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INTRODUCTION

This paper carries on a series of articles devoted to a radialvelocity survey among a sample of 135 composite-spectrum stars (CS in this paper), whose spectrum exhibits simultaneously the characteristics of a hot star, of B or A type, and those of a cool star, of type F to M. The main purpose is to investigate the frequency of spectroscopic binaries among those objects and determine their orbital parameters (for more details, see Carquillat et al. 1988, Paper IV). Our study has shown that, while some of those objects are metallic-line stars of Am type, most of the stars exhibiting a composite spectrum are indeed binary systems associating a hot dwarf star and a cool evolved one (Ginestet et al. 1980, Paper I). Such an association implies that there is only a small magnitude difference between the two stars, which allows a composite spectrum to be observed.

We recently carried out a complementary spectroscopic study, in the near-IR and the near-UV spectral regions, which allowed us to derive the MK spectral types of all the objects of this sample, by using a subtraction of spectra method (Ginestet & Carquillat 2002, hereafter GIN 2002).

In that paper we announced a forthcoming publication of 15 new orbits. In Carquillat et al. (2003, Paper IX), we published the orbits of 10 of those binaries. We now present the ⋆ Based on observations made at the Haute-Provence Observatory (France) and at Cambridge Observatories (U.K.). results of our investigation on 5 more spectroscopic systems, namely HD 3210/1, 27395, 39847, 70826 and 218257/8. Among those stars, HD 3210/1, HD 39847 and HD 218257/8 were quoted as CS in Hynek (1938)'s list, whereas HD 27395 was reported as CS by Bidelman (1988). The remaining object, HD 70826, was incorrectly classified as an Am star by Abt (1984); our spectroscopic study has revealed the composite nature of its spectrum (GIN 2002).

In Sect. 2 we present the radial-velocity observations and the orbital elements that we obtained. They are the first published orbits of those objects, to our knowledge. In Sect. 3 we discuss the implications on the physical nature of each system and its multiplicity, on the basis of the orbital parameters we derived, the spectral classifications, and other data from the literature. In Sect. 4, we investigate possible consequences of tidal interaction between the two components of the spectroscopic binaries: circularization of the orbits and spin-orbital synchronism.

OBSERVATIONS AND DERIVATION OF ORBITAL ELEMENTS

This programme started in the year 1983, and most of the observations were carried out at the Observatoire de Haute-Provence (OHP) with the CORAVEL instrument mounted at the Cassegrain focus of the 1-m Swiss telescope. That instrument is a spectrophotometer that allows measurements c 0000 RAS of heliocentric radial velocities (hereafter RV) by performing a cross-correlation of the stellar spectrum with a physical mask placed in the focal plane of the spectrograph (Baranne et al. 1979). Owing to the nature of this mask, obtained from the spectrum of Arcturus, we obtain the RV only of the cool components. Hence the systems studied here are seen by CORAVEL as SB1 only.

Additional observations have recently been carried out at the Cambridge Observatories with a similar instrument mounted at the coudé focus of the 36-inch reflector, owing to the kindness of R.F. Griffin. The corresponding RV had to be adjusted by an appropriate offset (-0.5 km.s -1 for HD 3210 and -0.8 km.s -1 for the other stars, to the Cambridge measurements) to make them consistent with those obtained at OHP. The mean standard errors of the RV lie between 0.35 km.s -1 (HD 218257) and 0.70 km.s -1 (HD 39847); we assigned the same weights (unity) to all observations, since they were obtained with identical instruments (built with the same drawings) mounted on telescopes of similar diameters.

The observations are listed in Tables 1 to 5, the orbital elements are given in Table 6 and the computed radial velocity curves in Fig. 1. In Tables 1 to 5, the observations provided by R.F. Griffin with the CORAVEL instrument of Cambridge are labelled with c in the third column. For all those objects, the mean RV residuals (O -C) are smaller than the mean RV errors, which indicates the absence of detectable physical perturbation in those systems. This can also be seen in Fig. 2 which displays the residuals versus time. There are no long-period drift of the mean value of those residuals which would indicate the presence of close third bodies.

Note that the orbit that we have found for HD 70826 is still preliminary: we lack observations in the ascending node region, but, owing to the period of 10.7 years, we should have to wait more than 4 years to fill the gap.

