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 in addition to orbital parameters and Hipparcos data: T eff = 7000 K, log 10 g = 4.0, M1 = 1.9 M , M2 = 1.6 M , log 10 (age) = 9.12. The components do not rotate synchronously contrary to HD 81976. Both binaries appear to be detached systems without possibility of eclipses.

Introduction

HD 81976 (HIP 46588) and HD 98880 (HIP 55565) belong to our sample of Am-type stars that we have been observing with the CORAVEL instrument of "Observatoire de Haute-Provence" (OHP, Haute-Provence Observatory) in order to contribute to the study of the frequency of binaries in this stellar family (Cf. Ginestet & Carquillat 1998, Paper I;North et al. 1998).

The first of these two stars, HD 81976, was reported as Am in a paper by Bidelman (1988), in his "Miscellaneous spectroscopic notes", whereas the second, HD 98880, was included in the "Third catalogue of Am stars with known spectral types" (Hauck 1986), which was the main source used for constructing our sample. Note that the Am type was attributed to HD 98880 by Abt (1984) during his spectroscopic investigation of a sample of possible peculiar Send offprint requests to: J.-M. Carquillat, e-mail: jean-michel.carquillat@obs-mip.fr
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stars which had peculiar indices in Strömgren photometry (Olsen 1980). Concerning their binarity, only HD 81976 had already been reported in the past as having a double lined spectrum (Adam 1915) from observations carried out at Mount Wilson, but to our knowledge, no spectroscopic orbit had ever been obtained.

Our observations lead to the determination of the orbital parameters for these two double-lined spectroscopic binaries.

Radial velocity observations and determination of the orbital parameters

The radial velocities (RV ) have been obtained with the CORAVEL spectro-velocimeter (Baranne et al. 1979) mounted at the Cassegrain focus of the 1-m Swiss telescope of OHP. The measurements were processed and included into the data base of Geneva Observatory by S. Udry. The RV are in the IAU standard system. HD 81976 was observed during the years 1995 to 1998. Forty one observations have been performed (Table 1), which cover 186 orbital cycles. The mean internal standard error of the RV measurements is 0.9 km s -1 for the primary component and 1.0 km s -1 for the secondary. The correlation dips (i.e. the profiles of the crosscorrelation function of the absorption lines as measured by CORAVEL) of both components are very similar. HD 98880 was observed from 1992 to 1998. Forty two observations were performed (Table 1), which cover 162 orbital cycles. Contrary to the previous case, the correlation dips of both components are rather different, the profile of the secondary component being much shallower. The mean internal standard error for the RV are respectively 0.5 km s -1 and 1.1 km s -1 for the main and secondary components.

We have computed the orbital elements with our BS2 program (Nadal et al. 1979) which was improved by one of us (J.-L. P.). Taking into account the mean standard errors of the measurements, the RV of each component were weighted as follows: for HD 81976, 1.0 for the primary component and 0.8 for the secondary, and for HD 98880, 1.0 for the primary and 1/4 for the secondary.

The orbital elements that we obtained are given in Table 3 and the RV curves in Figs. 1 and2. Note the small eccentricity of 0.06 for HD 81976, which has nevertheless the shortest period. On the contrary, for the second system, the eccentricity had to be set to zero for a good fit.

Discussion

HD 81976

As mentioned in the previous section, the correlation dips of both components are quite similar, which indicates that the two stars must have a similar type (Am in that case). This is supported by the value of the mass ratio r = 0.97, very close to unity. Assuming that these stars have a mass of the order of 2 M , the value obtained for M 1 sin 3 i = 0.5875 M would lead to i = 42 • , which implies a quasi-certain impossibility of eclipse occurrence. With the same assumption, we would have a = a 1 + a 2 = 14.66 Gm = 21 R , and the system would appear as detached.

Comparison with the Hipparcos measurements

For HD 81976 = HIP 46588, the Hipparcos catalogue [START_REF] Esa | The Hipparcos and Tycho Catalogues[END_REF] gives: V = 8.17, π = 5, 65 ± 1.18 mas, B -V = 0.285, V -I = 0.32.

