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ABSTRACT

Aims. To improve the parameters of the HD 17156 system (peculiartduhe eccentric and long orbital period of its transiting
planet) and constrain the presence of stellar companions.

Methods. Photometric data were acquired for 4 transits, and highigiec radial velocity measurements were simultaneously
acquired with SARG@TNG for one transit. The template speatHD 17156 was used to derivEective temperature, gravity, and
metallicity. A fit of the photometric and spectroscopic dates performed to measure the stellar and planetary radiithenspin-orbit
alignment. Planet orbital elements and ephemeris wergeatkfiom the fit. Near infrared adaptive optic images was medquvith
ADOPT@TNG.

Results. We have found that the star has a radius §f=R1.44 + 0.03R, and the planet R= 1.02+ 0.08R;. The transit ephemeris is
Te = 2454 75673134+ 0.00020+ N - 21.21663+ 0.00045 BJD. The analysis of the Rossiter-Mclaughfiieet shows that the system
is spin orbit aligned with an angle= 4.8° + 5.3°. The analysis of high resolution images has not revealedtatiar companion with
projected separation between 150 and 1 000 AU from HD 17156.
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1. Introduction years has been successful in characterizing the atmospheri
_ . . chemistry of several Hot Jupiters (e.g., Charbonneau et al.
The discovery of transiting extrasolar planets (TESP) is $002) and Tinetti et al/ (2007)). Infrared measurementb-ga
special relevance for the_ stu_dy and characte_nzatlon ci_epla ered at a variety of orbital phases, including secondarpse|
tary systems. The combination of photometric and radial VRaye permitted the characterization of the longitudinaiger-
locity measurements allows to measure directly the mass afflre profiles of nearby TESP. The quickly increasing amount
radius of an exoplanet, and hence its density, which is tg¢ high-quality data obtained for TESP has provided the first
primary constraint on a planet's bulk composition. Deddat cr\cjal constraints on theoretical models describing thysp
follow-up observations of TESP during primary transit aBd-s ¢4 structure and the atmospheres of gas and ice exoplahets.
ondary eclipse at visible as well as infrared wavelengths @letajled characterization of TESP ultimately is of speid-
low direct measurements of planetary emission and absofgnce to test several proposed formation and orbital eiesiut
tion (e.g., Charbonneau et al. (2007), and referencesitherenachanisms of close-in planets.
Transmission spectroscopy during primary eclipse in recen The planet HD 17156b, detected by Fischer étal.
(2007)(hereinafter FO7) using the radial velocity method,
Send  offprint  requests  to: M.  Barbieri,  e-mail: was shown to transit in front of its parent star by Barbiealet
mauro.barbieri@oanp. fr (2007). Additional photometric measurements were present
* Based on observations made with the Italian Telescopiodia® i follow-up papers by Gillon et all_(2008), Narita et al. (&),
Galileo (TNG) operated on the island of La Palma by the Fulac [jin et all (2008), Winn et al.[ (2008). This planet is unique
Galileo Galilei of the INAF (Istituto Nazionale di Astrofta) at the among the‘knowr; transiting S)‘/stems in that its period (21.2
Spam;h Observatorlp del Roque de los Muphachos of th.etum;tde d . than 5 fi | than th iod f
Astrofisica de Canarias. Based on observations collectédiago ob- e}ys) IS more than > tmes longer than he average period for
this sample, and it has the largest eccentriaty 0.67).

servatory, at Observatoire de Haute Provence and with {laidaC. : i _

** E.A.C. observations obtained by: F. Castellani (Mt. Baldo Schlesinger (1910). Rossiter (1924) and McLaughlin (1924)
Observatory), B. Gary, J. Gregorio, C. Lopresti, A. Marét(@iena Showed that a transiting object, like a stellar companion; p
University Observatory), M. Nicolini (Cavezzo ObservalioR. Papini, duces a distortion in the stellar line profiles due to theigkart

C. Vallerani eclipse of the rotating stellar surface during the everd, thns
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an apparent anomaly in the measured radial velocity of the ofable 1. Differential radial velocities and bisector velocity span
of HD 17156 obtained with SARG at TNG.

served primary star. In the case of close-in giant planatssit-
ing solar-type stars, the amplitude of the Rossiter-Mclhding

effect ranges typically between a few and. 00 m s, depend- BJD RV err span err
ing on orbital period, stellar and planetary radii, andlatebta- ms ms m's m's
tional velocity. This is within the current instrument cajiies 2454398.58856  -81.03  5.76
for the brightest transiting planets. Indeed, thikeet has been gjgjﬁg'ﬂggi 1:3)2'28 2'55,2 gg;‘; 228(7)
previously observed on several TESP (2.g. Winn (2008) aRd re 045443849460 7672 A55 '19'04 60.32
erences therein). The observation of the Rossiter-McLiwgh 2454438.43608 9010 443 7470 59.30
effect allows to measure the relative inclination angle betwee 2454438 44737 9146 398 -558 56.75
the sky projections of the orbital plane and the stellar spiis. 2454438.45866  76.28 4.35 64.69 59.89
Another important result derived from these observatisrthé 2454438.47011 65.86 3.98 47.68 57.10
possibility to determine whether short orbital period #iting 2454438.48140 60.08 4.01 40.49 53.96
planets move in the same direction of the stellar spin, indi- 2454438.49270  30.74 3.72 119.82 57.44
cating the existence of strong dynamical interactions betw 2454438.50415 3297 3.98 216.98 59.74
the parent star and its planet. Measurements of the Rossiter ~ 245443851544 20.63 4.49 108.08 57.92
McLaughlin efect thus provide relevant fossil evidence of planet gjgjﬁg'gggzé 12;3 j-gg gg-gg gg-gs
formation and migration processes, as well as dynamicaiact 5454438 54946 377 413 9090 57.79
tions with perturbing bodies (Marzari & Weidenschillind)@2) 245443856075 721 493 4159 63.36
Up to now 8 of the 9 transiting planets for which the Rossiter- 2454438.57218  -3.84 3.77 58.41 57.50
McLaughlin dfect was measured are coplanar systems, as our 2454438.58349 -11.52 453 50.75 60.76
Solar System (the orbital axes of all the planets and the Sion s 2454438.59478 -31.71 4.43 4547 59.96
axis are aligned within a few degrees). This is compatibte wi 2454438.62486 -26.61 4.74 36.70 64.19
formation mechanism for close-in giant planets includirignar 2454438.63615 -43.01 401 18.82 58.87
tion via tidal interactions with the protoplanetary diskal@the 2454438.64745  -46.79 4.23  66.00 65.44
XO-3 planet seems to be a non aligned system (Hébrard et al., gjgjjgg-g?ggg gg%g j-;; -33'13 g?ég
2008). . . 2454438.68152 -64.85 5.32 102.93 70.23
T_he measurement of the Rossner-McLau_ghIifeet is of _ 2454438.69306 -71.94 520 73.98 67.86
special relevance for the HD 17156 system, given the verly hig 2454438.70435 -82.48 508 111.26 72.47
eccentricity and orbital period, much longer than the otear- 2454438.71584 -88.29 513 -18.92 72.31
siting planets. With a period of 21 days, HD 17156b is well 2454438.72713 -92.59 5.15 9427 7255

