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ABSTRACT

We report here a preliminary analysis of red giants data
obtained on two stars, ε Oph and η Ser, in which we are
looking for solar-like oscillations. An excess power is
clearly detected in the power spectrum obtained for these
two stars. This excess power occurs around 60 µHz with
a maximum amplitude of about 3 m/s for ε Oph and
around 130 µHz with a maximum amplitude of about
2 m/s for η Ser. A preliminary search for equidis-
tant peaks suggests a possible large separation, ∆ν, of
∼7 µHz for ε Oph and ∼8 µHz for η Ser. The frequency
range where these two excess powers are observed and
the possible large separations are in agreement with the
results we obtained from theoretical frequency sets.
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1. INTRODUCTION

The study of solar oscillations or helioseismology has
demonstrated the power of this tool to test the physi-
cal conditions in stellar interiors. Solar oscillations, i.e.
p-modes, are excited by turbulent convection near the
surface (e.g., Balmforth, 1992a,b). Similar oscillations
might then be expected in stars with an external convec-
tive envelope.

The detection of such oscillations in distant stars requires
very precise and stable instruments due to the very weak
signal, typically from few cm/s to few m/s, in radial ve-
locity measurements, with periods ranging from a few
minutes up to a couple of hours. Thanks to recent great
progress in instrumentation, such oscillations have now
been detected clearly in several stars on the main se-
quence or close to it (for recent reviews see Bouchy &
Carrier, 2003; Bedding & Kjeldsen, 2003; Kjeldsen &
Bedding, 2004).

Detection of such oscillations in red giant stars α UMa
(Buzasi et al., 2000), Arcturus (Retter et al., 2003) and
ξ Hya (Frandsen et al., 2002; Stello et al., 2004) have
been also reported.

New results obtained for two red giant stars, ε Oph
(G9.5III, mv=3.24) and η Ser (K0III, mv=3.26), during
a two-month bi-site campaign using the CORALIE and
ELODIE spectrographs, are presented here.

2. TARGET SELECTION

ε Oph (HD 146791) and η Ser (HD 168723) have been
chosen for the following reasons:

• their spectral type (G9.5III for ε Oph and K0III for
η Ser) for which we expect solar-like oscillations;

• their magnitude (mv = 3.24 for ε Oph and mv =
3.26 for η Ser) to have a S/N high enough to detect
the signal associated to the solar-like oscillations;

• their low v sin i (v sin i = 2.8 km/s for ε Oph and
v sin i = 0.4 km/s for η Ser, determined using
CORALIE spectra) to obtain precise radial velocity
measurements;

• their low and comparable declination (δ =
−04 41 33.0 for ε Oph and δ = −02 53 55.8 for
η Ser) to be able to observe these two stars from both
La Silla, Chile and OHP, France during the same ob-
serving campaign.

• the absence of a close companion which can cause
variations in the radial velocity and interfere with
the seismic signal.
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Figure 1. Radial velocity measurements of ε Oph as a
function of time. Top: the whole time series. Bottom: a
closeup of the whole time series. The blue sign symbols
are for ELODIE data and the red triangles for CORALIE
data.

Figure 2. