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Radial velocity variations in K giants: planets or pulsations?
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Abstract

Radial velocity observations of K giants have revealed periodic variations for some of the stars.
The periods range from approximately 180 to 1000 or more days with velocity amplitudes
ranging from approximately 50 m/s to 500 m/s. Except for Iota Draconis (Frink et al.
2002), all variations are nearly sinusoidal. Companions with zero orbital eccentricity as well
as pulsations may cause these radial velocity variations. Additional high resolution spectra
were taken in order to reveal which of these mechanisms is at work. No conclusions can be
drawn from this work yet, although it seems likely that at least for some stars pulsations are
the best explanation. A theoretical study is performed to investigate what kind of pulsations
could cause these long period radial velocity variations.

1. Introduction

Nowadays, techniques to perform radial velocity observations are well known and very accu-
rate, up to a few m/s accuracy (see, e.g., Marcy & Butler 2000, Queloz et al. 2001). Most
extrasolar planets known so far have been discovered with this technique. Although most
extrasolar planets are found around main sequence stars, a few have been discovered around
giants (e.g. Frink et al. 2002, Setiawan et al. 2003 & 2005, Sato et al. 2003). For non-
sinusoidal periodic variations of the radial velocity, a companion is a plausible explanation,
but if the periodic variations are sinusoidal, these might as well be caused by pulsations. Se-
tiawan et al. (2003 & 2005) calculated bisector velocity spans for their targets to see whether
the spectral line shapes change or not, while Sato et al. (2003) disregarded pulsations for
theoretical reasons.

The present work reports on periodic radial velocity variations observed in K giants and
provides a first attempt to reveal the nature of these periodic variations.

2. Radial velocity observations

The radial velocity survey is performed at Lick Observatory, California USA, using the 60 cm
Coudé Auxiliary Telescope (CAT) with the Hamilton spectrograph (R=60 000). To obtain
radial velocities with an accuracy of a few m/s an iodine cell is placed in the light path (Butler
et al. 1996). The K giants are selected to be brighter than V = 6 mag, presumably single
and with masses ranging from approximately 1 to 3 solar masses. The survey started in June
1999 and a lot of stars have been observed more than 50 times by now.

So far, for one star a companion has been announced (Iota Draconis by Frink et al. 2002),
but for a total of about 35 stars a periodic radial velocity variation is found. While the radial
velocity variation for Iota Draconis is highly non-sinusoidal, indicating a high orbital eccen-
tricity for the companion, for all other stars the radial velocity variation is nearly sinusoidal.
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Figure 1: Radial velocity variation for hip34693
as a function of Julian Date. A Keplerian fit is
plotted through the data: scatter around the
fit is small.

Figure 2: Radial velocity variation for hip38253
as a function of Julian Date. A Keplerian fit is
plotted through the data: scatter around the
fit is larger.

This radial velocity variation may be caused by companions with zero orbital eccentricity as
well as by pulsations.

For each star a Keplerian orbit is fitted to the data. For four of the stars, the scatter
around the plot is sufficiently small compared to the radial velocity amplitude while for all
other stars the scatter around the fit is larger. In Figs 1 and 2, examples of both situations
are shown. To see whether these four stars are really different from the other ones, the rms
of the radial velocity is calculated as a function of colour. The stars with small scatter and
Iota Draconis appear to have a much higher rms than other stars in the sample with the same
colour. Furthermore a closer look at the period distribution reveals that the stars with the
best Keplerian fits have the shortest periods found.

Due to the better representation of the data by a Keplerian fit, the four stars with only
small scatter around the Keplerian fit are more likely to host a companion than the other
stars in the sample. An examination of the spectral line shapes may be able to discriminate
between companions and pulsations.

3. Line bisectors

To distinguish between a Doppler variation in case of a companion and changes in the spec-
tral line shape in case of pulsations, high resolution spectra are needed. Therefore observa-
tions have been taken with the SARG high resolution échelle spectrograph on the Telescope
Nazionale Galileo at La Palma (R=164 000) and with the CES on the ESO 3.6 m telescope at
La Silla (R=200 000). An unblended line is selected in these spectra to perform the analysis.
The bisector velocity span (BVS) and bisector velocity displacement (BVD) are calculated.

