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Abstract. We present the results of our radial velocity (RV) measurements of G and K giants, concentrating on the presence
of multiple systems in our sample. Eighty-three giants have been observed for 2.5 years with the fiber-fed echelle spectrograph
FEROS at the 1.52 m ESO telescope in La Silla, Chile. Seventy-seven stars (93%) of the targets have been analyzed for RV
variability using simultaneous Th–Ar calibration and a cross-correlation technique. We estimate the long-term precision of our
measurement as better than 25 m s−1. Projected rotational velocities have been measured for most stars of the sample. Within
our time-base only 21 stars (or 27%) show variability below 2σ, while the others show RV variability with amplitudes up to
several km s−1. The large amplitude (several km s−1) and shape (high eccentricity) of the RV variations for 11 of the program
stars are consistent with stellar companions, and possibly brown dwarf companions for two of the program stars. In those
systems for which a full orbit could be derived, the companions have minimum masses from ∼0.6 M� down to 0.1 M�. To these
multiple systems we add the two candidates of giant planets already discovered in the sample. This analysis shows that multiple
systems contribute substantially to the long-term RV variability of giant stars, with about 20% of the sample being composed of
multiple systems despite screening our sample for known binary stars. After removing binaries, the range of RV variability in
the whole sample clearly decreases, but the remaining stars retain a statistical trend of RV variability with luminosity: luminous
cool giants with B − V ≥ 1.2 show RV variations with σRV > 60 m s−1, while giants with B − V < 1.2 including those in
the clump region exhibit less variability or they are constant within our accuracy. The same trend is observed with respect
to absolute visual magnitudes: brighter stars show a larger degree of variability and, when plotted in the RV variability vs.
magnitude diagram a trend of increasing RV scatter with luminosity is seen. The amplitude of RV variability does not increase
dramatically, as predicted, for instance, by simple scaling laws. At least two luminous and cooler stars of the sample show a
correlation between RV and chromospheric activity and bisector asymmetry, indicating that in these two objects RV variability
is likely induced by the presence of (chromospheric) surface structures.
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1. Introduction

Precise RV measurements have been the subject of strong in-
terest in the last years, thanks mostly to their successful ap-
plication to the detection of planetary companions orbiting
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the La Silla Observatory from Oct 1999 to Feb. 2002 under ESO pro-
grams and the ESO-Observatório Nacional, Brazil, agreement and in
part on observations collected on the Alfred Jensch 2 m telescope of
the Thüringer Landessternwarte Tautenburg.

solar-type stars (Mayor & Queloz 1995; Marcy & Butler 1996).
Long-term precision better than 10 m s−1 is required to detect
Jovian planets orbiting a dwarf star at 5 AU. Evolved cool stars
(hereafter “giants”) show a higher level of RV variability (see
e.g., Walker et al. 1989; Hatzes & Cochran 1993) and for them
such a high long-term precision may not be required, although
G-type, low luminous sub-giants which are not very different
from solar-type stars may exhibit RV variability as low as a
few tens of m s−1, as presented in our results (see Sect. 4.2)

Precise RV measurements have also been applied to the
study of stellar pulsations, e.g. solar-type oscillations, in which
a short-term accuracy of better than 1 m s−1 is needed to
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detect p-modes. Solar-type pulsations have so far been detected
on Procyon (Brown et al. 1991; Barban et al. 1999), β Hydri
(Bedding et al. 2001) and α Cen A (Bouchy & Carrier 2001).
Until now, the only “solar-like” oscillations in a giant star have
been detected by Frandsen et al. (2002) in ξ Hya (spectral class
G7III). The oscillation period was P = 2−5.5 h. Other evi-
dence for p-mode oscillations in K giants with period of sev-
eral days have been detected in Arcturus (Hatzes & Cochran
1994; Merline et al. 1995) and in α UMa (Buzasi et al. 2000).

To achieve high precise RV two techniques are currently in
use: acquiring a simultaneous calibration for the stellar spec-
tra (Baranne et al. 1996) or the self absorption-cell technique
(Campbell & Walker 1979; Cochran & Hatzes 1990). Both
techniques are presently able to provide comparable long-term
precision of a few m s−1 (Butler et al. 1996; Pepe et al. 2000).

G and K giants are cool, evolved stars, which have
moved off the main sequence. They span the entire Red Giant
Branch (RGB) including the red clump and early-AGB phases.
The clump giants are stars which are experiencing the He-core
burning phase.

RV variations of K giants with amplitudes between
30–300 m s−1 and time-scales ranging from a few to hundreds
of days have been reported by Smith et al. (1987), Walker
et al. (1989), Larson et al. (1993), Hatzes & Cochran (1993,
1996). The RV variability observed in red giants has been sug-
gested to result from stellar pulsation, rotational modulation,
or low-mass companion. Before we started to publish the re-
sults of this survey a few sub-stellar companions have been
proposed around evolved stars: the K4IVa sub-giant HD 27442
(Butler et al. 2001), the K2III giant ι Dra (Frink et al. 2002)
and γ Cephei (Hatzes et al. 2003). We have enlarged this sam-
ple by detecting two giant planet candidates around HD 47536
(Setiawan et al. 2003b) and HD 122430 (Setiawan 2003c).
Recently, Sato et al. (2003) reported the first detection of a
planetary companion to a G giant, HD 104985. The search of
extra-solar planets around giants is quite interesting and com-
plementary to the surveys carried out on main sequence stars:
giants in fact may cover a range of stellar masses. Stars with
masses exceeding 3–4 M� cannot be investigated for the pres-
ence of low-mass companions while on the main sequence be-
cause they have fewer stellar absorption lines due to a higher
effective temperature. Furthermore, early-type stars have broad
spectral features due to the more rapid rotation compared to
late-type stars. Both effects severely limit the accuracy of RV
measurements. As an early-type star evolves off the main se-
quence its rotation rate slows considerably (Pasquini et al.
2000; de Medeiros & Mayor 1999) and the atmosphere cools.
The larger number of narrow absorption lines now makes these
objects suitable objects for precise RV studies.

Most of the previous RV results were obtained on rela-
tively smaller samples of giants. We have therefore recognized
the need for a RV survey of G and K giants spanning the en-
tire RGB: 1) to determine how the RV variations vary as a star
moves along the RGB, and 2) to understand the nature of the
long-period variations. If these variations were due to rotational
modulation of stellar surface structure, then our survey would
provide the ideal targets for stellar interferometers, since many

of these objects have angular diameters which are large enough
to be resolved by long-baseline interferometry.

