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ABSTRACT

WASP-13b is a sub-Jupiter mass exoplanet orbiting a G1Vdjgrawith a period od.35 days.
The current uncertainty in its impact parameter< b < 0.46) resulted in poorly defined
stellar and planetary radii. To better constrain the impacameter we have obtained high
precision transit observations with the RISE instrumentimied on2.0 m Liverpool Tele-
scope. We present four new transits which are fitted with atM@Coutine to derive accurate
system parameters. We found an orbital inclinatio8®® + 0.3 degrees resulting in stellar
and planetary radii of.56 = 0.04 Rg and1.39 & 0.05 Ry, respectively. This suggests that
the host star has evolved off the main-sequence and is irhilelhs/drogen-burning phase.
We also discuss how the limb darkening affects the derivetegsy parameters. With a den-
sity of 0.17 p.;, WASP-13b joins the group of low density planets whose radiitoo large
to be explained by standard irradiation models. We deriveva @phemeris for the system,
Ty = 2455575.5136 & 0.0016 (HID) andP = 4.353011 =+ 0.000013 days. The planet equi-
librium temperatured.,., = 1500 K) and the bright host sta#{ = 10.4 mag) make it a good
candidate for follow-up atmospheric studies.

Key words. methods: data analysis — methods: observational — stasefary systems —
stars: individual (WASP-13) —techniques: photometric

tidal heating |[(Bodenheimer etlal. 2001), kinetic heating da
winds [(Guillot & Showman 2002), enhanced atmospheric opac-
ities (Burrows et all 2007) and ohmic dissipation _(Batydiale
2011). Although these theories can explain individual eyst,
only the recent ohmic dissipation theory (Batygin et al. 2Qtan
successfully explain all of the known exoplanets radiusnzeno
lies (Laughlin et al. 201.1). The lowest density hot Jupijtsueh as
WASP-13b, are particularly important to shed light on thggital
mechanisms that lead to inflated planets.

1 INTRODUCTION

The discovery of the first short-period transiting planet HD
209458b |(Charbonneau et al. 2000; Henry et al. 2000) opened a
new field of exoplanetary research. Their advantageous geom
try allow us to estimate accurate planetary mass and rata. T
bulk density of the planet provides information on its comsifion
(Guillo1 12005%; Fortney et al. 2007) and places constraintplan-
etary structure and formation models.

Interestingly, many of the short-period planets are bhbate
relative to baseline models ( e.g. Bodenheimer et al. |2003; For bright transiting systems, further insight into thefyp-
Fortney et al.| 2007), which assume a hydrogen/helium planet ical properties can be obtained through followup obsenwati

contracting under strong stellar irradiation. We define the

Transmission spectroscopy, which consists of measurimgttilar

dius anomaly of exoplanets as the difference between the mea light filtered through the planet's atmosphere during titamso-

sured radius and theoretical radius. Negative radius aliesnae.
denser planets, can be explained by different planet coitiquos
or/and the presence of a core (Guillot et'al. 2006; Burrovei et

2007). However, the majority of the hot giant planets hawe lo

density (i.e. radius anomalies larger than zero) that areeha

to reconcile. Several theories have been presented toiexpla

the positive radius anomalies of hot exoplanets: theseudecl

* E-mail:s.barros@qub.ac.uk

vides information into exoplanet atmospheres (Charbaneé¢al.
2002] Vidal-Madjar et al. 2003). Observation of secondatipses
(i.e. occultations) offers the potential for directly medsg plan-
etary emission spectra (e.g. Deming etal. 2005; Grillmiade
2008;| Charbonneau etlal. 2008). Finally, the ability to meas
the sky-projected angle between the stellar rotation axd a
planetary orbit, through the Rossiter-McLaughlin effeRbsgsiter
1924; McLaughlin 1924), can yield clues about the formatiod
migration processes (Fabrycky & Winn 2009; Triaud et al. 201
Winn et al/ 2010).
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Followup opportunities benefit from accurate planetary and
stellar parameters. However, obtaining high signal-tis@dran-
sit observations from the ground is difficult. Consequertiyn
some of the planets with bright host stars are lacking goaditgu
light curves, and hence have poorly determined planetanpa
eters. This is the case for WASP-13b (Skillen et al. 2009) revhe
it was not possible to accurately constrain the impact patam
(0 < b < 0.46) due to the lack of a high precision transit light
curve.

WASP-13b is a low-mass planet with/, = 0.46 + 0.06
Mjyp in a 4.3 day circular orbil (Skillen et &l. 2009). Its hostrsta
is G1V type withM, = 1.03 £0.10 Mg , Te5s = 5826 £ 100K,
log g = 4.04 and solar metallicity. WASP-13b was discovered in
2006-2007 by the SuperWASP-north survey (Pollaccolet 8620
As mentioned above, the impact parameter is not well cansila
and two possible sets of system parameters are presentéd in t
discovery paper for two possible impact parametérs: 0 and
b = 0.46. This results in large uncertainties in both stell&x, (~
1.2 — 1.34Re), and planetary radiiRp ~ 1.06 — 1.21). The
adopted solutio = 0.46 suggests that the host star has evolved
off the main-sequence to the shell hydrogen burning phaseret
fore, this system is interesting in the context of exoplawvetution,
and with a bright host star (V=10.4 mag) is a good candidate fo
followup studies.

In this paper, we present four high precision transit oteserv
tions of WASP-13b which are described in Section 2. Our dhta a
low us to determine the inclination of the system and diyedd-
rive the mean stellar density and hence, better consttanttellar
and planetary radii. We discuss our transit model in Se®iand
present the updated parameters of the system in SectiorS&chn
tion 5 we discuss the discrepancy between theoretical apitieai
limb darkening coefficients. Finally, we discuss our resintSec-
tion 6.

2 OBSERVATIONS

WASP-13b was observed with RISE (Steele eétal. 2008;

[h]
Table 1. WASP-13 observation log.

Date number exposures FWHM  aperture radius
pixel pixel
2009-01-29 4400 17 23
2009-05-05 10780 21 24
2010-02-03 17000 17 22
2011-01-13 16000 24 27

vation was interrupted after ingress due to the derotatachiag

its limiting position and the two parts of this transit areated as
separate observations. This observation shows systenmatiz the
rotator interruption and is affected by clouds before thesg We
experimented removing it from the final analysis and constlid
that its inclusion does not bias the results. On the last 2utes

of the 2011-01-13 observation the position of the star inGkD
varied by 10 pixels in the x and 15 pixels in y which caused ati-ad
tional trend in the light curve. Due to its effect on the nolisation

of the light curve, the last 20 minutes of the 2011-01-13 plz@®n
were clipped. The number of exposures taken, estimated FWHM
and aperture radius used for each observation are giverbie[Ia
We also included in our analysis, the previously publistraddit

of WASP-13 taken witt).95 m James Gregory Telescope (JGT) at
St Andrews University on 2008-02-16 (Skillen etlal. 2009).

The final high precision transit light curves for WASP-13b ar
shown in Figuré1l along with the best-fit model described io-Se
tion[3.2. We overplot the model residuals and the estimatee
tainties, which are discussed in Secfion 3.1. To illustita¢equality
of our results we also show the phase folded weighted combina
tion of all the light curves in Figurgl2. Around -0.01 in phdke
only high precision data is from the 2011-01-13 light curkatt
shows extra scatter. is below the transit model. The remgitnan-
sit phases are better sampled and hence have smaller errors.

Gibson et al.| 2008| Barros etlal. 2011) mounted on the 2.0m 3 DATA ANALYSIS

Liverpool Telescope on La Palma, Canary lIslands. RISE is a

frame transfer e2v CCD with a pixel scale of 0.54 arcseclpixe
that results in a 9.4« 9.4 arcmin field-of-view. It has a wideband
filter covering~ 500—700 nm which corresponds approximately to

3.1 Photometricerrors

As mentioned above the initial photometric errors includly ghot
noise, readout and background noises, which underestntiage

V+R. For exposures longer than 1 second, RISE has a deadtime o true errors. To obtain a more reliable estimate of the emarde-

only 35 ms. To reduce the deadtime to the minimum (Barrosi et al

gin by scaling the errors of each light curve so that the reduc

2011) we used an exposure time of 1 second which required ax? of the best fitting model is 1.0. This resulted in the multipli

defocussing of -1.0 mm to avoid saturation of the bright com-
parison star&.7 mag). Defocussing is also important to decrease
systematic noise due to poor guiding (Barros €t al. 2011).

The data were reduced using th&TRACAM pipeline
(Dhillon et al.| 2007) which is optimized for time-series pbim-
etry. Each frame was bias subtracted and flat field corredted.
performed differential photometry relative to an ensendfleom-
parison stars in the field, confirmed to be non-variable. ahe
observation we sampled different aperture radii and cHusaper-
ture radius that minimised the noise. The photometric srior
clude shot noise, readout and background noise.

