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ABSTRACT

We report the discovery by the WASP transit survey of a highilgdiated, massive (242 + 0.080 My, planet which transits a
bright (v = 10.6), evolved F8 star every 2.9 days. The planet, WASP-71larget than Jupiter (46 + 0.13 Ry,p), but less dense
(0.71+0.16 pyyp). We also report spectroscopic observations made duramgitrwith the CORALIE spectrograph, which allow us to
make a highly-significant detection of the Rossiter-McLlliairgeffect. We determine the sky-projected angle between theustgin
and planetary-orbit axes to be= 20.1 + 9.7 degrees, i.e. the system is ‘aligned’, according to theelyidsed alignment criteria
that systems are regarded as misaligned only whisrmeasured to be greater than 10 degrees withc®nfidence. WASP-71, with
an dfective temperature of 605998 K, therefore fits the previously observed pattern thay etdrs hotter than 6250 K are host to
planets in misaligned orbits. We emphasise, however,tlgtmerely the sky-projected obliquity angle; we are unablddtermine
whether the stellar-spin and planetary-orbit axes areligigzd along the line-of-sight. With a mass o066+ 0.07 M, WASP-71 was
previously hotter than 6250 K, and therefore might have tségmificantly misaligned in the past. If so, the planetarlyitdnas been
realigned, presumably through tidal interactions withdbeling star’s growing convective zone.

Key words. planetary systems — planets and satellites: detectiomefda@nd satellites: fundamental parameters — starsidiudily
WASP-71 — planets and satellites: individual: WASP-71b

1. Introduction (8.5 <V < 125); a sample which comprises the majority of the
i i . systems suitable for in-depth characterisation.

The recentkepler discoveries of thousands of transiting €xo-" g of the characterisation measurements that can be made
planet candidates (e.g. Bqtalha &Lal. 2013) has extendqmm iS.spectroscopic transit measurements with the aim of tetec
rameter space of planet discovery and made major advanceg,iihe changes in apparent radial velocity characterigttbe
answering questions about the statistical populationarigtary Rossiter-McLaughlin (RM) fect [Holt 1893/ Rossiter 1924;
systems in our Galaxy (e.g. Howard et al. 2012). McLaughlin[1924). As the planet obscures a portion of the sta

The vast majority of the systems detectedK®pler, how-  (otating towards us, an anomalous red-shift is observetian t
ever, are too faint for in-depth characterisation, whictrés 5dial velocities of the star, and a blue shift is observedndu
quired to increase our knowledge of the range of properties gne planet’s passage across the portion of the star rotatiag
hibited by the nearby planetary population, as well as toenafom us. The shape of the RM signature is therefore sensitive
advances in our understanding of planetary formation ane eyy the path of the planet across the stellar disk relativeneo t
lution. Examples of planet characterisation that requitght  ste|lar spin axis. It is possible to determine the sky-prtige of
targets include radial velocities to measure the statdoqt the obliquity angle, between the stellar-rotation axis and the
mass ratio, orbital eccentricity and spin-orbit alignmeemd tran- planetary-orbital axis.
sit and occultation spectra and photometry at a range of wave Qpservations of the RMfiect have been made for around
lengths to measure the planet's atmospheric properties. fifty planetary systenfls revealing a significant fraction of them

Discovering relatively bright transiting systems that argy be misaligned. This discovery was unexpected, since the
amenable for characterisation measurements is where @rousyoto-planetary disc from which planets form is expecterbto
based transit surveys such as WASP (Pollaccolet al. 2006) and
HAT (Bakos et al. 2002) are vital. Between them, these twe sur! René Heller's Holt-Rossiter-McLaughlin  Encyclopaediat a
veys have discovered more than 100 systems around bright statpy//www.aip.d¢PeoplgRHeller
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tate in the same direction as the star, and the inward migrafi data-reduction pipelines. The resulting radial velociggadare

hot Jupiters to their current locations via tidal interantiwith listed in Tabld 1L and plotted in Figué 2. In order to rule d t

the gas disc is expected to preserve this alignment (Lin et gystem as a blended eclipsing binary, we examined the bisect

1996). spans (BS) (e.d. Queloz et al. 2001), which exhibit no signifi
As a result of these observations, planet-planet intemasti cant correlation with radial velocity (Figufé 2, lower p§nas

are favoured as the dominant mechanism for producing hetpected for a true planetary system.