Our first work mostly concentrated on the description of
the observations and the data reduction techniques and sum-
marized the first results. These showed that some relation was
likely to be present between the RV variation amplitudes and
the position of the stars in the H-R diagram (Setiawan et al.
2003a, hereafter Paper I). In the present work we will concen-
trate on the detection of multiple systems. These systems need
to be recognized and separated by the rest of the sample stars
before the other causes of variability are investigated.

2. Observations

Sixty-five nights (ESO-time and Brazilian Observatório
Nacional-time) were allocated from October 1999 to February
2002 to this program on FEROS, the echelle spectrograph at the
1.52 m-ESO telescope in La Silla. The spectrograph provides
a full wavelength coverage of 3500–9200 Å over 39 spectral
orders at a resolving power λ/∆λ of 48 000 (Kaufer & Pasquini
1998). This enabled us to record simultaneously the portion of
the spectrum used for RV determinations as well as chromo-
spheric activity indicators like the Ca II H and K lines. FEROS
is equipped with a double fiber system, one for the object and a
second fiber which can record the sky or a simultaneous wave-
length calibration, which can be used for accurate RV determi-
nation (Baranne et al. 1996).

The RV precision achieved with FEROS during commis-
sioning was 23 m s−1 (Kaufer & Pasquini 1998) and could
be reduced on a short (few months) time-scale to better than
11 m s−1 using an improved data reduction method (Setiawan
et al. 2000, and Paper I). Unfortunately, this precision could not
be maintained until the end of our survey. We detected instru-
mental instabilities which affected the simultaneous Th–Ar cal-
ibration. Our precision over 28 months is better than 25 m s−1,
similar to the commissioning accuracy and still appropriate for
our scientific goals.

The program started with 27 stars in October 1999 and has
been expanded to include 83 G and K stars, mainly giants. The
whole sample covers a large fraction of the upper H-R dia-
gram including the full RGB as well as the “clump” region
(cf. Fig. 1). The bulk of our sample has been selected on the ba-
sis of HIPPARCOS parallaxes and are not classified as spectro-
scopic binaries. A few stars with measured vrot sin i have been
added later to be used as comparison with our vrot sin i calibra-
tion. Some of these stars are binaries.

Being interested in abundances, variability in Ca II H
and K core emission lines and bisector variations, we re-
quired an average signal to noise ratio (S/N) of about 150–
200 per pixel in the best exposed part of the spectra. We found
this high S/N is appropriate for investigating the variations of
the deep Ca II K (λ = 3934 Å) line, the best indicator of chro-
mospheric activity (see e.g. Pasquini et al. 1990). More details
about the observation and the calibration procedure were pre-
sented in Paper I and are only briefly repeated here.
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Fig. 1. H-R diagram of the 83 giant stars in our RV survey with
FEROS. The sample covers the RGB including the “clump” region.
The continuous lines are evolutionary tracks for solar-metallicity stars
of masses comprised between 1.0 and 3.0 M�, taken from Girardi et al.
(2000).

3. Data analysis

3.1. Radial velocity computation

The RV computation was carried out with the TACOS package,
developed by the Geneva observatory, using a cross-correlation
routine, which operates on one-dimensional order spectra with
a numerical template (mask), e.g. stellar mask for fiber 1, tho-
rium (Th) mask for fiber 2 as well as for calibration exposures
(double Th–Ar). The resulting cross-correlation function (CCF)
is then fitted with a Gaussian. While the position of the maxi-
mum of the Gaussian fit is used for RV determination, the width
σCCF can be used to compute the projected rotational velocity
vrot sin i as demonstrated in Queloz et al. (1998). The result of
vrot sin i computation is presented in Sect. 3.2.

Due to instrumental systematic instabilities we had to ap-
ply RV corrections using the procedure presented in Paper I.
Figure 2 shows a comparison between the original RV compu-
tation method (dashed open circles) and the RV obtained af-
ter the corrections (dots) for our standard “constant” star τ Cet
(HD 10700). The standard deviation of the corrected τ Cet ra-
dial velocities is σRV,τCet = 22.8 m s−1 which we use as an esti-
mate of our long-term RV (instrumental) precision. This value
is three times worse than reported in Setiawan et al. (2000)
and substantially higher than in Paper I. We have tried sev-
eral weighting methods (e.g. by σ, σ2 or by flux in the cen-
ter of order) when combining the RV of each order to obtain
the mean RV of a single spectrum, but these efforts did not im-
prove the final result. We cannot exclude that it may be possible
to improve our precision, for instance by using different masks
or improving the wavelength calibration. It is nevertheless wor-
rying that our precision substantially decreased during the sec-
ond and third years of observations. We do not have a clear-cut
explanation for this. However, we noticed that over time the

Fig. 2. RV plot of τ Cet (HD 10700) during the 2.5 years observation,
the open circles represent the RV computation by the original method,
the full filled circle are the final corrected RV. The final precision de-
termined for FEROS during our survey is 22.8 m s−1.

FEROS environment and optical alignment deteriorated and
this could be a cause of the degraded RV performances. The
original specifications for FEROS were 50 m s−1, which were
at all times fulfilled. A precision of ∼25 m s−1 is slightly worse
than our goal, but is appropriate for analyzing the long-term
variability of the sample; most of our targets show typical RV
variability of σRV ≥ 50 m s−1.

3.2. Projected rotational velocity vrot sin i

Since one of the possible sources of RV variation is stellar sur-
face inhomogeneities (e.g. spots) it is important to derive ro-
tational velocities for the sample stars which can be used with
measurements (estimates) of the stellar radii to derive upper
limits to the stellar rotational period. These can then be com-
pared to the RV period derived from a periodogram analysis.
We used the cross-correlation method (see Queloz et al. 1998)
to determine the projected rotational velocity vrot sin i from the
width σCCF of the stellar CCF. Melo et al. (2001) determined
the calibration value for FEROS and applied it to compute
vrot sin i of giants in the M 67 cluster.

