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ABSTRACT

The knowledge of accurate stellar parameters is paramaouséveral fields of
stellar astrophysics, particularly in the study of exttas@lanets, where often the
star is the only visible component and therefore used ta thieplanet’'s fundamental
parameters. Another important aspect of the analysis ofepdaly systems is the stel-
lar activity and the possible star-planet interaction. éH&e present a self-consistent
abundance analysis of the planet hosting star WASP-12 anghaphecision search
for a structured stellar magnetic field on the basis of sppolarimetric observations
obtained with the ESPaDONS spectropolarimeter. Our ieshitw that the star does
not have a structured magnetic field, and that the obtainedaimental parameters
are in good agreement with what was previously publishedaddition we derive
improved constraints on the stellar age (1.0-2.65 Gyr) snia23-1.4M/M ), and
distance (295-465pc). WASP-12 is an ideal object to lookpfafution signatures
in the stellar atmosphere. We analyse the WASP-12 abunsgiasca function of the
condensation temperature and compare them with thosespedliby several other
authors on planet hosting and non-planet hosting stars. Mlehfnts of atmospheric
pollution in WASP-12’s photosphere, but are unable to refacam conclusions with
our present data. We conclude that &eatential analysis based on WASP-12 twins
will probably clarify if an atmospheric pollution is predethe nature of this pollution
and its implications in the planet formation and evoluti¥ve attempt also the direct

detection of the circumstellar disk through infrared es¢ésit without success.

Subject headings. stars: individual (WASP-12) — stars: abundances — stargnetc field

— stars: fundamental parameters
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1. Introduction

One of the biggest surprises in the exoplanet field was tlredisy of gas giant planets
orbiting very close to their host star. These hot Jupitengis represent one extreme of the
Galaxy’s population of planets, and they provide importatstraints to guide our nascent ideas
about the formation and evolution of planetary systems. @roeability of transit for close-in
giant planets is 10% (Seager et al. 2000), and through the analysis of tragisitcurves the
ratio of the stellar and planetary radii can be deduced. Ugindhe significant uncertainties in
the mass and radius of any particular star, our charactiemsaf exoplanets is limited by that of
their host stars (e.g. Southworth 2009). For this reasas,important to directly measure the
properties of planet hosting stars, particularly in casker@ we expect the presence of planets

may have influenced the properties of the star through $asepinteractions.

One of the most extreme hot Jupiter exoplanets is WASP-12jasajiant planet orbiting
only 0.023 AU from a late F-type host star (Hebb et al. 2009ASRK-12 b’s orbit is, therefore,
only about 1.5 stellar diameters from the photosphere o$tae At such proximity, interactions
between the star and the planet must occur. Near-UV obsangatf WASP-12 covering the
wavelengths of many resonance lines reveal that WASP-12brisunded by an exosphere
which appears to overfill its Roche lobe (Fossati et al. 20T0)s exospheric gas may be the
consequence of tidal disruption of the planet’s conveaiwelope as recently suggested by Li et

al. (2010), but it could also be entrained material from tielar corona.

A planet orbiting as close as WASP-12 b might be expectedtewant magnetically with
its host star, c.f. Shkolnik et al. (2003), Shkolnik et aD@8), and Shkolnik et al. (2008). A
first step to search for such interactions is to detect andtdydhe stellar magnetic field by
spectropolarimetry, e.g. Fares et al. (2010). The presehaemagnetic field belonging to
WASP-12 would provide a precious piece of information nekideestablish which mechanism

controls the structure and the evolution of the disk (Laile2@10).
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The solar system’s giant planets have enhanced metal abcegleelative to the Sun (Guillot
2005) and high atmospheric metal abundances have beenssedges a contributing factor in
the inflated radii of planets such as WASP-12 b (Burrows €2@0.7). Intriguingly, Fossati et al.
(2010) detected a wealth of metallic atoms and ions in the@xeric gas surrounding WASP-12 b.
If this gas is indeed accreting onto the host star as sughbstei et al. (2010), this could lead to
abundance anomalies in the photosphere of WASP-12. SincePAK is expected to have a very
shallow surface convection zone, any accreted gas will ireolase to the surface rendering any

pollution of the surface composition relatively easy toetdét

In this paper, we report on spectropolarimetric observatiof WASP-12 which we use
to probe the stellar magnetic field, fundamental parametedsabundance pattern of the
star. In Sect. 2 we describe our observations and data iedu@ect. 3 and Sect. 4 provide
a description of the adopted model atmosphere includindnoakst and results of the stellar
parameter determination and abundance analysis. In Seet.gsovide the results of our stellar
magnetic field search. Our results are finally discussedéh Sewhile in Sect. 7 we gather our

conclusions.

2. Observations and data reduction

We observed WASP-12 using the ESPaDONS (Echelle Spectnafeltric Device for
ObservatioNs of Stars) spectropolarimeter at the CanaalacE-Hawaii Telescope (CFHT) on the

3rd and 5th of January 2010. The observations were perfomgeblarimetric” mode.

ESPaDONS consists of a table-top cross-dispersed ecpeltéragraph fed via a double
optical fiber directly from a Cassegrain-mounted polargaanalysis module. Beside the natural
intensityl, in polarimetric mode the instrument can acquire a Stokéer Q or U) profile

throughout the spectral range 3700—10400 A with a resolpowger of about 65 000. A complete
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polarimetric observation consists of a sequence of 4 spbsxes (Donati et al. 1997; Wade et

al. 2000).

Each of the four sub-exposures was 1290 seconds long, wittalbaimount of integration
time of 1.5 hrs, each night. The spectra were reduced usagitte-ESpRIT packaggDonati
et al. 2007). The Stokdsspectra have a signal-to-noise ratio (SNR) per pixeli26 and 158
in the continuum, on the first and second nights respectiwaih values calculated at 5000 A.
To increase the SNR of the Stokiespectrum we averaged the two available spectra, obtaining a
single spectrum with a SNR 0f200, normalised by fitting a low order polynomial to carefull

selected continuum points.

The dfective temperaturel;) was determined (see Sect. 4) from our ESPaDONS data and
two spectra of WASP-12 obtained at the Isaac Newton Teles@dpr) with the Intermediate
Dispersion Spectrograph (IDS). The spectra cover the negidhe Hx line with a spectral
resolution ofR=8 000 (see Hebb et al. 2009, for more details).

We also used Near-UV observations obtained with the HST @o8mgin Spectrograph
(COS) (Green et al. 2010; Osterman et al. 2010) for the aisadyshe spectral energy distribution.
The spectra, calibrated in flux, cover three non-contigweagelength ranges in the Near-Uv

with a resolution oR 20 000. These observations are described in detail in Retsat (2010).

