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Abstract. On the basis 0€0RAVEL observations, we presentTable 1. Stellar parameters for our sample of evolved spectroscopic
orbital parameters for 10 spectroscopic-binary systems inclupharies. In case of double-lined spectroscopic binaries, the rotational
ing an evolved star, namely HD 13530, HD 28591, HD 4741%glocity is given for both components

HD 78414, HD 123999, HD 153751, HD 174881, HD 179094,

HD 212280 and HD 217188. The most significant result is re- HD  Sp V. BV wsini[kms™']
lated to HD 13530, for which we have found an orbital period compA  compB
of 1575.48t1.63 days and an eccentricity of 0.8815. Such anss3g  ags 531 0.93 1.0 -
eccentricity value is the largest one known up to date for ags91 K11l 6.72 0.90 27.2 _
single-lined spectroscopic binary with a giant component. 47415 F8I\ 6.38 0.53 6.3 4.5
The other spectroscopic orbits described in this paper princr8418  G5IV-V 598 0.66 1.6 2.3
pally confirm with independent data previously obtained orbitd?3999 F8I1V 4.83 054 12.5 9.5
solutions except HD 179094 for which the double-lined statd§3751 G5l 423 089 23.0 -
was still unknown. 174881 K1l-l  6.18 1.18 1.0 1.0
179094 K1V 581 1.09 14.9 1.8
. . . R .212280 F8/G8IV 7.51 0.70 9.0 21.7
Key words. stars: supergiants stars: binaries: SPectroscopi¢ = ae  wom 730 1.10 30 =

stars: late-type

! For HD 47415 a spectral type F5V seems more appropriate, see
discussion below

1. Introduction
. . for the other stars, th taken f Hoffleit & Jaschek
Since March 1986, a systematic survey of about 2000 st O%SS ofher stars, they were taxen from Hotrel asche

with luminosity classes IV, Il and Ib has been carried out at the The paper is organized as follows: Sect. 2 describes briefly

Geneva Observatory to study the rotational behaviour of evolv&% observations whereas Sect. 3 provides the orbital elements

stars of low and |n'termed|ate masses. The catalogue IS abo.‘ﬁr%a the radial-velocity curves. The stars are commented indi-
appear (De Medeiros & Mayor 1999). Although the major a"\?idually as well

of such a survey is to obtain rotational velocities, the observa-
tional procedure has also produced about 4000 radial-velocity
measurements. Consequently, this has revealed a number of 3ehhe observations
spectroscopic-binary stars, and additionally has confirmed ég

i i . f the observations reported here were obtained with the two
binary status for a large fraction of stars previously suspecte

. ) ; . CORAVEL spectrometers (Baranne et al. 1979) mounted on the
be radial-velocity variable. For some stars, the radial-velocily .\ g\ iss telescope at the Haute-Provence Observatory, Saint
variations were followed with a suitable cadence to derive th‘f\}ﬁchel (France), and on the 1.54-m Danish telescope at ESO

orblltal Elements. K h ic ob La Silla (Chile). The radial velocities are obtained by cross-
_In'the present work, we report the Spectroscopic 0bSeNaya|ations of the stellar spectra with a physical binary (0,1)
tions of ten stars for which it was possible to derive an orbit

. . . . mplate, built from the spectrum of a K2 IlI star (Arcturus) and
solution and then to obtain orbital parameters. This small sam gorporated in the spectrometers

is described in Tabld 1 which provides useful stellar parameters The radial-velocity system is the one defined by Mayor

as spectral 'pre, colorindex and rotational velocity. The spect Il\/laurice (1985), which corresponds to the faint IAU stan-
type, magnitude V and color index (B-V) for HD 212280 an ard system. The typical integration time was 5 minutes for

HD 217188 were taken from Strassmeier et al. (1993), wherefﬁg single-lined spectroscopic binaries and 15 minutes for the

* Based on observations collected at the Haute-Provence Obsehlgnded double-lined spectroscopic binaries. The data reduc-
tory, Saint-Michel, France and at ESO, La Silla, Chile. tion was made by using standard procedures. For the single-
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Table 2. Orbital elements and error estimates. Additional lines are used for the second component of double-lined spectroscopity iénaries.
the number of measurements used to derive the orbital solutio®and’ the residue around this solutioAT is the span of the observations