By using the cross-correlation technique the rotational ve-
locity can be expressed by the relation (Benz & Mayor 1984;
Queloz et al. 1998):

vrot sin i = A
√
σ2

CCF − σ2
0, (1)

where A is a constant and σ0 depends on the instrumental reso-
lution and the intrinsic width of the stellar line without rotation
(e.g. macroturbulence). The latter will depend on the stellar ef-
fective temperature and gravity (cf. Gray 1976). Following the
Melo et al. (2001) calibration we adopted

σ0 = 0.417(B− V)2 + 4.225 (2)



244 J. Setiawan et al.: Multiple systems and variability trend along the RGB

Table 1. Projected rotational velocity and RV variation of G and K giants/sub-giants. Column (1): identifer, Col. (2): absolute magnitude;
Col. (3): color index; Col. (4): visual magnitude; Col. (5): spectral classification (SIMBAD); Col. (6): CCF width; Col. (7): σ0 from Eq. (2);
Col. (8): projected rotational velocity from FEROS and Col. (9) other measurements; Col. (10): available reference for vrot sin i; Col. (11): rms
of RV variation; Col. (12): number of spectra.

HD MV B − V mV Spectral σCCF σ0 vrot sin i vrot sin i Ref. σRV N
type km s−1 km s−1 km s−1 km s−1 m s−1

FEROS other
2114 −0.52 0.83 5.78 G5III 5.19 4.51 4.9 3.9 (a) 63 5
2151 3.43 0.62 2.80 G2IV 5.12 4.39 5.0 39 5
7672 0.96 0.87 5.42 G5III 5.34 4.54 5.3 4.5 (a) 2011 9
10 700 5.69 0.72 3.50 G8V 4.55 4.44 1.9 23 105
10 761 −0.22 0.94 4.27 K0III 4.84 4.60 2.9 2.9 (a) 76 7
11 977 0.57 0.93 4.68 G5III 4.76 4.59 2.4 70 53
12 438 0.68 0.88 5.34 G8III 4.85 4.55 3.2 57 61
16 417 3.43 0.66 5.79 G5IV 4.79 4.41 3.6 45 71
18 322 0.83 1.09 3.89 K1III 4.75 4.72 1.1 53 75
18 885 1.15 1.09 5.84 G6III 4.81 4.72 1.7 53 51
18 907 3.47 0.79 5.89 G5IV 4.58 4.49 1.7 60 51
21 120 −0.44 0.89 3.62 K1IV/V 5.71 4.55 6.6 5.9 (c) 1346 6
22 663 0.43 1.02 4.57 K0III 4.72 4.66 1.4 954 44
23 319 0.91 1.19 4.59 K2III 4.88 4.82 1.4 48 53
23 940 0.83 0.97 5.52 G6III 5.46 4.62 5.5 47 43
26 923 4.70 0.54 6.33 G0IV 4.77 4.35 3.7 4.3 (c) 69 7
27 256 −0.17 0.92 3.33 G7III 5.59 4.57 6.1 136 56
27 371 0.28 0.97 3.65 K0III 4.84 4.62 2.7 2.4 (a) 54 32
27 697 0.40 0.98 3.76 K0III 4.97 4.63 3.4 2.5 (a) 1794 32
32 887 −1.02 1.46 3.19 K4III 4.94 5.11 −− 60 63
34 642 2.17 0.99 4.81 K1III 4.67 4.63 1.2 43 44
36 189 −0.64 0.99 5.14 G6III 5.69 4.63 6.3 48 36
36 848 1.83 1.22 5.45 K2III 4.64 4.85 −− 47 46
40 176 −0.05 1.10 4.97 K1III 4.92 4.73 2.6 4078 41
47 205 2.47 1.05 3.96 K1III 4.52 4.68 −− −− <4
47 536 −0.17 1.18 5.25 K1III 4.91 4.80 1.9 76 38
50 778 −0.36 1.42 4.08 K4III 4.96 5.06 −− 97 46
61 935 0.71 1.02 3.94 K0III 4.76 4.66 1.9 55 44
62 644 3.15 0.78 5.06 G5IV 4.71 4.48 2.8 4486 30
62 902 1.17 1.38 5.49 K5III 4.74 5.02 −− 57 33
63 697 0.72 1.28 5.17 K3III 4.74 4.91 −− 54 30
65 695 0.51 1.21 4.93 K2III 4.87 4.83 1.2 66 29
65 735 1.18 1.11 6.30 K1III 4.86 4.74 2.0 1.0 (c) 43 17
70 982 0.34 0.93 6.11 G8III 5.10 4.59 4.3 3.3 (e) 43 17
72 650 0.39 1.36 6.34 K3III 4.75 5.00 −− 1.8 (e) 61 18
78 647 −3.99 1.67 2.23 K4II 6.43 5.38 6.7 5.6 (e) 301 34
81 361 1.70 0.97 6.30 G9III 4.62 4.62 <1 49 7
81 797 −1.69 1.44 1.99 K3III 5.12 5.09 1.1 <1.4 (b) 63 40
83 441 0.89 1.12 5.96 K2III 4.75 4.75 <1 115 27
85 035 2.62 1.07 7.02 K1III 4.58 4.70 −− 46 9
90 957 0.21 1.42 5.58 K3III 4.81 5.07 −− 52 22
92 588 3.57 0.88 6.25 K1IV 4.61 4.55 1.4 1.0 (c) 34 19
93 257 1.81 1.13 5.50 K3III 4.64 4.76 −− 29 20
93 773 0.72 0.95 6.51 G8III 4.80 4.60 2.6 77 18
99 167 −0.43 1.56 4.81 K5III 5.03 5.23 −− 94 30
10 1321 1.72 0.99 6.80 K0III 4.64 4.63 <1 70 15
107 446 −0.63 1.39 3.59 K4III 4.94 5.03 −− 85 33
108 570 3.00 0.94 6.13 K1III 4.60 4.59 <1 71 4
110 014 −0.29 1.24 4.66 K2III 5.02 4.87 2.3 92 26

and A = 1.9 ± 0.1. Our vrot sin i are given in Table 1. The un-
certainty in the vrot sin i determination is about 1 km s−1 and is
mostly due to calibration Eq. (2), which assumes that σ0 is the

same for all the stars with the same color. This assumption may
be reasonable for stars where the dominant broadening mecha-
nism is rotation, but can result in larger errors for stars with low
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Table 1. continued.