On 2009-01-29 we obtained an ingress of WASP-13b and
an egress on 2009-05-05. We obtained full transits of WASIP-1
on 2010-02-03 and 2011-01-13. Unfortunately, both obsiemns
were degraded by some clouds. Observations with transparen
lower than 94% were clipped. On 2010-02-03 the transit ebser

cation of the errors by.01, 1.55, 2.46, 2.68, 2.26 and2.79, for

the 2008, Jan 2009, May 2009, ingress 2010, egress 2010 aad 20
light curves, respectively. For the RISE observations itidicates
that the photometric errors are higher than expected froatoph
noise, probably due to the non-photometric conditions e$¢ob-
servations.

Exoplanet transit observations are also affected by tinme co
related noise which can lead to underestimated parametar-un
tainties (Pont et al. 2006; Carter & Winn 2009). The residutié-
played in Figur&ll show that the photometric noise is dorethaty
white noise. Nevertheless, we included time-correlateédentol-
lowing the procedure from Gillon etlal. (2009). Using theideas
als of the best fit model, we estimated the amplitude of the red
noise,o, to be100 ppm (Jan 2009)%0 ppm (May 2009)250 ppm
(ingress 2010)150 ppm (egress 2010), arizd0 ppm (2011). For
the 2008 light curve, the red noise was found to be negligitilese
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Figure 1. Transit observations of WASP-13b. From top to bottom in obro
logical order; JGT 2008 February 16, RISE 2009 January 0$ERI009
May 05, RISE 2010 February 03 and RISE 2011 January 13. Wa-supe
impose the best-fit transit model and also show the residaakach light
curve at the bottom of the figure. The RISE data are binned3@tsecond
periods, and bins displaced vertically for clarity. Theiurdual RISE light
curves plotted here are available in electronic form at CDS.

errors were added in quadrature to the rescaled photoneetdcs
and were used in the final Markov Chain Monte Carlo (MCMC)
chains.

3.2 Determination of system parameters

To determine the planetary and orbital parameters, we fitied
four RISE light curves and the original JGT light curve of WAS
13b simultaneously. We used the same procedure as for WABP-2
(Barros et all. 2011) which is based on the Mandel & Agol (2002)
transit model parametrised by the normalised separatiothef
planet,a/R., ratio of planet radius to star radiug, / R.., orbital
inclination, s, and the transit epocfiy, of each light curve. We ac-
count for a linear trend with time for each light curve parsised

by the out of transit flux and flux gradient. Due to the short or-
bital period and age of the system we expect the orbit hascirc
larised (see below), hence a circular orbit was assumedtra@ihsit
model is coupled with an MCMC procedure to obtain accurate pa
rameters and uncertainties as outlined_in Barros|et al.1(20\e
included the quadratic limb darkening coefficients (LD@nfrthe
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0.988 ‘ ‘ ‘ ‘ ‘
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Figure 2. Phase-folded combined transit light curve of WASP-13b. ddta
was optimally binned in 150 phase bins for clarity. We suppnse the
best-fit transit model. Note that here we do not account ferdifferent
limb darkening of the RISE and the JGT light curves.

models of Howarth/ (2011a) fdf.;; = 6000 K, log g = 4.0 and
[M/H] = 0.0 which were the closest tabulations to the parameters
from|Skillen et al. [(2009); for the RISE filter V+Ry, = 0.4402
andb = 0.2394 and for the R filter of JGTg = 0.4121 and

b = 0.2312. We initially kept the limb darkening parameters fixed
during the fit. We treated the two parts of the 2010-02-03 nlase
tions as separate transits to correctly account for the alisation
but restricted them to have the saffig Including the two linear
normalisation parameters for each light curve, a total gb@@m-
eters were fitted. Besides the linear normalization, ncagxénds
were removed from the light curves.

We computed seven MCMC chains, each56f 000 points
and different initial parameters. The initial 20% of eachichthat
corresponded to the burn in phase were discarded and thaniegha
parts merged into a master chain. We define the best fit pagamet
as the mode of its probability distribution and the limits as the
value at which the integral of the distribution equals 34 ftétn
each side of the mode. The Gelman & Rubin (1992) statistic was
calculated for each fitted parameter and we concluded tteh ch
convergence was good.

