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ABSTRACT

The programme on eclipsing binaries we are carrying out
in Asiago, is aimed at obtaining the orbits and phys-
ical parameters of double-lined A-K eclipsing binaries
combining photometry from the Hipparcos-Tycho mis-
sion with 8500—8750 A ground-based spectroscopy (ob-
tained with the Asiago 1.82 m + Echelle + CCD), sim-
ulating the photometric+spectroscopic observations that
should be provided by Gaia.

Our study proves that Gaia is perfectly suited for an ac-
curate study of the eclipsing binaries of solar type down
to the limit of accurate epoch spectroscopy, obtaining a
formal accuracy of ~1-2% on fundamental parameters
such as masses, radii and temperature ratio between the
components.

Our results can be considered as a lower limit to the Gaia
performances because Gaia photometry will be far supe-
rior to the Tycho emulation adopted in our study, having
more bands of higher diagnostic potential, better mea-
surement accuracy and a larger number of epoch data.
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ters; Binaries: eclipsing; Binaries: spectroscopic.

1. INTRODUCTION

Gaia will observe a huge number of double-lined eclips-
ing binaries. The number of stars brighter than V = 15
(thus bright enough for Gaia to obtain epoch spec-
troscopy in addition to multi-band photometry) is 5 x 107
with an average spectral type of G7. Scaling the Hippar-
cos results (~ 0.8% of the stars observed by Hipparcos
are EBs, Oblak & Kurpinska-Winiarska 2000), ~ 4 x 10°
of them would be eclipsing binaries. It may be estimated
that about 25% of them will be double-lined in Gaia spec-
tral observations (cf. Carquillat et al. 1982).

The required accuracy to constrain stellar models and
to test evolutionary tracks is 1-2% on masses and radii,
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Figure 1. Comparison between the distance obtained
from the orbital solution and the Hipparcos parallax for
the 12 stars in our sample.

when effective temperatures and metallicities are well de-
termined (primarily by spectroscopy and multi-band pho-
tometry). Even if for only 1% of the double-lined EBs
observed by Gaia it should be possible to derive orbits
and stellar parameters at 1% precision, this would still be
25 times more than have so far been collected from de-
voted ground-based observing campaigns during the last
century (cf. Andersen 2002).

The programme on eclipsing binaries we are carrying out
in Asiago, was undertaken (a) to determine the perfor-
mances by Gaia on eclipsing binaries and the accuracy
achievable on the determination of fundamental stellar
parameters like masses and radii and (b) to evaluate the
contribution that Gaia will provide to the study of eclips-
ing binaries and its influence on our knowledge of the
basic parameters of stars.
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Table 1. Basic stellar parameters for the 12 stars in our sample as obtained from our Gaia-like orbital solutions (Munari
et al. 2001, Zwitter et al. 2003, Marrese et al. 2004, Milone et al. in submission). The last column list the Hipparcos

trigonometric distance.

Star Ml/M@ MQ/MQ RI/RQ RQ/RG Teff,l Teﬂ',Q dBin dHipp
X)) (K) (po) (pe)
V505 Per 1.30 1.28 1.40 1.14 6430 6414 59+ 4 6671
HP Dra 1.10 1.10 1.72 0.89 6000 638 73+5 8083
V781 Tau  0.51 1.15 0.76 111 6390 6167 81+1 819
SV Cam 0.86 0.65 0.98 1.18 5848 4061 87 +38 8523
UV Leo 1.21 1.11 0.97 1.22 6129 5741 92+6 9139
V570 Per 1.28 1.22 1.64 1.01 6460 6204 108+6 117135
V432 Aur  0.98 1.06 1.39 2.13 6100 5900 124 £ 10 119192
UW LMi 1.06 1.04 1.23 121 6500 6500 114+7 129iid
BS Dra 1.29 1.28 1.42 1.40 6619 6626 172+8  208%4F
GK Dra 1.46 1.81 2.43 2.83 7100 6878 313+ 14 297373
CN Lyn 1.04 1.04 1.80 1.84 6500 6455 285+ 32 36233
00 Peg 1.28 1.22 2.19 1.37 8770 8683 295+ 17 44539
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Figure 2. Comparison between observed (thin line) and synthetic (thick line) spectra of BS Dra in the Gaia wavelength
region at orbital phase 0.36. The lower curves represent the contribution of each component of the binary to the formation
of the observed spectrum. The synthetic spectra are characterized by Teg 1=6500,Ts 2=6450,log g1=4.25,log go=4.25
and [Fe/H]=-0.2.