The other designations of those objects in the Hipparcos and CCDM catalogues are given in Cols. 2 and 3 of Table 7, while the V magnitudes and the spectral types of the two components as proposed by GIN 2002 are displayed in Cols. 4 and 5. In that table, we also give an estimate of the mean separation a (semi-major axis of the relative orbit) of the spectroscopic components for each system, in Col. 8. The linear value, in astronomical units, was obtained from the values of f (m) and a1 sin i, by applying the procedure given by Carquillat et al (1982). That procedure requires an hypothesis about the mass M1 of the cool component (in Col. 6), whose value was taken from a sample of well-known systems involving cool components of similar spectral types (see GIN 2002, Table 8). We shall give more details on the assumptions made for each object in the next section. Notice that this procedure can also lead to the value of the inclination i (Col. 7 of Table 7) when the mass ratio can be estimated. When the Hipparcos parallax was precise enough (see Sect. 4.1), the mean separation a was converted to arcseconds (Col. 9).

DISCUSSION ON INDIVIDUAL SYSTEMS

HD 3210/1

This star is the close visual binary system ADS 493 AB. It is quoted in the Hipparcos Catalogue [START_REF] Esa | The Hipparcos and Tycho Catalogues[END_REF] with an angular separation of ∼0.2 ′′ . Given the period of the spectroscopic pair, and the small parallax of the system (π = 0.64 ± 0.97 mas), the visual binary cannot be the spectroscopic one. Therefore HD 3210/1 is a triple system, and now we must discuss the origin of the observed composite spectrum.

For Hynek (1938), it was the close visual pair, but Hynek did not know the spectroscopic binary nature of that star.

GIN 2002 proposed the classification (B2V + K4 II-III) for the star. That configuration implies a theoretical magnitude difference ∆mV = 1.15, according to Schmidt-Kaler (1982)'s tables. That is much larger than the value given by Hipparcos for the visual pair: ∆mHp = 0.57, i.e. ∆mV = 0.35 translated to V magnitude. GIN 2002 did not try to explain that discrepancy.

It is possible to reduce the ∆mV theoretical value from 1.15 to about 0.4 by assuming that the cool evolved component has a spectroscopic companion with a similar magnitude, i.e. MV ≈ -1.3. Since the spectrum shows a composite spectrum with only two signatures, the spectroscopic companion must be either a B4/5 V star [START_REF] Schmidt-Kaler Th | Landolt-Börnstein[END_REF] or a cool evolved star. We can reject the latter possibility because in that case we should observe two correlation dips.

Therefore, we tentatively propose that HD 3210/1 is a triple (visual + spectroscopic) system. The primary of the visual pair is an early B-type dwarf star; its secondary is itself a composite spectroscopic binary of type (K4 II-III + B4/5 V). This configuration can explain why, as noted by GIN 2002, the spectrum in the near UV is abnormally dominated by the features of a B star, with unusually faint features from the cool component, very much fainter than for "standard" composite spectra.

Assuming M1 ≈ 6 M⊙ for the mass of the cool evolved star, similar to that of ζ Aur of type K4 II (see GIN 2002, Table 8), and a mass-ratio near unity, we have also M2 ≈ 6 M⊙, which well agrees with the hypothesis of a B4/5 companion [START_REF] Schmidt-Kaler Th | Landolt-Börnstein[END_REF]. Then, from the values of f (m) and a1 sin i (Table 6), we obtain the following conjectures about the orbital inclination and the mean linear separation of the spectroscopic pair: i = 24 • and a = 2.7 a.u..

Note that the mass ratio µ = M2/M1 was taken as large 1 as 1.0 since, despite different spectral types, the two stars have similar luminosities. Indeed, in the case of composite systems for which the mass ratio could be precisely determined, it was found that µ was very close to unity. This was the case of HD 2030 (K0 IIb + B8 IV), a composite spectrum binary studied by Griffin & Griffin (2000).

HD 27395

Like HD 3210, this star is also a triple (visual + spectroscopic) system.

The visual pair is ADS 3141 AB, for which the Hipparcos Catalogue quotes a separation of 2.03 ′′ . Such a separation was still too small to observe separately the component spectra with the Aurélie spectrograph of the 1.5-meter telescope of OHP. GIN 2002 give the composite classification (G9 II + B8 IV) which corresponds to the whole system, and the problem is similar to that of HD 3210: which pair produces the composite spectrum?