To test how the limb darkening coefficients affect the detive
system parameters we experimented with fitting the limb etark
ing coefficients of the RISE light curves which have highes-pr
cision. Our tests indicate that the quality of the RISE lightves
is not enough to fit for both limb darkening coefficients (stsma
Gibson et al. 2008), and hence, we choose to fit the linear kDC
which dominates. The quadratic LDC of the RISE light curbes
and both LDCs of the JGT light curve were kept fixed. Therefore
in this second MCMC procedure 21 parameters were fitted.

4 RESULTS

In Table[2, we present the system parameters of WASP-13 and
the 1o uncertainties derived from the MCMC analysis for both
the fixed and fitted LDCs. The first set of parameters can be di-
rectly derived from the light curve analysis. The paraneteere
derived using the equations lof Seager & Mallén-Ornela®320
Southworth et al.| (2007); Kipping (2010). Specifically, the 4
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Table 2. WASP-13 system parameters. [

1.8~
Parameter LDC fixed LDC fitted I 1
Linear LDC for RISEa 0.4255 0.337+0.033 5 16/ ]
Normalised separation/ R 7.58T015 7.397012 T i 1
Planet/star radius rati?, /R.  0.092253321 000050 0.0922670009%% & [ ]
Transit duratioriy _4 [hours] 4.0949-924 4.0630-920,, S 14 -
Transit duratiori’r; [hours] 3.607°-912 3.5489-919 i 1
Orbital inclination! [degrees] 85.64 + 0.24 85.19 £+ 0.26 L ]
Impact parametel [ R.] 0.575 £ 0.020 0.621 £ 0.021 1.2 7/ -
Stellar densityo« [pe] 0.30910-07% 0.28870019 h2 ]
0.05362+0‘00074 107 | A | ]

+0.00077
0'0537970.00059

1.085 £ 0.04

+0.031
1'51270.041

Orbital semimajor axig [AU]
Stellar mas3. [Me)]
Stellar radiuR« [Re]

—0.00085
1.09 £0.05

1.559 +0.041

0.477+04044

+0.042
0.485 —0.049

Planet mas3I, [Mjyp] —0.058

Planet radiu.st [Ryup] 1.365t§1§§§ 1.389t§1§‘§?75
Planet density, [p,] 0.190*5-07% 0.16710 050

6000 5800 5600 5400 5200

Effective temperature (K)

6200

Figure 3. Isochrone models (solid lines) fram Demarque étlal. (2004) f
WASP-13 using [Fe/H] =0 from_Skillen etlal. (2009) and asswgrsolar
composition Z=0.0181. The age in Gyr is marked in the lefhefrespective
model. We also show the mass tracks (dashed lined).or .05, 1.09 and

refers to the total transit duration afigh; is defined by equation
15 oflKipping (201D0).

The derived linear limb darkening coefficient,= 0.34 +
0.03, is statistically significantly different from the theaicl
valuea = 0.4402. The chain convergence was good and the linear
LDC parameter is well constrained by our observations. \ipad
the fitted LDC solution because according to the F-test iigs s
nificantly (99.9%) better than the fixed LDC one. In section 5 we
present a more in depth discussion about the discrepanagéet
the fitted and theoretical LDCs.

All the parameters of both solutions are within 30. We
found that the inclination of the orbit i85.2 &+ 0.3 degrees and
the derived stellar density js. = 0.29 &+ 0.02p. This is signifi-
cantly lower than previously assumegl. (= 0.43p¢ ISkillen et al.
2009), implying an evolved star. To obtain the stellar arahptary
radii we need to determine the stellar mass, as explaindubinext
section.

4.1 Stelar massand age

Our high quality transit light curves allow an accurate rastie of
the stellar density. This, combined with stellar models, lba used
to constrain the stellar mass and age. We interpolate theeYon
Yale evolution tracks| (Demarque ef al. 2004) féte/H] = 0
(Skillen et al.| 2009) which are plotted in Figuré 3. Also smow
are the position of WASP-13 with the effective temperatuicenf
Skillen et al. (2009) and our value pf. We derive a stellar mass
of 1.09 &+ 0.05M and a stellar age df.4 4+ 0.4 Gyr. Both agree
with the estimate in the original discovery paper. Using shei-
lar reflex velocity from_Skillen et all (2009Y<; = 55.7 m/s, we
estimate a planetary mass®fi8 M yyp, -

In Figure[4 we show the evolutionary tracks for a stellar mass
of 1.0, 1.09 and 1.21; adapted from Demarque et al. (2004) and
we overplot the position of WASP-13. These models suggesdt th
WASP-13 has evolved to the hydrogen-shell burning phasdésand
close to entering the sub-giant branch. However, the usiogyt
in the WASP-13 metallicity (Fe/H] = 0 £ 0.2) affects the de-
termination of the evolutionary status of WASP-13. Accogdio
thelDemarque et al. (2004) models, if WASP-13 has a metgllici

1.2M@. We overplot thel. y = 5826 (Skillen et al! 2009) and our fitted
(p+/pe)~1/3 for WASP-13.