A line bisector is defined as the difference between the center of a spectral line and the
midpoint between the blue and red wing of the spectral line at a certain intensity. In case of
the BVS, the bisectors at two different intensities (one in the upper half of the spectral line
and one in the lower half) are subtracted, while for the BVD the bisectors at three different
intensities are averaged (Povich et al. 2001).

In case of a companion, both BVD and BVS remain constant over time, while in case of
pulsations these parameters will change in time with the same period as the radial velocity
variation. In Fig. 3, the BVD for hip114855, one of the stars with small scatter around its
Keplerian fit is shown as a function of its radial velocity variation. The BVD seems to be
constant, which would indicate a companion. Figure 4 shows the same plot for hip38253,
which does not have such a good Keplerian fit. In this case the BVD changes as a function
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Figure 3: BVD for hip114855 as a function of
the radial velocity variation.

Figure 4: BVD for hip38253 as a function of
the radial velocity variation.

of the radial velocity variation, which would indicate pulsations. The data shown has been
obtained with the CES.

As these are preliminary results, more observations and improvements in the data reduc-
tion have to be made in order to distinguish between companions and pulsations with more
confidence. At this point, the BVD of some stars does hint to pulsations and therefore a
theoretical idea of the kind of pulsations that might be able to produce these observed radial
velocity variations is presented.

4. Pulsations

The pulsations most commonly observed in stars are the p-modes which have periods shorter
than the fundamental period and cause a large vertical amplitude. The second type of
pulsations are the g-modes, which have large horizontal amplitudes and periods longer than
the fundamental period.

The fundamental periods of the K giants in the sample range from approximately 10 hours
to a few days. As the observed radial velocity variations have periods larger than 100 days
this means that the radial velocity variations can, in case of pulsations, only be due to g-mode
pulsations. Furthermore, the ratio between the horizontal and vertical velocity amplitude (K)
which can be calculated from (Aerts et al. 1992):

K =
horizontal velocity amplitude

vertical velocity amplitude
=

GM

ω2R3
(1)

(G is the gravitational constant, M the mass of the star, R the radius and ω is the frequency
(2π /period)), is larger than 103. This implies that the horizontal velocity, i.e. the velocity
tangential to the surface of the star, is much larger than the vertical velocity. As this tangential
velocity also contains the rotational velocity of the star, it is not justified to neglect the
rotational velocity and the centrifugal and Coriolis force should be taken into account.

The centrifugal force would modify the shape of the star, while the Coriolis force would
introduce an extra contribution to the velocity field. The centrifugal force is only important
near 0.54 times the fundamental frequency (Townsend 2003), which is not in the range of the
frequencies of the observed radial velocity variations and therefore this force can be neglected.
The Coriolis force is important for all frequencies lower than the fundamental frequency. This
is the case for all K giants considered and therefore this force can not be neglected.

At very low frequencies, the Coriolis force will cause equatorial guiding. This means that
perturbations around the equator of the star are enhanced at the expense of those at higher
latitudes, and eventually pulsations persist only along the equator. Equatorial guiding is
shown in Fig. 5.



124 Radial velocity variations in K giants: planets or pulsations?

Figure 5: Rotating star with equatorially
guided g-mode pulsations (Townsend 2003).

Figure 6: Rossby waves on an rotating star
(Townsend 2003).

A different type of waves that can only occur in rotating bodies are the Rossby waves.
These waves occur due to conservation of momentum. If a fluid parcel moves up or down
from the equator it will experience a change in angular momentum. This will lead to a wave
running over the surface in retrogade direction. This is shown in Fig. 6. Rossby waves are
observed on the Earth, but not yet in a star.

5. Conclusions

For all K giants described in this paper a clear periodic radial velocity variation is found
and Keplerian orbits are fitted to the data of each star. As the radial velocity variations are
nearly sinusoidal, a companion with zero orbital eccentricity as well as pulsations might cause
these variations. To reveal which mechanism is at work an examination of a spectral line is
performed using the BVD and BVS. The results are still preliminary and although for some
stars the BVD and BVS hint to companions, for most stars they hint to pulsations. In case
pulsations are present, the moment method (Aerts et al. 1992), possibly with some extensions
for rotation, might be useful to determine the order of the pulsation.

Furthermore a theoretical idea is developed in order to know what kind of pulsations might
cause these long period radial velocity variations. g mode pulsations with, to a certain extent,
equatorial guiding seem to be most likely. Rossby waves might also be present, but little work
has been done on the combination of these two phenomena.
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