For HD 27395, B and V photometric magnitudes of both components of the visual system are given by [START_REF] Fabricius | [END_REF]. Those magnitudes were obtained in the Tycho system, but may be converted to the Johnson system by the formulae given in the Hipparcos Catalogue (Vol. 1,Sect. 1.3,Append. 4). Applying those transformations to the A and B components of the system, we find: ∆mV = 1.97; (B -V )A = 1.40; (B -V )B = 0.13. Those values of the colour indices suggest that the components A and B of the visual system are a cool star and a hot star, respectively, which can indeed produce a composite spectrum. If the B component is of type B8 IV, its intrinsic colour index is (B -V )0,B ≈ -0.12 (Schmidt-Kaler 1982), so the colour excess can be estimated as: EB-V = 0.13 -(-0.12) = 0.25 mag. That value allows us to estimate the intrinsic index of the A component: (B -V )0,A = 1.15, compatible with the value ∼1.10 (Flower 1996) expected for a star of type G9 II (T ≈ 4700 K). The contribution of the spectroscopic companion is therefore negligible. That is in agreement with the absence of a second CORAVEL correlation dip, which suggests a large magnitude difference: ∆mV 2. Notice that, in this model, the colour excess is smaller than the value computed by GIN 2002, EB-V = 0.50, which is based upon the global (B -V ) index quoted in the Hipparcos Catalogue. Note that GIN 2002 suspected that their estimate was too large, since it led to discrepancies with some features of the spectrum: "The large colour excess implied by our model conflicts with the weak IS K line.".

Application of the procedure of Carquillat at al (1982) and the assumption of a plausible mass of 3.8 M⊙ for the G9 II component (GIN 2002) indicates that the spectroscopic companion would have a minimum mass of 1.2 M⊙ and its mean distance to the primary would be ∼2.1 a.u..

HD 39847

The visual, fainter companion is mentioned in the Hipparcos Catalogue at 0.53 ′′ from the main star.

This object, too, poses problems, since Tycho photometry is not in agreement with spectroscopic classification. We obtain ∆mV = 2.34 for the visual pair from [START_REF] Fabricius | [END_REF], which makes the visible companion undetectable by CORAVEL.

The spectroscopic study of GIN 2002 leads to the spectral classification (G6 III-IV + A0 V), with ∆mV = V2 -V1 = -0.2 ± 0.1 for the CS pair. Hence, the composite spectrum originates from the spectroscopic binary, a statement confirmed by the large mass function (Table 6). As noted by Bidelman (1988) and confirmed by GIN 2002, the spectrum is rather atypical: the cool component is unusually faint compared to the hot component, which constitutes the primary of the composite spectrum (in V ). In what follows, we shall nevertheless assign the subscripts 1 and 2 to the cool and hot components, respectively, to keep the notation homogeneous with that of the other composite systems.

The mass expected for a G6 III-IV star is M1 = 2.6 ± 0.5 M⊙ from GIN 2002 calibration, whereas the typical mass of A0 V is M2 = 2.9 ± 0.1 M⊙ [START_REF] Schmidt-Kaler Th | Landolt-Börnstein[END_REF]. The corresponding mass-ratio would be: µ = M2/M1 = 1.1 ± 0.3, which is unlikely, since stellar-evolution principles imply that the more massive the star the sooner it should evolve. In the context of coeval binary components, the most evolved star (G6 III-IV) must be the most massive star, and thus µ < 1. This would imply M1 > 2.9 M⊙, which is within the 1-σ interval. The masses obtained for the giants present in any case a rather large scatter. Indeed, for the G giants, GIN 2002 have found a range of masses from 2.3 up to 4.8 M⊙.

In the limiting case of µ ∼ 1.0, the values of f (m) and a1 sin i (Table 6) lead to i = 65 • and a = 5.7 a.u..

HD 70826

This star is the primary component of a wide visual binary. GIN 2002 give the classification (G7 III + A2m) and suspect the secondary of duplicity. The very large value of the mass function (Table 6) makes that hypothesis appear very likely, and the spectroscopic system must be triple. Indeed, on the assumption for the G7 III primary of a plausible mass of M1 ≈ 2.6 M⊙ (GIN 2002), the value of f (m) leads to a minimum mass of 3.8 M⊙. Such a mass is much too large for a single star of type A (Schmidt-Kaler 1982).

Of the two models proposed by GIN 2002, (G7 III + A2m: + A2m:) and (G7III + A3V), it is the former which is more realistic. In that model, the secondary is itself a binary, formed by two early A-type stars (marginal Am stars). The traces of those stars could not be detected with CORAVEL: that supports the argument by GIN 2002 that those stars are marginal Am stars. The absence of detected perturbation of the RV curve of the cool component also indicates that this triple system is hierarchical.

If each of the hot stars has a mass of 2.5 M⊙ (Schmidt-Kaler 1982), the resulting double secondary would have a mass of M2 ≈ 5 M⊙ and the mass-ratio in the observed spectroscopic system would be µ = M2/M1 ≈ 1.9. With those assumptions, the values of f (m) and a1 sin i (Table 6) lead to i = 59 • and a = 9.5 a.u.. With a trigonometric parallax of 4.42 ± 1.06 mas [START_REF] Esa | The Hipparcos and Tycho Catalogues[END_REF], that value of a corresponds to a mean angular separation of 0.042 ± 0.010 ′′ .