Log(L/Lsun)

0.0L . i

5500 5000
Effective temperature (K)

6000

Figure 4. Evolutionary mass tracks from_Demarque etal. (2004) for the
same stellar parameters as Fig. 3 for stellar masses of.02afd 1.QM
from left to right. For the 1.09I evolutionary mass track we also show
the 5, 6,7 and 8 Gyr points.

of +0.2 then it could have a mass of IM2;which is above the
critical mass for the stellar cores to become convectivevemere
details on the treatment of convective overshooting bederper-
tant. In this case, the evolutionary status would be moreain
but probably WASP-13 would be in the contraction phase leefor
the hydrogen-shell burning phase starts.

We obtain a larger stellar and planetary radiBs & 1.56 +
0.04Rp andR, = 1.39 £ 0.05 Ryyp) than previously reported
in|Skillen et al. |(2009). Our derived parameters are comsistith
the “b=0.46" adopted solution presented in the discovepepaal-
though our precision is almo0 times better.
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Table 3. Time residuals from the linear ephemeris.

Date Epoch  Time residuals (sec)  Uncertainty (sec)
2008-02-16  -244 235 82
2009-01-29 -164 83 42
2009-05-05  -142 -211 51
2010-02-03 -79 -92 39
2011-01-13 0 114 44

4.2 Transit times

The estimated transit times
ephemeris,

were used to update the linear

T(HJD) =T, + EP. 1)

We found P 4.353011 + 0.000013 days and ¥
2455575.5136 4+ 0.0016, which was set to the mid-transit time
of the 2011 light curve. The updated period was used in thé fina
MCMC procedures.

Time residuals from the linear ephemeris are given in Ta-
ble[3. The partial transits show a larger deviation from ftine |
ear ephemeris which was also noted for the case of TrES-3b
(Gibson et all. 2009). These authors concluded that the taicer
ties in the transit times of partial transits are underestad, prob-
ably due to the lack of out-of-transit data needed for noisaal
tion. Therefore, although the time residual of the May20@9it
is significant at 4 sigma, this could be due to normalisativare
rather than an intrinsic transit timing variation. For exden re-
moving the out-of-transit data of the May2009 light curveulés
in a difference in the estimated mid-transit timeldb s = 3.50.

This suggests the presence of additional red noise in thedigve
that affects the transit times which should be regarded watin
tion. Hence, we conclude that the time residuals of WASP&k8b
probably consistent with a linear ephemeris, but encoutagieer
transit timing observations.

5 LIMB DARKENING

Our measured linear limb darkening parameter0.34 4 0.03)

is statistically different from the one predicted from Eemodels

(a = 0.4402). We choose the theoretical LDCs from stellar models

of|[Howarth (2011a) because they include the 'V+R’ RISE filter
Disagreement between the empirical and theoretical LDCs

has been reported for other systems (e.g. Southworth! 2008;

Barros et al. 2011) including for higher quality light cusvifom
HST (Claret 2009), CoRoT (Sing 2010, Csizmadia, Sz. et al in
prep) and Kepler (Kipping & Bakds 2011). This suggests that t
discrepancy is not due to insufficient quality of our lightes.
Moreover/ Claret (2009) concluded that uncertainties engtellar
temperature and metallicity cannot explain the differelnesveen
the theoretical and empirical LDCs. Therefore, the cau$ebi®
discrepancy are not clear.

Recently] Howarth| (2011b) showed that LDCs derived from
transit observations depend on the impact parameter amdtha
directly compared with the theoretical values. This is leeafor
a higher impact parameter the transit shape is less sentitithe
global LD law. This can lead to up to a 60% difference in the es-
timated LDCs|(Howarth 2011b). Fortunately, this insew#itialso
means that the effect on the transit parameters is relatsrahbll.