outside the peak in the period distribution of close-in plan
at about 3 days, possibly implying affidirent migration history
with respect to the other transiting planets. An eccemyrias sults. In Se€J6 we present the results for the search ofiadlit
high as that of HD 17156b can be hardly explained by modedtellar companions to HD 17156 . Finally in $éc.7 our conclu-
of planet migration via tidal interactions with the protape- sion are presented.

tary disk. Alternatively, high-eccentricity planets midghe the
outcome of a variety of possible planet-planet dynamicerin . .
actions (Marzari & Weidenschilling, 2002). In these scemgr 2+ High resolution spectroscopy

high relative inclinations between the stellar rotatiors@nd the \We observed HD 17156 on 2007 December 3, including contin-
planet orbit plane are possible. An additional way to gejear yous monitoring (about 8 hours) during the transit, with SAR
relative inclinations and eccentricities is representgdbzai the high resolution spectrograph of the TNG (Gratton bt al.,
resonances with close stellar companion. Interestingigtizer [2001). Observing conditions were not optimal, with seeamgr
large planetary mass coupled with a short orbital periodhiniging from 1.3'to 2.0”. We obtained the stellar template (with-
be an indication for binarity, as typically high-mass shmetiod oyt the iodine cell) first and then started the uninterrusted
planets occur in binary systems (Desidera & Barbieri. 2007) ries of observations with the iodine cell. Exposure timehaf t

Narita et al. [(2008) presented the first observations of tRgectra acquired with the iodine cell was 900 s, typicaliute
Rossiter-McLaughlin gect in HD 17156. They found an angleing in N of about 80 per pixel. One additional spectrum was
between the sky projections of the orbital axis and theasted- obtained on 25 Oct 2007. These spectra were reduced and ana-
tation axisi = 62+ 25°. However, Cochran et al. (2008) did notlyzed as those for the ongoing planet search program withGAR
confirm this claim, suggesting instead well-aligned axe&hS (Desidera et all, 2007) using the AUSTRAL code (End] ét al.,
a discrepancy calls for additional high-precision RV monitg  [2000). Tabl€1L lists the radial velocities.
during planetary transit. These are presented in this vedokg The absolute radial velocity of HD 17156 was derived by
with additional photometric observations and a criticais®n cross correlating the stellar template acquired with SARG t
of stellar and planetary parameters. To further constteroti- a few suitable reference stars observed with the same set-up
gin of the special properties of HD 17156b , we also searchgfld with available high-accuracy absolute radial velofrioyn
for possible wide stellar companions using adaptive opiies [Nidever et al.[(2002). It results ir3.15 + 0.20 knys.
servations.

The overall organization of this paper begins in $éc. 2 with
the description of high resolution spectroscopy data abthi 3. Stellar parameters
with SARG@TNG. The following Sdd.3 covers the analysis
the stellar parameters. 96c.4 presents the photometeacdht
lected during several planetary transits. Next[Sec.5 dmsthe We have used the TNGARG template spectrum of
analysis of the radial velocity and photometric data, aeittte- HD 17156 to provide an independent assessment of its at-

(g.l. Spectroscopic analysis
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mospheric parameter3 4, logg, and [F¢H]) with respect to HD 17156
the values reported by FO7. 1.0 L B R

Our methodology follows a standard procedure whose de- 2
tails can be found in several works of the recent past (e.g.,
Gonzalez & L ambelrt, 1996; Gonzalez et lal., 2001; Santos,et al
2004). We briefly summarize it here. We initially selectecet s
of relatively weak Fel and Fell lines (see, e.qg., Sozzetilet
2004, and references therein, for details on the line laty
measured equivalent widths (EWs) using the automated soft-
ware ARES], made available to the community by Sousa ét al.
(2007). The EWs measured with ARES are then fed to the 2002
version of the MOOG spectral synthesis code (Sneden, 1973)
[, together with a grid of Kurucz ATLAS plane-parallel stella
model atmospheres (Kuruc¢z, 1993).

The atmospheric parameters of HD 17156 are then de-
rived under the assumption of local thermodynamic equi-
librium, using a standard technigue of Fe ionization bal-
ance (see, e.g., Santos et al., 2004; Sozzetti et al.,| 2004, a
references therein). We obtainef,y = 6100 + 75 K,
logg = 41 + 0.1, and [FgH]= +0.14 + 0.08, the for-
mal errors onTg and logg having been derived using the
procedure described in_Neuforge-Verheecke & Magain (1997)
and Gonzalez & Vanture (1998), while the nominal uncenaint

for [Fe/H] corresponds to the scatter obtained from the Fe | Iin?:sIg 1. The portion of the spectrum of HD 17156 aroungd &hd

rather than the formal error of the mean. . . ;
We also quantified the sensitivity of our iron abundance ggynthetic profiles fc_)r four dferentTeﬁ. A Ter close to 6000 Kiis
suggested by the fit of the wings of the line.

termination to variations of 1o- with respect to the nominaly,
and logg values, and found changes in [FH& of at most 0.05
dex, below the adopted uncertainty of 0.08 dex.