HD 218257

The Hipparcos Catalogue quotes an angular separation of 0.46 ′′ for the visual pair, and the spectroscopic binary has a rather long period of 12.4 years. Then we must answer the following questions: (1) are the visual pair and the spectroscopic one the same system? (2) if they are not, what produces the observed composite spectrum?

The answer to the first question is negative, without ambiguity. Indeed, from the values of a1 sin i and f (m) (Table 6), assuming a mass of 2.6 M⊙ for the primary (G7 III) and i = 60 • (the statistically most probable value), the procedure of Carquillat et al (1982) leads to a ≈ 8.0 a.u.. In the light of the trigonometrical parallax of the star, 3.71 ± 1.17 mas [START_REF] Esa | The Hipparcos and Tycho Catalogues[END_REF], such a value of a corresponds to a mean angular separation of 0.030 ± 0.009 ′′ between the components of the spectroscopic system, a value totally incompatible with the angular separation quoted for the visual system. Thus, the system is triple.

For the second question, as for HD 27395 and HD 39847, we utilise the Tycho photometric data from [START_REF] Fabricius | [END_REF]. Translated to Johnson's system, we obtain: ∆mV = 1.75; (B -V )A = 0.99; (B -V )B = 0.08. Those values are roughly compatible with GIN 2002's spectral classification of (G7 III + A5 IV), the colour excess being small for this object according to the photometric model proposed by GIN 2002. Consequently we can conclude that it is the visual pair which produces the composite spectrum. That is also consistent with the small value of the mass function found for the spectroscopic orbit, f (m) ≈ 0.02 M⊙ (Table 6). The spectroscopic companion must therefore be a faint star, with a minimum mass of 0.6 M⊙.

DISCUSSION

Mean angular separation of the spectroscopic binaries

Where the Hipparcos parallax was available and precise enough, we have computed for some objects the mean apparent angular separation of the two components of the spectroscopic binary (Col. 9 of Table 7).

For HD 3210, 27395, 39847, which are relatively remote systems, the trigonometrical parallaxes quoted in the Hipparcos Catalogue (ESA 1997) are very imprecise, and any conjecture based on them would have little significance. Only the two remaining objects, HD 70826 and HD 218257/8, have parallaxes quoted with an acceptable, although still large, relative error (24% and 32% for those two stars, respectively), involving distances of 226 -44 +72 pc for HD 70826 and 270 -65 +124 pc for HD 218257/8. For those two long-period spectroscopic binaries, the separations are of the order of 0.03-0.04 arcseconds, which makes them resolvable by speckle interferometry with 4-metre-class telescopes.

Periods and eccentricities

A well-known property of binary systems is that the orbits of short-period systems tend to be circular owing to energy dissipation caused by tidal interaction. The e versus log P diagram shows a cutoff at around P ∼ 10 days for the dwarfs (see e.g., [START_REF] Halbwachs | Etoiles doubles[END_REF], and P ∼ 100 days for the giants (Boffin, Cerf & Paulus 1993), with a mean eccentricity increasing with the period.

We have plotted the five objects of this study in the e versus log P diagram in Fig. 3. We also added the eleven CS objects already published in our series of articles. Although our sample is small, this figure resembles to Griffin (1990)'s diagram obtained with thirty similar systems including a cool evolved star.

In our sample, only one orbit is circular, that of HD 3210. It satisfies Lucy & Sweeney (1971)'s test, and can then be assigned a zero eccentricity. Indeed, when fitting the data with a non-circular orbit, the resulting eccentricity was e = 0.005 ± 0.008, and the mean standard error was σ(O -C) = 0.38, i.e. the same value as the one obtained with a circular orbit.

In a mixed configuration with a hot and a cool component such as (K4 II-III + B4/5 V) that we propose for HD 3210, circularization of the orbit may be the consequence of tidal dissipation in the cool component only. Indeed, energy dissipation is much more efficient in the convective layers of the cool component, where it is the consequence of turbulent viscosity, than in the radiative layers of the hot component, where it is performed via radiative damping (Zahn 1975).

Although HD 3210 has the shortest period in this sample, its period is still long (P ∼ 465 days) and well above the known cutoff in the eccentricity-period diagram for giants. Hence it is unlikely that tidal effects account for the evolution of a non-eccentric system to a circular one. The other object in this sample with a similar period, HD 27395, has a very eccentric orbit, with e ∼ 0.6, which is in better agreement with the general trend of binary systems.