Jupiters|(Morton & Johnson 2011), resulting in a large numbe

of misaligned systems. Those planets which orbit relatigebl _ »

dwarfs (T,er < 6250 K) are then probably quickly re-aligned’@ble 1. Radial velocities of WASP-71

through tidal interactions with the large stellar convetione,

- . . . . Tlme RV ORvV BS SN.r
resulting in an apparent correlation between misalignraeat BIDUTC) kms®! kms! kms?
stellar dtective temperature (Winn etlal. 2010). — 2450000
Here we report the discovery of a transiting planet orbiting SOPHIE:
theV = 10.6 star WASP-71£TYC 30-116-1) in the constella- 5771.6206 7.600 0.017 -0.021 24.2
tion Cetus, and a detection of the Rossiter-McLaughfiact in 5772.6279 8.016 0.017 -0.085 24.8
the system. 5773.6183 7.894 0.018 -0.032 225

5774.6240  7.599 0.019 0.027 26.2
5793.6378  8.009 0.018 0.079 226

2. Observations 5794.6299 7.591 0.018  0.045 22.7
5795.6269 7.926  0.017 -0.057 22.9
2.1. WASP photometry 5797.6420 7.603  0.017  0.005 22.7
WASP-71 was observed in 2008 and 2009 by WASP-South, 5799.6215  7.957 0018  -0.012 220
which is located at the South African Astronomical Obsermat CORALIE:
(SAAO), near Sutherland in South Africa, and in 2008, 2009 5809.7893 7.708 0.010 -0.005 39.7
and 2010 by SuperWASP-N at the Observatorio del Roque de 5810.8425 8.005 0.012 0.030 33.6
los Muchachos on La Palma, Spain. Each instrument congists o 5811.8113 7.624 0.014 -0.070 29.9
eight Canon 200mmy1.8 lenses, each equipped with an Andor 5812.9114 7.814 0.014 -0.021 31.6
2048x2048 e2v CCD camera, on a single robotic mount. Further 5813.8670 8.009 0.011  0.016 37.8
details of the instrument, survey and data reduction proees 5814.8860  7.597  0.015  -0.005 317

5825.7565 7.892 0.010 -0.024 415
5826.8005 7.566 0.013 -0.066 32.7
5828.8688 7.801 0.012 -0.032 36.4
5829.8431 7.601  0.011 0.038 39.2

are described in_Pollacco et al. (2006) and details of theliean
date selection procedure can be found.in Collier Cameroh et a
(2007) and Pollacco et al. (2008). A total of 9316 measurdésnen

of WASP-71 were made using WASP-South from 2008 July 30 5830.8440 8013 0013 -0.034 338
to 2009 December 12, and 11166 using SuperWASP-N from 5831.6393 7.856 0.014 -0.023 30.9
2008 September 24 to 2010 December 27, making a grand to- 5831.6573 7.839 0.014 -0.039 307
tal of 20482 observations. 5831.6758 7.869 0.013 -0.025 321

The data revealed the presence of a transit-like signalavith 5831.6921 7.851 0.013 -0.063 32.7
period of~ 2.9 days and a depth of 4 mmag. The combined 5831.7083  7.847  0.013  -0.033 335
WASP light curve is shown folded on the best-fitting orbitat p 5831.7245  7.850  0.013  -0.035 325

5831.7408 7.810 0.013 -0.033 32.6
5831.7570 7.792  0.013 -0.032 32.3
5831.7776 7.774 0.013 -0.002 32.3

riod in the upper panel of Figufé 1.

2.2. Spectroscopic fo[[ow.up 5831.7938 7.749 0.013 -0.019 33.3

5831.8101  7.727 0.013 -0.008 32.8
Spectroscopic observations were conducted using the SOPHI 5831.8263 7.692  0.013 0.036 32.8
spectrograph mounted on the 1.93-m telescope of the 5831.8425 7.712  0.013 0.001 32.3
Observatoire de Haute-Provence, France. Nine obsergation 5831.8587 7.691  0.013 -0.023 324
were made between 2011 July 29 and 2011 August 26. Further 5831.8805  7.743  0.014  -0.004 343
spectroscopic observations were carried out using the AORA 5831.8967  7.724  0.014  -0.063 328

5833.7874 7.999 0.012 -0.061 34.2

spectrograph of the 1.2-m Euler-Swiss telescope at La Silla 58587334 7560 0016  -0.075 26.9

Observatory, Chile. A total of 31 observations were acquirg

ing CORALIE between 2011 September 05 and 2011 November
28. Sixteen of these were made on 2011 September 27 (12 during
transit), with the intention of detecting the Rossiter-Mcighlin
effect.