5

Using a synthetic photometry/atmosphere-madel, How2ah 1b)
predicts that this geometric effect leads to an underetitmaf
the linear LDC of the quadratic law which qualitatively expis
our estimated linear LDC. If this was the only cause of therdigs-
ancy we should adopt the theoretical LDC solution for theesys
parameters because it would remove the correlation betteen
LDCs and the impact parameter providing more accuratetsesul

Using HST and Kepler data, Howarth (2011b) concluded that
accounting for this geometrical dependency leads to batere-
ment between the measured and predicted LDCs. However, this
cannot reproduce all of the empirical data suggesting thertet
could be other causes of the discrepancy. Tentative expiasa
include the missing physics in the atmospheric models fikegx-
ample, the effects of faculae and granulation (Csizmadia,es
al in prep.) and the plane-parallel approximation in stefteod-
els (Neilson & Lester 2011). In this case, it would be advisab
adopt the fitted LDC solution for the system parameters kmxdu
is less dependent on the stellar models.

Further investigation of very high precision transit lightves
such as from the Kepler mission is needed to better under shen
difference between the measured and theoretical LDCs. Willis
help to decide if we should fit for the LDCs in lower quality hig
curves.

6 DISCUSSION AND CONCLUSION

We have presented four new transit light curves of WASP-13b i
cluding two full transits. To derive the parameters of thetesn,

we used the same MCMC procedure as Barros|et al. (2011) by fit-
ting these new light curves together with a previous JGTsitan
of WASP-13b|(Skillen et al. 2009). We estimated the unceties
accounting for formal errors and systematic noise.

Our derived value of the linear LDC is statistically signifi-
cantly different from the theoretical value predicted ftellar at-
mospheres models. Although this does not significantlycatiee
derived system parameters it can be important for stell@moat
sphere models. We adopt the fitted LDC solution because it is a
statistical significantly better fit to the data.

The impact parameter of WASP-13b was poorly constrained
in the discovery papef(< b < 0.46) though the higher value was
adopted. We obtaitr = 0.62 £ 0.02, which is close to the previous
adopted value although slightly higher. This implies adarstellar
radius ofR. = 1.56+0.04R which combined with the evolution
models of Demarque etlal. (2004) points to an age4f-0.4 Gyrs
for the host star. It also suggests that WASP-13 has evolffed o
the main-sequence and is now in the shell hydrogen burniaggh
which would imply that in less thad Gyr the star will engulf the
planet’s current orbit. The evolutionary status of WASPr\uUrs
a slightly higher mass for the host star of 1.1M¢ which also
implies a slightly higher planetary mass®#8M jyp.

We derived a larger planetary radius for WASP-13R, (=
1.3940.05R jup), than previously reported and hence a lower den-
sity, (op = 0.17 £ 0.01p). Therefore, WASP-13b is the fifth low-
est density exoplanet known after Kepler-b (Latham et@102,
WASP-17b [(Anderson et al. 2010), TrES-4b_(Mandushev/et al.
2007) and CoRoT-5b (Rauer etlal. 2009) and its propertieBrare
portant for irradiation models. We estimate an equilibritemper-
ature for WASP-13b of~ 1500 K. The hydrogen/helium coreless
models of Fortney et al. (2007) predict a radius~ofl.1R ., for
WASP-13b. This is in agreement with the radius derived frbm t
polynomial fit of_ Laughlin et &l.[(2011) to the baseline madef
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Bodenheimer et al. (2003),R- 1.16. We derive a radius anomaly
for WASP-13b of R = 0.23 (Laughlin et al.l 2011). Therefore,
WASP-13b is inflated relative to the theoretical thermadiation
models for gas giant planets.

The circularization timescale for WASP-13bis 0.011-0.41 G
for Qp, = 105 — 10°. Therefore, we expect a circular orbit and it
is unlikely that the inflated radius of WASP-13 could be eipa
by tidal dissipation. Enhanced atmospheric opacitiesof solar,
plus the correction due to the transit radius effect (Bugetval.
2007), can explain a radius anomaly of 0.18 for a 7.4 Gyr

planet and hence might be able to explain the radius anonfaly o
WASP-13b. The models of Bodenheimer €t al. (2003) which in-

clude kinetic heating (Guillot & Showman 2002) can also akpl
the radius of WASP-13b. Finally, the ohmic dissipation nmaafe
Batygin et al.|(2011) explains all known exoplanet radii.
According to the classification of Fortney et al. (2008),
WASP-13b belongs to the highly irradiated “pM” class planet
These have considerable opacities due to molecular haZe®of

and VO and are expected to have temperature inversions iin the

atmosphere. This can be tested by secondary eclipse otisesva
The large scale height of WASP-13b,550 Km, and its bright host

star,VV = 10.4, makes it also a good target for transmission spec-

troscopy. Probing the atmospheric composition of this glaan
shed light on its inflated radius.
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