With the aim of further testing the accuracy of the: de- Other indirect age indicators confirm an age of a few Gyr.
termination above, we have carried out a few additionalisensTne |ow level of Ca Il H&K chromospheric activity suggests
tency checks. For example, in Figlide 1 we show the comparisgh age of about 6 Gyf (Fischer et al., 2007). The lack of X-
of the observed Hline profile in an archival KegklIRES spec- ray emission from ROSAT. (Voges et al., 2000) yields an up-
trum against four synthetic profiles for solar-metalllcniwarfs per limit of logLx < 28.7. This in turn implies an age older
([Fe/H] = 0.0, logg = 4.5) from the Kurucz database. Asis Wellthan 1.6 Gyr, using the age-X ray emission calibration by
known, the H line is very sensitive to changes Ty, while  [Mamajek & Hillenbrand (2008).
rSeIatlver |[1|se28:;|\6/§8t0 Chaﬂgesl'” 2'882;”0' [ger] (see, €.9., 15 ghtain an additional age estimate and to investigate pos-

antos et al., 2005, sozzetl et A, , and refereneesith), - qipe chemical peculiarities of HD 17156 with respect toeoth
thus th'?' exercise certainly helps to test the aCCUFaCY@WC' _planet hosts with similar physical properties, we have mestb
troscopicTes derived above. The results shown in Figllre 1, 'Bs lithium (Li) abundance.
which a 10 A region centered on,Hs displayed together with Figure[2 shows a spectral synthesis of a 10 A region cen-
four calculated profiles for éierentT; values, indicate rathertered on the Li 1 = 6707.8 A line in an archival Ke¢klIRES

good agreement with the estimate reported in Table 2. spectrum of HD 17156 , and using the atmospheric parameters
derived from the Fe-line analysis and the line list of Reddsle
3.2. Age (2002). In the figure, the observed spectrum is compared to
. - ) three synthetic spectra, eacHfdiing only in the assumed Li
Based on isochrone fitting, FO7 reported an age estimate {§fi,ndance. We find a best-fit value of ki) ~ 2.80 for
HD 17156 of 5.773 Gyr, suggesting an old, slightly evolvedy 17156 . We then infer a rather old age for the star of2
F8GO primary. We performed an independent isochrone flttlr@yr’ based on the average Li abundance curves as a function

using the set of isochrones|of Girardi et al. (2000) and tlfie SOuf effective temperature for clusters offidirent ages reported
ware PARAM described in da Silva et al. (Ztﬁafhe input val- by[Sestito & RandicH (2005).

ues for PARAM are the parallax, the visual magnitude/ifffe
and Te¢. We used the parallax from van Leeuwen (2007) alge
I

Normalized Flux

L X Observed Spectrum 6250 K — — — — —
0.0l . L L L L

6558 6560 6562 6564 6566 6568
Wavelength (Angstrom)

The measured Li abundance for HD 17156 does not ap-
for the metallicity and ffective temperature we ran the cod ar peculiar when compared to that of sub-samples of nearby

. . . anet hosts with similafl Israelian et al., 2004; Gonzalez,
twice, once with the values from FO7 and once with our esi e ( ) y

008). To further investigate these issues we will preseatfu-
mate. The results of PARAM for the stellar age are 214and ture paper a more detailed study of the elemental abundamces

2.8 +1 Gyr, for the FO7 and our parameters, respectively. Theﬁ% 17156

are only marginally compatible with the previous age estima
by FO7. The stellar mass and radius are instead fully cotmlpati

(see below). 3.3. Stellar mass and radius
1 http://www.astro.up.pt/” sousasag/ares FO7 provided mass and radius estimate from isochrone imterp
2 http://verdi.as.utexas.edu/moog.html lations (mass 1.20.1 M, radius 1.4?8'3 Ro). Our isochrone

3 http://stev.oapd.inaf.it/param fit (see Sect3]2) gives 1.240.03 and 1.19+0.03 M, when
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3.3.2. Monte Carlo experiment. Results

LOBERRTS ¢ The distribution of absolute magnitudes in V band peaksat 3.

(Fig. [3, upper left), while the luminosity is peaked at 2.5 L
(Fig.[3, upper right). These values are slightlffelient from the
ones obtained by Fischer et al., and the source of theer-di
ences is ascribed only to theflitirence in the adopted parallax.
The resulting distributions for the radius are shown in Big.
(middle left). The two relations used provide similar résul
(Rs ~ 1.4R,) for the best value and also the shape of the distri-

0.9F

0.8F

Relative Flux

0.7F

é Loge(Li) = 2.60 ——=mmo- 3 A . . - .
06F + Observed Sneat iOgegEg = 2:80 butions is very similat._Fischer etlal. suggest a slightigda ra-
O cpm m e T ] dius. Also in this case, theffigrence originates from the change
6702 6704 6706 6708 6710 6712 n the adopted parallax.

Wavelength (Angstrom) In Fig.[3 (middle right) we present the mass distributions ob
tained with the MLRs. Using the relationiof Henry (2004) we ob
Fig.2. Portion of HD 17156 spectrum centered on Lithiuntain the highest mass (M 1.28M). However, we note that this
6707.8 A line. Overplotted the results of the spectral sysith relation was originally derived from parameters of closealy
for three diferent lithium abundance. stars| Malkov|(2003) demonstrated that this kind of refegido
not well describe single stars. In order to avoid this proble
we adopted the MLRs of Malkov (2007) obtained on detached
main-sequence double-lined eclipsing binaries. Thesdioek
assumingl e and [FgH] from the FO7 and our analysis respecare also valid for slightly evolved stars like HD 17156 (abho
tively, and same radius 1.39.08 R, all the stars used for deriving these relations are alsdtdig
olved. O. Malkov, private communication). We obtain best
lues for the mass between 1.2 and 1.24,khe first obtained
using MLR(My) and the second using MLR). The classical
LR (M o L*®) provides M~1.22 M,. These results are con-
sistent with the values estimated by FO7 (£.2.1 M).

Finally, the resulting distributions for the gravity anetten-
sity are portrayed in the lower panels of Fi@j. 3. The meaneslu
3.3.1. Monte Carlo experiment. Method are logg = 4.22 andp = 0.58 g/cn®.