SOPHIE was used in high-resolutioR (= 75000) mode,
with the CCD in fast-readout mode. A second fibre was plac
on the sky to check for sky background contamination in theigh-precision photometric follow-up observations werr-p
spectra of the target. More information about the SOPHIEuRs formed using the robotic Transiting Planets and Planetasim
ment can be found in Bouchy et/al. (2009). The CORALIE olsmall Telescope (TRAPPIST; Jehin etlal. 2011) at La Silla. A
servations were conducted only in dark time to avoid moantligcomplete transit was observed on 2011 September 27 (simulta
entering the fibre, and the instrumental FWHM wakl@-0.01A. neously with our spectroscopic transit observations),apedr-

Observations of thorium-argon emission line lamps wet&l transit was observed on 2011 September 30, both irz-the
used to calibrate both the SOPHIE and CORALIE spectra. Thand. The data were reduced using tke/paorHor package,
data were processed using the standard SOPHIE and CORALlEh aperture radii and choice of comparison stars chosen to

1 Signal-to-noise ratio per pixel at a wavelength of 550 nm.

gd’s’ Photometric follow-up
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minimise the out-of-transit light curve rms. Both TRAPPIST.1.3. Stellar distance

light curves are shown in the lower panel of Figlire 1. We calculated the distance (34532 pc) to WASP-71 using the
apparent V-band magnitude of .56 + 0.09 from the Tycho cat-
alogue, and a stellar luminosity calculated from our bestd
stellar dfective temperature and radius (Table 3). We adopted a
bolometric correction 0f£0.1 and do not correct for interstellar
reddening, which we expect to negligible because of the ddick
interstellar Na D lines in the CORALIE spectra.

The 31 individual CORALIE spectra of WASP-71 were co-

added to produce a single spectrum with an averafe &
around 100:1. The analysis was performed using the meth
described in Gillon et all (2009) and standard pipeline cédn

3. Determination of system parameters

3.1. Stellar parameters

Table 2. Stellar Parameters and Abundances from Analysis of
RALIE Spectra

products. We used thid, line to determine theftective tem- —pszameter Value Parameter Value
perature T..e), and the surface gravity (@ was determined ~RA(32000.0) 01h57m03.20s| [FeH]  +0.14= 0.08
from the Car lines at 6162A and 6439A (Bruntt et/al. 2010b), Dec (J2000.0) +00° 45 319" [Na/H]  +0.34+0.05
along with the Na D lines. Teer 6050+ 100 K [Si/H] +0.26+ 0.12
The elemental abundances were determined from equivale/fig9 (¢95) 3.9:015 | [CyH]  +0.25+0.16
width measurements of several clean and unblended lines. & . 15+0.1kms | [SgH] ~ +0.14+0.07
. . . vsini, 9.4+ 0.5kms [Ti/H] +0.12+ 0.18
value for microturbulencet() was determined from Feusing log A(L) 2114+ 0.09 [V/H] +0.154 0.09
the method of Magain (1984). The quoted error estimates ingp Type = [CH]  +0.11+0.11
clude the contributions from the uncertaintieding, loggand  pistance 345 32 pc [Mn/H]  +0.18+ 0.11
&, as well as the scatter due to measurement and atomic datess 1.42: 0.14M, [CoH]  +0.19+0.07
uncertainties. Radius 2.20: 0.48R, [Ni/H] +0.19+ 0.07

The projected stellar rotation velocity €ini,) was deter- Additional identifiers for WASP-71:
mined by fitting the profiles of several unblendediffiees. We ;&igg’}éf;oszmo%sw
assumed a value for macroturbulenggs() of 3.3+ 0.3 kms?, 1SWASP J015703.2004531.9
based on the calibration by Bruntt et al. (2010a), and amunst . :
mental FWHM of 0.11+ 0.01 A was determined from the tel-note: The spectral type was estimated frone: using the table of

luric lines around 6300A. The results of the spectral anigly®  (Gray[2008, p. 507). The mass and radius were estimated tfsing
listed in TabldéD. Torres et al.[(2010) calibration.