3. The model atmosphere

To compute model atmospheres of WASP-12 we employed thebirs stellar model
atmosphere code (Shulyak et al. 2004). For all the calaniatLocal Thermodynamical

Equilibrium (LTE) and plane-parallel geometry were assdm@/e used the VALD database

lwww.ast.obs-mip.fr/projets/espadons/espadons.html
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(Piskunov et al. 1995; Kupka et al. 1999; Ryabchikova et @29) as a source of atomic line
parameters for opacity calculations. The recent VALD cdatjan contains information for
about 66 x 10’ atomic transitions, most of them coming from the latest tatcal calculations
performed by R. Kuruéz Convection was implemented according to the Canuto & Malzi

(1991, 1992) model of convection (see Heiter et al. 2002nTfore details).

4. Fundamental parameters and abundance analysis

Hebb et al. (2009) derived the fundamental parameters of WWASfrom the analysis of low
and mid-resolution spectra, obtainig;=6300t150 K, logg=4.38t0.10, and adopting a value of
0.85 km §? for the microturbulence velocitywf,c). We used these values as our starting point in
an iterative process to gradually improve the parameteng) ukfferent spectroscopic indicators.
In our analysis, every time any &g, logg, unic or abundances changed during the iteration
process, we recalculated a new model with the implememtatiohe last measured quantities.
Similarly the derived abundances were treated iterativetyile the results of the abundance
analysis depend upon the assumed model atmosphere, thepditenc temperature-pressure
structure itself depends upon the adopted abundances, secaleulated the model atmosphere
every time abundances were changed, even if the other madehgters were fixed. This ensures

the model structure is consistent with the assumed aburdanc

We determined ¢ by fitting synthetic line profiles, calculated with SYNTH3dghukhov
2007), to the observed profiles of two hydrogen linest (fflom the IDS spectrograph) andyH
(from the ESPaDONS spectropolarimeter). We discardedttiex bydrogen lines observed with
ESPaDONS because of the uncertainties in the continuumatisation. In the temperature

range expected for WASP-12, hydrogen lines are extremelsitbee to temperature variations

*http://kurucz.harvard.edu



—9—

and insensitive to log variations, and are therefore good temperature indicat®es found
Ter=6250Gt100 K, in good agreement with Hebb et al. (2009). The unadst&stimate considered
both the quality of the observations and the uncertaintighe normalisation. Figure 1 shows
the comparison between the observedl e profile and the synthetic profiles calculated with
the adopted o of 6250100 K. The poor fit of the hydrogen line core is due to the acbpleE

approximation (see e.g. Mashonkina et al. 2009).

Another spectroscopic indicator fdkg; is given by the analysis of metallic lines, that we
performed on the ESPaDONS spectrum. In particdlgr,is determined by eliminating the
correlation between abundance and excitation potengial] for the selected lines of a given
ion/element. The top panel of Fig. 2 shows the correlation betvadeindance angk,;; for all
measured lines of Cg Call, Fel, Fell, and Nil. Figure 2, produced using the final adopted
fundamental parameters, shows no significant correlatiwden abundance amg, for all
ions, except Fe, for which we registered a slightly positive correlation0@263:0.01139), that
would be eliminated by a highdiy. What we found here for Feresambles what remarked by
Ryabchikova et al. (2009) for HD 49933 and HD 32115 (bothsskeve al; slightly higher
than WASP-12): anféective temperature determination based only on the asabydtel lines
leads systematically to B that is substantially higher (by about 5%), compared to the o
obtained with other ions and in particular with other tengare indicators, such as hydrogen
lines3. For this reason, we decided to use the analysis of the riadtalts only as consistency
check ofT; derived from the hydrogen lines. In addition to the ions shawfig. 2, we included

in the consistency check alsoICSi I, Scil, Ti I, Till, V1,CrlI,Cril, Mn I, Col,and Y,

3We do not know the precise origin of this phenomenon and alsether it is present in a
large temperature range or just for F-type stars. We betleatemore work should be done in this
respect, in particular because thg determination based on the abundagggr equilibrium is

widely used to determine théfective temperature of stars in a brokg range.
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Fig. 1.— Comparison between theaHine profile observed with the IDS spectrograph (black
solid line) and synthetic profiles calculated with the findbptedT; of 6250K (red solid line),

and uncertainty (dashed lines).
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obtaining the requested equilibrium for all of them. The temof lines adopted to measure the
abundancegi correlation for each ion is the same as the one we used toedievfinal ion

abundance, and itis listed in Table 2.

The surface gravity was derived from two independent methiased oni) line profile
fitting of gravity-sensitive metal lines with developed w#and {i) ionisation balance for several
elements. The first method is described in Fuhrmann et &@.7)1&nd uses the fact that the wings
of the Mg| lines atA 5167, 5172 and 5183 A are very sensitive todogariations. In practice we
first derived the Mg abundance from other Mines without developed wings, such 5711
and 5785 A, and then we fit the wings of the gravity indicatoe$ by tuning the log value. To
apply this method, very accurate lgd values and Van der Waals (I§g.a9 damping constants
are required for all the lines. We adopted the set of linerpatars used by Ryabchikova et al.
(2009) and included the uncertainty in these parametefginmcertainty in log. We obtained a
logg value of 4.20.2, in good agreement with Hebb et al. (2009). Our line pdfilof the Mgl

lines with developed wings is shown in Fig. 3.

The second method, the ionisation equilibrium, is ofterdusederive the surface gravity,
but this method is extremely sensitive to the non-LTees present for each igement, while
Mg lines with developed wings (less sensitive to non-LTEe&s) are more suitable as Igg
indicators (Zhao & Gehren 2000). For this reason we decidéeeép the Mg lines as our primary
logg indicator, and checked the result with the ionisation ebitim. Adopting the log value
obtained from the analysis of the Mdines with developed wings and taking into account the
abundance uncertainties, we satisfied the ionisationibguih for every element with two

analysed ions.

Our main source for the atomic parameters of spectral Ismése VALD database with the
default configuration. LTE abundance analysis was basedjonaent widths, analysed with

a modified version (Tsymbal 1996) of the WIDTH9 code (Kuru®®3a). For all analysed
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Umic IS determined eliminating the correlation shown in the @otpanel.
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al. (1997).
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elementgons we used almost all unblended spectral lines with atewBmic parameters
available in the wavelength range 4240-9900 A, except limespectral regions where the
continuum normalisation was too uncertain. For blendeéslinines subjected to hyperfine
splitting (hfs), lines situated in the wings of the hydrogen lines or foryvahnallow lines of
specific ions we derived the line abundance by performinghsgtit spectrum calculations with
the SYNTH3 code. Théfs constants for abundance calculations were taken from lrastial.
(2001b) for Eull lines and from Smith et al. (1998) for the Lline atA 6707 A. For the Barium
abundance we used the Bdines atA 5853.7 A and 6496.9 A for which we do not expect any
relevanthfs effect (Mashonkina & Zhao 2006). A line-by-line abundancewigh the equivalent
width measurements, adopted oscillator strengths, andsikerces is given in Table 1 (see the

online material for the complete version of the table).