_ The results of this experiment show a fairly good agreement
For this purpose we adopted an approach based on a Monte Cgjitf the estimate of R based on isochrone fitting (both our
experiment. In each realization we generated a set of obdergnd the one by FO7). We conclude that the two independent ap-

stellar properties. Using using calibrations from theéitare we proaches based on isochrone fitting and the use of scaliag rel
obtained the corresponding values for mass and radius. F®Mmtjons provide consistent results.

resulting distributions we obtained the most probableesknd In the following we do not adopt a value for the radius, be-

relative errors for the mass and radius. cause we want to determine independently its value from the
In more detail, we created i@lifferent synthetic systemslight-curve fits. Moreover, we fix the value of the mass to the
where we generated Gaussian distributions for the pardli@x value of the weighted mean of our mass estimation (not using
V andK magnitudes, antler, using as standard deviations theithe Henry MLR results) M= 1.24+0.03 M,. We summarize in
respectively error bars. The input parameters and relétieie  Table[2 all the data relative to this Monte Carlo experiment.
standard deviations are reported in Tdb. 2. In the same way, w
generated values for the bolometric correction and therbete . .
ric magnitude of the Sun. For each synthetic set obtained ti§4 Rotational velocity
way we calqulated the gbsolute magnitudes, luminosityusad Fg7 derived vsim = 2.6 + 0.5 knys for HD 17156 . Our tem-
mass, density and gravity. plate spectrum is suitable for an independent measurenient o
The V magnitude was obtained from Simbad, magni- this quantity. We discuss here thredfeient methods adopted
tude from 2MASS after conversion to the Bessel-Brett syfor the measurements of vdirbased on our template spectra.
tem (Carpentet, 2001), and tfigy from our spectroscopic de-  With the first method we derive vsirby the Fast Fourier
termination. For the parallax we adopted the recently eeVisTransform analysis of the star's absorption profile (se€dfig
Hipparcos value| (van Leeuwen, 2007), which indicates thg$ determine thevsini, the observed profile of a stellar ab-
HD 17156 lies at 75 pc from the Sun, 3 pc closer than the preorption line is made symmetric by mirroring one of its halve
ous estimate. The bolometric correction was set toB40.03  with the purpose to reduce the noise of the FFT. A new pro-
(Girardi et al./ 2000) while for the solar bolometric maguié file is calculated by the convolution of a macroturbulenae- pr
we used the value Bj o = 4.77+0.02. file (Gaussian) and a rotational one, to compare the FFTs of
The stellar radius was obtained using The-K mag calibra- the symmetric and the calculated (model) profiles. The ivsin
tion of [Kervella et al. [(2004), and using the Stefan-Boltmma value of the rotation profile, is set as variable parametéit un
law. The stellar mass was calculated from various madke first minimum of the FFT from the calculated profile coin-
luminosity relations (MLR) namelyi) the classical MLRL « cides with the minimum of the FFT from the symmetric one.
M45: i) the MLR of [MalkoV [2007) using absolute magni-The value of vsin for HD 17156 was determined considering
tude andiji) stellar luminosity;iv) the MLR of/Henry (2004). possible values of macroturbulent velocity4.) from B-V and
Density and gravity were estimated directly from the radind T (Valenti & Fischer| 2005), and we obtained a visianging
mass assuming a spherically symmetric star. from 1.8 to 2.8 kny's.

The comparison of the results of the two fits show that th(if}y
are compatible within error bars, but the best value ardig a
different. The origin of these fiierences is not univocal, and to
understand this problematic independent measurementgeof
star mass and radii are needed.
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Table 2. Upper panel Input parameters for the Monte Carlo

experiment and best valuesower panel Kinematical properties 08 0;
and galactic orbit parameters. < o6 S 06
= 0.4 = 0.4
Monte Carlo experiment 02 02
Input parameters 0 0
parallax 13.320.72 mas 35 4 4.5 I 15 2 25 3 35 4
mag V 8.172+ 0.031 mag My [mag] L Lsunl
mag K 6.807+ 0.024 mag
Tes 6100+ 75 K 1 1
B.C. -0.03+ 0.02 mag 0.8 0.8
Output parameters I 06 5 06
Mbolo 3.69+0.12 mag = 04 = 04
My 3.73+0.12 mag 0.2 0.2 ‘
L 2.68+0.28 Lo 0 0
R (Stefan-BoItzmann) 1.490.09 R@ 1 1.2 1.4 1.6 1.8 1 .1 12 13 14 15
R (Kervella) 1.45:0.07 Ro R Run] M M)
M (Malkov,My) 1.21+0.04 Mo
M (Malkov,L) 1.25+0.04 M, | i
M (M o L*5) 1.22+0.04 M, 08 "\ 08
M (Henry,My) 1.29+0.03 M, = 06 = 06
logg (mean) 4.2%10.05 cgs S04 E
p (mean) 0.57%0.10 g/cm® ’
Kinematical properties 02 02
RV -3.15+0.2 km/s O4 4l 42 a3 44 45 02 04 06 08 1
Ha 91.14+ 0.49 magyr log g [cgs] o [g/em3]
Us -33.14+ 0.56  magr
u 0.6+0.2 km/s Fig. 3. Probability density function of the stellar parameters ob-
\Y 26.1+2.0 km/s tained with the Monte Carlo experimetdpper left: Absolute
W -22.8+15 km/s magnitudeUpper right: Luminosity Middle left: Radius: thick
Rmin 8.0+0.3 kpc line results using Stefan-Boltzmann law, thin line resuking
Rmax 10.9+ 0.3 kpc the calibration of Kervellaer,Mx) Middle right: Mass, from
Emed 8gf 8"1" tgg left to right results using: Malkov MLR(M), M « L5, Malkov
enzaxalactic orbit) 015 0.05 MLR(L), and Henry MLR(M,) Lower left: logg Lower right:

Density

HD17156
The second method that we used consists in obtaining the rg@20000o T T T

tational velocity by means of a suitable calibration of théHM
of the cross-correlation function against the B-V colorisTie-
lation was derived for all the stars in the SARG planet search
survey, and it was calibrated into vsiasing stars with known,
rotational velocity from the literature. Using the B-V frotime
Tycho catalog converted to the Johnson system €8.432),
the resulting vsim= 3.2+ 1 km/s. B N4
Finally, using MOOG we synthesized a number of |sola'€édD aereeer o oo |
Fel lines in the template spectrum. From these we meastred A
0.000100 — g -
vsini = 3.0+ 0.5 km/s. weoot
The values obtained with the three methods suggest a range E
of values for vsin compatible with the measurement of FO7. The
measurement of vsinfrom the analysis of Rossiter-Mclaughlin ; go0001 ‘ L ‘ N
effect will be presented in Sectign b.3. 0.01 0.10 1.00

Log Fourier cycles (s/km) vsini = 2.83000 (km/s) vy = 4.45538 (km/s)