From the value for the trigonometric parallax, the distance of this system is about 180 pc, and the absolute V magnitude can be estimated at 1.93±0.46, assuming negligible interstellar absorption. If we assume both component have the same luminosity, we obtain M V = 2.68 ± 0.46 for each component. This value is compatible with Am-type stars as shown by [START_REF] North | Proc. ESA Symp. Hipparcos-Venice'97[END_REF], who obtained absolute V magnitues in the range +0.3 and +2.8 for a sample of 96 Am stars observed with the Hipparcos satellite.

Note also that the color indices as measured by Hipparcos are consistent with a late A-type star, about A7-A8 [START_REF] Schmidt-Kaler | Landolt-Brnstein[END_REF]. Such a spectral type should correspond to the strength of hydrogen lines and the effective temperature of the star (Bidelman does not give any detail for his classification but only the result: "Am"). This is also consistent with the dA7 classification given in the Mount Wilson catalogue [START_REF] Wilson | General Catalogue of Stellar Radial Velocities[END_REF]), since such a classification was done at a time when the Am stars were not yet known as a family of its own.

Rotation-revolution synchronism

Since the orbital period is rather short, a synchronism can be expected between the axial rotation and the orbital revolution of the components. The test proposed by Kitamura & Kondo (1978) consists of calculating the radii that the two stars would have if synchronism was effective. If the values found for these radii are compatible with those expected for stars of similar spectral type, one can deduce that the hypothesis of synchronism is plausible. Actually, the equatorial velocity for synchronism is V s = 50.6(R/R )/P . In our case, V s can be estimated from v. sin i as deduced from the profile of the correlation dips (method described in Benz & Mayor 1981), which is 14.5±0.5 km s -1 . Assuming i = 42 • and the coplanarity between the equatorial and the orbital planes, one finds V s = 21.8 km s -1 and hence R = 2.4 R . This value is quite compatible with those deduced from the study of similar systems showing eclipses (Kitamura & Kondo 1978). We can then conclude that the hypothesis of synchronism is relevant for HD 81976.

Hypothesis of a third body

In Sect. 2, we noticed that the eccentricity of the orbit of HD 81976 was not zero and that the other system studied here has a period nearly 2.5 times larger with a circular orbit. The existence of a non-circular orbit for a system with a period as short as 5.6 days is surprising. Actually, the study of a sample of Am stars belonging to the Hyades and Praesepe clusters by Debernardi et al. (2000) shows that orbits are quasi circular for P < 10 days, and the authors note that this is in agreement with the theoretical work of [START_REF] Zahn | [END_REF].

On the other hand, when plotting the residuals (O-C) of Table 1 versus time (Fig. 3), one notes they seem to decrease with time, which shows a possible drift of the velocity V 0 of the system's gravity center.

These two points lead us to suggest the presence of a third body in this system. We have already formulated such an hypothesis for the Am-type system HD 66068/9 (Carquillat et al. 1994), which also showed a V 0 drift and exhibited an abnormally high eccentricity for a period close to 8 days. 

HD 98880

For this binary, the mass ratio of 0.86 is an indication that the two components have a similar type, but contrary to the previous case, the depths of the correlation dips are significantly different, which implies that their luminosities are also different. Actually, the magnitude difference of the two components can be inferred from the value of the ratio of the integrated aeras of the dips (Lucke & Mayor 1980). For HD 98880, we obtain ∆m B = 1.25 ± 0.1 mag.

Physical parameters and evolution state of the system

The Hipparcos parallax, π = 4.25 ± 0.91 mas (i.e. d = 235 pc), combined with the apparent magnitude V = 8.06 leads to a global absolute magnitude of M V = 1.20 ± 0.46 for the system, if we neglect the interstellar absorption. If we assume that the effective temperatures of the two components are similar (T 1 ≈ T 2 ), ∆m V ≈ ∆m B , and if we use the value of ∆m B = 1.25 mag found previously, we obtain the absolute V magnitudes of both components: M V 1 = 1.5 ± 0.5 and M V 2 = 2.75 ± 0.5. For HD 98880, Olsen (1983) gives the following Strömgren photometry indices V = 8.063, by = 0.228, m 1 = 0.243, c 1 = 0.642; the β index was not given by Olsen. The calibration by Crawford (1979) leads to β = 2.72 and δm 1 = -0.066 (blanketing parameter). These data allows us to estimate the effective temperature and the metallicity. The effective temperature, as well as the surface gravity, can be obtained with the theoretical grids computed by Moon & Dworetsky (1985). In this case we find: T ≈ 7000 K and log 10 g ≈ 4.0. This value for T seems both compatible with the classification made by Abt (1984): A4-F3-F5 respectively for the K line, the Balmer lines and the metallic lines, and with the color index B -V = 0.39 reported in the Hipparcos catalogue [START_REF] Esa | The Hipparcos and Tycho Catalogues[END_REF]. As for the metallicity, it can be estimated from the relation δm 1 versus [Fe/H] established by Crawford (1975). In this case, [Fe/H] ≈ 0.8 dex, which is a good signature of Am character.

