645557 256610 1138 0.0061 being~ —4.67. This value is similar to that found for the mag-

Table 1. CORALIE radial-velocity measurements for WASP-5Qnetically active star WASP-41 (Maxted et al. 2011). Thus the
(BS = bisector spans). spectroscopic activity indicates that the observed phetdm
variability of the star (Sect. 2.1) is due to the presenceofs

5563.667964 25.6645 13.0 0.0068

3 We note that a transformation for I&y,, measured witlCORALIE
spectra to a standard system does not yet exist.
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Markov chains was checked using the statistical test pteden
by Gelman and Rubin (1992). The correlated noise present in
- ‘ ‘ ‘ the light curves was taken into account as described byriéto

I al. (2009b). For the RVs a ‘jitter’ noise of 7.5 m'swas added
guadratically to the error bars, to equalize the mean erittr w
the rms of the best-fitting model residuals, 13 msThis jit-
‘ ter level is compatible with the activity level of the star fght
« i 2005).
‘\i At each step of the Markov chains the stellar density deduced
j| from the jump parameters, and values Tg§ and [FgH] drawn
| from the normal distributions deduced from our spectroacop
\ analysis (Sect. 3.1), were used as input for a modified versio

the stellar-mass calibration law deduced by Torres et a1@

o from well-constrained detached binary systems (see Agpénd
for details). Using the resulting stellar mass the phygeaam-
eters of the system were then deduced from the jump parasneter
at each MCMC step.

Our measurement of the rotational period of the fRar
made it possible to derive the posterior distribution fer skellar
inclinationi.. As in the analysis of Watson et al. (2010), at each
step of the Markov chains we used the value of the stellausadi
R., and values foP,,t andvsini.drawn from the normal distri-
We performed a global analysis of the follow-up photometdyutionsN(16.3,0.5%) days andN(2.6,0.5) kms™, to derive a
and theCORALIE RV measurements. The transit timing deducedglue for sini.. from
from the analysis of the WASP photometry, 245499D6 +

0.5

Relative flux

0.0

1 n 1
3940 3960
Wavelength (&)

Fig. 6. A region of the co-adde@ORALIE spectrum of WASP-50
showing emission in the core of the Call H and K lines.

3.2. Global analysis

0.0014 HJIE, was also used as input data to better constrain thg;, = Protvsini. (1)
orbital period. The analysis was performed using the adapti 2R,

MCMC algorithm described in detail by Gillon et al. (2009b:
2010a; 2010b). To summarize, we simultaneously fitted ties d
using for the photometry the transit model of Mandel & Ago
(2002) multiplied by a baseline model consisting of fatent
second-order time polynomial for each of the four light @asy
and a Keplerian orbital model for the RVs.

The jump parametgisin our MCMC analysis were: the
planetstar area ratioR,/R.)?, the transit width (from first to last
contact)W, the paramete’ = acosip/R. (which is the transit
impact parameter in case of a circular orbit), the orbitaiqueP
and time of minimum lighfy, the two parametersg/ecosw and
vesinw whereeis the orbital eccentricity and is the argument

of periastron, and the parametér = K V1 — &2 PY3, whereK
is the RV orbital semi-amplitude. We assumed a uniform pri

Qistribution for all these jump parameters. The photo_m@a’se- rameters of the planet are well constrained, thanks to the s&
line model parameters and the systemic radial velocity@star determination of the transit and orbital parameters madsipo

were not z_ic.tuz.ilju.mp parameters, they were determined byLIe?Jle by the high-SNR of our follow-up data (transit photorgetr
square minimization at each step of the MCMC. aad RVs). In particular, the orbit appears to be close tatarg

We assumed a quadratic limb-darkening law, and we allowgfly, o ccentricity greater than 0.05 being firmly discarded
the quadratic cdicientsu; andus to float in our MCMC anal- y ¥ ' 9 y '

ysis, using as jump parameters not thesefoents themselves

but the combinations; = 2xu;+ Uy, andc, = up—2xuU; tomin- 4. Discussion

imize the correlation of the uncertainties (Holman et aD&0 . _

To obtain a limb-darkening solution consistent with theavg WASP-50b is a new planet slightly larger.15 + 0.05 Ryyp)

decided to use normal prior distributions farandu, based on and more massive @47 = 0.09 Myyp) than Jupiter, in a close

theoretical values and &-errors interpolated in the tables byorbit (0.0295+0.0009 AU) around a moderately active G9V star

Claret (2000; 2004); = 0.29+ 0.035 andu, = 0.29+ 0.015 (0.89+ 0.08Mo, 0.84 + 0.03R;) at 230+ 40 pc from the solar

for thel + zfilter, andu; = 0.43+ 0.025 andu, = 0.28+ 0.015 System. Taking into account the large irradiation recelwethe

for ther filter. planet (87 + 1 x 10 erg s cm2), the measured planetary mass
Our analysis was composed of five Markov chains of 16nd size are in good agreement with basic models for irrediat

steps, the first 20% of each chain being considered as itsiburi?/anets (Fortney et al. 2007). Using these models our medsur

phase and discarded. For each run the convergence of the Rignet mass and radius suggest that the core of WASP-50&-repr

sents only a few per cent, or at most 10 per cent of its totasmas

4 Allthe HJID presented in this work are based on the UTC time-stadepending on whether we take the age-asGy, as suggested

or sini, > 1, sini, was set to 1 and the inclinationwas set to
0 deg.