1.000000 —

0.100000 —

0.010000 Observed

rier Amph'tud

Symmetric — _ _ _

Fig.4. Estimation of vsin through the FFT. Three profiles were
analyzed: the observed profile (solid line), the symmetridije
The measurements of the absolute radial velocity given ffashed line) mirroring one half of the profile, and a theoaét
Sectior 2, together with the revised parallax and propeianot profile (dotted line). The FFT corresponds to a case corisigler
from Hipparcos van Leeuwen (2007), allow one to calculage tiT¢; = 6079 K and Eq. 1 given by (Valenti & Fischer, 2005).
space velocity with respect to the Local Standard of Rest and

the galactic orbit of HD 17156 . Space velocities are catedla

following the procedure delineated by Johnson & Soderbloate in the potential described by Allen & Santillen (1991hel
(1987) and Murray! (1989), adopting the value of standard sequations of motion are solved using the RADAU integrator
lar motion of|Dehnen & Binney| (1998) (with U positive to-(Everhart, 1985) assuming that the rectangular galactacen-
ward the galactic anticenter). The calculations yiéld\(, W) = ordinates of the Sun ar&{, Y, Z;) = (8.0,0.0,0.015) kpc, and
(+0.6, +26.1, —22.8) km/s. The galactic orbit of the star is ob-that the local circular velocity is 220 knm’s We compute 1 000
tained integrating the equations of motion of a masslest- paorbits each time varying randomly the initial coordinated se-

3.5. Galactic orbit
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locity of the star within the error bars and integrating fdmae Table 3. Summary of photometric observations of
of 4 Gyr (~ 15 full orbits around the Galactic Center). The UVYWHD 17156 performed on 20008. The last column report
spatial velocity and the mean values of the computed orbits ahe midtransit times for each date obtained from the fit in
reported in Tabl€]2. The mean galactic radius provides an eSed5.2.

mate of the galactocentric distance of the star at the moofent,

its formation. The value for HD 1715@Rmeq = 9.5 kpc, implies ~ Steobserver [ qameterf ms BOT] date =D
that the star spends most of its time in regions outside cfdkeg  Tefast 0.30 42 2007 September 10 2454353 6130@ 0.0200
circle Gasparri 0.20 5.3
) Lopresti 0.18 7.0
Asiago 1.82 2.8 2007 December 03 2454438.4745@ 0.0005
OHP 1.2 2.0
H H Telast 0.3 11.2
4. Photometric observations Obs. Cavezzo | 02 61
. . . Lopresti 0.18 105
Photometric observations of the transit of 2007 Decembest&wW  obs. Univ.Siena| 0.3 8.4
obtained with various telescopes. On 2007 December 2 we us ;i-n’;"‘- Baldo | 04 3
three medium-class telescopes (Asiago 1.82 m and OHP 1.2&erani 0.25 5.9
m) and a number of small telescopes, including six 30-40 cr@f‘e'gorio o > . gggfe”r;bbeefrzj D
amateur-operated telescope all located in continentalfi®uas —cary 03 89 2008 October 17 | 2454756.73134 0.0024

well as the Telast 0.3-m telescope in the Canary Islandsth&ea
conditions across continental Europe were not optimal.

. Observations at Asiago started under photometric condi- The final light-curve for each telescope was corrected flor di
tions, transit ingress was observed but observations eatlederential airmass and residual systematieets dividing them
December 04 UT 02:30, due to the presence of clouds, whiga linear function of time to the region outside the tranEite
prevented the observations of the third and fourth cont@tS>  photometric error on each point of a lightcurve was caladat
observations were performed under variable sky conditiies as the rms over an interval of 30 minutes (the timescale of the
to intermittent clouds and veils, good observing condgiare jngresgegress phase). The typical rms of the OOT lightcurves

achieved only during the tran§it time window, with only a #maare reported in Tablg 3, while the complete photometricsita
coverage of the Out Of Transit (OOT) flat part of the light@irvill be available in electronic format at CDS.

before the first contact. Observations with Telast wereinbth The whole dataset consists ef7 000 photometric points.
under normal sky conditions and were performed through@ut tye ysed these data to perform a global analysis of the planeta
night. Amateur observations were carried out by six obdervairgnsit.

ries spread over central and northern Italy. Observingitiond  For the light curve fitting we used all the lightcurves that
sufered from clouds and veils as the others European sites s have collected without performing data binning. In[Hiaré
volved in the campaign, and the full transit was successbt  portrayed the light curves used in this study, folded withblest
served by four telescopes, the remaining two observatobes qrpjtal period from the fit. For displaying purposes the cared
taining data only for the ingress phase of the transit. light-curve of the 15 lightcurves is shown in FIg. 6. This com

Three additional attempts to coordinate transit obsesmati pined light curve was obtained using a bin width of 90 s, the
of HD 17156b were carried out on 25 December 2007 and @§HT has an rms of 0.0016.

September 25 and October 17 2008. Unfortunately, due to bad
weather conditions, there was only one useful observation f
each date. _ 5. System parameters
All observations were obtained Rband except the two ob-
tained by B. Gary that was acquired in white light; the chara¥vVe performed the analysis of the HD 17156 system in three
teristics of the dierent telescopes are summarized in Tble 3.steps. First, using the radial velocities presented inéTatallong
with other published RV values : FO7 (2 datasets: ki€slbaru),
. Narita et al. [(2008), Cochran et/al. (2008) (2 datasets: HET
4.1. Data reduction HJST), we have derived a new spectroscopic orbital soltiion

The Asiago, OHP, and Telast raw images were calibrated usilf 17156 . A full Keplerian orbit of five parameters: the rddia
flat field and bias frames. The resulting images were analy2égocity semi-amplitude K, the time of periastron passage, T
with IDL routines to perform standard aperture photométhe the orbital periodP, the orbital eccentricitg, and the argument
center of the aperture was calculated using a Gaussian dit, & Periastronw was adjusted to the data. Second, we have car-
the aperture radius was held fixed for each set (in the range 1§ out a fit to all the ligh-curve that we have obtained arso al
20 pixels). The sky background contribution was removeeraftt© the.Barbieri et al. (2007) datasets using éhand thew ob-
an estimation The brightest non-variable stars in the fieddew t@ined from the orbital solution. In this scheme, the adijblst
measured in the same way, and a reference light curve was do@ameters are the ratio of the ralii= Ry/Rs their relative
structed by adding the flux of these stars. The target flux wald™ s+ Rp)/a, the orbital inclination, the midtransit timd,
divided by this reference to get the final normalized ligatwe. and the orbital perio@. The values derived from the light-curve
The images obtained by amateur telescopes were redugB@ysis were then used to determine, through the anali/ie o
bias subtracted, and dark flat-field corrected using comm&@Ssiter-McLaughlin, new values of vsiand of the angle be-
cial software. Aperture photometry of HD 17156 was then peieen the equatorial plane of the star and the orbital pl&tteeo
formed using IRIS] and adopting a fixed aperture equal to Planet. . o _
times the stellar FWHM. The sum of the flux of the brightest The modeling of the transit lightcurve and Rossiter-

stars in the field was used as reference for building the nermicLaughlin éfect was carried out using the analytical formu-
ized light-curve. lae provided by Giménez (2006a) and Giménez (2006b). The

mathematical basis for the description of the twkeets is the
4 http://www.astrosurf.com/buil/iris same, i.e. the Kopal (1977) theory of eclipsing binary sfaihés
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Fig.6. Combined light curve of all photometric data folded with tmbital period, along with the best fitting model. The time
interval between each point is 90 s.

fact warranties an internal consistent description of theeoved certainty, the resulting minimum mass for the planehgni =
data. 3.21+ 0.08 M;, and the semi-major axis &= 0.1614+ 0.0010
AU.