Another hypothesis is that circularization of the orbit of HD 3210 may have occurred earlier, in the beginning of the Hayashi phase of pre-main-sequence evolution, as proposed by Zahn & Bouchet (1989). A final possibility is that the system was formed as circular in the proto-stellar nebula.

Rotation-revolution synchronism

We now investigate possible synchronism (for circular orbits) or pseudo-synchronism (for eccentric orbits) between axial rotation of the cool component and orbital motion. As a consequence of energy dissipation by tidal interaction, the rotational velocities of the components are reduced to (or, seldom, increased up to) a value close to the instantaneous orbital velocity at the vicinity of its periastron (see e.g. [START_REF] Halbwachs | Etoiles doubles[END_REF].

The method that we follows makes use of the projected rotational velocity, v sin i (a datum deduced from the profile of the CORAVEL correlation dips).

Let Rsync, the radius of (pseudo-)synchronism, which is the expected value of the radius when (i) the orbit and the equator of the star are coplanar and (ii) (pseudo-)synchronism has been reached. We can consider that (pseudo-)synchronism status has been reached when the radius R1 of the cool component is comparable to Rsync:

R1 ∼ Rsync with Rsync = v Psync 50.6 = v sin i Psync 50.6 sin i (1)
where Psync is the pseudo-synchronism period in days, Rsync is in solar radii, and v in km.s -1 . Note that Psync is equal to P , the orbital period, when the orbit is circular.

When the inclination i is unknown, we can apply only the constraint that sin i 1. The relation (1) implies then:

R1 Rsync,min with Rsync, min = v sin i × Psync/50.6(2)
which is a necessary condition for (pseudo-)synchronism, and known as Kitamura and Kondo (1978)'s test. More details on the application of this method are given in Carquillat et al. (2004).

As expected for such large-dimensioned orbits, most systems have not reached the (pseudo-)synchronism state yet. There is only one exception, HD 27395, for which pseudo-synchronism appears likely. Indeed, for that star, the observed projected rotational velocity is v sin i = 17 ± 1 km.s -1 , whereas the pseudo-synchronism period is Psync = 107 d, according to Hut (1981)'s formulae. Those values lead to a first constraint on the radius R1 36 R⊙ with relation (2), and a second constraint R1 85 R⊙ where this upper value is obtained from relation (1), with i = 25 • which corresponds to the limiting case of a mass ratio of 1.0 with our determination of f (m) (Table 6). Hence the radius lie in the range 36-85 R⊙. Those values are compatible with what is expected for a G9 II star, when interpolating Schmidt-Kaler (1982)'s tables: this shows that pseudo-synchronism is plausible for HD 27395.

This result is not very surprising because the two stars are very close at periastron (∼0.8 a.u.), and tidal dissipation can be very effective in the convective upper layers of a cool star. Indeed using the formulae of Zahn (1975) for HD 27395 (with M∼5 M⊙ and a mass ratio in the range 0.5-1.0), we obtain a typical synchronisation time of a few 10 6 years only.

CONCLUSION

We have determined the orbital elements of five new SB1 belonging to a sample of stars exhibiting composite spectra. All those binaries are found to belong to triple systems, generally constituted of hierarchical (visual + spectroscopic) associations. The presence of those third bodies does not lead to detectable perturbations of the RV orbits of the spectroscopic binaries.

We have then tried to identify which components produce the observed composite spectrum. For two objects, HD 27395 and HD 218257/8, it is likely that the composite spectrum originates from the visual pair. For two other systems, HD 39847 and HD 70846, it is the spectroscopic binary itself which produces the observed composite spectrum, with a double hot component for HD 70826. The case of HD 3210/1 is more complex: to account for the magnitude difference of the visual pair and the observed spectrum, we propose that both the spectroscopic and the visual pairs contribute to produce the composite spectrum.

We have also derived estimates of mean angular separations for the spectroscopic binaries of some of those systems. The nearest one, HD 70826, with ∆mV ∼ 0.9, might even be resolved by speckle-interferometric observations with a 4-metre telescope. 

Figure 1 .

 1 Figure 1. RV curves computed with the orbital elements of Table 6: (a) HD 3210, (b) HD 27395, (c) HD 39847, (d) HD 70826, and (e) HD 218257. The origin of the phases corresponds to the ascending node for HD 3210 (circular orbit) and to the periastron passage for the other systems.
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 23 Figure 2. Residuals corresponding to the RV curves of Fig. 1: (a) HD 3210, (b) HD 27395, (c) HD 39847, (d) HD 70826, and (e) HD 218257.