The parameters derived for the WASP-50 system can be
foundin Table 2. To assess the reliability of the deducediday
parameters we performed a stellar evolution modeling based
the code CLES (Scuflaire et al. 2008), using as input theastell
density deduced from our MCMC analysis and tifeetive tem-
perature and metallicity deduced from our spectroscopid-an
ysis. The resulting stellar mass wa84+ 0.05 Mg, in good
agreement with the MCMC result,& + 0.08 M. This stellar
modeling led to an age ofG+ 3.5 Gyr for the system.

Fig. 7 shows the marginalized posterior distributions for
the planet mass, radius, orbital inclination and eccetyrids
Zhown by the narrowness of these distributions, the phlyséza

dard. by the rotation period of the star, or as older, as suggestedb
5 Jump parameters are the parameters that are randomlylettar  Stellar evolution modeling. Fig. 8 shows the location of VIAS
each step of the MCMC. 50b in a mass-radius diagram, showing only planets with @sass
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Jump parameters
Planefstar area ratioR,/R.)2 0.01970<+ 0.00035
b’ = acosip/R. [R] 0.689°291¢
Transit widthW [d] 0.07524+ 0.00068
: To — 2450000 [HJD] 555%119799902L
11 12 13 14 15 16 17 18 095 1 105 11 115 12 125 13 135 -
My (04 Ry ®) Orbital periodP [d] 1.9550959+ 0.0000051
RV K, [ms™ d¥3] 3209+55
yecosw 0.042°39%4
vesinw 0.03829%8
cl. 1.102+ 0.044
c2. -0.132+ 0.039
84 84.5 85 85.5 0 0.02 0.04 0“06 0,2)8 0.1 Cl|+Z 0865i 0062
o ¢ €2, —0.295+ 0.045
Fig. 7. Marginalized posterior distributions for the planet mass, Deduced stellar parameters
radius, orbital inclination and eccentricity resultingptin our
global MCMC analysis. ul. 0.414+0.022
u2 0.273+0.015
ul,,; 0.287+ 0.031
between 1 and By In this mass range the most extreme plan- u2., 0.291+ 0.015
ets are the very dense CoRoT-13b (Cabrera et al. 2010), and Densi 010
; ' ensityp. 1.48°
the highly bloated WASP-12b (Hebb et al. 2009; Chan et al. surt yf l[po] 4537 ‘%0(9)22
2011). WASP-50b appears to be a much more ‘normal’ planet urface gravity log. [cgs] 3l E o
with a density close to Jupiter's. We note however that the ex MassM. [Mc] 0.892 7,4
tremely high density of CoRoT-13b was recently questioned b RadiusR. [Ro] 0.843+ 0.031
Southworth (2011). sini, 0.99°9%
With a size larger than Jupiter’s, a high irradiation, and a i. [deg] 846
relatively small and infrared-bright=10) host star, WASP- . 3t
50b is a good target for near-IR thermal emission measuremen Deduced planet parameter s
with the occultation photomgtry technique, usmgrm Spitzer RV K [ms] 256.6 + 4.4
at 3.6 and 4.5um (e.g. Deming et al. 2011) or ground-based R./R. 01404 0.0013
instruments at shorter wavelengths (e.g. Gillon et al. B)09 P : 0w
WASP-50b orbits an active star (as does, for example, WASP- by [R] 0.687 5016
41 b, Maxted et al. 2010), making it able to test the propasiti boc [R.] 0.6917292°
by Knutson et al. (2010) that the presence of thermal enrissio Toc — 2450000 [HJID] 556549+ 0.010

in the day-side atmosphere of a hot Jupiter is dependenteof th
chromospheric activity of its host star. This hypothesizgasts
that an optical high-opacity source is present at highualétin

the dayside atmosphere of hot Jupiters and causes a thermal i
version, but that it is destroyed by the large UV flux produggd
chromospherically active stars. This hypothesis is supepdry
emission measurements obtained so far, but it is still basea