3.1.1. Stellar activity

. . 3.2. Planetary system parameters
We searched the WASP photometry for rotational modulations ey p

using the sine-wave fitting algorithm described by Maxtedlet The WASP and TRAPPIST photometry were combined with
(2011). We estimated the significance of periodicities by-suthe SOPHIE and CORALIE radial velocities and analysed si-
tracting the fitted transit light curve and then repeatedly @n- multaneously using the Markov Chain Monte Carlo (MCMC)
domly permuting the nights of observation. No significanti{pe method. One of the SOPHIE radial velocity measurements was
odic modulation was detected, to a 95 per cent confidencerupp®de during transit, and we exclude this data point from our
limit of 1 mmag. analysis (but show it as a grey point in Figlie 2 for complete-

The CORALIE spectra do not allow a measurement &ESS), lest it bias the spectroscopic transit data from CORA
logR,,, because of the low signal-to-noise ratio of the pluVe use the current version of the MCMC code described in

end of the spectrum, and the presence of thorium arc lin&pllier Cameron et al: (2007) and Pollacco etial. (2008) cihi

Co.

The SOPHIE spectra are also too noisy to make a meaningfgfs the refation between stellar masgedtive temperature,
measurement of | . and there is no obvious emissiorfensity and metallicity appropriate for stars with masses b
observed in the cores of the Ca Il lines. tween 0.2 and 3.M; from [Southworth [(2011). Briefly, the

radial velocity data are modelled with a Keplerian orbit and
the RM dfect is modelled using the formulation lof Giménez
(2006). The photometric transits are fitted using the modlel o
3.1.2. Stellar age Mandel & Agol (2002) and limb-darkening was accounted for
using a four-cofficient, non-linear model, employing diie
The degree of lithium absorption in the spectrum (Table 8} sucients appropriate to the passbands from the tabulatiocBgodt
gests that WASP-71 has an age~&f Gyr (Sestito & Randich (2000,2004). The cdicients were determined using an initial
2005). The measured stellasini. gives an upper limit to the interpolation in logy. and [Fe¢H] (values from Tabl€l2), and an
rotation periodPyq, of 118+ 2.7 d, using the best-fitting stellar interpolation inT. « at each MCMC step. The cfigient values
radius (Tabl€13). This corresponds to an upper limit on the agorresponding to the best-fitting valueTafer are given in Table
of 1.6*35 Gyr using the gyrochronological relation lof Barnef.
(2007). In FiguréB we plot WASP-71 alongside the stellarevo The MCMC proposal parameters we use are: the epoch of
lution tracks of Marigo et all (2008), from which we infer agea mid-transit,T; the orbital periodP; the transit durationl4; the
of 3+ 1 Gyr. In conclusion, the precise stellar age is somewhaactional flux deficit that would be observed during trairsthe
uncertain, but the three methods used give good agreenmeht, absence of stellar limb-darkeningf-; the transit impact param-
it seems likely the star is around 2 — 3 Gyr old. eter for a circular orbith = acosfp)/R,; the stellar reflex veloc-
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0.95

1.00
Orbital phase

1.05

Table 4. Limb-darkening cofficients

1.05
% Claretband Lightcurves a; a as a

= CousinsR WASP 0.559 0.115 0.217 -0.167
3 Sloanz TRAPPIST 0.658 -0.281 0.494 -0.258

to the eccentricity of 0.060, but this is consistent with rawiar
orbit. Following the F-test approach|of Lucy & Sweeney (1971
we find that there is a 9.5 per cent probability that the apgare
eccentricity could have arisen if the underlying orbit waotu-
ally circular. Given this, and also that there are good reagbe-
oretical and empirical, to expect the orbits of short-pegtan-
ets such as WASP-71b to be circular (e.g. Andersonlet al))2012
we fix e = 0 in subsequent analyses. We note that the values of
the other model parameters, and their associated undértin
are almost identical to those of the eccentric orbit sofutio

We also tried fitting for a linear trend in the RVs with
the inclusion of an additional parameter in our MCMC fit.
Such a trend (such as that found in the RVs of WASP-34,
Smalley et al. 2011) may indicate the presence of a third lrody
the system. The best-fitting linear radial acceleratibyy ¢t =
127738 m st yr1) is consistent with zero, indicating there is
no evidence for an additional body in the system based on our
RVs, which span 122 d. The orbital parameters we report &re th
result of a fit which does not allow for a linear trend in radial
velocity.