Table 1 .

 1 RV and (O -C) residuals for HD 3210.

	Date (JD)	Cycle	RV	(O -C)
	2400000+		km.s -1	km.s -1
	50414.42	-0.89	-13.7	0.7
	50419.43	-0.88	-14.3	0.7
	50476.38	-0.76	-23.2	0.3
	50478.37	-0.76	-23.8	0.0
	50738.58	-0.20	-20.1	0.2
	50746.40	-0.18	-19.2	-0.1
	50834.28	0.01	-12.0	-0.2
	50975.62	0.31	-29.8	-0.7
	51005.57	0.38	-34.0	-0.7
	51106.49	0.59	-35.6	-0.7
	51109.43	0.60	-35.1	-0.4
	51150.32	0.69	-28.8	0.5
	51185.35	0.76	-22.8	0.7
	51811.42	2.11	-14.7 c	-0.2
	51826.57	2.14	-16.4 c	-0.1
	52600.43	3.80	-20.9 c	-0.5
	52613.44	3.83	-18.9 c	-0.5
	52645.46	3.90	-14.1 c	0.2
	52684.35	3.98	-12.0 c	-0.2
	52713.30	4.04	-12.3 c	-0.1
	52848.61	4.33	-30.3 c	0.4
	52881.61	4.41	-34.6 c	0.2
	52896.56	4.44	-36.1 c	-0.1
	52924.51	4.50	-37.0 c	0.0
	52937.45	4.52	-36.5	0.4
	52949.45	4.55	-36.0 c	0.4
	53002.39	4.66	-31.0 c	-0.2
	53010.35	4.68	-29.2	0.4
	53029.33	4.72	-26.6 c	0.0
	53043.30	4.75	-24.3 c	-0.1
	53237.61	5.17	-18.8 c	-0.5
	53253.56	5.20	-20.6 c	0.2
	53258.49	5.21	-21.6	0.0
	53262.57	5.22	-22.6 c	-0.3
	53277.62	5.26	-24.8 c	0.0
	53297.52	5.30	-28.3 c	-0.1
	53323.48	5.35	-31.5 c	0.6
	53345.45	5.40	-34.7	0.0
	53379.29	5.47	-36.9 c	-0.1

Table 2 .

 2 RV and (O -C) residuals for HD 27395.

	Date (JD)	Cycle	RV	(O -C)
	2400000+		km.s -1	km.s -1
	49641.59	-0.38	-3.8	-0.5
	49781.38	-0.09	8.7	-0.6
	49784.32	-0.08	9.9	-0.3
	49787.38	-0.08	11.6	0.5
	50123.36	0.61	-3.5	-0.1
	50125.37	0.62	-3.3	0.1
	50324.59	1.03	14.7	-0.1
	50414.52	1.21	-3.8	0.3
	50419.45	1.22	-4.0	0.3
	50476.41	1.34	-4.9	0.2
	50481.32	1.35	-5.8	-0.7
	50705.62	1.81	0.9	-0.7
	50738.59	1.88	5.4	-0.5
	50745.58	1.89	7.2	-0.1
	50834.33	2.08	3.2	-0.2
	50839.55	2.09	1.7	-0.3
	51004.62	2.43	-5.0	0.0
	51106.57	2.64	-3.4	-0.3
	51109.52	2.64	-3.3	-0.3
	51185.46	2.80	1.4	0.4
	51186.38	2.80	1.7	0.6
	51572.40	3.60	-3.5	0.2
	51851.53	4.17	-2.8 c	0.3
	52613.48	5.74	-0.6 c	0.5
	52663.39	5.84	3.6 c	0.6
	52701.45	5.92	10.9 c	0.6
	52713.36	5.94	14.4 c	-0.1
	52715.36	5.95	15.3 c	0.0
	52718.34	5.95	16.6 c	0.0
	52722.34	5.96	18.2 c	-0.3
	52726.32	5.97	20.6 c	0.2
	52729.36	5.98	21.8 c	0.1
	52732.34	5.98	22.5 c	-0.3
	52736.32	5.99	23.7 c	0.2
	52741.36	6.00	23.2 c	0.2
	52745.35	6.01	21.4 c	0.0
	52747.35	6.01	20.3 c	0.1
	52752.34	6.02	16.5 c	-0.4
	52881.65	6.29	-5.4 c	-0.5
	52930.64	6.39	-5.2 c	-0.1
	52970.52	6.47	-4.6 c	0.2
	53002.45	6.54	-3.9 c	0.4
	53012.34	6.56	-4.2	-0.1
	53078.35	6.69	-1.7 c	0.4
	53087.27	6.71	-2.2	-0.5
	53249.68	7.05	10.1 c	0.4
	53258.56	7.06	5.3	-0.3
	53262.65	7.07	4.7 c	0.6
	53284.64	7.12	-0.7 c	-0.1
	53297.65	7.14	-2.0 c	0.1
	53322.57	7.20	-3.8 c	0.0
	53356.50	7.27	-4.6 c	0.2
	53379.39	7.31	-5.3 c	-0.3
				c 0000 RAS, MNRAS 000, 000-000

Table 3 .