The microturbulence velocity was determined by minimisiing correlation between
equivalent width and abundance for several ions, as showigir2 for Cal, Call, Fel, Fell,
and Nil. To employ this method we used all ions for which the measspadtral lines covered
a large range in equivalent width. In particular we took iat@ount simultaneously: $j Ti I,
Till, Crl, Cril, Mn I, and Y I, in addition to the ones present in Fig. 2. The final adoptgd
is 1.2£0.3km $*. The given error bar is the range of values resulting fromimisation of the

correlation for each ion we considered.

The projected rotational velocity and macroturbulengg,{ were determined by fitting
synthetic spectra of several carefully selected lines ¢éodibserved spectrum. Given the
U Sini-Umacro degeneracy, we followed Valenti & Fisher (2005): we measWigro assuming
vsini=0kms* and thenu sini assumin@Wmac=4.75km st (from the Teg-Umacro relation
published by Valenti & Fisher 2005). In the first case we ot#eLmac=7.0£0.6 km s*, while
in the second case we obtainedini=4.6:0.5km . In conclusionu sini is in the range

0—4.6:0.5 km $*, while Umacrolays between 4.75 and 20.6 km s*. Only with a careful analysis
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Table 1: Linelist of the lines used for the abundance analy§he first and second columns list
respectively thexeit (in €V) and the loggf value for each line. Columns five and six list the
equivalent width in mA and the abundance for each line, whiéelast column gives the reference
for the loggf value. Spectral lines for which the abundance was measutbagynthetic spectra,
instead of equivalent widths, present an "S” instead of t@walent width value. Lines marked
with ™" are subject to hyperfine structure, discussed iragleén the main text, while lines marked
with "#” are multiplets (doublets or triplets) and in theseses we listed only the strongest line.

The entire table can be viewed in the electronic version @fltturnal.

lon
Wavelength| Xexcit | 10ggf | EQW | abundance Ref. loggf
A eV mA dex
Li |
6707.7610* 0.000| -0.009 S -9.47 SLN
Cl
5023.8389| 7.946| -2.209| 12.14 -3.49 WFD
5800.6016| 7.946| -2.338| 9.51 -3.43 WFD
6014.8300| 8.643| -1.585| 15.74 -3.40 WFD
6671.8450| 8.851| -1.651| 9.97 -3.36 WFD
7111.4694| 8.640| -1.086| 26.93 -3.55 WFD
7116.9879| 8.647| -0.907| 36.47 -3.52 WFD

SLN - Smith et al. (1998);
WEFD - Wiese et al. (1996);
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of the Rossiter-McLaughlin (RM)féect will it be possible to precisely measursini.

The final WASP-12 abundances, in Id{\), are given in Table 2 and the atmospheric
abundance pattern is shown in Fig. 4 in comparison to the ablandances (Asplund et al. 2005).
While the large overabundance of K would disappear if noi-ffects are taken into account
(Takeda et al. 1996), the Sr overabundance is genuine sotc&TE dfects are expected to be
less then 0.05 dex for the Sr lines we analysed (Mashonkiak 2007, and references therein).

In general we expect small non-LTHects for WASP-12 due to the high stellar metallicity.

The stellar metallicityZ) is defined as follows:

Z >3 rnal(jOg(Na/Ntot)

wT oy a1 Ma1009Na/Necr)” ()

wherea is the atomic number of an element with atomic mags Our abundances imply a
metallicity of Z=0.0210.002 dex, adopting the solar abundances by Asplund etG5Zor all

the elements that we did not analyse.

The Z value adopted to characterise isochrones is calculated thvit following
approximation:

Zsar 10(Fe/Hlsa—[Fe/H] ) | 7 , (2)

assumingZ =0.019 dex. We recalculated ti@eof WASP-12 according to this approximation
obtainingZ=0.036:0.002 dex.

4.1. Abundance uncertainties

The abundance uncertainties for each ion, shown in Tableezha standard deviations
of the mean abundance obtained from the individual line dbnoes. Following Fossati et al.
(2009), it is possible to conclude that in case of ions withifigently high number of lines, the

internal scatter for each ion includes the uncertaintiestdiequivalent width measurement and
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Table 2: LTE atmospheric abundances of WASP-12 with erroebaimates based on the internal

scatter from the number of analysed linesThe fourth column gives the WASP-12 abundances in

dex relative to the solar values from Asplund et al. (200%)e Tast column gives the abundances

of the solar atmosphere from Asplund et al. (2005). The uithend Europium abundances take

hyperfine structure in the lines into account. The Gdbundance is an upper limit. The sym-

bol # indicates the ions for which the abundance was derixad fine profile fitting, instead of

equivalent widths.

lon WASP-12 Sun
10g(N/Ntot) n [Nei/Ntot] | 10g(N/Ntot)

Lil # —9.47+0.05 2 +1.52 -10.99
Cl —3.45:0.08 14 +0.20 —3.65
NI # -3.95 1 +0.31 —4.26
ol -3.10 1 +0.28 -3.38
Nal —5.63:0.04 4 +0.24 -5.87
Mgl —4.30+0.13 4 +0.21 —-4.51
Mgll —4.2%0.05 3 +0.22 —4.51
All —5.63+0.08 4 +0.04 -5.67
Sil —4.47+0.18 60 +0.06 —4.53
Sill —4.33:0.01 2 +0.20 —4.53
Sl # —4.78:0.05 8 +0.12 —4.90
Kl -6.12 1 +0.84 —6.96
Cal —5.48+0.07 24 +0.25 -5.73
Call —5.41+0.06 7 +0.32 -5.73
Scll —8.55+0.07 8 +0.44 —8.99
Til —6.95:0.09 37 +0.19 -7.14
Till —6.76+0.09 24 +0.38 -7.14
\Y| —7.99:0.07 11 +0.05 -8.04
Vil —7.86+0.03 2 +0.18 —-8.04
Crl —6.170.06 32 +0.23 -6.40
Crll —5.94+0.06 12 +0.46 —6.40
Mnl —6.41+0.16 16 +0.24 —6.65
Fel —4.31+0.12 389 +0.28 —4.59
Fell —4.22+0.06 38 +0.37 —4.59
Col —6.98:0.07 12 +0.14 -7.12
Nil —5.64+0.10 105 +0.17 -5.81
Cul —7.81+0.09 4 +0.02 -7.83
Znl -7.32 1 +0.12 —7.44
Srl # —-8.30 1 +0.82 -9.12
Srll# —8.35:0.05 3 +0.77 -9.12
yi —9.55+0.09 10 +0.28 -9.83
Zrll -9.08 1 +0.37 -9.45
Ball —9.37+0.06 2 +0.50 -9.87
Lall —10.40 1 +0.51 -10.91
Cell —10.2%0.07 3 +0.17 —-10.46
Ndll —10.45:0.03 4 +0.14 -10.59
Smll -10.64 1 +0.39 -11.03
Eull# -11.30 1 +0.22 -11.52
Gdll# <-10.92 1 +0.00 -10.92
Tef 6250 K 5777K
logg 4.20 4.44
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continuum normalisation. In addition, from plotting theualdance scatter as a function of the
number of lines, we can also infer an internal uncertaint§.08 dex, that can be applied as mean

scatter when only one line of a certain ion is measured.