2. THESAMPLE

All the targets are selected among the eclipsing binaries
observed by the Hipparcos-Tycho mission. They have
A-K spectral types and can be detached, semi-detached
or contact binaries. In some cases one or both compo-
nents are themselves variable stars, while one of the sys-
tems was revealed to be triple. Until now 12 eclipsing bi-
naries have Gaia-like orbital solutions, namely OO Peg,
V570 Per and V505 Per (Munari et al. 2001), GK Dra,
UV Leo and V781 Tau (Zwitter et al. 2003), CN Lyn,
V432 Aur and UW LMi (Marrese et al. 2004), SV Cam,
HP Dra and BS Dra (Milone et al. to be submitted). Ta-
ble 1 summarizes, for all the target stars, the basic stellar
parameters (masses, radii, temperatures) and distances as
obtained from the orbital solutions. The distance from
Hipparcos parallaxes is reported for comparison.

3. DISTANCES

In order to check the accuracy of the derived orbital solu-
tions, we compare the astrometric distance by Hipparcos
with the distance obtained by the orbital analysis for all
the binaries in our sample. Figure 1 shows that for the
systems closer than 150 pc (for which Hipparcos paral-
laxes are accurate) the agreement is very good, with an
RMS lower than 2 pc.

4. AN EXAMPLE: BSDRA

4.1. Atmospheric Analysis

The Gaia spectra are used for the atmospheric analysis
via synthetic spectroscopy. This constitutes an external
check of the T, and log ¢ obtained with the orbital solu-
tion and allows us to derive [Fe/H] and v, sin i.

The analysis was performed via a x?2 fitting procedure,
using the large grid of synthetic Kurucz spectra of Mu-
nari et al. (2004, to be submitted). The spectra cover the
2500-10500 A wavelength range with the same resolv-
ing power of the observed spectra (Rp = 20000). The
spectra are calculated with the revised solar abundances
by Grevesse & Sauval (1998), throughout the whole HR
diagram for 12 different rotational velocities, Tg ranging
from 3500 to 47500 K, log g from 0.0 to 5.0 and [Fe/H]
from —2.5 to +0.5. The grid includes also a complete
set of spectra calculated for a-enhanced chemical com-
position ([a/Fe]=+0.4) and for different values of micro-
turbulent velocity (1, 2, 4 km sec™1).

Here we use only the Gaia wavelength region to perform
the atmospheric analysis. A comparison between the re-
sults obtained for both components of BS Dra with the
orbital solution (T.¢, log g) and the preliminary atmo-
spheric analysis (Teg, log g, Viot sini and [Fe/H]) is pre-
sented in Table 2. Figure 2 shows the combined synthetic
spectra superimposed to the observed spectrum of BS Dra
at orbital phase 0.36.
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Figure 3. Comparison between T, and L/ L, as derived
from the orbital solution and those of different families of
theoretical stellar models for the masses of the two com-
ponents of BS Dra (1.294 and 1.276 My). In each panel
best match tracks in metal content Z are shown.
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Table 2. Atmospheric parameters of BS Dra from a y? fit
to Kurucz synthetic spectra. The results from the orbital
solution for T, log g are given for comparison.

X2 fit to orbital

synth. spectra solution
Terr (K) prim. (1) 6500+ 25 6619 £ 100
sec. (2) 6450+ 25 6626 £ 100
logg prim. (1) 4.25 +0.13 4.25+0.01
sec. (2) 4.25 £0.13 4.254+0.01

Viot sind (km sec™) prim. (1) 20+5
sec. (2) 20%5

[Fe/H] —0.23+0.05

Table 3. Metal (Z) and Helium (Y) content, [Fe/H] and
age for BS Dra as obtained from comparison with differ-
ent families of theoretical evolutionary tracks.

TERAMO04 GRENADA PADOVA GENEVA

zZ 0.0145 0.0118 0.0127  0.0116
Y 0.266 0.263 0.261 0.275
[Fe/H] ~0.06 ~0.15 012 -0.15
Age (Gyr) 17 145 1.26 1.54

4.2. Comparison with Theoretical Stellar Models

The determination of accurate masses, radii, tempera-
tures and thus luminosities allows us to place the stars
on the theoretical plane Tes — L/ L.

We compare on the Temperature/Luminosity plane the
position of the two components of BS Dra (from the or-
bital solution) with the tracks from the Padova (Bertelli et
al. 1994, Fagotto et al. 1994, Girardi et al. 2000), Geneva
(Schaller et al. 1992, Schaerer et al. 1993a, 1993b),
Grenada (Claret 1995, 1997 and Claret & Gimenez 1995)
and Teramo-04 (Pietrinferni et al. 2004) families of stel-
lar models. We interpolate the models in both mass and
metal content (Z) by Newton polynomials of second or-
der. We assume that the components of BS Dra share the
same metallicity (as we did in the atmospherical analy-
sis) and we take the masses of the two components from
our orbital solution, while we minimize in luminosity
(L/Lg), temperature (T.g) and age difference between
the components (7, — 7).

Each panel of Figure 3 shows the best fit in metallicity
provided by the given family of stellar models after in-
terpolation of closest published tracks. The results are
summarized in Table 3. The fit with the various families
of stellar models covers a range in age between 1.3 and
1.7 Gyr and in metallicity from [Fe/H]=—0.06 to —0.15.
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