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ABSTRACT

Aims. 6? Tau is a detached and single-lined interferometric-spectipic binary as well as the most massive binary systemeof th
Hyades cluster. The system revolves in an eccentric ortiitayperiodicity of 140.7 days. Its light curve furthermoh®w's a complex
pattern ofs Scuti-type pulsations. The secondary has a similar tertyrerbut is less evolved and fainter than the primary. Intéafdi

it is rotating more rapidly. Since the composite spectrahaavily blended, the direct extraction of radial veloat®@er the orbit of
component B was hitherto unsuccessful. Our aim is to reVeatpectrum of the fainter component and its correspondigp2r
shifts in order to improve the accuracy of the physical prtge of this important "calibrator” system.

Methods. Using high-resolution spectroscopic data recently olkethiwith the Eopie (Observatoire de Haute—Provence, France)
and HrMes (Rogque de Los Muchachos, La Palma, Spain) spectrograptisamslying a spectra disentangling algorithm to three
independent data sets including CfA spectra (Oak Ridge @atry, USA), we derived an improved spectroscopic ol next
used a code based on simulated annealing and general dg@ses minimization to refine the orbital solution by periorg a
combined astrometric-spectroscopic analysis based ondWespectroscopy and the long-baseline data from the Magptical
interferometer.

Results. As a result of the performed disentangling, and notwittditesthe high degree of blending, the velocity amplitudehaf t
fainter component is obtained in a direct and objective Wgjor progress based on this new determination includesnanaved
computation of the orbital parallax (still consistent wtlevious values). Our mass ratio is in good agreement witlolther estimates
of Peterson et al. (1991, 1993), but the mass of the primat$-i25% higher than the more recent estimates by Torres @t9817)
and Armstrong et al. (2006).

Conclusions. The evolutionary status of both components is re-evaluatéte light of the revisited properties 6% Tau AB. Due to
the strategic position of the components in the ttirnegion of the cluster, the new determinations imply strictnstraints for the
age and the metallicity of the Hyades cluster. We concludettte location of component B can be explained by currertideoary
models, but the location (and the status) of the more evateatponent A is not trivially explained and requires a dethdbundance
analysis of its disentangled spectrum. The improved acgu@ the 2% level) on the stellar masses provides a use$is far the
comparison of the observed pulsation frequencies witlablgttheoretical models.

Key words. astrometry — techniques: high angular resolution — stamsiries: visual — stars: binaries: spectroscopic — starsid-
mental parameters — stars: individugd:Tau

1. Introduction necessary to help discriminate among various possiblafoits
models.

A modern research topic that we are currently pursuing is the . 5

study of binary and multiple stars with at least one pulsgpti eve\/?eztzgﬁtse_?;)hf issguélef;?:rhge dTili)é?:{r(?s?:?)gaiI:utl)iigy folr

component. The advantages of studying pulsating compseney long-baseline interferometry (Armstrong etlal. 2006tehe

in well-detached systems are manyfold, e.g. both the theafi ; L
: : after AMO06); (b) it is a member of the Hyades open cluster at a
stellar evolution and of stellar pulsation can be accuydested ean distance of 45 pc (Perryman et al. 1998); (c) the ewnlut

and refined. Accurate component properties compared te Slgi;[y ; T
ably chosen theoretical isochrones indeed allow to obtdor- Tor?(taastlé? ;If Tgqu”r;;ga?ferpggﬁ)@t_ Iﬁasstltltlarl::gteerlthaela\%gg ba
mation on the object’s age and evolutionary path and ardlysu M06) =0 i S '

6 Tau (HD 28319= HIP 20894= 78 Tau) is the most mas-

Send gfprint requests toP. Lampens sive main-sequence star of the Hyades cluster: it is locatttue
* Based on observations obtained at the 1.93-m telescopeeof fain-sequence turtiaregion of the isochrone beS'EfIttIng the in-
Observatoire de Haute Provendie 1.2-m Mercator telescope at thedividual members of the cluster (Lebreton et al. 2001, Hezea

Roque de los Muchachos Observatory (in the framework of tikerts ~ LEO1). It forms a quadruple system with Tau & 77 Tau), a
Consortium) and the 1.5-m Wyeth telescope at Oak Ridge @@sgy. common proper motion companion at an angular separation of
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5!/6 . The brighter component is a single-lined spectroscopic @hey issued a warning for the stars located in the tfinegion
nary (SB1) which was resolved by long-baseline interfertmyne claiming that‘the interpretation is complicated by thegfects of
(Shao et al. 1991; Pan etlal. 1992; Hummel & Armstfiong 1992ptation and overshooting that make either model or photoime
The orbital period of the binary is 140.7 days with an ecdeityr ~ data uncertain”and that'improvement of the mass éf Tau A
of about 0.7 . The primary componeat, Tau A, has been clas- would certainly better constrain the overshooting by ameho
sified as A7 Ill and rotates witlisini = 70 km s* (Frémat et al. ing the star more precisely on its isochroneVlore accurate
2006). It is very hard to detect the seconda@fyTau B, spec- masses is precisely what AM06 obtained. However, the lower
troscopically because the Doppler shifts are only a fractib masses ardr brighter luminosities do not conform with some of
the width of its broad spectral lines. The secondary is leise recent stellar evolutionary models, i.e. Girardi €{2000)
evolved and therefore fainter tha® Tau A. TSL97 treated and LEOL, for the age and metallicity of the Hyades. Finally,
6> Tau as a double-lined spectroscopic binary (SB2) usingYaldiz et al. (2005) tried to model both componentg®Tau us-
2D-cross correlation method in which they considered theexing models including dferential rotation. They concluded that
pull of the secondary in order to obtain improved radial eelo good agreement was found fé% Tau A with Z = 0.024 and an
ities of the primary component. However, they were unable sme of 700 Myr. However, the same model could not explain the
obtain reliable radial velocity measurements #érTau B and location of the secondary component in the colour-magaitiid
they only observed its (orbital) influence on the velocitids agram. The evolutionary status of both component® dfau is
the brighter companion. For these reasons, also the mags rtterefore still a non-trivial issue.
could not be directly determined. Still, they were able te de The system has one more attractive feature: its primary com-
rive a interferometric—spectroscopic orbit and to detemthe ponent is a typical multiperiodié Scuti star. Various multi-
component masses and the distance of the binary by exploriig campaigns have been conducied. Breger et al. [(1989) ob-
and assuming a range of values for the mass ratio and the reéédned five closely spaced and stable frequencies, all ofhwhi
tional velocity of the secondary star. The orbital paratitheir had amplitudes below 0.01 mag. They discarded rotatiotigd sp
solution agrees well with the Hipparcos trigonometric fiaka ting since it could not explain the observed frequency separ
(Perryman & ESA 1997). The outcome is that the componenisns and proposed a mixture of modes dfelientl andm val-
have diferent projected rotational velocities: TSL97 obtained @es! Kennelly et al. (1996) discussed a large set of radiatirg
best fit assuming K = 38 km s* andVgsini = 110 km s, and line profile data from which up to seven frequencies eeterg
with resulting component masses ohM 2.42+ 0.30 M, and  with only three frequencies in common with the previous gnal
Mg =2.11+ 0.17 M,. Recently, the component masses and lisis. They suggested long-term 6 yr) amplitude variability and
minosities have been redetermined by AM06. From their intesi combination of low and high degree modes. Amplitude vari-
ferometric data coupled to the Hipparcos secular (i.e. @ropability on a 10 yr time scale is also claimed |by Li et al. (1997)
motion based) parallax (de Bruijne etlal. 2001) and a compaBoth components are located within the lower Cepheid insta-
ble choice of spectroscopic orbits, these authors obtasoet bility strip (where thes Scuti stars are observed) but it seems
ponent masses of M= 2.15+ 0.12 M, and Mg = 1.87+ 0.11 well established that the more massive primary is the pnlgat
Mo. star (Breger et al. 1939; Kennelly et al. 1996). The resuita o
As a member of a well-studied cluster, both the metallicityast multi-site campaign_(Breger et al. 2002) revealed ties-p
and the distance @ Tau are known within narrow boundariesence of 11 frequencies in the range-16 ¢gd and 2 frequencies
Such a large amount of information concerning the fundaaienin the range 2627 ¢d (see also_Poretti etial. 2002). After hav-
properties of the components of a detached binary systeth (whg modelled the light-time corrections, they attributbé first
components in a fierent evolutionary phase) has led to varill frequencies to pulsations of the primary component wihée
ous attempts of confrontation with stellar evolutionarydals. last two frequencies probably originate from the secondary-
Before Hipparcos (Perryman & ESA 1997), Krolikowska (1p92ponent. Currently, because of the limited frequency rarigieeo
concluded that the evolutionary statuséfTau was either in detected modes, the complex frequency spectrum does awt all
the thick H(ydrogen)-shell burning phase (without overtho a proper mode identification.
ing) or in the H-core burning phase (with overshooting).ffro  Because they are located in the tuffin@gion of the clus-
the location in a colour-magnitude diagram and a best fit aith ter, the exact locations of both stars in the H-R diagramwallo
isochrone of age- 630 Myr and metallicity Z= 0.027, TSL97 to distinguish between flerent evolutionary models andfidir-
(using| Bertelli et al.|(1994) 's models) concluded that thie p ent isochrones, thus making them extremely useful for time co
mary is in a phase near H-core exhaustion, immediately grecstraints they impose on the chemical composition and theage
ing the phase of overall contraction. But, because bothrityna the Hyades (provided that their physical properties candse d
and fast rotation mayfkect the colour indices, the uncertaintytermined very accurately). As “calibrator stars”, they icom-
remained. Lastennet et al. (1999) used the binary to exalaat dicate how important the mixing processes (such as coweecti
ious stellar evolution models stating tH#te three theoretical core overshooting or rotational mixing) are in the intedagiers
models allow to fit correctly the system (...) in agreemeti wiof stars from the Hyades cluster (LEO1). The knowledge ofiacc
the more recent constraints available about the metajlioitthe rate fundamental component properties furthermore haddsl g
Hyades cluster’ They found that the primary could be in the Hpotential for a reliable pulsation modelling of the two star
core burning (end) phase or in the H-shell burning (begighin  The outline of this article is the following: the observaiso
phase depending on its metallicity. In an extensive studphef are presented in Sect. 2 while the analysis method of spectra
Hyades cluster, de Bruijne etlal. (2001) again ugéedau and disentangling is explained in some detail in Sect. 3. In S&ct
concluded that the agreement with the CESAM isochrones (ime will compare the component spectra obtained from the ap-
cluding convective core overshoot) was remarkably good 1 E plication of the spectra disentangling method with an olesr
derived a maximum age of 650 Myr and the initial helium corspectrum of a reference star as well as with synthetic spec-
tent of the cluster by comparing the mass-luminosity refati tra. Especially in the case of the fainter component, nolyeas
based on a set of five binaries also contairsih@au with predic- discernable in the observed composite spectra, this wiilvsh
tions from models appropriate for the Hyades (using ¥.26). that the mathematically reconstructed spectra are plieusdm
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the viewpoint of physics. Sect. 5 deals with the orbital gsial Table 1. Spectral intervals used in the spectra disentangling anal-
obtained by combining both spectroscopic and interferametysis.
data. In Sect. 6, we thoroughly discuss the quality of ownltes