HD MV B − V mV Spectral σCCF σ0 vrot sin i vrot sin i Ref. σRV N
type km s−1 km s−1 km s−1 km s−1 m s−1

FEROS other
111 884 0.59 1.31 5.91 K3III 4.77 4.94 −− 37 20
113 226 0.37 0.93 2.85 G8III 4.99 4.59 3.7 3.2 (d) 43 35
115 439 0.38 1.34 6.05 K3III 4.80 4.97 −− 1.0 (e) −− <4
115 478 0.53 1.30 5.33 K3III 4.75 4.93 −− 73 26
121 416 1.12 1.14 5.82 K1III 4.82 4.77 1.3 37 9
122 430 −0.15 1.33 5.47 K3III 4.82 4.96 −− 81 25
124 882 −0.35 1.30 4.31 K2III 4.82 4.93 −− 57 26
125 560 1.01 1.23 4.84 K3III 4.87 4.85 <1 1.0 (c) 49 23
131 109 −0.22 1.44 5.37 K4III 4.87 5.09 −− 70 23
131 977 6.88 1.11 5.74 K4V 4.71 4.74 −− 86 9
136 014 0.83 0.96 6.19 G8III 5.30 4.61 5.0 75 20
148 760 1.87 1.09 6.07 K1III 4.74 4.72 <1 60 20
151 249 −1.14 1.56 3.77 K5III 5.09 5.24 −− 281 28
152 334 0.30 1.39 3.62 K4III 4.77 5.03 −− 42 29
152 980 −0.79 1.45 4.06 K4III 5.00 5.10 −− 66 26
156 111 4.00 0.79 7.22 G8V 4.60 4.48 2.0 1954 16
159 194 1.61 1.24 6.76 K3III 4.80 4.87 −− 88 25
165 760 0.33 0.95 4.64 G8III 4.86 4.60 3.0 3.9/2.2 (a)/(c) 55 29
169 370 1.61 1.16 6.28 K0 4.74 4.79 −− 54 23
174 295 0.41 0.96 5.18 K0III 4.83 4.61 2.7 54 25
175 751 0.82 1.06 4.83 K1III 4.76 4.69 1.5 49 31
176 578 2.86 0.96 6.86 K0IV 4.63 4.61 <1 8175 24
177 389 2.48 0.90 5.31 K0III 4.62 4.56 1.4 41 28
179 799 2.35 0.98 6.54 K0 4.63 4.62 <1 2521 18
187 195 1.29 1.23 6.00 K5III 5.13 4.86 3.1 1735 33
189 319 −1.11 1.57 3.51 K5III 5.14 5.25 −− 133 27
190 608 1.61 1.06 5.09 K2III 4.74 4.69 1.3 1.0 (c) 52 23
197 635 0.56 1.12 5.42 K0III 4.81 4.75 1.4 −− <4
198 232 −0.44 1.00 4.90 G7III 5.03 4.65 3.7 −− <4
198 431 1.45 1.08 5.87 K1III 4.71 4.71 <1 89 4
199 665 1.20 0.93 5.52 G6III 4.90 4.59 3.3 −− <4
217 428 −0.24 0.87 6.23 G4III 5.68 4.54 6.50 −− <4
218 527 0.76 0.89 5.43 G8III 5.03 4.55 4.1 2863 7
219 615 0.67 0.92 3.69 G7III 4.91 4.58 3.4 1.6 (c) 64 8
224 533 0.70 0.93 4.88 G9III 4.93 4.59 3.4 161 65

−− : no results.
(a) Gray (1989).
(b) Gray (1986).
(c) CORAVEL measurements (de Medeiros & Mayor 1999).
(d) Fekel (1997).
(e) de Medeiros et al. (2002b).

projected rotational velocities. In this case the broadening of
the spectral line is dominated by macroturbulence which could
differ slightly between stars, even if they have the same color. A
more accurate measurement of the vrot sin i for slowly rotating
stars requires spectra taken at much higher spectral resolution,
as well as the use of Fourier techniques which are better suited
for disentangling the effects of macroturbulence from rotation.

Nineteen of our targets have published rotational velocities,
which are given in Cols. 9 and 10 of Table 1. The agreement
between the FEROS and the previously published vrot sin i is
excellent, with peak deviations below 1 km s−1. For most stars
with B − V > 1.2 the derived rotational velocity is negative
because σCCF < σ0 and they are indicated in Table 1 with the

value “−−”. Melo et al. (2001) also noticed this effect in their
sample, but they could not find any obvious cause in their cali-
bration. This indicates that most likely the rotation rates of the
coolest stars are slightly underestimated, and that the estimated
error (1 km s−1) should be used as an upper limit for the ro-
tational velocity of these objects. However it seems clear that
none of these stars has significant rotation rates.

In Fig. 3 we plot the vrot sin i against the color index B − V ,
except for those stars with undetermined vrot sin i. All of our
stars are slow rotators, with the highest rotation rate being less
than 7 km s−1. As observed by other authors (de Medeiros &
Mayor 1991), rotation drops quite abruptly with color among F
to early G giants and supergiants: at about B − V ∼ 0.7 for
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Fig. 3. Projected rotational velocity and rotational period. The
−− values in Table 1 (undetermined vrot sin i) are not plotted.

Table 2. Angular diameter, stellar radius and rotational period.

HD Θa Θb d R/R� c Prot/ sin i

mas mas pc day

21 120 2.64 2.26 64.85 18.4 143

22 663 2.06 1.76 67.20 14.9 533

23 319 2.73 2.18 54.53 16.0 569

27 371 2.69 2.56 47.24 13.6 253

27 697 2.57 2.43 46.97 12.9 190

32 887 6.20 6.29 69.49 46.3 >2357

47 536 1.81 1.59 121.36 23.6 625

50 778 4.22 3.88 77.28 35.5 >1807

61 935 2.55 2.35 44.33 12.1 326

62 902 1.84 1.90 73.10 14.4 >733

63 697 1.99 1.89 77.70 16.6 >845

65 695 2.07 1.92 76.57 17.1 >870

81 797 10.66 10.52 54.35 62.3 2991

90 957 1.87 1.95 118.76 23.9 >1217

99 167 3.72 3.77 111.73 44.7 >2775

110 014 2.21 2.26 97.66 23.2 1036

113 226 3.78 3.47 31.35 12.7 173

115 478 1.93 1.81 91.41 18.9 >962

124 882 3.87 2.89 85.47 35.6 >1812

125 560 2.07 2.05 58.41 13.0 848

151 249 7.94 6.09 96.06 82.0 >4174

189 319 6.67 7.09 84.03 60.2 >3064
a CHARM catalogue (Richichi & Percheron 2002).
b This work.
c Computed using Θ(a).
For stars with undetermined vrot sin i we computed the lower limit for
Prot/ sin i by assuming vrot sin i = 1 km s−1.

subgiants/giants and somewhat redward for bright giants and
supergiants.