Table 3 shows the variation in abundance for each analysedaused by the change of one

fundamental parameter ylo, keeping fixed the other parameters.

Table 3 shows that the main source of uncertainty variesrdowpto the elemeyibn (e.g.
for the Fe-peak elements, neutrals are more sensitive tpetierture variations, while ions are
more sensitive to log variations) and in some cases to the selected lines (e.gwthBall lines
selected to measure the Ba abundance are rather strongfotieethe Ba abundance is strongly

dependent op,; variations).

Assuming the dferent uncertainties in the abundance determination aspermtent (though
actually the systematic uncertainties will be correlated derived a pessimistic final error bar
using standard error propagation theory, given in colunensrs and eight of Table 3. Using the
propagation theory we considered the situation where tterméation of each fundamental
parameter is an independent process. The mean value of themdertainties given in column
eight of Table 3 is 0.11 dex. Due to the fact that for the patamdetermination of botf g,
logg andu, we took into account all possible systematics (except nbie}Lwe believe that the
abundance uncertainties given in the last column of Tabkn3e considered as upper limits and

that the real error bars lie between the values given in coltiree and eight of Table 3.

5. High precision magnetic field search

One of the main goals of our analysis is to search for a glaielas magnetic field in
WASP-12. The ESPaDONS spectropolarimeter yields highutsn and high SNR spectra
of both Stoked andV allowing this search. To detect the presence of a global etagfield
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Table 3: Uncertainty sources for the abundances of WASPFh2. third column shows the stan-
dard deviatioro,p, (scatt.) of the mean abundance obtained froffedent spectral lines (internal
scattering); a blank means that only a single line was usebwa estimated the internal scattering
to be 0.08 dex. Note that these values are identical to thwea g Table 2. Columns 4, 5, and 6
give the variation in abundance estimated by increa$indpy 100 K, logg by 0.2 dex, and,ic by
0.3km $?, respectively. Column 7 gives the the mean error bar caledladding the systematic
uncertainties given in columns 4, 5 and 6 in quadratured®,,(syst.)= 02, . (Ter) + 02,,(logQ)

abn abn

+ 02, (Umic). Column 8 gives the total mean error bag, (tot.) = 02, (syst.)+ 02, (scatt.).

lon abundance  ogpn(scatt)  Oapn(Terr) Gabn(l0gQ) Gabn(Umic) Oabn(Syst)  Oapn(tot.)
log(N/Ntot) (dex) (dex) (dex) (dex) (dex) (dex)

Lil -9.47 0.05 0.06 -0.01 0.00 0.06 0.08
Cl -3.45 0.08 —-0.05 0.05 0.00 0.07 0.11
NI -3.95 —0.06 0.05 0.00 0.08 0.11
ol -3.10 —-0.08 0.05 0.00 0.09 0.12
Nal -5.63 0.04 0.04 —-0.04 —-0.02 0.06 0.07
Mgl -4.30 0.13 0.04 —-0.02 —-0.02 0.05 0.14
Mgll -4.29 0.05 —-0.08 0.04 —-0.02 0.09 0.10
All -5.63 0.08 0.03 -0.01 —-0.01 0.03 0.09
Sil —4.47 0.18 0.02 —-0.01 -0.01 0.02 0.18
Sill -4.33 0.01 -0.07 0.06 —-0.02 0.09 0.09
Sl —4.78 0.05 0.06 —0.06 0.00 0.08 0.10
Ki -6.12 0.08 —-0.08 —-0.04 0.12 0.14
Cal -5.48 0.07 0.07 —-0.05 —-0.06 0.10 0.13
Call -5.41 0.06 —0.06 0.04 —-0.02 0.07 0.10
Scll -8.55 0.07 0.01 0.07 —-0.04 0.08 0.11
Til —6.95 0.09 0.08 0.00 —-0.02 0.08 0.12
Till —6.76 0.09 0.00 0.07 —-0.06 0.09 0.13
\ -7.99 0.07 0.09 0.00 —-0.01 0.09 0.11
Vil —-7.86 0.03 0.00 0.08 -0.01 0.08 0.09
Crl -6.17 0.06 0.06 -0.01 —-0.02 0.06 0.09
Crll -5.94 0.06 —-0.02 0.08 -0.03 0.09 0.11
Mnl -6.41 0.16 0.07 0.00 -0.03 0.08 0.18
Fel -4.31 0.12 0.06 —-0.02 —-0.04 0.07 0.14
Fell —4.22 0.06 —-0.02 0.07 —-0.04 0.08 0.10
Col —6.98 0.07 0.07 0.00 —-0.01 0.07 0.10
Nil -5.64 0.10 0.06 -0.01 —-0.03 0.07 0.12
Cul -7.81 0.09 0.06 0.00 —-0.02 0.06 0.11
Znl -7.32 0.02 0.02 —-0.02 0.03 0.09
Srl -8.30 0.02 -0.01 -0.03 0.04 0.09
Srll -8.35 0.05 0.00 0.02 —-0.02 0.03 0.06
yi -9.55 0.09 0.01 0.08 —-0.03 0.09 0.12
Zrll -9.08 0.01 0.08 —-0.01 0.08 0.11
Ball -9.37 0.06 0.04 0.02 -0.11 0.12 0.13
Lall —10.40 0.03 0.08 —-0.01 0.09 0.12
Cell —10.29 0.07 0.03 0.08 -0.01 0.09 0.11
Ndll —10.45 0.03 0.03 0.08 —-0.01 0.09 0.09
Smil —10.64 0.02 0.08 —-0.02 0.08 0.12
Eull -11.30 0.03 0.08 —-0.01 0.09 0.12

Gdll <-10.92 0.02 0.08 0.00 0.08 0.11
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and measure its strength we used the Least-Squares Degtiowdechnique (hereafter LSD),

adopting a code written by one of us (O. Kochukhov).

LSD is a cross-correlation technique developed for theatiete and measurement of weak
polarisation signatures in stellar spectral lines. Thehoeis described in detail by Donati et al.
(1997) and Wade et al. (2000). We decided to use the LSD agiptoadetect a magnetic field in
WASP-12 since this method is the most precise currentlyiawai, especially for stars with rich

line spectra and low projected rotational velocitysini), such as WASP-12.

We applied the LSD technique to the Stokéspectra from each of the two nights using
about 6 450 atomic spectral lines with the only cétasiterion based on the calculated line depth
(>10%), and in both cases no magnetic field was found. From thetrgpn of January 3rd we
obtained B, = 2.3+ 5.3G, with a SNR of the Stokeg LSD profile of 2400, while from the
second night spectrum we obtaind®} = —10.1+4.2 G, with a SNR of the Stokéé LSD profile

of 3380. We obtained similar values also from both null pesfilFigure 5 shows the LSD profiles.