 3 RV and (O -C) residuals for HD 39847.

	Date (JD)	Cycle	RV	(O -C)
	2400000+		km.s -1	km.s -1
	46865.34	-0.63	6.8	1.0
	47098.62	-0.52	6.0	0.1
	47101.57	-0.52	5.8	-0.1
	47461.56	-0.35	7.2	0.2
	47465.59	-0.35	7.5	0.4
	47605.36	-0.28	7.7	-0.3
	47871.50	-0.15	11.8	0.1
	47874.52	-0.15	11.7	-0.1
	47965.35	-0.11	14.6	-0.1
	48135.65	-0.03	34.2	-0.6
	48262.32	0.04	22.9	-0.3
	48265.42	0.04	22.3	-0.3
	48674.32	0.23	6.5	0.0
	48937.52	0.36	4.9	-0.9
	48940.62	0.36	6.0	0.2
	48967.54	0.37	5.8	0.0
	48999.59	0.39	5.7	0.0
	49318.52	0.54	6.1	-0.1
	49325.50	0.55	6.8	0.6
	49427.30	0.59	6.5	0.0
	49642.57	0.70	8.2	0.6
	49784.41	0.77	8.8	-0.1
	50124.38	0.93	19.4	0.3
	50323.65	1.02	29.6	-0.3
	50415.56	1.07	14.1	-0.4
	50476.47	1.10	12.3	1.2
	50738.67	1.22	6.8	0.2
	50834.49	1.27	5.0	-1.2
	51107.66	1.40	5.1	-0.6
	51186.52	1.44	5.1	-0.7
	52329.40	1.99	41.8 c	0.1
	52335.41	1.99	44.1 c	0.5
	52341.39	1.99	45.0 c	-0.3
	52360.36	2.00	47.3 c	0.3
	52368.37	2.00	45.4 c	0.0
	52375.36	2.01	42.2 c	-1.0
	52384.35	2.01	40.3 c	0.7
	52391.35	2.02	37.2 c	0.5
	52526.67	2.08	13.5 c	0.7
	52551.68	2.09	11.4 c	-0.1
	52585.67	2.11	10.4 c	0.2
	52613.55	2.12	9.1 c	-0.4
	52644.57	2.14	9.4 c	0.6
	52676.42	2.15	8.4	0.2
	52684.44	2.16	8.0 c	-0.1
	52713.42	2.17	6.9 c	-0.8
	52746.38	2.19	7.3 c	0.0
	52906.68	2.26	6.4 c	0.2
	53012.41	2.31	5.5	-0.4

Table 4 .

 4 RV and (O -C) residuals for HD 70826.

	Date (JD)	Cycle	RV	(O -C)
	2400000+		km.s -1	km.s -1
	46500.41	-1.23	-11.4	0.4
	47534.54	-0.97	24.9	-0.1
	48672.48	-0.68	0.2	0.3
	48673.57	-0.67	0.0	0.1
	48676.45	-0.67	-0.3	-0.2
	48940.72	-0.61	-2.8	-0.2
	48970.63	-0.60	-2.7	0.2
	49000.63	-0.59	-3.0	0.1
	49320.59	-0.51	-5.4	0.2
	49323.62	-0.51	-5.3	0.3
	49428.39	-0.48	-6.0	0.3
	49429.42	-0.48	-6.8	-0.5
	49430.45	-0.48	-6.4	-0.1
	49784.45	-0.39	-9.7	-1.1
	49787.51	-0.39	-8.3	0.3
	50125.55	-0.30	-11.0	-0.5
	50414.70	-0.23	-11.4	0.4
	50477.55	-0.21	-11.7	0.3
	50834.60	-0.12	-12.3	-0.4
	51185.61	-0.03	2.6	-0.1
	51240.41	-0.02	9.9	0.2
	51863.66	0.14	11.1 c	-0.1
	51878.64	0.15	11.1 c	0.3
	51908.57	0.15	10.0 c	-0.1
	51923.59	0.16	10.2 c	0.5
	51957.55	0.17	8.6 c	-0.4
	51982.49	0.17	9.1 c	0.6
	52034.37	0.19	7.5 c	0.1
	52328.48	0.26	2.4 c	-0.4
	52368.45	0.27	2.6 c	0.3
	52399.40	0.28	1.3 c	-0.6
	52551.70	0.32	-0.8 c	-1.0
	52613.66	0.34	-0.7 c	-0.2
	52644.66	0.34	-0.7 c	0.1
	52685.57	0.35	-1.4 c	-0.2
	52713.47	0.36	-1.6 c	-0.1
	52745.39	0.37	-1.6 c	0.2
	52773.38	0.38	-2.3 c	-0.3
	52940.74	0.42	-3.8 c	-0.3
	52971.67	0.43	-3.3 c	0.4
	53000.70	0.43	-3.7 c	0.2
	53034.62	0.44	-4.6 c	-0.4
	53058.56	0.45	-4.1 c	0.3
	53088.38	0.46	-4.3	0.3
	53095.42	0.46	-4.5 c	0.2
	53121.41	0.47	-5.0 c	-0.1
	53285.72	0.51	-5.7 c	0.3
	53322.73	0.52	-5.8 c	0.5
	53357.71	0.53	-6.4 c	0.1
				c 0000 RAS, MNRAS 000, 000-000

