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The effect of using different EOSin modelling
the a Centauri binary system.

A. Miglio
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Abstract. In this preliminary study we investigate the effects of gsilifferent equations of state
(CEFF and OPAL) in the calibration of the binary systen€entauri Constraints coming from the
detection of acoustic oscillations inCentauriA and B are included in the modelling.

INTRODUCTION

The visual binary systera Centaurirepresents a promising target to test our under-
standing of stellar structure and evolution due to its numerand stringent observa-
tional constraints, including the recent detection of atiouoscillations frequencies in
both components of the system [4], [6].

MODELLING a CENTAURI

The calibration of the system consists in defining a goodonésis measurementy?),
that includes both seismic and non-seismic constraintghted with their observational
uncertainties, and then minimizing tix using a Levenberg-Marquardt optimization
procedure. Models for components A and B, computed with #meesinitial chemical
composition, are fitted to their observational constraattthe same age. We take as
observational constraints the smalM) and large Av) frequency separations (see e.g.
[8]) derived from the observed oscillation frequencies By dnd [6] as well as the
effective temperature, luminosity and metallicity (Talille A more detailed description
of the calibration procedure and of the choice of obsermaliconstraints will be
reported inl[16].

We take as free parameters the age, the initial chemical ositgn (X,Z) and the
mixing length parameter for each componemi; and ag. The masses are fixed and
taken equal to the values given hy|[18] {M 1.105 M., and Mg=0.934 M.). We have
also allowed a variation of the masses within their erroslja6], but its effect is not
relevant while studying the effect of different EOS on thiration of the system.

The stellar models are computed using CLES (Code Liége&galution Stellaire).
The opacity tables are those of OPAL96![13] complementddat000 with Alexander
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FIGURE 1. Position of models AO and BO in the HR diagram witth &nd 25 error boxes in luminaosity,
effective temperature and radiugi2assuming the values determined by [14]).
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FIGURE 2. Comparison between observed and predicted (model A0 anidB@)frequency separation
Av for a Cen A and B.

and Ferguson opacities [1]. The solar Z-distribution frdrd][is adopted in the opacities
and in the equation of state. Nuclear reaction rates ara ta&m 7] and the screening
factor from [20]. Convective zones are treated with thegitad mixing length theory
[3] with the formulation by|[10]; atmospheric boundary cdrahs |15] are applied at
T = Ter. The code includes microscopic diffusion of H,He and Z ushmgsubroutine
by [21]. The equation of state can be chosen among CEFF [9D&Ad_ [19].

Fig.[d shows the HR diagram location of tbeCen A and B models that best fit the
classical Tes, L) and seismic observables (hereafter AO and B0, see Thpie Rigure
[Z and_B we plot the corresponding large and small separations
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FIGURE 3. Observed versus predicted small frequency separadioh (

TABLE 1. Non-asteroseismic constraints as-
sumed in the calibration

A B Ref

Tef (K) 5810£50 5260+ 50  [17]
LIL, 1.522:0.030 0.503-0.020 [11]

(Z/X)s 0.039£0.006 0.0320.006 [22]

INTRINSIC DIFFERENCE

In order to analyze the differences between CEFF and OPAhtams of state, we take
the internal structureT(— p) of the best models (AO and BO) calibrated using OPAL
and we estimate? andl"; using CEFF. In FiglJ4 we show the internal structure of the
models A0 and BO as well as the structure of a solar model fioypewison.

The differences between sound speed and first adiabaticerpalue solely to the
use of a different EOS, are shown in Hify. 5 &hd 6. These diftargare of the same order
of those predicted in solar models [2], they appear to bestargthe lower-mass model
BO than in model A0 and are mainly located in the hydrogen aglduim ionization
regions. Such a small difference in the internal structdra mmodel propagates in a
variation of the observables of each model (e.g. effecewaperature, luminosity) that
could be easily compensated by a re-adjustment of the freengders in our modelling.
Slightly changing the initial chemical composition, thexing length parameter or the
age, would easily let the models computed with differentadigms of state satisfy the
observational constraints.

TABLE 2. Model parameters for reference models
A0 and BO.

Model M/Mo; o Age(Gyr) X 4

AO 1.105 1.88 6.3 0.690 0.0312
BO 0.934 217 6.3 0.690 0.0312
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FIGURE 4. Internal temperature-density profile of reference modé@sAd BO compared to the profile
of a solar model (dotted line).
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FIGURE 7. x?2 of the best model as a function of age. Initial chemical cositjun of models calibrated
with CEFF and OPAL that have a similge.

CALIBRATION USING OPAL AND CEFF

Both CEFF and OPAL lead to a quantitatively?) similar calibration, nonetheless
the difference between model parameters (in particular a9d Age) corresponding
to good-fit models computed with CEFF and OPAL could repreaamseful estimate
of systematic uncertainties in the parameters due to thefuadifferent EOS in the
modelling. For this purpose we have run our calibration algm with both EOS; the
results are shown in Fifl 7. The initial helium content andaitieity of models that have
a similar fit to the observational constraints slightly éiffright panel) and no significant
difference in the age estimated using CEFF and OPAL caltais found (left panel).

CONCLUSIONS

In agreement with previous works (e.g. [5]) we find that pnéskay accuracy of ob-

served p-mode oscillations in solar-type stars is not saffic¢o isolate and detect any
“equation of state effects” in the calibration of the binagstema Centauri. We show

nonetheless that the comparison between calibrationsrpeetl using different equa-
tions of state could provide an additional source of systeEnsacertainty on the model

parameters.
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