In late-type stars, the stellar magnetic field is directipmected to the chromospheric
activity, that can be monitored with the @aH and K lines. In Fig. 6 we compare the profiles of
the Call H and K lines, observed with ESPaDONS, with the mean linelpsofift Boo (Shkolnik
et al. 2005) obtained averaging several CFHT spectra aatjuiith the GECKO spectrografh
This comparison is particularly valuable because botls steg planet hosting and have similar
fundamental parameters and age (Gonzalez et al. 2010aje Wieediference is mainly in the
v sini values t Boo has a sini of about 13.5km's). Figure 6 does not show the presence of any
anomaly in WASP-12 Cé H and K line cores. Knutson et al. (2010) determined theRggj

chromospheric stellar acitvity parameter in a set of pléosting stars, reporting for WASP-12

http: mww.cfht.hawaii .edul nstruments/Spectroscopy/Gecko/
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Fig. 5.— LSD profiles from the spectra obtained on January(t®ml panel), corresponding to an
orbital phase of 0.80, and January 5th 2010 (bottom panai)esponding to an orbital phase of
0.81. In each panel, the top black line shows Stdkesormalised to the continuum (the corre-
sponding units are given in the rigi#axis). The middle red line corresponds to ¥ profile

and the bottom blue line to the null profile (Donati et al. 19%feir corresponding units are given

in the lefty-axis. The Stokes$ LSD profile is centered on the stellar radial velocity and niaé
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the remarkably low value of -5.500, the lowest in their sampl

The bottom panel of Figure 1 in Fossati et al. (2010) showstre of the Mgll UV
resonance lines (further stellar activity indicators) dh8¥P-12 and here the lack of any line core
emission is clear, in agreement with the low level of stedletivity reported by Knutson et al.

(2010).

It is well known that the chromospheric activity is stronglgrrelated with the stellar
rotational velocity, that for WASP-12 is unknown. Given tery small RM dfect shown by
Husnoo et al. (2010), it is probable that the low stellanatgtiof WASP-12 might be connected to
a low rotational velocity. It is also possible that the staeither passing through a period of low
activity, or WASP-12 is much older than reported by Hebb e(2009) (more than 1 Gyr older),
or the typical signs of stellar activity, such as emissiothm cores of the Mgl resonance lines,
are absorbed by the material lost by the planet and falling the star (see Li et al. 2010; Fossati
et al. 2010). A more thorough analysis and discussion of tiéas activity and of the reasons

behind its low level will be given in a following work, now irr@paration.

6. Discussion

6.1. Atmospheric parameters and convection

Because WASP-12 has a relatively lofestive temperature, its hydrogen lines are ideal
indicators of atmospheric T-P structure. Generally, fitfitydrogen line profiles, rather than any
other atomic line, provides an accurate estimat€f On the other hand, at low temperatures,
convection becomes an important energy transfer mechamsorencing the photospheric
temperature stratification and, thus, hydrogen line foionatThe derived value of ¢ then

depends on the convection treatment used in the model abespalculations.

There are basically two formalisms of convection treatnasailable for model atmosphere
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computations: the well known mixing-length theory (MLT)dBm-Vitense 1958), which relies on
some free parameten), describing the characteristic length traveled by cotivecells before
they disappear, and further improvement of stellar coweateveloped by Canuto & Mazzitelli
(1991, CM hereafter). The main advantage of the new modélasit does not require any
adjustable parameters like which is now computed based on the geometrical depth stsildel
the convective zone. It also accounts for the full spectréinurdoulent eddies, and is therefore
superior to the single-eddy assumption made by MLT. Moraitéetan be found in Canuto &

Mazzitelli (1992).

Physically the CM convection model is somewhat superior td Mherefore we preferred
CM convection over MLT in our analysis. In the case of WASRA42 find no critical diferences
in Ha profiles using both CM and MLT convection theories with thencoonly accepted = 1.25.
This is because the wings ofoHare formed mainly in the region right above the photosphere
where convection plays a less important role in the enertpnica. However, bluer Balmer lines
are formed deeper and thus can show the changes in the teéorpestratification introduced by
convection. For instance, this is the case for theliHe for which MLT predicts weaker line
wings (i.e. stronger convective energy transport): onelse® approximately 100 K hotter model
to fit the Hy line wings with MLT convection. However, it is then clear tlwanly CM allows a

consistent fit simultaneously fordHand Hy lines with the sam@ ;.

6.2. The distance and age of WASP-12

The basic parameters of WASP-12 were derived by Hebb et @092 T, logg,
metallicity, andu sini were derived from the observed stellar spectrum using sgdessinthesis;
a simultaneous Markov chain Monte Carlo (MCMC) fit to radialacity and transit light
curve measurements produced valuesHgiR , R, M and the orbital semi-major ax& The

observed spectral type of the star and its radius imply therasity and the spectral energy
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distribution. Using this information, the 2MASS IR fluxesnche used to derive the distance
(IRFM; Blackwell et al. 1979). This method yields a distatcé@ NASP-12 of 26%20 pc
(http://www.superwasp.org/wasp_planets.htm), assuming a typical main-sequence stellar
radius; and 38530 pc, assuming the stellar radius from the MCMC fits of Hebhl e{2009)

(B. Smalley, priv.comm.). We note that the IRFM implicitlgsumes solar metallicity and zero
reddening, both inapplicable for WASP-12. Since the ollm&aiod and the radial velocity
amplitude fix the value o&, and the transit light curve fixes the raidR , the stellar distance of
38530 pc is to be preferred. Hebb et al. (2009) also estimateddkreof WASP-12 by fitting
isochrones to the position of WASP-12 in a modified HR diag(Bmperature vs. inverse cube
root of the stellar density), obtaining an age of*@ Gyr old; given the several uncertainties, they

increased the error bars to 1 Gyr, concluding that WASP-22isGyr old.

One of the most secure empirical properties of the star oitsur, or equivalently f#ective
temperature. We can assess the distance and age of WASP-<driparing the fective
temperature with isochrones and evolutionary tracks. feigushows four isochrones from Marigo
et al. (2008) with a metallicity of 0.030, the maximum available value &f adopted following
Eq. 2. WASP-12’s ffective temperature places it on the vertical thick blue bh€&ig. 7, where
the other two full vertical blue lines are defined by the utaiaty onTg;. On this central line we
placed three points, which correspond to distances of 2¢§per point), 295 pc (middle point)
and 465 pc (upper point). The lower point lies well below teeozage main sequence (ZAMS).
From this we can rule out a distance as close as 265 pc; th@cowith the MCMC fitting of

Hebb et al. (2009) in implying the star is bigger than thedgbmain sequence stellar radius.