On the other hand, if we refer to the theoretical HR diagram computed by Schaller et al. (1992) for solar metallicity stars (Fig. 4), the masses of the two components would be about 1.9 M and 1.6 M , whose ratio is close to that of the RV curve amplitudes. To locate each component in this diagram, we applied a correction of -0.1 mag to the absolute magnitude, (i.e., bolometric correction for T = 7000 K) to derive M bol and the luminosity L.

We can then propose the following (rough) model: the system HD 98880 is about 1.3 10 9 years old and constituted by two Am stars with effective temperature close to 7000 K; the primary (1.9 M ) would be already a rather evolved main sequence star whereas the secondary (1.6 M ) would be only about 1 mag above the zero-age main sequence. The corresponding theoretical radii would be 3.3 R for the primary and 1.9 R for the companion.

System dimensions, rotation-revolution synchronism

The value of 1.9 M found for the mass of the primary would imply i = 43 • , a = 26.16 Gm = 37.6 R . Hence, like HD 81976, HD 98880 is a detached system without the possibility of eclipses. The values of v. sin i deduced from the correlation dip profiles are 10.6 ± 0.2 km s -1 for the primary and 9.2 ± 0.7 kms -1 for the secondary. We applied the Kiramura & Kondo test with these values and i = 43 • . Assuming the coplanarity between the orbital and equatorial planes, the rotation-revolution synchronism would require radii of respectively 4.35 R and 3.8 R for the primary and secondary. These values are significantly (2) components for the HD 98880 system in the HR diagram with theoretical evolution curves for solar metallicity stars computed by Schaller et al. (1992) larger than those (3.3 R and 1.9 R ) corresponding to the model described above. We conclude that, unlike HD 81976, the HD 98880 system has not yet reached the synchronism state, which is not surprising in view of its much longer orbital period.

Fig. 3 .

 3 Fig. 3. Variation of the residuals (O-C) versus time for HD 81976. Filled circles: primary component, open circles: secondary component. The straight line with a negative slope corresponds to the least square fit

Fig. 4 .

 4 Fig. 4. Estimated location of the primary (1) and secondary(2) components for the HD 98880 system in the HR diagram with theoretical evolution curves for solar metallicity stars computed bySchaller et al. (1992) 

Table 1 .

 1 Radial velocities of HD 81976. RV1, (O-C)1: radial velocities and residuals for the primary; RV2, (O-C)2: same data for the secondary. The phases are from the periastron passage

	1	'DWH	+-'	3KDVH	59	2 ±&	59	2 ±&
					NP V	NP V	NP V	NP V

Table 2 .

 2 Radial velocities of HD 98880. RV1, (O-C)1: radial velocities and residuals for the primary; RV2, (O-C)2: same data for the secondary. The phases are from the ascending node passage

	1	'DWH	+-'	3KDVH	59	2 ±&	59	2 ±&
					NP V	NP V	NP V	NP V

Table 3 .

 3 Orbital elements and their standard errors for the systems HD 81976 and HD 98880

	(OHPHQW	+'	6WG HUU	+'	6WG HUU
	3 GD\V 7 +-'				
	ZGHJUHHV H . NP V . NP V 9 NP V D VLQ L *P D VLQ L *P 0 VLQ L 0/ 0 VLQ L 0/			IL[HG	
	8 2 & NP V				
	8 2 &NP V				

7 SHULDVWURQ SDVVDJH IRU +' DVFHQGLQJ QRGH SDVVDJH IRU +'
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