Id P T [HID e v w1 Ko Mi2sin®i ayasini N O—-C AT
HD [days] —2400000] [kms™] [deg] [kms™!] f(m) [Gm] [kms™'] [days]
13530 1575.48 48731.24 0.8815 25.78 266.76 20.37 1.456e-01 208.382 51 0.360 4881
1.63 0.13 0.0010 0.10 0.44 0.09 2.510e-03 1.214
28591 21.2886 48948.54 0.010 5.83 124.03 29.60 5.730e-02 8.663 29 0.550 1475
0.0017 1.66 0.005 0.10 28.56 0.15 8.502e-04 0.043
47418 A 5.6991 49003.17 0.009 31.28 41.23 44.01 0.2672 3.449 22 0.722 122
0.0005 0.56 0.004 0.11 18.58 0.19 0.0029 0.015
B 50.53 0.2328 3.960 23 122
0.26 0.0024 0.020
78418 A 19.4120 48984.32 0.192 9.65 278.90 26.82 0.1974 7.027 15 0.461 2224
0.0006 0.08 0.005 0.09 1.37 0.13 0.0025 0.034
B 30.99 0.1708 8.119 15 2224
0.18 0.0021 0.048
123999 A 9.6046 48990.79 0.193 9.29 286.19 67.11 1.2407 8.697 12 0.896 1818
0.0001 0.03 0.004 0.19 1.31 0.41 0.0184 0.053
B 70.02 1.1892 9.074 11 1818
0.48 0.0173 0.063
15375¢ 39.4816 48968.22 0.007 —10.96 86.07 31.82 1.321e-01 17.277 33 0.446 1994
0.0022 3.14 0.004 0.08 28.73 0.11 1.379e-03 0.060
174881 A 215.3021 49048.78 0.124—19.80 105.57 21.69 0.7985 63.725 21 0.546 2703
0.0665 0.24 0.049 0.09 14.53 0.16 0.0142 0.481
B 20.52 0.8442 60.276 21 2703
0.17 0.0148 0.499
179094 A  28.5903 48976.38 0.010 4.11 0.00 40.74 0.9843 16.016 28 0.673 5124
0.0004 0.05 0.004 0.14 31.27 0.16 0.0247 0.064
B 45.05 0.8901 17.710 8 4820
0.69 0.0186 0.271
212280 A  45.2816 48955.70 0.502 3.71 240.76 44.32 1.7526 23.860 94 0.783 4147
0.0005 0.03 0.002 0.07 0.28 0.12 0.0182 0.070
B 56.61 1.3721 30.475 67 4034
0.29 0.0129 0.162
217188 47.1162 48952.73 0.463—21.03 358.81 10.37 3.803e-03 5957 31 0.325 843
0.0075 0.20 0.006 0.06 1.26 0.08 9.845e-05 0.051

# data compatible with a circular orbit according to the Lucy-Sweeney test at a 5% confidence level

lined binaries the radial velocities are mostly derived from @e Medeiros & Mayor 1999). For our small sample, these ro-
one-gaussian fit to the correlation (cc) dip, whereas for tkegional velocities are given in Taklé 1.

double-lined spectroscopic binaries the radial velocities are de-

rived from a 2-gaussian fit following the procedure described
Duquennoy (1987) or in Duquennoy et al. (1991).

Inall cases, the radial-velocity uncertainty is derived from aVe report in this section the orbital solutions obtained for ten
instrumental error quadratically added to the photon noise andbinary systems including an evolved component. Among them,
the scintillation noise, which are estimated from the parametdrsystems are single-lined spectroscopic binaries whereas the
of the observations (Baranne et al. 1979). Different studiesr@maining ones present double-lined features. The main results
large data samples (e.g. Duquennoy et al. 1991, Udry et ale summarized in Tablé 2 and Higj. 1 which provide the orbital
1997) show that the typical uncertainty for t@®rAavEL radial parameters and the phase-folded radial-velocity curves for our
velocities is about 0.3 kn1s for low and moderate rotator starsten star sample. The paramefegiven in TabléR is the epoch of
typically stars withvsini < 10kms!. For stars with higher periastron passage for orbits with non-zero eccentricities, and
rotation rates, the uncertainty is somewhat larger. is the instant of maximum radial velocity, or nodal passage, for

In addition to radial velocities, the cross-correlation tecltircular orbits. In the table, additional lines are used for the sec-
nique provides the rotational velocities of the measured stawad components of double-lined spectroscopic binaries. Stars
through an appropriate calibration of the widths of the cc-dipse briefly discussed individually in the following subsections.

ch Radial-velocity curves and orbital parameters
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The individual radial-velocity measurements and the epochafHD 13530

ol_)ser,}/atlons are available at the CDS "Centre de Besitel- This star is a fifth-magnitude G811l giant (Bright Star Cata-

laires” of Strasbourg Observatory. lggue) listed by Batten et al. (1989) as having an orbital period
For 4 of these systems the derived eccentricity is very smeﬂgu ! y ' ving tal peri