We can see that a range of possible ages and distances aratitmenwith the isochrones.
In the region of Fig. 7 between the two solid triangles, saMsochrones are consistent with the
empirical éfective temperature. The 2.65 Gyr isochrone is just congistéh the lower limit

on WASP-12’s &ective temperature: the loop to the right at the main sequama-dt point of
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Fig. 7.— Position of WASP-12 on the HR diagram assuming tliigierent stellar distances:
265 pc (circle), 295 pc (triangle), and 465 pc (invertedngie). The maximum and minimum dis-
tances were calculated adoptifg:=6250 K and interstellar reddenings from (Amores & Lépine
2005). The dotted, thin full and dashed lines show isochsdream Marigo et al. (2008) corre-
sponding to ages of 1 Gyr, 2 Gyr and 3 Gyr, respectively, empassing the possible age range of
WASP-12 from Hebb et al. (2009). The thick full line is the 2@yr isochrone we argue this is
the maximum possible age for WASP-12. The red lines showgeolary tracks from Girardi et
al. (2000) for 1.5v/M , 1.4M/M , 1.3M/M and 1.2M/M , from top to bottom. Both isochrones
and evolutionary tracks assume a metallidtpf 0.03. The blue vertical lines show the WASP-
12’s temperature range; these lines change from full toethblelow the ZAMS, indicated by the

green line.



28—

this isochrone intersects the lower limit on the tempegratiio star of this age is consistent with
WASP-12's colour except for those which are turning on toltbgzontal branch, higher up in
the diagram at log/L =1. For stars at this stage of evolution lgeg3.8, whereas the spectrum of
WASP-12 implies log=4.2 (c.f. Sect 4). WASP-12 thus cannot be turning on to thezbotal
branch. Consequently we can constrain the position of WASR Fig. 7 to be around or younger

than the main sequence turfi-o

Applying this reasoning, the oldest possible age for WARs12.65 Gyr. This arises from
the intersection of lower limit on WASP-12'sfective temperature and the full thick isochrone
in Fig. 7. For all isochrones younger than this, there is alsantersection at or before the
main-sequence turnfio For the isochrones older than this no allowed interseaimurs: only

evolved stars have compatible temperatures, but thesalatbaut by their surface gravity.

The full red lines in Fig. 7 are evolutionary tracks, from & et al. (2000), for stars of mass
1.2M/M , 1.3M/M , 1.4AM/M and 1.5M/M respectively from bottom to top. WASP-12 is
clearly hotter than a 1.®/M star for any age, therefore we conclude its mass exceeds/M2.
Interpolating between the evolutionary tracks, we estnaalimit on the mass of WASP-12 of
around 1.23W/M . This is consistent with MCMC fitting of Hebb et al. (2009) tlwi a tighter

constraint.

The evolutionary track for 1.81/M almost exactly coincides with the intersection of the
2.65 Gyr isochrone with the lower limit on théfective temperature. The oldest possible age
therefore corresponds to a stellar mass of abouM¥Y . For higher masses, the empirical
effective temperature intersects the evolutionary trackenvhié star is still on the main sequence,
and is therefore consistent with WASP-12’s tpgrhe 1.4M/M evolutionary track is consistent
with the empirical &ective temperature, and is also consistent with the MCMDd@tbf Hebb et

al. (2009).

The upper limit on the mass from Hebb et al. (2009) is justweldoM/M . We can use
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this to infer an upper limit on the luminosity, and hence tistahce. We find that the maximum
distance is 465 pc. On the other hand, the minimum distanaietésned at the intersection of the
vertical line that defines WASP-12’sfective temperature and the ZAMS; this distance is 295 pc.
These distances are computed taking into account indtarsexddenings as given by (Amores &

Lépine 2005).

One dfective way to measure the age of a late-type star is the casopanf the lithium
abundance with that of open cluster member stars for whietagfe is precisely known. For a
more thorough analysis of the Liine atA 6707 A we downloaded from the SOPHIE archiwd
the 21 mid-resolution specfréR 40 000) of WASP-12 obtained for the radial velocity analysis
published by Hebb et al. (2009).

Figure 8 shows a comparison between the 21 SOPHIE spectrayauioetic spectra
calculated with the adopted stellar parameters and abgedamound the region of the Lline at
A6707 A; the bottom-right panel shows the same comparisdrwitli the ESPaDONS spectrum.
This plot shows that the Li abundance derived from the ESRe®§pectrum fits the SOPHIE
data as well and that there is no line profile variation of thére with the orbital phase. We
measured also the equivalent width of the Li line in each eséhspectra and we did not find any
significant time variation. For this reason we believe thatlack of detection of this Liline in
the SARG spectrum of WASP-12, reported by Hebb et al. (20@8)ld be due to the low SNR or

to a wrong line identification.

From a comparison between the lithium abundance of WASPatiZfee results published

by Sestito & Randich (2005) we can only conclude that WASRsldder than 500 Myr, which

Shttpy/atlas.obs-hp.fsophig
6 SOPHIE is a cross-dispersed échelle spectrograph mouanttee 1.93-m telescope at the

Observatoire de Haute-Provence (OHP).
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is in agreement with the 2#1.0 Gyr given by evolutionary tracks (Hebb et al. 2009). Tdrgé
uncertainty is caused by the extremely slow lithium deplefor stars with &ective temperatures

similar to that of WASP-12, due to the shallow surface cotieezone.

In conclusion our analysis on the age of WASP-12 leads tolastge between 1.0 Gyr
(lower limit given by Hebb et al. 2009) and 2.65 Gyr (from theabysis of the HR diagram), as
shown also in Table 4 that lists the minimum and maximum \&lue obtained for the stellar age,

mass and distance.

Table 4: Minimum and maximum values of WASP-12's age (in GiyM and distance (in pc)

as derived by the analysis of the HR diagram. The values rdavith an "*” are taken from Hebb

et al. (2009).
Parameter | Minimum | Maximum
value value
age (Gyr) 1.0* 2.65
M/M 1.23 1.49*
distance (pc 295 465

6.3. Is WASP-12 a chemically peculiar star?

One of the main purpose of this work is to search for chemiealparities that could be
connected with pollution of the stellar atmosphere by nialteyst by the planet. This can be done
in different ways, as also shown in the extensive salient litexgitesent (see e.g. Neves et al.
2009, and references therein). WASP-12 is a promising téogsigns of atmospheric pollution:
WASP-12 b is most likely currently losing material (Fosstal. 2010); this material is believed

to be forming a circumstellar disk that is accreting ontogta, polluting the stellar photosphere



-32-—

(Li etal. 2010). Classical ways of looking for atmosphemdigtion are by searchingi)(chemical
peculiarities of single elements, such as Li and Be (e.gel&n et al. 2004);i() a trend in the
element abundance against the condensation temperatyrge€le.g. Sadakane et al. 2002;
Ecuvillon et al. 2006; Meléndez et al. 2009)jX chemical peculiarities of the abundance pattern

in comparison to reference stars (both planet hosting aneptemet hosting).