Table 5 .

 5 RV and (O -C) residuals for HD 218257.

	Date (JD)	Cycle	RV	(O -C)
	2400000+		km.s -1	km.s -1
	45598.50	-0.42	6.0	0.0
	45599.47	-0.42	6.2	0.2
	46301.60	-0.26	4.1	-0.3
	46337.50	-0.26	4.6	0.3
	47096.39	-0.09	0.9	0.5
	47100.41	-0.09	0.0	-0.4
	47101.38	-0.09	0.3	-0.1
	47460.37	-0.01	-0.6	0.0
	47463.32	-0.01	-0.7	-0.1
	47868.34	0.08	5.7	0.1
	48131.59	0.14	7.0	0.1
	48936.38	0.32	7.3	0.0
	49000.25	0.33	7.1	-0.2
	49317.35	0.40	6.9	-0.1
	49640.43	0.48	6.4	-0.3
	50123.27	0.58	5.8	-0.2
	50324.50	0.63	5.3	-0.3
	50414.39	0.65	5.8	0.4
	50477.29	0.66	5.1	-0.2
	50740.39	0.72	4.7	0.1
	50835.25	0.74	4.0	-0.3
	50977.59	0.77	3.7	-0.2
	51106.43	0.80	3.4	0.0
	51185.34	0.82	3.4	0.4
	51926.26	0.98	-1.2 c	-0.2
	52089.58	1.02	1.3 c	0.1
	52141.55	1.03	2.5 c	0.3
	52182.46	1.04	3.1 c	0.2
	52213.40	1.05	3.6 c	0.1
	52236.41	1.05	3.7 c	-0.1
	52258.39	1.06	3.7 c	-0.5
	52311.28	1.07	4.7 c	-0.1
	52410.61	1.09	5.7 c	-0.1
	52459.59	1.10	5.9 c	-0.2
	52488.59	1.11	6.4 c	0.1
	52519.53	1.11	6.7 c	0.2
	52551.54	1.12	6.2 c	-0.4
	52583.43	1.13	6.7 c	0.0
	52626.35	1.14	7.3 c	0.4
	52651.28	1.14	6.9 c	-0.1
	52684.26	1.15	7.2 c	0.2
	52745.65	1.16	7.0 c	-0.2
	52771.60	1.17	7.0 c	-0.2
	52814.59	1.18	7.2 c	-0.1
	52822.61	1.18	7.1	-0.2
	52841.68	1.19	7.4 c	0.1
	52871.69	1.19	7.6 c	0.3
	52956.41	1.21	7.3 c	-0.1
	52989.31	1.22	7.5 c	0.1
	53011.28	1.22	7.6	0.2
	53014.28	1.22	7.5 c	0.1
	53059.28	1.23	7.2 c	-0.2
	53102.67	1.24	7.5 c	0.1
	53169.59	1.26	7.6 c	0.2
	53196.61	1.26	7.6 c	0.2
	53252.56	1.28	7.7 c	0.3
	53261.43	1.28	7.5	0.1

This mass ratio cannot be larger than 1.0 since this would then be in conflict with stellar evolution (see Sect. 3.3). c 0000 RAS, MNRAS 000, 000-000
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Table 6. Orbital elements. In Col. 3, T 0 is the epoch of periastron passage, except for HD 3210, for which T 0 corresponds to the ascending node passage. 

Name