Single giants blueward of this spectral region present a
wide range of rotational velocity, from about a few km s−1 to

Fig. 4. Comparison of the stellar radii derived from the photometric
determination and the values from the CHARM catalogue. The values
are in an excellent agreement.

about a hundred times the solar rotation. The large majority of
single giants redward of this spectral type are essentially slow
rotators, with vrot sin i ranging from about 1 to about 7 km s−1.
Among giant stars with spectral types G-K only those in short-
period binary systems show enhanced rotation that is due to
tidal spin-up from the companion. What we see in Fig. 3 is the
expected distribution of the rotational velocity of single G and
K giants at the same color interval, with vrot sin i ranging from 1
to 7 km s−1.

From Fig. 3 we see that only one star with B−V ≥ 1 that has
a significant amount of stellar rotation. This star, HD 78647,
is our coolest and intrinsically brightest star with an absolute
magnitude of ∼−4. This object is a supergiant which probably
also has a larger intrinsic macroturbulent line broadening (see
Gray 1989). Its color is also far out of the range of application
of the Melo et al. (2001) calibration. For all these reasons its
high rotational velocity should be considered as an upper limit.

As far as radii are concerned, for 22 stars from our sam-
ple interferometric measurements of apparent diameters are
available from the CHARM catalogue (Richichi & Percheron
2002). Given our sample selection of bright, nearby K giants
this high rate is not surprising. Indeed, with typical apparent
diameters of ∼2 mas our sample provides excellent targets for
interferometers. These values can therefore be used to calcu-
late the projected rotational periods Prot/ sin i = 2πR/(vrot sin i).
Furthermore, for the stars with known interferometric angu-
lar diameter (Table 2) we derived the stellar radii and angu-
lar diameter by using the relations of bolometric corrections,
effective temperature, and color indexes adopted from Flower
(1996). Figure 4 shows a comparison between our diameter
computation and the measured angular diameters. The linear
fit is given by:

ΘCHARM = (1.014 ± 0.045)Θphoto + (0.188± 0.177). (3)

Our photometric angular diameter determination is consistent
with the obtained values from the CHARM catalogue.
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4. Results from RV measurements

The main aim of our survey is to determine any trends in intrin-
sic RV variability with macroscopic stellar parameters using a
statistically large sample that covers a significant fraction of
the giant branch in the H-R diagram. To carry out this analysis,
however, we must first identify those stars whose RV variabil-
ity arises due to companions. For stellar companion this task
is fairly simple as these produce relative large RV amplitudes
generally larger than a few km s−1.

In fact, the other possible causes of long-term RV varia-
tions, such as surface inhomogeneities or pulsations usually
produces significantly lower RV amplitudes. For example, for
spotted stars with vrot sin i < 10 km s−1 the RV amplitude due to
a 5% starspot filling factor is a few hundred m s−1 (see Hatzes
2002). Stars with much larger spots, or high amplitude pulsa-
tions should produce significant photometric variations which
would be evident in the HIPPARCOS database.

We find it useful to analyze our results by computing
the σRV of the stars, as given in Col. 11 of Table 1. Out of
the full sample of 83 stars, only 77 are analyzed because for
the remaining 6 objects less than 4 spectra could be obtained.
Looking at the distribution of all the σRV we can immediately
see that out of the 77 giants, one star, HD 93257 shows a very
low level of RV variability; with 29 m s−1 rms indeed it is just
slightly above our “constant” star τ Cet. Other 20 stars show
little variability, with a level of σRV below 50 m s−1, or 2 times
our estimated accuracy. Of course we cannot exclude the possi-
bility that these stars are indeed variable, but, unless some clear
periodicity emerges, we can only consider them as constant at
the moment. From the remaining 56 stars, a clear group distin-
guishes itself from the others: 11 stars have very large varia-
tions (more than 800 m s−1) and these are the best candidates
for binaries.

The 45 remaining stars exhibit RV variations which are
possibly caused by pulsations, rotation or low-mass and plan-
etary companions (as for HD 47536 and HD 122430 with 76
and 79 m s−1 rms respectively). For 14 of these 45 objects we
have less than 10 measurement points which is insufficient to
classify the nature of their RV variability. Additionally, two
stars are known to belong to double (visual) systems. They are
HD 27256 and HD 224533.

4.1. Multiple systems

11 stars of our sample show variability above 800 m s−1. Most
of these show long-term periodic variations (P > 100 days)
with amplitudes exceeding several km s−1. These stars are
HD 21120, HD 22663, HD 27697, HD 40176, HD 62644,
HD 176578, HD 179799, HD 187195 and HD 218527.
HD 7672 and HD 156111 also show high amplitude RV vari-
ations, but the periods appear to be considerably less than
100 days. In all cases the amplitude of the RV variations are
clearly due to stellar companions.

With a sample of 77 objects it is possible to apply some
statistics to verify our findings. Among giants in open clus-
ters, the incidence of binaries found in spectroscopic surveys
with CORAVEL is 26% (Mermilliod et al. 2001). However,

this frequency should be considered as a minimum value,
which depends on the precision achieved, the time interval and
the number of observations. The number of binaries detections
is larger when using instrument with better precision (see e.g.
Mayor et al. 2001). The RV precision of FEROS is at least ten
times better than CORAVEL.

The binary frequency of red giants is lower than that for
solar-type stars, which is given, for instance, in Duquennoy
et al. (1991). Among red giants, binaries with periods less than
40 days do not exist due to Roche lobe filling, contact phase
and mass transfer episodes when the orbital periods are shorter
than the critical Roche period at the red giant tip (Mermilliod &
Mayor 1992). In particular, clump red giants which have passed
through a state of larger radii fulfilled this condition.

Considering the Mermilliod et al. statistics, we could there-
fore expect that about 20 objects of our sample have stellar
companions. Considering, however, that stars already known
as binaries were rejected as part of the selection process, we
may expect a lower binary rate in our sample, and 11–13 of 77
(14–17%) seem reasonable.

We cannot exclude the possibility that further observations
will reveal additional binary candidates, in particular among
those that show considerable RV variability, but their num-
ber should be limited. If the above statistics can be applied to
our sample (and we believe that this should represent an upper
limit) we should miss less than 7 additional binaries, and these
should likely be very long period systems, whose multiplicity
is still hidden in our measurements due to the limited duration
of our survey.

When considering the non-binarity bias in our selection
criteria, we can also predict that our multiple systems should
likely have a high primary to secondary mass ratio, because bi-
nary systems composed by stars of similar masses had a higher
probability to be discovered in previous studies, since they will
tend to show larger RV variations or are double-lined spec-
troscopic binaries. For the sake of completeness we show all
RV curves of the 13 binary candidates so far identified (Figs. 5–
7). For 6 stars we had sufficient measurements to compute or-
bital solutions. These orbital solutions are shown as a line in
Figs. 5 and 6. Orbital elements are listed in Table 3.