The system parameters derived from our best-fitting cireula

orbit model are presented in Talile 3. The correspondingitran
Fig. 1. PhotometryUpper panel: Combined SuperWASP-N andand RV models are superimposed on our data in Figures [land 2
WASP-South discovery light curve for WASP-71b, folded oa threspectively.
orbital period ofP = 2.9036747d. The small, light-grey points
are the un-binned data and the larger blue points are birme%i
phase, with a bin width equivalent to 120.ewer panel: High-
precision transit photometry from TRAPPIST, over-plottdth  The Rossiter-McLaughlinféect is clearly detected in the radial
our best-fitting models (solid lines). In each case the uméil velocities taken with CORALIE during transit (Figl 2); wedin
data are shown in small, light-grey points, with residualthie 1 = 20.1+ 9.7 deg. The best-fittingsini, = 9.89+0.48 km s!
best-fitting model shown below. Data binned on 120 s are ind-constrained by the Bayesian prior4% 0.5 km s!) that we
cated with orange circles for the transit of 2011 Septemf@er @nposed. If left unconstrained, the data favour a signifigan
(upper) and green squares for the transit of 2011 Septen@bemByher value ofvsini, = 17.6 + 2.1 km s, which is incom-
(lower), which is dfset in flux for clarity. The phase at which thepatible with our spectroscopic analysis (3ecl 3.1). Theodten
meridian flip occurred during the latter transit is indicht®y a a degeneracy betweearsini, andvmqc (€.9..Smith et dl. 2012),
blue arrow. but even ifvpmac Were zero, the spectroscopisini, would only

be~ 0.5 km s higher.

The model from our unconstrained MCMC analysis, which
ity semi-amplitudeK.; the stellar &ective temperaturel. o1, is over-plotted with our standard model in the inset of the up
and the stellar metallicity, [F7Bl]. When fitting for a non-zero permost panel of Fid.2, is a better fit to the radial velositie
orbital eccentricity, there are an additional two prop@sabm- particularly those near the end of transit. The values obther
eters: yecosw and +esinw, wheree is the orbital eccentric- system parameters reported in Table 3 are unchanged, as they
ity, andw is the argument of periastron (Anderson et al. 20113iso are when the spectroscopic transit data are omitted fro
A further two proposal parameters are included when maugllithe analysis and the only model fitted to the remaining RVs is a
the RM dfect, these ara/vsini, cost and v/vsini. sin4, where Keplerian orbit.
vsini, is the sky-projected stellar rotation velocity, ahis the
sky-projected obliquity (the angle between the axes olestab-
tation and planetary orbit). 4. Results and Discussion

The best-fitting system parameters are taken to be the medjfaf
values of the posterior probability distribution. Lineanttions
of time were fitted to each light curve at each step of the MCM®Ve find that WASP-71 is an evolved star, no longer on the main
to remove systematic trends. Given that we have a measweguence, with mass and radius significantly larger thaBtime
ment ofvsini, from our spectral analysis, we place a Gaussign.559+ 0.070 M, and 226 + 0.17 R, respectively). The planet
prior on the value o¥/sini, within the MCMC, by means of a WASP-71b is 2.2 times more massive than Jupiter and has a ra-
Bayesian penalty op?. dius 1.5 times that of Jupiter. WASP-71b joins a large nurober

An initial MCMC fit for an eccentric orbit founde = giant planets which have radii larger than those theongtipee-

0.0253+ 0.0095 w = 136386 degrees), with a 3= upper-limit  dicted (by e.g. Bodenheimer et al. 2003). The radius of WASP-

3. Spectroscopic transit

Basic system parameters
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Table 3. System parameters

Parameter Symbol Unit Value
Model parameters:

Orbital period P d 29036747+ 0.0000068
Epoch of mid-transit Te HJID, UTC 24557384974+ 0.00070
Transit duration T1a d 0.2091+ 0.0019
Planet-to-star area ratio AF = RZ/R? 000443+ 0.00015
Transit impact parameter b 039+0.14
Stellar orbital velocity semi-amplitude K. km st 0.2361+ 0.0037
System velocity % km st 7.7941+ 0.0015
Velocity offset between CORALIE and SOPHIE YCOR-SOPH mst 416+ 1.6
Stellar éfective temperature Toer K 6059+ 98
Stellar metallicity [Fe/H] dex +0.140+ 0.080
Vvsini,cost  km%2 s1/2 2957218
Yvsini, sina  kmt/2 s1/2 1.08+0.50