and their implication in the light of the component’s evabat Index 2 1 N s
ary stages. We end by mentioning the new perspectives and the (,31) (Af) (a

planned future work. R1  4660.37 472597 2363 0.364
R2  4759.53 4961.50 4520 0.364
R3 5178.81 5292.47 3700 0.360

2. Observations R4 542121 547542 1700 0.359
The spectroscopic data consist of (a) 44 échelle spectra R5  5520.36 5610.08 2700 0.359
(R=42000; $NI~200-300 in V; resolution element of 7.1 R6  6090.67 6127.51 1035 0.355

R7 6127.55 6187.31 1665 0.353

km s1) obtained by us with Eop at the 1.93 m telescope of

the Observatoire de Haute—F.‘rovenC,e covering the Wavéi.engbt% A; and.A; refers to the initial and final wavelength in Angstroms;
range from 389.5 to 681.5 nm; (b) 13 échelle spectre83000; N refers to the number of bins contained in the observed csitgo

§/N~220-340in V; resolution element of 3.5 km§ obtained  spectra; ands /¢4 corresponds to the light ratio of the components de-
by us with the HrmMEs spectrograph at the 1.2 m Mercator teletermined as explained in Sefct. 3.

scope located at the Roque de Los Muchachos Observatory, La
Palma, covering the wavelength range from 377 to 900 nm; (c)
70 échelle spectra (RB5000; $N~50; resolution element of 8.5

km s*) obtained by TSL97 using the Center for Astrophysicshserved spectra at epochs which, in an ideal case, uniform
(CfA) spectrograph mounted on the 1.5 m Wyeth reflector at thgyer the orbital radial velocity range. The observed spetis
Oak Ridge Observatory, covering a wavelength range of 26gssumed to be the combination of two time-independent compo
around 519 nm; (d) 16 single-order coudé spectra2B000; nent spectra that are shifted in wavelength with respecath e
§/N~100-200; resolution element of 14 km'} obtained at the other (according to the derived Keplerian orbit). The cosesu
2-m telescope of the OndFejov Observatory of the Astromaini the multi-dimensional, non-linear optimization techrécpf the
Institute of the Academy of Sciences of the Czech Repuliie, ¢ (downhill-)simplex (Press et 4. 1992) to determine theitath
ering the wavelength range 517-589 nm. parameters, whereas the intrinsic component spectra ane co
The Eope data were reduced using theriracos pipeline  puted by the algorithm of spectra separation (using thetadi
(Baranne etall_1996) available at the telescope, while thgities estimated from Kepler's equations). Commonlyngna
Hermes data were treated using thesbdies reduction pipeline ryns starting from various points in a subspace of the dipéta
(Raskin et al. 2010). These reduction procedures perfoerath rameter space are launched, anfedent sizes for the initial sim-
der extraction, theffset and flat-field correction, and the waveplex can be explored. Convergence is attained when the gize o
length calibrations. The resulting wavelength scale was cehe simplex shrinks below a specified level in a specified max-
rected for the Earth’s motion relatively to the barycentethe  imum number of iterations. The separation algorithm wortks o
solar system using the4r software package. The spectra colthe Fourier components of the observed spectra using singul
lected at the Ondrejov Observatory were reduced with tbe pialue decomposition for quasi-singular sets of equations.

cedure described kf§koda &$Iechta (2002). Our analysis was divided in two steps: (a) the determination
In total, 127 spectfecovering the entire orbital cycle and full of the orbital parameters from a selected wavelength regich
range in radial velocity amplitude were available for th@lan () the computation of the intrinsic component spectraphes

ysigl. We furthermore made use of 34 best-fit angular sepakge orbital parameters fixed during the convergence, foeroth
tions (p) and position angleg)) derived from the measurementsyayelength regions (cf. Talé 1).

obtained byl Armstrong et all (1992), Hummel & Armstrong
(1992) and AMO6 with the Mark Il long-baseline optical in-
terferometer.