When searching for smalki@cts on the stellar atmospheric abundances it is impormant t
determine whether a certain star belongs to the thin or tGialactic disk population. To do so
we performed both a kinematic and chemical analysis of WA3PWe calculated the Galactic
velocity vectors (U, V, W) corrected to the local standaraest (LSR) using the formalism of
Johnson & Soderblom (1987), instead defining U as positmeatds the Galactic anti-centre.
As done by Sozzetti et al. (2006), WASP-12 was then placedheTbomre diagram of the
Soubiran & Girard (2005) stellar sample, indicating that $¥12 has a peculiar velocity less
than 85km &', strongly indicative of thin disk membership. From the WASPabundances, we
then compared our values af/Fe] (—0.15 dex) and [F#1] (+0.28 dex), whered/Fe] is defined
as 0.25([MgFeh[Si/Fe[Ca/Fel[Ti/Fe]), with the Soubiran & Girard (2005) sample, obtaining
that WASP-12 is again consistent with the properties of tiredisk population.

In our analysis we are not able to look for chemical peculesiof both Li and Be. As
shown in Fig. 8, our spectra do not have the SNR and the résolecessary to perform a precise
analysis of the LY/Li” ratio, but we can compare the lithium abundance obtaineWRBP-12
with that of other planet hosting stars. Israelian et al0O@®&nd Gonzalez et al. (2010a) published
lithium abundances of stars hosting a giant planet or a biehwarf and compared them to a set of
non-planet hosting stars. The lithium abundance we obddmeWASP-12 matches that of both
set of stars, showing clearly that Li is not peculiar in WASR-Our spectra do not include the

region around 3130 A covering the two Bé lines usually adopted to measure the Be abundance.
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6.3.1. \olatilevs. refractory elements

An effective way to check whether a stellar photosphere is palloyeaccretion of metal-rich
material is to examine the correlation between the relatiwendance of various elements and
their T.. In accreting metal-rich material the refractory eleméetsl to form dust grains that are
blown away by the stellar wind. Thus the star accretes molagilethan refractory elements,
as happens, for example, MBootis stars (Martinez-Galarza et al. 2009). Our WASPdI® |

abundance are shown against condensation temperatuga {takn Lodders 2003) in Fig. 9.

The correlation obtained between the ion abundancesvelatithe Sun (Asplund et al.
2005) and T is not statistically significant: 6.9%5.64x107°. In the past years several authors
(e.g. Sadakane et al. 2002; Ecuvillon et al. 2006; Sozzetii. 2006) looked for the same kind
of correlation in several planet hosting stars, withoutihgfound any. The trend we obtain for

WASP-12 is also indicative of a null result.

Meléndez et al. (2009), applying afdirential analysis on the Sun and solar twins, discovered
that the Sun shows a highly significant correlation of thenalaumces (relative to the mean
abundance of the solar twins) in respect to the condenstiperature. In addition this
correlation shows a significant break at T1200 K. Meléndez et al. (2009) and Gonzalez et al.
(2010b) came to the conclusion that this correlation idyikennected to the presence of planets
around the Sun. The detection of this kind of correlatiorunexg very high precision abundances
(error bars< 0.05 dex and free from systematidtérences), attainable only with afidirential
analysis. The application of this method to WASP-12 woutglree observations of stars that can
be considered twins of WASP-12 (simildg;, metallicity, age, and population). The choice of the
WASP-12 twins will be of crucial importance becauskeets such as fusion, more prevalent for
F-type stars than G-type stars, are strongly ageTapdiependent, and consequently could easily

hide or mimic pollution signatures.

Our analysis does not lead to a firm conclusion about the gthsoi& pollution of WASP-12.
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6.3.2. Comparison with previous analysis

To check whether WASP-12 has a peculiar abundance patteconvpared the abundances
with those obtained by other authors on a large number of stdh a similarTe;. In particular
we took into account the results of the abundance analysstasa that are not known planet
hosts, in the temperature range 6000-6500 K, and with 4l]B€.0 dex. We decided to use
such a small temperature range to decreasefibetef possible systematics, such as non-LTE
effects. In addition, since we are interested in looking for eupar pattern, we decided to use
only the stars with an over-solar iron abundance and to sidalihe sample of comparison stars
according to their iron abundance: €[6e/H]<0.1, 0.Kk[Fe/H]<0.2, and [F¢gH]>0.2. To have
a better statistical view of each subsample we decided tairplour comparisons not only the
mean abundance and relative standard deviation for theaasop stars, but also their abundance
range. To accomplish all these requirements, we needed/éahiarge set of non-planet hosting

stars, such as the one provided by Valenti & Fisher (2005).

Valenti & Fisher (2005) performed a parameter determimadiod LTE abundance analysis
of more than 1000 late-type main sequence stars. For eactheyaderived the abundances of
Na, Si, Ti, Fe, and Ni. This sample provided us with comparigbundances for 59 stars with
0.0<[Fe/H]<0.1 dex, 36 stars with 0<[Fe/H]<0.2 dex, and 22 stars with [F¢]>0.2 dex. The
comparison between our WASP-12 abundances and the oneshifeasample of Valenti & Fisher
(2005) is shown in Fig. 10.

Figure 10 shows that the abundances of Ti and Fe are clearipa@ble to the ones of the
higher metallicity subsample, as expected given the faatt[frgH] of WASP-12 is about 0.3.
The Na abundance of WASP-12 falls within the abundance rahgee high-metallicity stars of
the comparison sample, due to the large range covered byatathdance, while Ni shows a
mean abundance that is just outside the abundance rang&i @bhandance looks definitely more

similar to the one of the set of stars with €[Ee/H]<0.2 dex, but the large uncertainty on this
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Fig. 10.— Comparison between the mean abundance, relatikie sun, of WASP-12 (full circles)
and of the selected sample of stars from Valenti & Fisher $20that was subdivided according
to the iron abundance: G{Fe/H]<0.1dex (open upside triangles), @[Ee/H]<0.2 dex (open
squares), and [FAd]>0.2 dex (open downside triangles). The shaded areas shoabthelance
range, while the error bars of the comparison sample givetdredard deviation from the mean

abundance. The uncertainties on the abundances of WASR B2 & Fig. 4.
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abundance does not allow any firm conclusion. In summaryhhaagances of Ti and Fe follow
the pattern of the high-metallicity stars, while Na, Si, &idgeem to follow more the abundance

pattern of the set of comparison stars with/ffebetween 0.1 and 0.2 dex.

The information gathered from this comparison lead to theckusion that there is the
possibility that the WASP-12 abundances of Na, Si, and Nialore@ally match the abundance
pattern that the WASP-12 iron abundance would suggest. tBussi to be taken into account
that the comparison is not free from systematitedences in the fundamental parameters and

abundance determinations, and in the set of adopted atoraiparameters.