5.1. Orbital radial velocity analysis

In order to derive the stellar spectroscopic orbit usingdbue- 5.2. Photometric analysis

bined set of radial velocities mentioned above we used dray t . — .
OOT measurements in all datasets. Observations in the aight//€ used the descriptioniof Giménez (2006a) to analyzeghe i
the transit are valuable to this goal because of the steepidpe s CUrves obtained in Sedf. 4.1. In our model we allowed to vary
(about 23 rys/hr). We use a downhill simplex algorithm to Ioer_the ratio of the radii, the phase of first contact, the timerat
form the RV fit to the six datasets, including the zero poiiiftsh S!t center and the orbital inclination. We fixed the limb dark

between the datasets as free parameters. A stellar jit@ngs ing codficients to the values corresponding to a star with simi-
was added in quadrature to the observational errors FO7. lar temperature and metallicity to HD 17156 from Claret (200

The best-fit solution has a value of redugéd= 1.13, and tables. For the R band the adopted limb darkenindfaments

. . ) ere :u, = Uy + Uy = 0.6323 andu_ = uy — Uy = —0.0655.
the results are in close agreement with the discovery paper |£'Il'vhe eccentricity, and the longitude of periastron were figkd

and its subsequent analysis (Irwin et lal., 2008). Uncetisin - ; -

. AL ! A to the best fit values obtained from the RV analysis (Beg. 5.1)
the best fit parameters were obtr_:uned ex_plormg»(t'i |gr|d_ with Errors were estimated using the bootstrap scheme desdribed
an adequate resolution. The orbital solution and relataram- (Alonso et al.[ 2008)

eter uncertainties are presented in Table 4. In Figlre 7 we sh
the phased radial velocity curve with the best-fit model.ngsi The results of of the analysis of the 15 datasets are cotlecte
the value of primary mass provided in Sectjonl 3.3 and its um-Table[4. Using the third Kepler's law we obtain for the &tel
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Table 4. Parameters of the HD 17156 system.

102 7T ' T 1.02
098 |, i oiiiriiin dTIa 098 Orbital parameters
0.005 0 0.005 P 21.21663t 0.00045 day
a 0.1614+ 0.0022 AU
1.05.:"";'"""""'- 1.05 e 0.682+ 0.0044
098E ... . dTib 098 T2g 3’ 411281-9;:'&)-23 ((jjeg
.8+ 5. eg
-0.005 0 0.005 Ky 270 8+ 0.06 s
102 F T T 102 Te 2454757.0078% 0.00298 BJD
R "1 phase ingress -0.0031440.00034
0.98 Tic 098 T2h phase egress 0.0031&00.00034
transit duration  3.2% 0.08 hour
Sar parameters
1.02 | 1.02 Ms 1.24+ 0.03 M,
008 | T2a  0.08 o Rs 1.44+0.08 R
L 2.58+ 0.36 Lo
log gs 4.22+0.05 cgs
Lop B3 - 102 Os 0.59+ 0.06 gem?
TR & s 1 vsini 1.5+0.7 km's
098 F % {1 T2b 0.98 ‘1T3a Planet parameters
Mp 3.22+0.08 Muup
Rp 1.02+ 0.08 R
102 F T A 1.02 log gp 3.89+ 0.06 cgs
7 womi—| 4 op 3.78+ 0.06 gen?®
1o2 TN 1.02
1 s, o 1
0.98 | | | 4 T2d 0.98 k ol T5a
-0.005 0 0.005 -0.005 0 0.005
1.0% :_ T T ‘ T ki g
098 F | .1 T2e g

-0.005 0 0.005

Fig.5. Mosaic of the diferential light curves obtained dur-

ing transits of HD 17156b . obtained with several tele-
scopes. In each box the horizontal axis is the photometric
phase and the vertical axis is the relative flux, along with
the best fit model. From left to right column and from top 0 , : , , , , , , ,
to bottom: TlaAlmenara, Tlb-Gasparri and TZXelopresti
datasets from the Barbieri et al. (2007). EZ2HP, T2b-Telast,

75 1

T2c=Castellani, T2&Asiago, T2e-Lopresti, T2EMarchini, sor 1
T2g=Nicolini, T2h=Papini, T2&Vallerani. T2a to T2i light- P il
curves were collected on 2007 December 03.Gary 2007  E - - i L & f . 4
December 25, T4aGregorio 2008 September 25, EHaary Q ot = FE i ﬂ R

2008 October 2008, 25 b il

50 4

75 + 4

and planetary radiRs = 1.44+ 0.08 R, andRp = 1.02+ 0.08
R,

-100 1 1 1 1 1 1 1 1 !
-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 05

The histogram of the residuals of the light curves (Eig. & ha Orbital phase
a gaussian shape with standard deviation of 0.0062. Fig. 7. Upper panel: radial velocities of HD 17156 phased to the

The results are consistent with previous determinatiopgqy.fit orbital solution. Bottom panel: residuals from dibital
(Barbieri et al.,| 2007] Irwin et al., 2008; Narita et al., 200 5| tion.

Gillon et al.,| 2008), nevertheless the values of inclinatamd
stellar radius show larger deviations with respect to \&jure-
sented by other authors.