HD 156111 showed clear short-term RV variability, but we
had too few measurements to be able to derive a period. For
these reasons additional measurements were made using the
coude echelle spectrograph of the Alfred Jensch 2 m telescope
of the Thüringer Landessternwarte Tautenburg (TLS). This was
one of the few stars of our target sample which was accessible
from TLS which is located in Germany. This spectrograph is a
grism-crossed dispersed echelle which provides a wavelength
coverage of 4750–7070 Å (using the so-called VIS grism) at
a resolving power, R (=λ/∆λ)= 67 000. An iodine absorption
cell placed just before the entrance slit provides the wavelength
reference for precise (σ ∼ 3 m s−1) stellar RV measurements.
At TLS an additional 13 RV measurements were made which
enabled us to determine the period (39.5 days) and to derive an
orbit. The right panel of Fig. 6 shows the phase-folded orbital
solution to the TLS and FEROS RV measurements.

Figure 8 shows the position of the binaries in the
color–magnitude diagram with the same evolutionary track as
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Fig. 5. RV measurements of six binary systems: HD 7672, HD 27697, HD 40176, HD 62644, HD 156111 and HD 179799. The orbital
parameters of the Kepler model and the mass-functions are given in Table 3.

0 .2 .4 .6 .8 1
-10

-5

0

5

10

HD 7672

Orbital Phase

R
ad

ia
l V

el
oc

ity
 (

km
/s

)

P = 56.9 days

.2 .4 .6 .8 1

-10

-5

0

5

10

Orbital Phase

R
ad

ia
l V

el
oc

ity
 (

km
/s

)

Feros

TLS

HD 156111

Fig. 6. Left: phase folded RV measurements of HD 7672. Right: the same for HD 156111 obtained from FEROS and TLS-Tautenburg.

in Fig. 1. For the six binaries with derived orbital elements we
adopted primary masses m1 = 1.0−2.5 M�, depending on the
star’s position in RGB. We computed the mass functions f (m)
as given in Col. 5 of Table 3. The resulting companion’s masses
and the semi-major axes of the orbits are listed in Cols. 6 and 7
of Table 3.

HD 7672 (=AY Cet) was not originally in our program, but
was added to increase the number of stars with previously mea-
sured rotational velocities. Note that the star has a higher rota-
tion rate than the most targets and our vrot sin i measurement is
in excellent agreement with the result obtained with the Fourier
transformation technique (Gray 1989).

Our program provided too few RV measurements to derive
an accurate orbit for HD 7672. Our RV measurements showed

clear evidence for a P ≈ 60 d period, but the poor phasing did
not allow us to determine the amplitude and eccentricity for
the orbit. Fekel & Eitter (1989) presented RV measurements
for this star with lower precision (σ ≈ 0.5 km s−1). We have
combined these with our RV measurements to compute a re-
vised orbit. We found a period of 56.9 days and a circular orbit
(e = 0.02). Our RV measurements phased to the orbital period
along with the orbital solution are shown in Fig. 6 (left panel).

We determined a companion mass of 0.25 M� by assum-
ing a primary mass of 2.5 M�. The derived semi-major axis
is a = 0.4 AU. We estimated a radius of R ≈ 8 R�, and
when considering the measured rotational velocity results in
Prot/ sin i ≈ 75 days, or comparable to the orbital period,
HD 7672 is possibly a tidally locked binary with the same
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Fig. 7. RV measurements of binary systems HD 21120, HD 22663, HD 176578, HD 187195 and HD 218527. These binaries show much longer
period than our total observation span.

orbital and rotational period. For binaries with a red giant pri-
mary and P < 120 days the circular orbit is due to tidal in-
teraction between the two components (Mermilliod & Mayor
1992).

HD 27697 exhibits an orbital period of P = 522± 1.8 days.
The period we found is comparable to the 529.8 day period
reported in de Medeiros et al. (2002a). We obtained an eccen-
tricity e = 0.48. With a semi-amplitude K1 = 2.84 km s−1 and
m1 = 2.5 M� we derived a minimum mass of m2 sin i =
0.18 M�. The semi-major axis of the orbit is 1.76 AU. With a

Prot/ sin i of 190 days, the orbital period is substantially longer
than the rotational one.

With a period of 1420.6 days and K1 = 5.68 km s−1

HD 40176 has a more massive companion than the two giants
described above. We derived a minimum mass of m2 sin i =
0.59 M� an eccentricity of e = 0.39 and an orbital semi-major
axis of 3.60 AU. The systems HD 62644, HD 156111 and
HD 179799 each have companions with high eccentric orbits
(e ≥ 0.65). Their orbital periods are 380.6 days (HD 62644),
39.5 days (HD 156111) and 856.1 days (HD 179799).
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Table 3. Companions of six binaries.

HD K1 P e f (m) m2 sin i a2

[km s−1] [days] [M�] [M�] [AU]

7672 7.11 ± 0.47 56.9 ± 0.1 0.02 2.1 × 10−3 0.25 0.41

27 697 2.84 ± 0.03 522.1 ± 1.8 0.48 8.4 × 10−4 0.18 1.76

40 176 5.68 ± 0.04 1420.6 ± 19.8 0.39 2.1 × 10−2 0.59 3.60

62 644 9.84 ± 0.07 380.6 ± 0.1 0.73 1.2 × 10−2 0.32 1.20

156 111 7.75 ± 0.02 39.5 ± 0.0 0.65 8.3 × 10−4 0.10 0.23

179 799 5.99 ± 0.40 856.1 ± 39.1 0.66 8.1 × 10−3 0.30 2.14

Fig. 8. Color–magnitude diagram of the binaries found. The same evo-
lutionary track as in Fig. 1 has been added. The primary masses can
be estimated from the position in this diagram. The dots and triangles
represent binaries with and without orbital solutions.

We obtained m2 sin i = 0.32 M� for HD 62644, 0.10 M� for
HD 156111 and 0.30 M� for HD 179799. The semi-major axes
are 1.2 AU, 0.23 AU and 2.14 AU, respectively. For HD 156111
which has a stellar radius R = 1.8 R� and vrot sin i = 2.0 m s−1

we compute Prot/ sin i = 47 days, which is close to the or-
bital period. However, it is not clear if this is a tidal-locked
system. The rotation velocity is rather low for a synchronized
system.