. . : . . 1650 days and an eccentricity of 0.75, with a quality of the
and the orbital solution appears to be compatible with a CIrCUfc%lrrbit classified as ‘e’ (poor). Clearly, these data are substantially

orbit according to the Lucy-Sweeney test at the 5% confiden . .
level (Lucy & Sweeney 1971). However, although these syste%ﬁferem from the more reliable ones we present in Table 2. We

are found to probably rotate in synchronization with the orbit%?%%gi;iiéaégigoqr?:? iéeBclcgi t(rj'?is ar;(lj in.se(;ﬁiqgirdgst
motion (see below), we chose here to give ¢hieee solution ' ' - 1TIS hig Icity value | 9

for the orbits, the circularization time being larger than the syﬂ-ne knqwn up to da'te for a single-lined spectrosc'op|c-b.|nary
%ystem including a giant star component. Among visual binary

chronization time. These stars are indicated by a superscrip : . : L :
in the first column of TablE]2 sub-giants, there is one star with an eccentricity value as high as
’ e =0.911, namely HD 172865, a G5 IV double-lined spectro-

scopic binary with an orbital period of about 91.8 years (Batten
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et al. 1989). However, those parameters are based on speardiD 78418

2?83:]%?EZ?XS;F”ZSZZV?W only about the eighteen mong]gavers & Salzer (1982) have found an orbital period of 19.412
P ge. ys, an eccentricity = 0.20,6m ~ 0.9 andi ~ 36° for this

The systgm HD 13.530 was additionally resolveq by Bale ouble-lined system with a G5 IV-V subgiant component. From
etal. (1984) in speckle interferometry and a separation of 0.04 : . !
5CoraAvEL radial-velocity measurements, we confirm the val-

Is given by McAlister & Hartkopf (1988). ues for these parameters. We have also determined the rotational
velocity for both components (Tallé 1). The lewin : values,

b. HD 28591 1.6kms! and2.3kms!, related to the orbital-parameter val-

hues (especially) indicate that this system is very probably not

CABS catalogue (Strassmeier et al. 1993). During the preﬂg_gating in ;ynchro_nization with the orbit_al motion. By consid-
ration of the present paper, we learned of an independent de &g a typical rad|us_c1)f .abowR@ for th|§ spectral type one
mination of the orbital parameters for HD 28591 by F. Fek Lnds.ant =13 kms » In agreement with the non synchro-
The obtained parameters are listed by Strassmeier et al. (1955?t|0n hypothesis.
they present an excellent agreement with the orbital parameters
we report in Table 2. e. HD 123999

Letting the eccentricity be free, we find an orbital solut|0|:|1his is a double-lined system with a fifth-magnitude F8 IV sub-

with ¢=0.0101-0.005, which appears to be not significantly dn;%ant component. Abt & Levy (1976) have determined an or-

This is a chromospherically active K111l star quoted in t

ferent from a circular orbit according to the Lucy-Sweeney te . o
atthe 5% confidence level. Boyd et al. (1984) give for HD 285 al period of 9.60 days and an eccentricity= 0.19. From

a photometric period of 21.3 days. By comparing the orbital an QORAVEL radial-velocity measuremen_ts, we Conf"”ﬁ these

: : . . orbital parameters. We have also determined the rotational ve-
photometric periods, in addition to the almost zero eccentrllc- . N
: , acity for both components (Tall¢ 1). The obtainedh ¢ values
ity, one sees clearly that HD 28591 appears to be in synchE,(?-l2 5Kkms!and9.5kms! are compatible with the pronosed
nization. This aspect explains the high rotational velocity wse eciralt e (De Medeiros ot al 1986; Wi prop
measured for this star, namelysini =27 kms! (From the P yp ' '
photometric period and assumii®,=17R; for a K11ll, we

deriveV,,; = 40.4 kms™1, i ~ 42°). f. HD 153751

This is a G51lI single-lined binary star for which we confirm
c. HD 47415 all the orbital parameters given by Climenhaga et al. (1951).