In their analysis Irwin et al! (2008) and Narita et al. (2008urve of| Gillon et al. [(2008) and keeping the limb-darkening
fixed the stellar radius to the value proposed by FO7, whitedficients for the B band fixed ta, = uy + u, = 0.7989
Gillon et al. (2008B) obtained directly the radius from thairal- andu. = uy — up, = 0.3019. The results are the following:
ysis. The origin of the discrepancy on the stellar radiushhigk = 0.0729+ 0.0031,6; = —0.00316+ 0.00023,i = 87.9+ 0.1,
lie in the diferent values for the inclination, because its valug. = 245443848372+ 0.00053 BJD, R = 1.44+ 0.07 R, and
controls the transit duration and the relative sum of thé@.radr Rp = 1.02+ 0.07 R;. These results are very close to the results
confirmation we repeated the fit with only the published kghbf our previous fit.
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5.3. Rossiter-McLaughlin effect analysis T

The analysis of the TNG RV data obtained during the transt wa o |- i
performed using the formalism developed by Giménez (206b
We allowed to vary vsinand A and we fixed the values df,

50 4

P, e w, K i, T¢, 61 to the best values obtained from RV and  “oo o005 0 os 001 0015
photometry analysis and reported in Table 5.[Fig.9 pregsasts photometre phase
best fitted model to the data. Fig.9. Upper panel: residuals of radial velocities of

The best fitted values to the RV orbital residuals of SARBED 17156 phased to the best-fit orbital solution with the best
are vsin = 1.5+ 0.7 km/s andA = 4.8° + 5.3°. The value of fitted Rossiter-Mclaughlinféect overlayed. Bottom panel: resid-
vsini agrees with the values determined by FO7 and by our anahls from the Rossiter-Mclaughlirffect.
ysis of the stellar spectra. is consistent with zero, indicating
that the eclicptic plane of the planet is closely alignedwite 150 5 Results of the Rossiter-McLaughlin modeling of all
equatorial plane of the star. This value bfdoes not confirm .- <o (OAO: Narita et al dataset)
the claim of Narita et al! (2008) for a large misalignmenttiist ' ' '
system, but rather agrees with the relative alignment nbthby

H 2
Cochran et all (2008). Moreover, the two groups find vefiedi telescope date krr:/ 7;“ d;g X
ent values for vsin To study the nature of this discrepancy we —gag T7112007 1.8t 1.5 22.6:203 0.7
repeated the fit on their datasets independently, and thitses NG 3122007 1.5+ 0.7 48+53 1.4
of the fits are summarized in Taljle 5. The results obtainewyusi  HJST 25122007 2.2+ 1.0 0.8+6.4 0.9
the HET dataset, in spite of their good precision, do not pro- HET 25122007 1.0£5.0 30.1+256 0.3
vide strong constraints due to their partial coverage ofriduesit TNG+HJIST 1.6£1.0 3.9+54 1.2

and the fact that the zero point in the OOT data cannot be esti-

mated correctly. Instead, the fit to the HIST data are in el

agreement with the determin_ation obEained with SARG. Hi'mal 6. Clues on additional companions

the Narita et al. dataset provides a \visimgood agreement with

previous determinations, and a valuedothat formally points HD 17156 was observed with AdOpt@TNG, the adaptive op-

toward the occurrence of some misalignment. These resultstics module of TNG|(Cecconi et al., 2006). The instrumentdéee

dicate also that our adopted description is consistenttivélone the HgCdTe Hawaii 1024x1024 detector of NICS, the near in-

used by Narita et al. however, the intrinsically lower psémi of frared camera and spectrograph of TNG, providing a field of

their RV data makes these results not significant. view of about 44x 44 arcsec, with a pixel scale of 0.0437
We also measured line bisectors and bisector velocity spgiixel. Plate scale and absolute detector orientation were d

using the technique developed by Martinez Fiorenzana et&ved in a companion program of follow-up of binary systems

(2005) and looked for changes in the line profiles caused &y twith long term radial velocity trends from the SARG planet

planetary transit (see Loeillet et al. 2008). We do not detige  searchi(Desidera etlal., 2007).

nificant variations (Fig._10). This is not unexpected coesity Series of 15 sec images on HD 17156 were acquired on 3,

the typical signal to noise ratio of our spectra and the lowlam 18 and 23 October 2007 in Bintermediate-band filter. Images

tude of the Rossiter signature. were taken moving the target inftérent positions on the de-
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Fig.11. Images of HD 17156 . Upper panel: image of
: HD 17156 obtained with ADOPT@TNG. A similar quasi-static
ossl . . oo speckle pattern can be seen. Lower pandfedénce between
-1.0 -0.5 0.0 0.5 1.0 two images taken with two fferent field orientations, which al-
Line Bisectors (km/s) lows to improve significantly detection limits in the inne-r

. ) ) ) ) fgions. The field of view shown is 4.3x4'3The images are dis-
Fig.10. Bisector velocity span (BVS) from line bisectors ofplayed in linear gray scale.
HD 17156 spectra. Upper panel displays BVS vs. RV. Lower
panel shows the line bisectors from all spectra, where thie ho

zontal lines enclose the top and bottom zones considerexhie c
pute the BVS. tion limits (angular diterential imaging, Marois et al. (2006)).

In the diferential image, a true companion is expected to show
two peaks, one positive and one negative, at the same pdject

tector, to allow sky subtraction without the need for adxtisil Separation from the central star and position angle displéy
observations, and each night at threatent field orientations 20° (the rotation angle between the two sets of images in our
to make it easier to disentangle true companions from imetge acase). For detection at separations larger than about @canmwe
facts. The target itself was used as reference star for thgtee  SUmmed all the images after an appropriate rotation, obgan
optics. Observing conditions were poor on the night of Oetobdeep image over a field of about:d00 arcsec.

3, and rather good on the nights of 18 and 23 October, when we No companion was seen in both theferential image at
obtained a typical Strehl Ratio of about 0.3. small separation and in the deep combined image within 10 arc
Data reduction was performed by first correcting for detectgec. The limit for detection was fixed at peak intensitiesries

cross-talk using dedicated routir@and then performing stan- larger than the dispersion over annuli affelient radial separa-
dard image preprocessing (flat fielding, bad pixels and ski¢bation. The results, both for the f#érential image and the deep
ground corrections) in the IRAF environment. Individuakiges composite image are shown in Fig] 12.
taken at a fixed orientation were shifted and coadded. The contrast limits derived above were transformed inte lim
The successive analysis was optimized for the detectionitsf on companion masses using the mass-luminosity relation
companions in dferent separation ranges. At small separatiofy |Delfosse et all (2000), and projected separation in artse
(from about 0.15 to 2 arcsec) we selected the two best combirfdJ using the Hipparcos distance to the star (Eig. 13). A main-
images taken at ffierent field orientations on 2007 Oct 18. Theypequence companion can be excluded at a projected separatio
are shown in Figi_11. These two sets of images are charactetween about 150 and 1000 AU (the limit of image size). At
ized by similar patterns of optical aberrations, and thanesf such separations only brown-dwarf or white-dwarf compasio
considering their dference, most of the patterns cancel out iare compatible with our detection limits. At smaller sepiara

difference images (Fig.1L1), improving significantly the detedetectability worsens quickly, and only stars with masgdar
than about 0.4 M can be excluded at projected separations