Derived parameters:

Ingresy egress duration Tio="Tas d 0.0152+ 0.0023
Orbital inclination angle ip ° 849+22
Orbital eccentricity (adopted) e 0
Orbital eccentricity (3~ upper-limit) 0060
Projected stellar rotation velocity vsini, km s? 9.89+0.48
Sky-projected obliquity A ° 201+97
Stellar mass M. Mo 1.559+ 0.070
Stellar radius R. Ro 2.26+0.17
log (stellar surface gravity) log. (cgs) 3920+ 0.050
Stellar density Ox Do 0.135+ 0.024
Planet mass Mp Maup 2.242+ 0.080
Planet radius Rp Rup 1.46+0.13
log (planet surface gravity) lagp (cgs) 3378+ 0.059
Planet density op 03 0.71+0.16
Scaled orbital major semi-axis a/R. 4.39:0.27
Orbital major semi-axis a AU 0.04619+ 0.00069
Planet equilibrium temperature (uniform heat redistiini Tpa=0 K 2049+ 73

+ We impose a Bayesian prior ukini, = 9.4 + 0.5 km s obtained from our spectral analysis (decl 3.1).
The following constant values are used: AUL49598x 10 m; R, = 6.9599x 10° m; M, = 1.9892x 10°° kg;
Ryup = 7.1492x 10" m; My, = 1.89896x 107 kg; p; = 124067 kg nT3.

71b (146+ 0.13 Ry, agrees well with the empirical radius cal-rotation axis angle could reveal whether the planet's oibit
ibration model of Enoch et al. (2012), which predicts a radiumore inclined along the line-of-sight. Possible means adfiglo
of 1.42 + 0.37 Ry,p (taking into account the uncertainties on outhis include searching for mode splitting using asteroselegy
measured parameters, and the scatter in the empirical fi§. T{Chaplin et al. 2013), or observing multiple spot-crossugnts
fit is based on the planet mass and equilibrium temperatute g8anchis-Ojeda & Winn 2011).
the stellar metallicity; in calculating this predicted nasl we As|Triaud (2011) pointed out, stars with masses larger than
assume a circular orbit for WASP-71b, and therefore omit tHe2 M, will have started their existence on the zero-age main
tidal-heating term from Equation (10) lof Enoch et al. (2012) sequence at temperatures greater than 6250 K, the temggeratu
above which Winn et all (2010) note a lack of aligned systems.
Given a mass of 56+ 0.07 My, WASP-71 will have been hotter
4.2. Stellar spin - orbit alignment than 6250 K in its recent past, and therefore presumablygpart
. o ) . an isotropic distribution in obliquity.

We make a highly-significant detection of the Rossiter- |t he system was originally significantly misaligned, and
McLaughlin dfect in the WASP-71 system; an analysis COnsis\tjinn et al. (2010) are correct, then the planet may have becom
ing of a purely Keplerian fit to the radial velocities prods@ yeajigned since the star cooled and its convective zone.grew
much largen? fit statistic, and an F-test of the null hypothesigiernatively, the orbit of WASP-71b may never have been sig
that the RM éfect is not detected results R{F) < 0.0001. nificantly misaligned with the stellar rotation axis. Weatmte

Our best-fitting value for the sky-projected spin-orbitigbl that the age of WASP-71 is around 2.5 Gyr, which is the limit
uity is 4 = 20.1 + 9.7 degrees. WASP-71 therefore follows thelder than which Triaud (2011) observe that systems apjpear t
pattern observed by Winn etlal. (2010), in that the system dpe aligned.
pears to be close to alignefll|(is not measured to be greater o WASP-South is h he SAAG an WASP
than 10 with at least a 3 Confldence)' and the star is COO@; IgaaidgNmﬁGrou?J ar?gltjrt}e IT\St(i)tlSJttiddZyAtst?ofisicg;Bed(r]gsu;pv?/e gr:fte—by

(Teer < 6250 K) _The spin-orbit anglel, is only a projection fyjly acknowledge their ongoing support and assistancewdffig for WASP
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