In step (a), the search for the orbital parameters was done
using 127 spectra weighted according to theN &atio in the
wavelength region R3 (cf. Tablg 1). This region was chosen
for it allows the highest accuracy on the determination &f th
component radial velocities among all selected regions (cf
Fig.[: the standard deviation shows a deep local minimum in
We used the spectra disentangling code RaBr V.3 that region) . Since the CfA spectra cover the large range of
(Rel. 30.01.09) developed hy llijic etlal. (2004), whichtefe radial velocity amplitude near periastron passage but fzave
mines the individual contributions of the components tcdibi@-  smaller wavelength range of 26 A, we only used a part of R3.
posite spectra together with the orbital parameters in & salloreover, the CfA, Eopie and HermEs Spectra together provide
consistent way. The FDBary runs are based on the input ofsufficient spectral coverage in orbital phase. The basis for this
1 _ limitation to the range of the CfA spectra is the experience
From hereon, &I = S/N per resolution element _ _that, in a very eccentric orbit, the coverage of the totabeiey

2 The 44 spectra from theLBpe spectrograph can b_e retrieved d"range is more important than the extension of the spectnglera
rectl;; f“;m th‘;"hEol_'?'E datgtg"s‘?th(hma“aéObts'hf'fef‘:'e’&;g;;? (nonetheless, a significantly broader spectral range wuel[alif
Spectra rrom the Harvar mithsonian Center Tor Astro p : s :
aFrjld the 13 ones from theeklvies spectrograph are available upon re-It r{:\lso m.Cllljded.a m|n|m:‘J.m of sp?‘ctra near perlalstron pﬁs?‘g
quest from the authors of the paper Torres et al. 1997 and fram The orbital period was fixed to the accurate value determined
respectively. by TSL97 (Table[B). The fope and H:rmes spectra were

3 Unfortunately, the Ondfejov single-order coudé spedidenot en- OvVersampled to the velocity resolution of the CfA spectrae T
ter the subsequent disentangling procedure due to theérlmsolution code minimizes the squaredfigirences between the observed
and lower $N (caused by unfavourable weather conditions during tfgRomposite spectra and the model spectra computed withaiespe
observations) compared to the sets of échelle spectra. to a chosen set of orbital elements. The objective funcgén,

3. Spectra disentangling



http://atlas.obs-hp.fr/elodie/

Torres, K. et al.: Orbit, orbital parallax and masseg’sfau AB

F T T T
2.992F 4
E X 3
X X
> 2.991F " E
E E
X E X
— 2.990F X
2 S i
n — E
D 2.989F
~ :
-- Secondary 2'988?
0.1p ‘ | ‘ | ‘ | ‘ | ‘ E
4000 4500 5000 5500 6000 6500 2.987EF
Wavel ength (A) E
Fig. 1. Uncertainty of the radial velocity information content as 29866 . . 1 . . . N
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viation, Sy, was computed over a 60 A wide interval, shifted Ke (km s™)

with a step of 10 A. The primary and secondary are represented
respectively by a full and a dashed line. Each wavelengtioneg Fig. 2. Distribution of they? of the solutions derived by spectra
(Tablell) is represented by a small horizontal line. disentangling as a function of the radial velocity semi-timge

of the secondary.

can thus be written as follows:

2.0 T T T T T

X = 3 WOabst(]) = (Calali +8a) + Cala(i + da)% (1)
i

wherelgpsi(j) represents a set of normalized composite spectra |
at orbital phase and pixelj with weight W(t), 1a(j) andlg(j) L 2.0
are the two component spectfa,; anddg; are the component 3 1.5F
Doppler shifts. The component’s respective (time-indeleer) - 1.0F o
light contributions are indicated bg, and ¢g. Since a com- 1.0r

plex structure with secondary minima was revealed inthe I
space (due to the broad lines of the secondary component), a
search for the global minimum was executed for a gridkef

log(C)

values (Fig[R). The final spectroscopic orbit computatias w 0.5F

performed withKg = 43.4 km s determined from this grid I

search (cf. Tablel3, upper panel). We adopted an uncertainty 0 100 200 300 400 500
the order of 0.5 km3 on this value, corresponding to treating Fourier Mode

as equivalent all the solutions with 298840, < 298850, as
indicated by Fig.[R. Unfortunately, Fourier disentanglohmes

not (yet) include any error estimation of the orbital eletsem Fig. 3. Logarithm of the condition number (log C) versus the

step (b), the component spectra were reconstructed agalyen oy rier mode computed faf? Tau using the radial velocities
separation algorithm with this spectroscopic orbit in othave- yarived with FDBinary.

length regions (Tablg 1).

In order to verify whether the numerical problem is well-
conditioned, the condition numbet;, (i.e. the ratio of the (flat continuum, conserving observed line blocking) at tke e
largest to the smallest eigenvalue in the covariance mdbix pense of a completely insignificant increase infhesalue.
the set of equations for each Fourier mode/as computed (see  The indeterminacy of then = 0 mode implies that the light
Fig.[3). logC is a rough measure of the loss of precision oratio between the two components has to be estimated from ex-
the Fourier amplitudes in the component spectra, exprassedernal information. Therefore, it was determined for eguics
units of number of digits. One digit is lost, relative to thetb tral region using the dierential magnitudeAm) measurements
tom value of logC, in them = 1 mode and this provoked areported by AMO6 (cf. their Table 3). A linear dependencAif

low-level sinusoidal undulation in the reconstructed $ze(see on A represents these measurements within their uncertaiAties
Hensberge et al. 2008 for more explanation). Here, mode Oxgighted fit gives:

completely undetermined (I&g = «) due to the lack of eclipses

(dilution of spectral lines not varying with time). The ldevel Am = 1.131+ 0.020 (1 - 6361)y100Q (2)
sinusoidal undulation in the reconstructed spectra duédo t + 0012+ 0011

lack of constraint on the luminosity ratio was removed self-

consistently [(1lijic et all 2004 and Hensberge et al. 200B)s The zero-point at the weighted average wavelength of
corresponds to replacing the best purely mathematicatisolu 6361 A was chosen such that the constant and the gradient are
by the most acceptable solution from the viewpoint of physiancorrelated. Eq[{2) fixes the light ratio (see black lin€ig.
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Line blocking comp. A represent the acceptable values fgf¢a, for each spectral re-

gion (Table[l). Thelg/{a predicted by AMO6 are also shown
Fig. 4. Line blocking of6? Tau AB for each of the 7 spectral (i-e. black diamonds with error bars), as well as E§j. (2p(ght
regions described in Tatlé 1. See Sekt. 3. black line). The grey line represents the slope of the fluiorat
curve of two synthetic spectra with afidirence of temperature
corresponding ta-200 K, in the sense (component B - compo-
nent A). See Sectg] 3 ahd#.1.

4. Component Spectra

[B), used to renormalize the component spectra, with thealenty 1. Comparison with a reference stellar spectrum
wavelengthl = A, of each regiorn (cf. Table[l) substituted in

the equation. We compared the reconstructed component spectra to the ob-

] . . .. served spectrum of theScuti star HD 2628\(sini ~20 km s!)

In a first step, we fixed the value of the luminosity ratio ifynich is classified as A7 I, as is also the case of the binary
order to verify whether the disentangled component spec&a systemg? Tau AB (AMO6). For visual concordance, the refer-
consistent with the assumption of equal line blocking,singth  o,ce spectrum was shifted by 39.5 krh and broadened by 66
components have very similar colours (Peterson et al. 1893) km s and 118 km 3! in order to match the spectra of compo-
must have the same overall chemical composition.[Hig. 4 CORknt A and B respectively.
pares the line blocking for each spectral region in both ®@Mp  Fig [ shows how well the reconstructed component spec-
nents. The result is sensitive to sub-percent changes iodite 153 agree with the reference star spectrum, especiallyHer t
tinuum levels, in other words, to the solution of the Founi@ide  gpectrum of component A which matches better the luminosity

m= 0. Physical constraints on pseudo-continuum data points @eyss of HD 2628. The spectra of component B may, at the one
liver limits to the coupled continuum placement (represdity per cent level, still beféected by low-amplitude wiggles corre-

grey and black symbols). The diagonal in the figure represegponding to larger uncertainties in the solution of the: 2 or

the locus of equal line blocking. As seen from this figure, the,en slightly higher Fourier modes. The position and shdpe o
assumption of equal line blocking is nowhere (i.e. in nonthef e jines coincide well, showing the power of the spectra dis
studied regions) in contradiction with the allowed rangehef entangling technique in reconstructing component spextra
ph0|ce_0f the continuum Iev_els. U,nderthls assumption, ffreed ;¢ any a priori assumptions about their spectral featiNete,

in continuum level of the primary’s spectrum may be largenth po\ever, that the shape of the Balmeg-Hine (Fig.[8, panels
the previously derived limits (see, for example, R6 in Ey. 4Ry indicates a slight temperatureffidrence between the two

but it will never exceed the level of 0.5%. Such dfset remains components of? Tau and the reference star (HD 2628 is about
insignificant in the context of the present study. 400 K cooler thar? Tau AB).

Therefore, in a second step, we evaluated which range of
continuum positions was acceptable around the one for a$u ; ; ;
equal line blocking, and, in turn, estimated the range o§jnbs '8.2. Comparison with synthetic spectra
monochromatic luminosity ratios from the disentangled pom In order to determin&/sini and the system velocity, we also
nent spectra. Fid.]5 shows that our spectroscopic estinaa¢escompared the reconstructed spectra with synthetic specdtna
in concordance with the interferometric ones, though ass leregions R3 to R5 of Tablg 1 and averaged the results.
accurate than the latter. The grey intervals representdbsip Independently fitting the & and H3-lines of each compo-
ble values fog/¢a derived from the renormalization procedurenent spectrum, an averagfezxtive temperature over these two
(lijic et all 2004) used to correct the disentangled comgrd  H-lines was determined: 78@0170 K for component A and
spectra into physically meaningful spectra. B. We also derived two limits for the temperaturdfeience,
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shifted by 39.5 km g
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ATes -, Dy computing synthetic spectra with slightlyfidgirent solution of spectral disentangling with the astrometryu3ira-
temperatures and by imposing that their flux ratio curve khoulial velocities must be specified, with uncertainties. Ehes-
pass through all interferometric measurements (cf. blaokr e certainties will define the relative weights of the radialoog
bars in Fig[h). Note that this curve is more sensitive in thegt ties with respect to those of the relative positions (iterme-
part of the wavelength range. These limits suggest a teriyperatry). We used 2 x 127 radial velocities obtained from therkz,
difference ATes g-a, ranging from+100 to+500 K (best fit at Hermes and CfA spectra and 34 best-fit angular separatpns
+200 K, cf. grey line), which is also consistent with our dedv and position angleg (Sect[2).
values of the component temperatures, considering thegrin
tainty.

,tAy small difference in &ective temperature is also confirmec-1. Input radial velocities and their uncertainties
by the interferometric measurement of the colodfedence of
~ —0.006 mag |(Peterson etlal. 1993). For both componen
log g was estimated from the averageftieetive temperatures

and the components luminosities (see $edl. 5.2). Table thaum (b) we may compute radial velocities from the spectroscopic

rizes the atmospheric parameters/bffau using the synthetic it derived with FDBNary. The first delivers “observed” (noisy)

spectra and compares them with the parameters adopteg{exce : ; . i
Vgsini andy, which were determined by TSL97). easurements, but the orbit derived from them will not ex

(ftly correspond to the orbit derived with FB&ry. The orbit

The Stromgren photometric data provided by the Genei‘ﬁ . ; o .
: y BT ] at would be derived from the radial velocities resultingn
Catalogue of Photometric Data (Mermilliod et al. 1997) fo he cross-correlation is of slightly inferior quality théve self-

6°> Tau : V = 3.41, b-y= 0.100,m;= 0.197,¢;= 1.012, u-b . - . .
' - ] ' consistent orbit obtained from FDBry. Hence, option (b) was
= 1.606, and3 = 2.831, confirm thesefkective temperatures. . .
ined . N " preferred. Nevertheless, we checked that choosing opipis (
Indeed, a combinedfiective temperatureef ag = 7928 K re onsistent with the combined astrometric—spectroscoglic- s

sults from an updated version of the standard calibration ¥ We also evaluated the radial velocity information

Maon & Dworetsky (1985) (Napiwotski, private communicas, e spectral region, assuming that random noise largetyid

tion). Fig.d shows the disentangled component spectratend |Ilates the error budget in order to derive associated umtieta
(see e.g. Fid.11). In this sense, these estimates are lawits li
Table 2. Atmospheric parameters 6% Tau A and B. to the true uncertainties. The principles for a single-staac-
trum are elaborated in several papers, e.q. Verschuerenv& Da
(1999) and for a binary in Hensberge et al. (2000). The latter

here exist two options for the input radial velocities: (e
ay derive radial velocities applying the cross-correlatech-
nigue using the reconstructed component spectra as texapdet

Q;Eﬁg?eﬁgc S)ég?(:ettrg: TSLo7 certainties essentially contain a correction factor {nteto the
single-star case) for the correlation at a given orbitalsghize-
Vasini (kmst)  68.4+ 1.5 7¢ tween the spectral gradients in the Doppler-shifted corapbn
Vesini (km s'!) 113+ 6 110+ 4 spectra, and a multiplicative factor inversely proporéibio the
Tera (K) 7800+ 170 825¢ contribution of the component to the total light (Vaz et £110).
Terp (K) 7800+ 170 — Typical uncertainties thus derived are given by the folluguine-
log ga 3.6+01 4-g dian valueso(RVa) = 0.15 andr(RVg) = 0.68 km s (ELobie
l;?kr%le) ??é%i%_lg 39.45;¢ 0.2 spectra);o(RVa) = 0.10 ando(RVg) = 0.54 km s* (HermEs

spectra)p(RVa) = 0.65 andr(RVg) = 3.10 km st (CfA spec-

Notes. The atmospheric parameters and their standard deviatieres Wtra). In addition, we also made sure that these uncertaiftiie

computed from the component spectra using synthetic spé&sscond radia_ll velocity are co_mpatible With the s_(_:atter that one lou
column), in this work. The values determined, by Torres 5{1&197) are ObPtain by (re)computing the radial velocities from the rewg

also listed for comparison (third column). acceptable orbits derived with FDBinary which correspond t

@ average of two values obtained using End Hi-lines;@ adopted equivalent solutions in thg? plane (see Fig.12). Tablé 4 lists

by TSL97. the uncertainties on the component radial velocities ddrwith
FDBinary.

synthetic spectra computed for the solar metallicity andvi® 5 2. Einal orbital elements

possible values of the Hyades metallicity proposed by LEO1

([Fe/H]=+0.14 and [FgH]=+0.19). The observed line strengthsThe combined solution was computed using the cosi®2,
suggest that higher metallicities might be better thanrsmias, which performs a global exploration of the parameter spakte f
as expected for two stars belonging to the Hyades clustathisu lowed by a local least-squares minimization (Pourbaix 3998
claim should be confirmed by a detailed abundance analysis. The essence of the method resides in a simultaneous adjustme
of various data types performed in two steps: (a) the minirofim
the objective function is globally searched following ttrénpi-
ples of simulated annealing (SA, Metropalis el al. 1953) @nd
Accurate orbital solutions of stellar systems are obtaivhdn the best estimate of a large number of trials provides thérsga
different techniques are used together to provide input data tBaint of a local least-squares minimization (using the prhoe
single least-squares analysis, thereby leading to theltsimas Of Broyden-Fletcher-Goldstrab-Shanno).

ous determination of all the parameters, also includinghde- Table[3 (bottom panel) lists the orbital elements and their
pendent determination of the distance to the system. Taiims standard deviations obtained after 200 runs with SA, expdoa

a combined interferometric-spectroscopic analysi# @au was small interval around the period provided by TSL97. The taibi
performed|(Lampens etial. 2009). Unfortunately, to our Khowelements were slightly updated in the combined astrometric
edge, no software is available that directly combines thétalr spectroscopic solution (cf. Tablé 3), without significaffieet

5. Combined Orbital Analysis
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Fig.7. Intrinsic spectra o> Tau A and B (in black) compared to synthetic spectra compiedhe Hyades metallicity
([Fe/H]=+0.14 in red; [FH]=+0.19 in green; LEO1), and the solar metallicity (in blue)eTlhminosity ratio is fixed to 0.35.
The T, Vsini and log g values were fixed to those ones described in the Table 2.

on the derived component spectra. Interestingly, our teter systematic ffiset and the standard deviationge_c), = 1.2° and
nations of the mass ratio (0.7540.001) and K are in close oo-c), = 0.47 mas, agree with the published error bars on the
agreement with the first estimates derived by Peterson {199%deasurements.

and Peterson et al. (1993) (see Table 1 in AMO6 for the mass ra- In conclusion, the astrometric part of the combined sotutio
tio estimate using Peterson’s corrected radial velogitiesblel4  is in excellent agreement with the pure astrometric sautimm-
lists the radial velocities corresponding to the orbit dediwith  puted by AM06, except (marginally) for the eccentricity. rOu
FDBinary, their uncertainties (cf. SeCt. b.1) and thiéellences in value is also constrained by the spectroscopic data, asdhlie
the sense (Combined solution - FDBinary orbit). The combingetween the value derived by AM06 and that of TSL97 (see
astrometric—spectroscopic orbit predicts radial veiesitthat Table[3). Also note that the uncertainties of the visual taibi
differ less than 0.1 (for comp. A) or 0.14 km‘gfor comp. B) elements are very similar to those published by AMO6.

from the pure spectroscopic orbit derived with FDBinaryove  The new orbital parallax has a relative errey/r, of 0.5%,

the whole time interval covered by the observations and aVer which is several times more precise than the one of TSL97

orbital phases, except for a narrow phase interval around pg; = 21.22 masg,/r = 3.6%) and the ones measured by the
astron where the derences grow to 0.7 and 0.9 km'sespec- Hipparcos astrometric sateliité_(Perryman & ESA 1997=
tively. This corresponds to a change-ofl % in the mass of the 21 .89 masg,/r = 3.8%:[van Leeuweh 200% = 21.69 mas,
components. The visual (interferometric) orbit recenttyiced - /7 = 2.1%). Though the value of the new parallax is slightly
by AM06 comprises 7 orbital elements of which one, namelnajler, it remains compatible with these formerly derivet
the orbital period, was adopted from TSL97. The remainirg sjjes, within the larger uncertainties of these previousrdete-
elements (T, a, e, {2, w) are in very good agreement: thefdi- tjons. However, the new value is in disagreement with thalsec

ence between AM06 and the new combined solution amountsyi§rallax derived bl de Bruijne etlal. (2001) (see Table 3 =
0.40 for T, 1.4 for a, 2.7¢ for e, 1.4e for i, 0.4-0 for w, and 1 6%) and Seci 6.1). ’ ‘

1.2o for the nodeQ. Note that the latter element is modified by  The combined orbital solution is graphically illustrated

180> with respect to our solution as we follow the spectroscopfé‘y Figs.[8 (astrometric observations and combined soljtion
convention (while _TSL97_foI_Iqwed Pan et aI_. (1992), hereaft and® (spectroscopic observations and combined soluflom).
PS92). The marginally significant change in the value of thgrometric—spectroscopic orbital solution previouggived by

eccentricity places it now in-between the discordant \&lok g 97 is shown for comparison. We remark that these authors
TSL97 and AMO6. As an additional check, we verified that thgy,nted some visual orbital elements of the preliminanytorb

residuals in both position angle and angular separatiow sl 1, pjished by PS92 in their combined analysis. The most con-



Torres, K. et al.: Orbit, orbital parallax and masseg’sfau AB

Table 3. Orbital solutions 0f? Tau A and B from various tech- Table 4. 62 Tau AB radial velocities.
nigues.

- - - HIJD+  Orbital RVa (c- RVg (C- Set
Spectroscopic Orbital Solution (FDBRry) 2400000  phase kY FDB) (kms?) FDB)
Parameter This work 47844.67396 0.68250 +3.2171.208 +0.034 —-4.264+5.456 —0.038 1
47942.61109 0.37842 -9.362:1.130 +0.022 +12.409:5.235 -0.021 1
P (days) 140.72816 47957.58553 0.48483 —5.451:0.747 +0.035 +7.225:3.442 —0.038 1
T 1993.0751 48142.89616 0.80161+11.265:0.773 +0.001 —14.933:3.593 +0.005 1
e 0.734662 48145.81918 0.82238+13.202:0.701 —0.012 -17.498:3.262 +0.023 1
ws (°) 235.88 48158.82114 0.91477+26.806:0.697 —0.185 —35.53Q:3.274 +0.251 1
Ka (km s%) 32.74 o
Kg (kms?) 43.4F (+ 0.5, cf. text)

- . _ Notes. The radial velocities (RV) were derived relatively to thentsr
Interferometric Orbital Solution (AM06) of mass ¢ = 39.3 km s!) with the code FDBuary. (C-FDB) refers to
the diferences in the sen&ombined astrometric—spectroscopic solu-
_I? (days) 1989 éggbﬁsofgooo?) tion - FDBinary orbit. The uncertainties were computed as explained i
; y Sect. 5.1. The Heliocentric Julian Day (HJD) and orbitalgghaorre-

Z(mas) 07138733&%%05%36 sponding to each radial velocity are also included. Set A dzita; Set
i) 47.61+ 0'09 2: ELobie data; Set 3: llkmes data. A complete version of this table is
Q@) 173.73+ 0.07 available on-line.
wa (°) 55.40+ 0.06
Tsec (Mas) 22.39 +0.36

Astrometric-Spectroscopic Orbital Solution of their uncertainties were derived by way of Monte Carlowsim
Parameter This work TSL97 lations assuming Gaussian errors on the various paramaters

already mentioned, with regard to the astrometric part et

P (days) 140.7302 0.0002  140.72816 0.00093 |tion, TSL97 adopted the visual orbital elements and thesco
Z 19%5-703%10145 %g&?oz 1%9%%25% 38258 sponding errors from PS92. Compared to this and other pusvio
a (mas) 18.9% 0.06 18.60= 0.20 analyses performed with (subsets of) the Mark Il data, the a

trometric orbit derived by AM06 shows a major improvementin

'Q(()o) 354;'8821%_109 f?i_zzili% quality: from their_TabIe 3,a factor of about 10 was gaingetﬂfﬂn

ws (°) 235 41+ 0.08 236.4r 1.1 accuracy of the visual orbital e_Iements over t_hat of th_e iores/

q= m_i 0.754+ 0.001 0.873 0.048 stughes. Our work merely confirms the very high quality ofithe
Tors (Mas) 20.90+ 0.10 21.22+ 0.76 orbital solution. _ S

Ka (km s) 32.95+ 0.04 33.18¢ 0.49 On the other hand, with regard to the uncertainties in the
Kg (km st 43.68+ 0.14 38+2 spectroscopic part of the combined solution, we notice ttiat
Ma (Mg) 2.86+ 0.03 2.42+ 0.30 higher quality (higher ) of the 44 E.opie and 13 HrMEs Spec-

Mg (Mg) 2.16+ 0.02 2.11+ 0.17 tra has led to the extraction of 5-10 times more precise kadia
rss (all) 1.23e3 8.18e-03 velocities: the quality of the radial velocities is expette be 5
System massM;) 5.02+0.09 4.54+ 0.51 times better if the ratio of their typical uncertaintiesissidered
Time span (yr) 20.0 6.3 (e.g. Eobie versus CfA, see Se¢f. 5.1), and 10 times better if the

o ] . . ratio of the typical rms residual is considered (TSL97 detlia
Qlféfhomﬁnsiﬁgdbacfgoﬂgﬂg?s including orbital parallax andsesas ;g residual of 1.7 kmr$in RV, whereas we have rms residuals
@ Fixed (adopted from TSL97Y Fixed (see Sedt] 3y Adopted from of Q.15 and 0.20 km é”? RVA and Rk, respectively, over t_he
de Bruijne et al.[(2001) (not an orbital elemefit) Adopted from PS92 entire data set). The gain might be somewhat larger consgler
®) Fixed (after a search in 2-D space). the larger amount of spectra (127 instead of 70 spectra)els w
as the robustness of the applied disentangling technibea#t
dial velocities in the observed spectra are bound by a Kigpler
orbit which probably lowers the bias in thefidirent parame-
spicuous dierence between both studies (ours — TSL97) is tiiers) and the improved astrometric orbit. But the somewdss |
larger radial velocity amplitude of component B, while thés favourable distribution over the orbital velocity rangetod new
excellent agreement for the radial velocity curve of congdn spectra in comparison with the CfA ones, might have limited
A over the entire phase range. Note that, even though a horttee gain achieved. Hence, an overall improvement of a faxtor
geneous coverage in orbital phase was achieved, we stilbtlo (at least) 5 can be expected compared to TSL97. As a matter of
have a perfect coverage in radial velocity in the criticaitjpd  fact, Tablé_B suggests a gain with a factor slightly larganthO
the orbit where the radial velocity is changing fastestydr#% in the radial-velocity amplitudes.
of the spectra have a radial velocity larger than 24.8 khfar This difference can be understood as these formal errors re-
componentA). main underestimates of the true errors. For example, thee err
At this stage, it is relevant to compare and explain the umentioned for K is + 0.04 km s?, which is about 3 times better
certainties quoted in Tablé 3. Here, we list the formal exafr than the median error in radial velocity extracted for tlmhpo-
a (local) least-squares minimization process. These shaigra nent (see Sedf. 8.1). This seems reasonable. However rdre er
nificant improvement of (at least) a full order of magnitudeio mentioned for g is + 0.14 km s*, which is about 5 times better
the errors listed by TSL97. However, TSL97 didt compute thanthe median error in radial velocity extracted for trahpo-
their solution using full least-squares analysis (sineeither- nent (see Sedi. 8.1). An uncertainty 2 (perhaps 3) timesgs la
ferometric data were not available to them). In additionmeo for Kg might be closer to the true uncertainty value, in particu-
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Fig.8. Combined orbital solution plotted with the astrometri€ig. 9. Combined orbital solution (full lines) plotted with com-
data from Armstrong et al. (2006). ponent radial velocities (symbols™for component A and 4’
for component B) derived with FDBary. Combined orbital
solution derived by TSL97 (dashed lines). Théefetient data
lar if we also consider the shape of th& minimum in Fig.2. sets obtained with theiBbie (Observatoire de Haute—Provence,
Indeed, the formal error based on an increase by a unt &f OHP), Hermes (Roque de Los Muchachos Observatory, LPA)

0.15 knys (assuming a perfect parabolic shape near minimurahd CfA spectrographs are represented by tfierdint shades
i.e. similar to the uncertainty listed in Tallé 3. Howevercls of grey, see legend.

an estimate corresponds to a strict lower limit of the uraiety
since it assumes random errors. With resampled data anththe a
biguity in tracing of the continuum levels, uncertaintiessub-
sequent pixels get correlated, which unavoidably conteto
introducing some bias in one spectrum with respect to thersth —
To stay on the safe side, we will adopt from hereon an erradwi .
as large for Ig, i.e. + 0.28 km s? (instead of+ 0.14 km s?). I —
As a consequence of the laws of error propagation, we will als M=2.86 M, ¥=0.26, Z=0.024
consider a larger error contribution of the semi-axis majgr )
(the semi-axis major of component B with respect to the eentr ﬂ 201~
of mass expressed in km'3 and on M by a factor of 2. The &
former leads to an error budget on the orbital parallax iacee  —
by a factor of 1.4 (determined by the ratio of the apparent anc
the true semi-axis major). In Talilé 5, we summarize all redet
mined component properties including the increased eudr b
get and we compare the new values with those of, respectively .l
AMO6 and TSL97. With respect to AMO6, the present total mass 5 5 i +s i i e
is 20% larger, most of which is due to thefdrence in parallax log T
value. With respect to TSL97, the total mass is 10% largeh wi
half of the increase due to the updated parallax and the betier Fig. 10. Location of6” Tau AB in the Hertzsprung—Russell di-
due to the increased sum of the radial velocity amplitudes. ~ agram. The curves represent evolutionary tracks for thesesas
Adopting the new parallax of Tablé 3 ansh, = 1.11+ 0.01  corresponding t@> Tau AB, the metallicity of the Hyades (fol-
mag (derived from Eq[{2)) we obtain the following componen@wing LEO1) and three levels of overshootingy, (different
absolute magnitudes: W = 0.33+ 0.03 mag and Mg = 1.44 black curves as indicated in the legend) and an isochrone of
+ 0.03 mag. This determination is more accurate than befdge of 650 Myr (red curve), all computed using the codenG
(thanks to the improved parallax determination) and resiin (Morel & Lebretor 2008).
good agreement with the one provided by TSL97. However, it
differs from that by AMO06 at the-level.

Sun

e -~

M=2.16 M, ,Y=0.26,2=0.024

evolutionary tracks: those of the Geneva and Padova groups
) ) ) (cf. lLastennet et al.| (1999) for the references) and those of
6. Comparison with evolutionary models Claret & Giménez[(1992). They found some discrepant result
from isochrone fits for 3 visual binaries using the Hipparcos
parallaxes (including®® Tau) and were unable to find a sin-
Various attempts to compare the components’ locationseén thle isochrone passing through the locations of both com-
Hertzsprung-Russell (H-R) diagram with evolutionary miedeponents of V818 Tau (van Bueren 22). However, LEO1 re-
have already been done, though not always with great sucarked that the models previously used (taken from thealiter
cess. The importance of finding the correct evolutionary motlre) did not match the cluster's chemical composition.ngsi
els may also have implications for the entire Hyades clutie location of V818 Tau, these authors were able to ex-
ter.[Lastennet et all (1999) tested 3 independent sets ltdrsteclude the isochrone at 625 Myr with the solar-scaled abun-

6.1. Previous Status

10
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Table 5. Fundamental properties 6f Tau A and B components. 6.2. Current Status

The revised component properties (cf. TdBle 5) and, maylye mo

ComponentA  Thiswork  AMO06 TSLor importantly, the higher accuracy with which they were o,

Tera (K) 7800+ 170 — 8256 make it worthwhile to review the location of the componerits o

Vasini (kms?) 68.4+ 1.5 — 70 6 Tau in the evolutionary diagram. An isochrone model with the

log(L/Lo) 1.77+0.05 1.74+0.05 1.78+0.07 age and the chemical composition of the Hyades should befitti

Ma (Mo) 2.86+£0.06 2.15:0.12 2.42+0.30 the parameter box of both stars within the quoted unceitsint

My (mag) 0.330.03 0.48+0.05 0.37+0.08 We may also expect that sharper constraints might be puteon th

log g(cms? 3.6+0.1 — 4.0 age and the abundance determination of the cluster, given th

Component B This work AMO6 TSLO7 fact that the accuracies are (expected to be) of the ordedoof 2
on the component masses and of the order of 4% on the compo-

nent luminosities (i.e. an improvement with a factor of 64thw
respect to previous determinations). This was already #se c
with V818 Tau (LEO01), an eclipsing-spectroscopic binarogsé

Vgsini (kms?1) 113+6 — 110+ 4
log(L/Lo) 1.3%2+0.04 1.29:0.06 1.34+0.07
Mg (Mo) 2.16+0.02 1.87+0.11 2.11+0.17

My (mag) 144: 003 161006 1.47+0.08 component masses are known within 1% (Peterson & Solensky
logg(cms? 3.9+0.1 — 4.5 1988).
: In Fig.[I0, we plotted the locations éf Tau A and B in

This work AMO6 TSL97 the H-R diagram using the temperatures and the masses from
q= m_i 0.754+0.002 0.878  0.873+ 0.048 Table[5. We compare these locations with theoretical elaniut
AMsson (Mag) 1.11+0.0% 1.12+0.03 1.10+ 0.0F ary tracks adopting the Hyades composition derived by LEO1
Tor (MAs) 20.90 0.14 22.30+ 0.3 21.22+ 0.76 ([Fe/H] = +0.14 and Y= 0.26). Three dterent values of over-
Ty (%) 0.7 1.6 3.6 shooting were considered: zero overshoot (full lines), avet-
Tot. massfl,) 5.02+0.12 4.03+0.20 4.53+0.51 shoot values of 0.2 and 0.4, in units of the pressure scatghhei
osum(%0) 2 5 11 H, (dashed, respectively dotted lines). As can be clearly seen
Method used  VB-SB orbit VB orbit may, VB-SB orbit from Fig.[I0, the track withM = 2.16 M, and zero over-

shoot passes through the box of component B (at an age of
600 Myr), while the tracks wititM = 2.86 M, are way too lu-
Notes. The fundamental properties 6f Tau A and B derived in this minous compared to the location of the box representing com-
work (second column), by Armstrong et al. (2006) (third o) and  ponent A. Nevertheless, an isochrone model of age 650 Myr and
by Tarres et al.[(1997) (fourth column) are described hete [isted with the same chemical composition (thin line) passes tinou

uncertainties may be slightly fiérent from the formal uncertainties in R
Table[3 as they take into account the increased error budigfes.o both boxes. We conclude that component B is indeed on the

@ adopted;@ [de Bruijne et al.[(2001)® from [Torres et al.[(1997); Maln S€quence (as previous authors did), whereas theretarp
@ from Eq. [2)® from|Peterson et al. (1998 Mg, = 4.75 mag tion for component A remains enigmatic: neither conveative
’ overshooting nor rapid rotation can be invoked to explam th

observed discrepancy. Taking into account gravitationgteh-

ing due to rapid rotation would shift its observed locatioritie

wrong direction (its non-rotating counterpart would beteoif
dance for He (¥0.28), and derived the improved value=Y seen equator-on and fainter if seen pole-on, Frémat e085b)2
0.255+ 0.009. They furthermore concluded that an isochromdowever, while non-zero overshoot would make the star evolv
with ([Fe/H]=+0.19, Y=0.27) matched best the observed mairmore rapidly (the star will be younger at the TAMS position),
sequence of the Hyades, whereas a chemical composition wittbulent difusion due to rapid rotation would make the star
both ([F¢H]=+0.19, Y=0.27) and ([F&H]=+0.14, Y=0.26) fit- evolve more slowly (the star would be older at the TAMS posi-
ted well the locations of the 5 considered binaries (inclgdi tion, Meynet & Maeder 2000), shifting the observed locatiion
62 Tau). In the turné region, rotational ffects complicate the the right direction. Another possibility which seems molaup
interpretation but the overall agreementis good (see Rifraln  sible, is a change in chemical composition - in the sense of a
LEO1). However, in order to discriminate between thatent higher metallicity. Interestingly, the disentangled speeare go-
models (e.g. with or without overshooting), the accuracyten ing in the same sense. This, however, needs to be confirmed by
component masses, also@3fTau, was still instficient. a detailed chemical analysis of the component spectra.

AMO6 adopted the dynamical parallaxes based on the Because of its location on the tip of the tufhoegion, pre-
Hipparcos proper motions_(de Bruijne etlal. 2001) to revige tcisely #* Tau A was critical to the choice of the chemical com-
orbital solution of¢? Tau (we recall that this parallax is incon-position suitable for the Hyades cluster in LEQ1’s work. lght
sistent with our determination). These authors derivedtal tobe necessary to look into a few other solutions again. In par-
mass of 4.03 0.20 M,. Using the spectroscopic mass ratio oficular, the higher metallicity and higher helium abundaod
TSL97, they computed the component masses and luminositibe ([F¢H] = +0.19 and Y= 0.27) model, which fitted well
They were however unsuccessful at modelling the componéim remainder of main-sequence stars in the cluster, stmmild
locations in the mass-luminosity and the Hertzsprung-8ussre-investigated. However, such a detailed confrontat®obd-
diagrams, even though they corrected the luminosities bad yond the scope of the present work. Furthermore, and for the
colours for the rotationalfects assuming 3 fierent inclina- first time, the availability of the disentangled componergcs
tion angles: in each case, the masses appeared too sméalefoitia opens the way to an abundance determination in both com-
observed luminosities. Therefore, they claimed that thegm ponents as if they were single stars. The resulting disgigdn
nent properties of” Tau did not match the current evolutionarycomponent spectra thus provide two additional “calibragtars
tracks. However, the He abundance used in their model fitstis miseful in a consistent analysis of the chemical composttibn
appropriate for the Hyades. cluster members.
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tra, _ob_t:_;uned frqm a pure mathematical technique withoyt ABak Ridge Observatory. The Hermes project is a collaboraltie-
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Table 4. % Tau AB radial velocities.
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HJD +
2400000

Orbital

RVa (C-
phase (knT¥) FDB)

RVp (C-
(kms?) FDB)

Set

HJID+
2400000

Orbital RVa (C-
phase (knTh) FDB)

RVg (C-
(kms?t FDB)

Set

47844.67396
47942.61109
47957.58553
48142.89616
48145.81918
48158.82114
48162.77544
48168.69863
48189.80317
48191.74188
48193.75274
48194.82415
48198.64843
48199.72259
48204.81905
48206.74581
48221.70076
48225.71561
48226.67264
48227.69380
48230.72959
48232.73228
48234.69604
48252.69842
48257.64582
48258.58654
48278.54634
48279.54381
48289.66074
48290.50641
48310.51233
48325.50344
48344.51304
48350.50753
48992.52662
49004.66293
49050.57611
49267.89835
49286.83598
49313.76324
49329.74569
49345.71675
49358.67549
49371.67152
49379.58646
49389.64176
49404.46549
49979.79433
49990.88998
49992.84490
49993.92196
49999.87944
50000.83846
50001.80220
50002.85421
50004.84002
50006.86013
50007.84894
50008.83881
50009.86739
50020.84972
50021.84975
50026.75460
50027.82940

0.68250 +3.217%1.208 +0.034
0.37842 -9.362:1.130 +0.022
0.48483 -5.451+0.747 +0.035
0.80161+11.265:0.773 +0.001
0.82238+13.202:0.701 -0.012
0.91477+26.806:0.697 —0.185
0.94286+34.391:0.730 -0.341
0.98495+45.848:0.747 —0.343
0.13492-18.328:0.557 -0.051
0.14869-17.862:0.557 —0.045
0.16298-17.34#0.557 -0.039
0.17060-17.066:0.557 —0.036
0.19777-16.032:0.605 —-0.025
0.20540-15.749:0.605 —0.022
0.24162-14.376:0.726 —0.010
0.25531-13.862:0.605 —0.005
0.36158 —9.970:0.532 +0.019
0.39010 —8.939:0.531 +0.024
0.39690 —8.692:0.869 +0.025
0.40416 -8.429:0.531 +0.027
0.42573 —7.644:0.530 +0.029
0.43996 —7.122:0.530 +0.031
0.45392 -6.607%0.530 +0.032
0.58184 -1.570:0.529 +0.041
0.61699 -0.016:0.529 +0.041
0.62368 +0.291+0.601 +0.040
0.76551 +8.384+1.415 +0.020
0.77260 +8.910:0.700 +0.018
0.84449+15.569:1.134 -0.029
0.85049+16.279:0.653 —0.037
0.99265+41.466:0.561 +0.158
0.09918-19.195:0.654 —0.061
0.23425-14.654:1.132 -0.011
0.27685-13.06G:0.629 +0.001
0.83891+14.945:0.604 -0.018
0.92514+29.323:0.628 —-0.212
0.25139-14.006:0.895 —0.003
0.79564+10.761:0.917 +0.015
0.93021+30.6710.905 -0.228
0.12155-18.728:0.920 —0.053
0.23512-14.61%0.943 -0.007
0.34860-10.435:0.894 +0.021
0.44069 —7.092:1.075 +0.035
0.53303 -3.575:1.011 +0.044
0.58927 —1.244+0.842 +0.046
0.66073 +2.090:0.866 +0.045
0.76606 +8.432:0.845 +0.027
0.85423+16.758:0.484 -0.021
0.93307+31.49Q:0.503 —-0.227
0.94696+35.80Q:0.579 —-0.317
0.95462+38.478:0.581 —0.382
0.99695+36.151-0.680 +0.307
0.00376+24.852:0.660 +0.636
0.01061+12.628:0.700 +0.690
0.01809 + 1.670:0.842 +0.517
0.03220-10.464:0.701 +0.192
0.04655-15.84Q:0.653 +0.030
0.05358-17.204:0.654 —0.007
0.06061-18.095:0.581 —0.031
0.06792-18.678:0.581 —0.047
0.14596-17.9510.557 —0.040
0.15307-17.70%0.581 -0.037
0.18792-16.406:0.629 —0.022
0.19556-16.116:0.581 —0.018

—4.264+5.456 —-0.038
+12.409:5.235 -0.021
+7.225+3.442 -0.038
—14.933:3.593 +0.005
—17.498:3.262 +0.023
-35.53@:3.274 +0.251
—45,585:3.533 +0.457
—60.7714.261 +0.459
+24.293:2.647 +0.076
+23.676:2.646 +0.069
+22.994:2.644 +0.061
+22.620:2.632 +0.056
+21.25%2.855 +0.041
+20.874:2.855 +0.037
+19.055:3.395 +0.021
+18.374:2.829 +0.015
+13.215:2.474 -0.017
+11.84%2.461 —0.024
+11.5214.016 -0.025
+11.172-2.455 —-0.028
+10.132:2.449 -0.030
+9.440:2.447 —-0.033
+8.7572.446 -0.035
+2.080:2.343 -0.047
+0.022:2.300 -0.046
—0.386:2.609 —0.045
-11.112:6.565 —-0.019
-11.809:3.249 -0.016
—20.636:5.319 +0.045
-21.576:3.066 +0.056
-54.962:3.007 -0.204
+25.443:3.111 +0.090
+19.423:5.296 +0.023
+17.3112.940 +0.007
-19.809:2.827 +0.030
-38.867%2.953 +0.286
+18.564:4.186 +0.012
-14.264:4.262 —-0.013
—40.655:4.269 +0.307
+24.823:4.375 +0.079
+19.375:4.414 +0.018
+13.8314.165 —-0.020
+9.399:4.960 —0.039
+4.74Q:4.575 —-0.050
+1.649:3.713 —-0.053
—2.770:3.819 -0.052
-11.17%3.920 -0.029
-22.212:2.272 +0.035
-41.74Q:2.380 +0.306
—47.453:2.839 +0.425
-51.002:3.017 +0.511
—47.917%3.334 -0.402
-32.9413.141 -0.837
—-16.73%3.258 —-0.907
-2.214:3.714 -0.678
+13.8713.265 —0.246
+20.996:3.083 -0.031
+22.803:3.104 +0.018
+23.984:2.761 +0.050
+24.758:2.762 +0.071
+23.794:2.646 +0.062
+23.462:2.761 +0.058
+21.746:2.970 +0.037
+21.3612.742 +0.033

RPRRPRRPRRRRPRRPRRPRRERRRPRRPRRPRRERRERRPRRPRRERRERRERRPRRPRRERRERRRPRRPRRERRERRERRPRRPRRERRERRERRPRRPRREPRERRERRPRRPRRERERRERRPRRPRRERRERRERRRRERRERRERRRRERRERRERRRR

50138.48966
50140.56345
50143.47618
50146.47843
50152.51706
50154.54631
53431.26650
53431.27540
53642.66560
53657.52560
53667.67700
53686.56880
53690.58560
53711.46230
53724.36150
53728.37360
53739.43640
53747.35580
53749.39120
53759.35790
53777.34740
53787.30460
53793.32650
53801.33250
53801.34800
53801.36060
53801.37240
53801.38420
53802.30060
53802.34250
53802.36410
53803.27240
53803.28070
53803.29010
53803.29870
53803.30710
53803.31560
53803.32400
53803.33260
53803.34150
53806.29510
53806.30400
53806.31280
53806.32120
53806.32980
53806.33840
53806.34690
53806.35260
53806.37650
53806.38500
54905.41312
54905.42068
54905.42824
54906.39330
54906.39728
54906.40149
55079.70896
55079.71082
55080.70855
55080.71054
55080.71256
55082.70400
55082.70576

0.98189-46.222+1.407 —-0.466
0.99662-36.590+0.605 +0.265
0.01732+2.621+0.746 +0.520
0.03865-13.453+0.677 +0.093
0.08156-19.179+0.775 -0.058
0.09598-19.225+0.630 —0.059
0.37968-9.296+0.121 +0.042
0.37975-9.293+0.121 +0.042
0.88184-20.691+0.097 —0.001
0.9874344.782+0.257 -0.463
0.05957#18.027+0.097 -0.070
0.1938%16.168+0.097 —0.005
0.22235-15.083+0.097 +0.005
0.37070-9.619+0.145 +0.042
0.46236-6.272+0.096 +0.055
0.49087 -5.199+0.072 +0.057
0.56948-2.069+0.120 +0.063
0.62575+0.414+0.240 +0.066
0.64021+1.099+0.120 +0.067
0.71103+4.857+0.096 +0.065
0.83886-14.995+0.121 +0.038
0.90962-25.804+0.123 -0.040
0.9524%37.826+0.101 -0.221
0.00936-14.200+0.145 +0.041
0.00941%14.010+0.145 +0.031
0.00956-13.857+0.169 +0.057
0.00958-13.713+0.169 +0.047
0.00966-13.571+0.145 +0.038
0.01618+3.621+0.830 +0.055
0.01647 +3.228+0.265 +0.072
0.01663+3.028+0.708 +0.075
0.02308-4.125+0.145 +0.021
0.02314-4.179+0.120 +0.038
0.02321-4.241+0.120 +0.024
0.02327-4.297+0.349 +0.015
0.02333-4.351+0.145 +0.032
0.02339-4.406+0.145 +0.024
0.02345-4.461+0.120 +0.016
0.02351-4.516+0.265 +0.031
0.02357-4.572+0.651 +0.021
0.04456-15.442+0.194 -0.056
0.04462-15.458+0.194 —-0.059
0.04469-15.474+0.194 -0.055
0.04475-15.489+0.218 -0.057
0.04481%15.506+0.218 —0.060
0.04487%15.522+0.266 —0.056
0.04493-15.537+0.266 —0.058
0.0449715.547+0.691 —-0.055
0.04514-15.590+0.378 -0.059
0.04520-15.605+0.266 —0.061
0.8546%16.850+0.069 +0.017
0.85472-16.860+0.062 +0.020
0.8547816.870+0.078 +0.020
0.86163-17.750+0.081 +0.011
0.86166-17.760+0.078 +0.018
0.86169-17.760+0.078 +0.014
0.09318-19.240+0.095 -0.058
0.09319-19.240+0.095 -0.058
0.10028-19.180+0.095 —-0.059
0.10030-19.180+0.095 -0.059
0.1003%+19.170+0.119 -0.050
0.11446-18.900+0.095 -0.044
0.1144718.900+0.095 -0.044

—61.26%8.022 +0.622
-48.499%:2.979 -0.346
—3.474:3.329 -0.681
+17.83%3.169 -0.115
+25.422:3.688 +0.086
+25.482:2.996 +0.087
+12.3210.559 -0.048
+12.318:0.559 -0.047
—27.425:0.458 +0.008
-59.35%1.464 +0.618
+23.893:0.460 +0.101
+21.4310.457 +0.016
+19.992:0.454 +0.002
+12.7520.674 -0.047
+8.314+0.445 -0.064
+6.891+0.333 -0.068
+2.743:0.537 -0.076
—0.549:1.044 -0.080
—-1.4570.525 -0.081
—6.438:0.437 -0.079
—-19.876:0.565 -0.044
—34.202:0.584 +0.059
-50.13%0.510 +0.298
—-18.8210.676 —0.048
—-18.57G:0.676 —0.035
—-18.36%0.789 —0.069
—-18.17%0.788 —-0.056
-17.98%0.676 —0.043
—4.800:3.755 —0.066
—4.278:1.196 —-0.088
—4.013:3.197 -0.092
+5.4670.662 —0.020
+5.539:0.552 -0.043
+5.621+0.552 -0.024
+5.695:1.599 -0.013
+5.768:0.662 —0.034
+5.840:0.664 —0.024
+5.912:0.554 -0.014
+5.986+1.220 —0.033
+6.061+2.997 -0.019
+20.468:0.913 +0.083
+20.489:0.913 +0.087
+20.5110.913 +0.082
+20.532:1.028 +0.085
+20.552:1.028 +0.088
+20.573:1.256 +0.082
+20.593:1.256 +0.085
+20.608:3.262 +0.082
+20.665:1.784 +0.087
+20.684:1.256 +0.089
—22.34(:0.388 -0.021
—22.35(3:0.348 -0.023
—22.360:0.442 -0.020
—23.530:0.456 -0.011
—23.540(:0.443 -0.016
—23.54(:0.443 -0.012
+25.506:0.537 +0.083
+25.506:0.537 +0.083
+25.420:0.537 +0.085
+25.42(:0.537 +0.085
+25.42(:0.671 +0.085
+25.050:0.537 +0.066
+25.050:0.537 +0.066

WWWWWWWWWWWWWNNNNNPRNPRPNPNPNNNDNPDNNNNNNNNNNDNNNNPDNDNDNDNNNNNNNNNNNNNNNDNNNNNNDNNNRRRRRRE

Notes. The radial velocities (RV) were derived relatively to thenteg of massy = 39.3 km s') with the code FDBuary. (C-FDB) refers to
the diferences in the sensgombined astrometric—spectroscopic solutioRDBinary orbit. The uncertainties were computed as explained i
Sect. 5.1. The Heliocentric Julian Day (HJD) and orbitalgghaorresponding to each radial velocity are also inclu8ed.1: CfA data; Set 2:
ELopie data; Set 3: IHrMEes data.
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