The determination of the orbital parameters for this double—lin(-artgle eccentricity valge \.N.hen free @:.O'OOEO'OOM which
pears to be not significant according to the Lucy-Sweeney

spectroscopic binary, based on classical spectrographic pl . ) .
was first made by Nadal et al. (1983). The orbit is classifiaetz St The orbital period of 39.4816 days and the almost zero

by Baten e a, (1965). Our measuremens, based ony T ekl et e v o i yeonie
photoelectric radial velocities, confirm the given values with mi- ! P 9

. L 1 . i
nor differences for the systemic velocity and for the Min® i yelocny of UstLe =23.0£1.0 km_§ : Hovv_ever, by using yp
parameters., ical stellar radius for a G5Ill giant we find a rotation rate of

1 o .
The short orbital period of 5.6991 days and the almost zearlg.ouF 12.8 kr_n_s , Clearly n dlscrepan(_:y with the obseryed
in 4. In addition, by applying the condition for equal periods

eccentricity seem 1o indicate that the system is very probat%élfi rotational and orbital motion for an eclipsing binary system
rotating in synchronization with the orbital motion. Following ™ . psing Y 5y '

Nadal et al. (1983), we can estimate the inclination angle. \/S/n ;%Zr Zgﬁ/ gzﬁ'evg:zirte fn:;‘(tgetﬁtee!g{iz‘?r']uSl?ufjéhgf ?ﬁ?lr:a-
find ¢« ~ 33 °. Hence, the true rotational velocities should b J P

11.6kms! and 8.3kms! for the primary and the secondar 8|al velocity, we find a synchronous rotational velocity of about

Y 1 - ; _
components, respectively. However, these rotation values 1?'3 kms™, with (£/a)=0.48 (Hinderer 1958) anA'=31.82

€ ) .
not compatible with the F8IV spectral type given in the Iiteraifg:n;psnzrejg:?tgjog(ﬁ ';'rgdtz:e;((:llzgar:rgr {;hg;tcoggsle;:tr!fz ob-
ture (Hoffleit & Jaschek 1982). In fact, by considering a typi- vations, v tal inciinati 9 v

cal radius for F8IV, namely.5 R, one finds &/,.,; of about iu;lwm?grnithuederﬁ:]ﬁaerregﬁg géfdﬁéé?ngtgpssrse? g::t%SIaMdShal-
31kms!, based on synchonization consideration, which is i~ " © P y y » Fesp Y-

1] : : ;
discrepancy with the measured values#ain i andi. On the low eclipses were first observed by Gurthnick (1947).
other hand, by considering a stellar radiug 8f R, typical for

a F5V star, one finds ®,,; of about 11.5km3s! in agreement g. HD 174881

with the measuredsin ¢ ands. In this context, we think that a
F5V spectral type is the most appropriate for this star. Moreov
from the SB2 orbit we derive in this case amags~ 1.2 Mg
for the secondary component, which is in agreement with t
observed depth ratio of tHeéorAVEL correlation dips.

This is a sixth-magnitude giant with a spectral type K1 II-III.

oravEL observations clearly show that this star is in fact

A double-lined spectroscopic binary. From 21 radial-velocity
e :

measurements, well defined for both components, we found an
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orbital period of 215.302 days and an eccentrieity0.12. Dur- the short orbital period given in Tall¢ 2, the high eccentricity
ing the preparation of this paper we learned of the independent0.46 indicates that the system is not rotating in synchro-
determination of orbital parameters for this binary system Ization, explaining the lowCoRAVEL rotational velocity of
Appleton et al. (1995). These authors have found an orbital (80 km s™! obtained for this star. Furthermore, the photometric
riod of 215.6 days and an eccentricity= 0.142, showing in period of 84.35 days found by Boyd et al. (1985) confirms the
addition the double-lined behavior for the system. non-synchronization. A determination of the orbital parameters
The low rotational velocitysini ~ 1.0kms™! for both was made independently by F. Fekel (Strassmeier et al. 1993).
components, and the large orbital period indicate that the syere is a good agreement between the orbital period and the
tem is probably not rotating in synchronization with the orbitaystemic velocity obtained in the present work and the values

motion. guoted by Strassmeier et al. (1993). However, there is a minor
difference between the eccentricity values. We have found an
h. HD 179094 g;:ge;(t)rlcny of 0.4626, whereas Strassmeier et al. quote a value

Orbital parameters for this K1 1V subgiant were first determined _ _

by Young (1944). Nevertheless, this author was unable to detégfnowledgements. This work has been supported by continuous
the double-lined feature of the system. The new orbital paran%ants from the Swiss National Science Fundation. J.R. De Medeiros
ters presented in Table 2 confirm the period and the eccentri@rrWnOWEdges partial financial support of the CN_Pq Brazilian Agency.
reported by Young. Th€ ORAVEL rotational velocity for the e helpful comments of the referee are appreciated.

primary staris about 14.9 knt$, a very high rotation for a spec-

tral type K1 1V. Such a high rotation associated with a circular

orbit and a low orbital period indicates that this system is rotdReferences
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i. HD 212280

This KO I1I giant is also quoted in the CABS catalogue (Stras
meier et al. 1993) as a chromospherically active star. Despite
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