The systems HD 21120, HD 27256, HD 22663,
HD 176578, HD 187195, HD 218527 and HD 224533 show
orbital periods longer than our total observation timespan, and
we would need more time to derive the RV solution for these
binaries; we consider this goal is outside the purpose of this
project.

We are very interested in the nature of the companions
around HD 27256 and HD 224533. The reason is that, although
these giants are classified as stars in visual double systems, we
found that the RV variations observed are not due to the visual
secondary component of the systems. They are instead induced
by unseen low-mass, possibly brown dwarf or very low-mass
stellar companions. HD 27256 and HD 224533 show low RV
variability relative to the other binaries. Their σRV values are

Fig. 9. RV measurements of HD 27256 and HD 224533. These stars
are known as stars in visual double systems. However, the mea-
sured RV variations are possibly due to other unseen companions.

136 m s−1 and 161 m s−1. The separation of the two compo-
nents is 48.56 arcsec for HD 27256 (Torres et al. 1986) and
0.945 arcsec for HD 224533 (Horch et al. 1999), with a magni-
tude difference of respectively, about 8.7 and 5.3 magnitudes.

For HD 27256 which is 50.05 pc far away this implies
a separation between the components of ≈2434 AU. Such a
large separation requires a long orbital period. Under reason-
able assumptions on the mass of the two stars (in the 3 M�
range for the primary and about 0.5 for the secondary), the pe-
riods required are of the order of 50–100 thousand years, and
the associated K1 ∼ 300 m s−1. The maximum linear accelera-
tion of the primary due to this companion (assuming a circular
orbit) would be about 0.004 m s−1 yr−1, or about 5 orders of
magnitude smaller than the observed accleration. The observed
RV variations cannot be due to the known stellar companion
and we are obliged to look for other interpretations. We sug-
gest that the RV variability observed on HD 27256 (see Fig. 9
upper panel) is induced either by another unseen companion
or by rotational modulation. In case of an unseen companion,
the low σRV could imply a sub-stellar object. This star has also
been thoroughly studied for stellar activity, being detected in
the Ca II chromospheric lines (Pasquini et al. 2000), by EUVE
and ROSAT in the soft X-ray. Its chromospheric activity and
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rotational velocity are usual for stars of its mass and tempera-
ture, and with a radius of about 14.5 R� and a projected rota-
tional velocity in the range of 4.5–6 km s−1 the expected rota-
tional period is not longer than 165 days, far shorter than the
long period RV variations observed by us. Therefore rotational
modulation does not provide a convincing explanation.

In Paper I we discussed HD 224533 based on our 14 months
observation data. There we concluded that the RV variability
of this giant may be caused by an unseen companion rather
than the visible component detected by Horch et al. (1999).
Our new data confirms the previous analysis, and, as can be
seen in Fig. 9 (lower panel), we have observed a RV variation
of ∼600 m s−1 within ∼800 days. The mean RV of our mea-
surements for this star is −0.51 km s−1. The published RV of
this star is −0.2 km s−1 (Duflot et al. 1995). The RV value for
τ Cet in the same catalogue is of −16.4 km s−1 which differs by
about 0.26 km s−1 from our mean value. Applying the τ Cet
offset to HD 224533, the Duflot RV for this star would be-
come−0.46 km s−1, that is only 50 m s−1 above our mean result.
There is no evidence for this star of velocity amplitude varia-
tions exceeding 1 km s−1. When considering all of the available
RV measurements for this star the velocity amplitude cannot
be much larger than about 1.0 km s−1. If we assume a primary
mass m1 = 2 M�, a semi-amplitude K1 = 0.8 km s−1, a max-
imal period of 2000 days (that is about twice of our observa-
tion span) and an eccentricity e = 0.3, we obtain a maximum
m2 sin i ∼ 73 MJup. The semi-major axis will be ∼4 AU. The
unseen companion around HD 224533 can be a brown dwarf
candidate.

In addition to all the binary systems mentioned above we
found two stars for which we could produce evidence for
planetary companions: HD 47536 (Setiawan et al. 2003b) and
HD 122430 (Setiawan 2003c). Not only do these objects show
significant periodic variabilities, but, in addition, their RV vari-
abilities are not dependent on stellar activity or bisector vari-
ations. Thus, it cannot be ascribed to rotational modulation or
pulsations.

4.2. σRV trend along the RGB

Figure 10 is the H-R diagram of the sample stars. The size
of the symbols for the single stars is proportional to their
variability.

In Paper I we suggested that the variations in RV observed
were broadly correlated with the position of the star in the H-R
diagram. Is this variation still present in our “cleaned” sam-
ple, that is, after binaries have been eliminated? A glance at
Fig. 10, in which the size of the dots is proportional to the RV
variations, seems to confirm this trend: going towards more lu-
minous stars, the circles tend to be bigger. For the lower part
of the RGB, a typical σRV – with the exception for 3 stars – is
less than 40 m s−1. In the middle, including the clump region,
σRV = 40–60 m s−1 are measured for the most targets. In the
upper region larger σRV are detected up to 301 m s−1. Figure 11
illustrates examples of RV measurements of giants in the lower
(HD 92588), middle (HD 61935) and upper (HD 81797) re-
gions of the RGB. The increase of σRV along the RGB is

HD 78647

HD 151249

Fig. 10. Trend of RV variation – given by σRV, listed in Table 4 – along
the RGB. The scale of the dots gives the σRV value. The σRV in the
upper part of the RGB is significantly larger than those in the lower
and middle part as well as in the clump region. The cool luminous
giant HD 151249 and the supergiant HD 78647 have the largest RV
variabilities (see text).

consistent with the RV survey reported by Mitchell et al. (2001)
for a sample of 182 K giants.

We found it instructive to plot the RV measured variabil-
ity as a function of the absolute stellar magnitude, as done
in Fig. 12. In this figure we have only considered the “sin-
gle” stars, plus the two low amplitude binaries, HD 27256 and
HD 224533 (plotted as dots), HD 47536 and HD 122430, the
stars with planetary candidates (plotted as filled triangle). The
lower envelope of the data points suggests that the minimum
level of RV variability increases with the stellar luminosity;
that is, no bright giant is constant at the 25 m s−1 accuracy of
our survey. Also, the degree of variability seems to increase
with luminosity, since the spread of the data increases with
magnitude. Both these results could indicate the dependence of
RV variability on some basic stellar parameter, such as gravity.
The presence of the two binary systems, however, calls for a
cautious interpretation: they both lie in the upper envelope dis-
tribution and this could suggest that several of the stars in the
upper envelope of the diagram are multiple systems. The evi-
dences for planetary companions to HD 47536 and HD 122430
(marked with triangles) in the upper envelope of the distribu-
tion, but still in a quite crowded portion of the diagram, con-
firm that the presence of planetary companions is also an at-
tractive explanation for the upper part of the distribution. By
excluding stars with stellar companions, the average of all σRV
is 60 m s−1.