5 httpy/www.tng.iac.eginstrumentgicsfiles/crt_nics7.f closer than~ 50 AU.
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+0.2 R, which is only marginally compatible with our estimate
1.44+0.08 R,. On the one hand, to explain such a large stellar
radius and the observed visual magnitude, it would be napgss
to add~ 0.3 mag of interstellar absorption, that at the distance
of HD 17156 is not realistic (suggesting a mean extinctiod of
magkpc) because HD 17156 is located well inside of the Local
Bubble, where no strong absorption is present, and the maxim
expected absorption is few hundreds of mag. On the other,hand
also the comparison of the Gillon et al. (2008) radius edéma
with stellar models does not appear satisfactory: it is ro®-p
sible to find model with a radius that agrees with the observed
temperature and metallicity of HD 17156 . We conclude that th
determination of the stellar radius, and by inference pkaye
R radius| Gillon et al.[(2008) is overestimated by 15%.
e For a planet of 3Mand an age of 2 Gyr, theoretical models
Separation (arcsec) of planet evolution (Barée et al.| 2008) predict a radius ranging
between 0.9 and 1.1Ras a function of chemical composition
Fig.12. Detectability limits for companions of fierence mag- of the planet. Our determination of the radius of HD 17156b is
nitude around HD 17156 as a function of the projected sepaRy = 1.02+ 0.08 R;. This is in excellent agreement theoretical
tion in arcsec Continuous line: limits on theffidrence image. expectations. Thus, the strong tidal heatifiges on the planet
Dotted line: limits on the composite deep image. do not appear to contribute to significantly inflate its radiu
Fortney et al.|(2007) suggested that HD 17156b , due to its
large orbital eccentricity, can change its spectral typendthe
orbit from a warm pL type at apoastron to a hotter pM type at pe-
riastron. Their models suggest that for pM class planet®the
served radius & band could be 5% larger than the radius mea-
sured aB band (due to the increased opacity of TiO and VO in
theR band). Comparing our radius measurements irRband
and the measurements obtained in Bxband by Gillon et al.
(2008), we find identical results. This result is howeversigt
nificant because of the large error involved in radius measur
ment. In order to obtain a significantfifirence of the radius in
B andR band each measurement should be more accurate than
0.03 R.
Our RV monitoring of HD 17156 during the 2007 December
3 transit does not confirm the misalignment between the stel-
00l i i T T I lar spin and planet orbit axes claimed by Narita etlal. (2008)
’ 1 Separation (AU) 20 “ " put it agrees instead with the opposite finding by Cochram et a
(2008). We think our results are more robust because the othe
Fig.13. Detectability limits for stellar companions aroundnost accurate dataset (HET lin_Cochran et al. 2008) does not
HD 17156 as a function of the projected separation in Algover the full transit, leaving some uncertainties in tiR@ssiter
Continuous line: limits on the ffierence image dotted line: lim- modeling. We then conclude that the projection on the skief t
its on the composite deep image. stellar spin and planet orbit axes are aligned to better fltan
deg.
) ) ) ) ) Therefore HD 17156 joins most of the other exoplanet sys-
The residuals from the radial velocity orbital solution dt n tems with available measurements of the Rossiter-McLanghl
suggest the occurrence of long term trends. This placeSeurtefect in being compatible with coplanarity. The only possi-
constraints on the binarity of the target. However, the ipa ple exception is represented by the XO-3 system, for which
is rather short, and the continuation of the radial velomityni- - [Haprard et dl. [(2008) found indications for a large departu
toring is mandatory for a more complete view. from coplanarity ¢ 70°). However, as acknowledged by the au-
_The available astrometric data from Hipparcos does not sh@yprs, this result should be taken as preliminary, becafitigeo
evidence for stellar companions either (no astrometrielaca- possibility of unrecognized systematic errors for obstoves

tion within the timespan of the Hipparcos observations amd iaken at large airmass and with significant moonlight coftam
significant diferences between nation.

Our result confirms that large deviations from coplanarity
between stellar spin and planet orbit axes are at most rather
rare. Such a rarity had already been established at a high con
In this paper, we studied the characteristics of HD 17156itgndfidence level for the “classical” Hot Jupiters in short-pertir-
transiting planets. Stellar parameters (mass, radiusllieély) cular orbits. For massive eccentric planets the situasoless
agree quite well with the previous study by FO7. clear: HD 147506bN = 8.6 M;, P = 5.6 days,e = 0.52) and

Our measurement of the stellar radius of HD 17156 obtainétD 17156 M = 3.2 My, P = 21 daysge = 0.67) have projected
through the analysis of the transit light-curve is the samtha inclinations below 10while the possible detection of spin-orbit
one obtained using the Stefan-Boltzmann law or the Kervelaisalignment in the XO-3 systenh( = 125 M;, P = 3.2 days,
calibration (Talp.R). Gillon et al. (2008) obtained a radifi$.63 e = 0.29) still awaits confirmation as discussed above.
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The results of the spin-orbit alignment measurements for thohnson, D. R. H., & Soderblom, D. R. 1987, AJ, 93, 864
HD 17156 system can be compared with the prediction of tkervella, P., Thévenin, F,, Di Folco, E., & Ségransan, D02, A&A, 426, 297

; ; pal, Z. 1977, Ap&SS, 50, 225
pIanet scattering models. A range of a“gnments can be the oKurucz, R. 1993, ATLAS9 Stellar Atmosphere Programs and 2/skm

come of planet-plangt S_C‘T[Fermg (Marza”_& Weldenscml”' grid. Kurucz CD-ROM No. 13. Cambridge, Mass.: Smithsonian
2002). Therefore, our indication for coplanarity does naiade Astrophysical Observatory, 1993., 13,

planet-planet scattering in the HD 17156 system. A largen-nu Loeillet, B., et al. 2008, A&A, 481, 529

ber of transiting planets with significant eccentricities@to be Mamajek, E. E., & Hillenbrand, L. A. 2008, ApJ, 687, 1264

- ; O Malkov, O. Y. 2003, A&A, 402, 1055
discovered and characterized to get more conclusive infexe Malkov. O. Y. 2007. MNRAS, 382, 1073
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