Orbital semi-major axig [AU] 0.02945+ 0.00085
a/R. 7517017
Orbital inclinationi, [deg] 8474+ 0.24
Orbital eccentricitye 0.009°35%
Argument of periastron [deg] 44_*33

| e of Sust Equilibrium temperatur@ o [K]? 1393+ 30

small sample of systems. . 0095

The values deduced in this work for 18, and the planet Dens'tye” o3 0-958 0047
Surface gravity log, [cgs] 3439+ 0.025

densityp,, are consistent with the correlation between these two
parameters noticed by Hartman (2010). As mentioned above,
stellar evolution models and the measured density andrepect
scopic parameters of WASP-50 point to an age &f 3.5 Gy,
translating into an expected rotational period of8(6 days un- Table 3. Median and 1 limits of the posterior distributions ob-
der the empirical relationship of Barnes (2007), calitiada a tained for the WASP-50 system derived from our MCMC analy-
large sample of cluster and field stars. Our measured ratpgieo SiS.*AssumingA=0 andF=1.

riod (163 + 0.5 days) is in poor agreement with this expectation

and suggests a younger age. In the context of &lggloggp

correlation, this discrepancy could be explained by th®adf 5| 2010p). Moreover, we note that our deduced stellarriaeli
the planet itself on the star. In this scheme, hot Jupitdf-or 1, j (846 deg), although imprecise due to uncertainty in the
ing moderately cool stars like WASP-50 would tidally spip-uy;ginj.determination, argues against a large obliquity.

the stellar convective envelope and tilt its rotation attig, stel-

lar magnetic braking preventing the system from reachiig-sp Acknowledgements. WASP-South is hosted by the South African Astronomical
orbit synchronization, in agreement with the observalibs - Disersery S0 ve e raely o e acks Sibved seson.
stars hOStmg a hot_Juplte_r tend to rOtat.e fa_lster (Pont 2@@@) and Teghnology Facilities Council. TRAPPIST is a projectded by the Belgian
that hot Jupiters with a high stellar obliquity are prefei@ly  Fund for Scientific Research (Fond National de la Recherctentique, F.R.S-
found around hot stars having no convective envelope (WinnRARS) under grant FRFC 2.5.594.09.F, with the participatid the Swiss

MassMp [Mjygl 1.468:3991
RadiusR, [Ry] 1153+ 0.048
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Torres et al. (2010; hereafter T10) showed that accuraliarste
masses and radii could be deduced from an empirical lawrelat
ing these two parameters to the measured spectroscopitpara
etersTer, l0gg, and [F¢H]. Enoch et al. (2010) showed that
this law could be advantageously used in the analysis of tran
siting planets data with the MCMC algorithm, provided thed t
stellar surface gravity was replaced by the stellar derisithe
calibration law. Indeed, the stellar density is directlydgre-
cisely constrained by high-quality transit photometryking it
possible to obtain better stellar parameters than by ukimgtel-
lar surface gravity deduced from a spectroscopic analysisr{
2010a). Under this condition, the calibration law make®ig-
ble to deduce the mass of the star, and thus the physical param
ters of the system, at each step of the MCMC, without the need
for a concomitant or subsequent stellar evolution modeliing
main limitation of this approach is that the T10 law is poorly
constrained for stars below 0M. and for pre-main-sequence
stars.

The calibration law of Enoch et al. (2010) relatihg to p.,
Ter and [FeH] is

logM, = a; + aX + azX? + as(logp.) +
as(logp.)? + as(logp.)° + az[Fe/H],

whereX is logTer — 4.1.

We performed a linear regression analysis with a Singular
Value Decomposition algorithm (Press et al. 1992) to detiee
best-fit values for the; .7 codficients, using as data the tabulated
values presented by T10 for 19 binary systems for which the
metallicity is known. We added another very well charazted
star to these data: the Sun, assuming conservatively aveelat

(A.1)

Transiting Exoplanets, Proceedings of OHP Colloquium (23-27 Augusterror of 10 on its mass and radius, 0.01 dex on its metallicity

2010), eds. F. Bouchy, R. F. Diaz & C. Moutou, Platypus Préd4.2p.
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Hebb L., Collier-Cameron A., Loeillet B., et al., 2009, AB93, 1920
Holman M. J., Winn J. N., Latham D. W., et al., 2006, ApJ, 65213

and 10 K on its &ective temperature (5777 K, Cox 2000)01-
errors were derived through a Monte Carlo analysis. Thalfitte
and error values for thay.; codficients are shown in Table A.1.
The resulting scatter in fitted-minus-measured values(84)
Mo (0.023 in logM.,.).
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Table A.1. CodTicients for stellar mass calibration law.

a 0.450+ 0.013
a 1421+ 0.057
ag 0.33+0.19
a, -0.082+0.016
as 0.032+0.017
as 0.0026+ 0.0037
ay 0.075+0.012

To take into account the internal uncertainties of the calib
tion law, thea; .7 codfticients of Eq. A.1 are not fixed during our
MCMC analysis but are drawn randomly from the normal distri-
butions shown in Table A.1 at each step of the Markov chains.
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