For a further search of possible abundance peculiaritiisermtmosphere of WASP-12 we
decided to compare our results with those of several othtboesi(Takeda et al. 2002; Sadakane
et al. 2002; Ecuvillon et al. 2004; Sozzetti et al. 2006; i@illal. 2006; Santos et al. 2006; Bond
et al. 2008; Neves et al. 2009) have obtained in planet hgpatid non-planet hosting stars. In this
way we should also be able to partially remove possible syatie diferences in case a peculiar

pattern becomes evident in the comparisons with seveitatent authors.

The WASP-12 abundances we derived for O, Ca, Sc, Mn, Zn, Wdrand Eu match very
well the ones previously obtained by other authors in plaosting and non-planet hosting stars,
while abundances of Al, V, and Cu appear to be clearly bel@wtlues previously obtained by
more than 0.2 dex. For the other compared elements (C, N, §aSMS, Ti, Cr, Co, and Ni) we
obtained just a satisfactory agreement, since we regiseerdency of the WASP-12 abundances
of these elements to lay always in the lower margin of the ampn samples, in particular when
the abundances are put in relation to the iron abundances rébult follows what previously
obtained, strengthening the possibility of an increasedlbtmdance in comparison to the one of

some other elements.

In addition we compared our Si, Ti, and Ni WASP-12 abundandg#sthe ones obtained

by Robinson et al. (2006) in a set of planet hosting and nangilhosting stars. We obtained a
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good agreement for Ti, but both Si and Ni appear to be deplatéddASP-12, compared to the
abundances obtained by Robinson et al. (2006) in a set oé{festing stars, therefore we cannot
confirm their conclusion of a systematic enrichment of Si Bihdh planet hosting compared to

non-planet hosting stars.

6.4. Spectral energy distribution: searching for a circumsellar disk

The circumstellar disk, predicted by Li et al. (2010) andaérely observed by Fossati
et al. (2010), could be detectable in the infrared. For teéson we decided to compare the
calibrated Near-UV COS fluxes of WASP-12 and the availabqinetry (Johnson and 2MASS
photometry) with synthetic fluxes obtained with kbpeLs adopting the fundamental parameters
and the abundances derived from the ESPaDONS data, loakiramfinfrared excess in the
2MASS photometry. For this comparison, shown in Fig. 11, @aktinto account a reddening
E(B-V)=0.126 mag (Amdres & Lépine 2005), that was calculatedragsyithe stellar distance

obtained in Sect. 6.2.

Figure 11 shows a very good agreement between the model funkthe observations,
demonstrating also the quality of both the adopted fundéahg@arameters and interstellar

reddening.

Figure 11 does not show any clear infrared excess in the 2M#®%metry that could be
interpreted as:i) there is no interstellar disk around the starioy the interstellar disk is not
visible because either the emission is not strong enougheoemission peaks at much longer
wavelengths. Li et al. (2010) suggested that the disk eonsshould peak at2.3um, inside
the wavelength range covered by tkeband 2MASS photometry. Therefore, to look for an
interstellar disk around WASP-12 it would be necessary &eolke the system with a very high

precision (Li et al. 2010) and at longer wavelengths, bottessible with the Herschel satellite
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Fig. 11.— Comparison between MbpeLs theoretical fluxes calculated with the fundamen-
tal parameters and abundances derived for WASP-12, takiogaiccount a reddening of E(B-
V)=0.126 mag (full line) and without taking into account redidgn(dashed line), with COS cali-
brated fluxes (thick gray line), JohnsBW photometry (full points) and 2MASS photometry (full
triangles). The error bars on the photometry have the sameeo$ithe symbols. The model fluxes
and the COS spectra were convolved to have approximatelcrapresolution of 800, for display

reasons.
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(Pilbratt 2010).

7. Conclusions

On January 3rd and 5th 2010 we observed the planet hosting\#t8P-12 with the
ESPaDONS spectropolarimeter with the aim of looking forabgl magnetic field, derive the

stellar parameters and perform a precise abundance analysi

The WASP-12 fundamental parameters and iron abundance tamed are in agreement
with what previously published by Hebb et al. (2009)=6250:t100 K, logg=4.2+0.2,
Umic=1.240.3km s, and [F¢H]=0.32+0.12 dex.u sini is less than 460.5km $*, while Unacro
lays within the range 4.75-720.6 km s*. Dedicated observations to measure the amplitude of
the RM dfect are necessary to derive the real stellsini. The resultant metallicity of WASP-12
is Z=0.0210.002 dex. A detailed analysis of the HR diagram, with theafdsochrones and
evolutionary tracks allowed to derive more accurate rafgethe stellar age, mass and distance:
the age of WASP-12 is between 1.0 Gyr Hebb et al. (2009) ar&l@y8, the mass is between 1.23
and 1.49M/M (the last value comes from Hebb et al. 2009), and the disten@ASP-12 is
between 295 and 465 pc. Our measurement of the Li abundadoeesdlus just to conclude that

WASP-12 is older than 500 Myr.

We performed a magnetic field search adopting the LSD tecdlernigvealing that the star
does not show any magnetic field signature in Stoke#\ detailed analysis of the possible
star-planet magnetic interaction would require a timeetelent analysis of particular spectral
lines, such as the Ca H & K lines (Shkolnik et al. 2003, 200®8@&nd the Mdl UV resonance
lines, but it has to be taken into account that WASP-12 shoresrerkably low stellar activity

(Knutson et al. 2010), that will be analysed in detail in &lfooming paper.

Given recent theoretical predictions (Li et al. 2010) argtdveries (Fossati et al. 2010),
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the WASP-12 system seems to be an ideal target to detecteéberme of atmospheric pollution,
due to the material lost by the planet. Therefore we lookedhiiats of pollution by looking for

a correlation between the atmospheric element abundandeth@ condensation temperature,
and by comparing the WASP-12 abundance pattern with the bather planet hosting and
non-planet hosting stars, previously published by sewehar authors. Our analysis revealed just
the presence of hints of atmospheric pollution, althoudly ardifferential analysis would allow
to obtain firm evidences. One must also take into accountattetiiat it is not clear whether
WASP-12 would show the same kind of atmospheric pollutioowshby the sun (Meléndez et
al. 2009): the material coming from WASP-12 b and fallingatite star is in a gé@slasma state
and only a detailed modeling of the temperature and densitgtare of the accretion disk would
show whether the material is condensing in dust grains.df drains are forming it is likely that a
differential analysis would reveal the kind of pollution signas obtained for the sun, otherwise
all the material lost by the planet would fall onto the stagking then the pollution signature

dependent to the unknown hydrogen content of the planet.

With the use of the available HST calibrated spectra andsbla and infrared photometry,
we looked for the presence of a circumstellar disk around RAS, but without success.
Probably high precision far infrared measurements, sudchase possible with the Hershel

satellite, may reveal the presence of a circumstellar disk.
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