We note that two of our targets: HD 78647 and HD 151249
show σRV = 301 and 281 m s−1, respectively. The RV vari-
ability of HD 78647 is of long-period and this star is by
far the brightest and coolest of the sample, corresponding to
a late K supergiant. Our preliminary investigation of their
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Fig. 11. 3 stars from different RGB regions are presented. HD 92588 –
located in the lower of RGB – with σRV less than 40 m s−1, HD 61935
represents stars in the middle of RGB with σRV = 40–60 m s−1 and
HD 81797 on the upper part of RGB with σRV > 60 m s−1.

chromospheric activity through the analysis of the Ca II K
emission reveals a measurable variability in these lines, possi-
bly in phase with the RV measurements, and this would clearly
favour the interpretation that their long-period RV variability
is due to rotational modulation rather than due to sub-stellar
companions. In addition, we observed for HD 78647 a corre-
lation between the RV measurements and the bisector veloc-
ity span (see Queloz et al. 2001), shown in Fig. 13. As far as
HD 151249 is concerned, the data available for this star are

Fig. 12. RV variability as a function of the stellar magnitude for the
stars of our sample, after eliminating the stars with bona fide stellar
companions. The two binaries with possible sub-stellar companions
(HD 27256 and HD 224533) are given as dots, whereas stars hosting
giant planet candidates HD 47536 and HD 122430 are indicated with
filled triangles. Note the increase of spread and of minimum variability
with increasing luminosity.

unfortunately insufficient to derive a full orbital analysis.
However, we could observe a slight correlation between the
time variation of the relative intensity ratio Ca II K2V/K2R
with the RV. A complete chromospheric and bisector analysis
of the whole sample is beyond the scope of this study and will
be presented elsewhere. It is worth noting that if the variabil-
ity in HD 78647 is indeed caused by the rotational modulation
of surface inhomogeneities, this star may be an excellent target
for a large interferometer.

5. Conclusions

We report the results of our study of RV variability of G and K
evolved stars, and we have so far analyzed high resolution spec-
tra for 77 giants. By using the G dwarf τ Cet as a calibrator we
obtained a precision of σRV,τCet = 22.8 m s−1 over this period.

More than 70% of the sample stars reveal variability over
50 m s−1 and can be considered bona fide variable. This def-
initely confirms that RV variability among G and K giants is
ubiquitous. Based on our sample, we produced evidence that 11
stars belong to binary/multiple systems. For 6 of the 11 systems
we derived the minimum masses of the companions m2 sin i be-
tween 0.1–0.6 M�. We showed that the variabilities observed
in 2 additional giants, known as visual binaries, are not in-
duced by the visual companions, but rather by unseen objects,
which might be in the brown dwarf mass regime. When con-
sidering that our sample was already selected to avoid known
binary stars, the statistics of binary objects is consistent with
surveys among binaries in main sequence stars and binaries
with red giant primary. The mass distribution shows many low-
mass companions, and this is also in qualitative agreement with
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Fig. 13. The upper panel shows the RV measurements of HD 78647.
The lower panel presents the bisector velocity spans vs. the RV mea-
surements. A clear correlation is present; together with variability de-
tected in the Ca II K line, this indicates that the RV variability is in-
duced by rotational modulation.

our selection bias. Two stars from our sample, HD 47536 and
HD 122430 show evidence of planetary companions. The pres-
ence of stellar/sub-stellar companions seems therefore to rep-
resent a relevant component in the RV variability of giant stars.

Once the known binaries were eliminated from the analy-
sis, we found that our sample stars exhibit typical RV variabil-
ity of σRV = 60 m s−1. This average RV is about a factor of
3 greater than the spectrograph precision. Our results allowed
us to establish a relationship between RV variability and posi-
tion in the RGB. Stars in the upper region of the RGB exhibit
considerable RV variations with σRV > 60 m s−1, whereas in
the other regionsσRV,τCet < σRV < 60 m s−1. This result can be
seen in more detail by plotting the RV variability as a function
of the stellar absolute magnitude. In this diagram we can see

how the minimum level of variability increases with the stellar
luminosity, as well as the spread in variability. The presence
of the low-mass binaries in the upper envelope of the distri-
bution may suggest that low-mass companions can still be dis-
covered. However, companions cannot explain the whole range
of variability observed, which must be induced by other causes
as well.

For the two most luminous and coolest stars, our Ca II and
bisector analysis shows that the large RV variability observed
(around 300 m s−1) is likely associated with chromospheric
activity, and therefore rotational modulation is the cause of
RV variability. They deserve further study and they would be
excellent candidates for large interferometers observations.

Finally, the reason for the RV variability for the bulk of
the 45 remaining stars is still unknown, and will have to wait
for the ongoing chromospheric and bisector analysis to derive
some firm conclusions. The observed growth of the variability
with stellar luminosity is certainly consistent with the expec-
tation of oscillations, in that, in general, more luminous stars
will have lower gravities. Despite the brightness of our sample
stars, very few have measured metallicities, while the knowl-
edge of the star metallicity is necessary to attempt a detailed
analysis of stellar masses, radii and gravities because of the
well-known degeneracy affecting mass and metallicity in the
colors of RGB stars. Pending a more accurate mass determi-
nation for each star, which will be attempted after a detailed
chemical analysis of the objects (da Silva et al. 2004, in prepa-
ration) we can say that, with a variability of about 80 m s−1 at
MV ∼ −0.5 and 40 m s−1 at two magnitudes fainter, and assum-
ing the same mass for the objects, this would lead to a differ-
ence in gravity of about a factor of 12 (considering both stars
on the RGB); this would imply only a mild dependence of the
RV variability on gravity, at least in these regimes.

Concerning the possibility that other mechanisms are re-
sponsible for the observed RV, we can only say that at least in
two luminous and coolest giants we observed chromospheric
variations associated which RV variations, which indicates that
rotational modulation may be relevant. The observed depen-
dence is smaller than what is predicted for instance by Kjeldsen
& Bedding (1995).
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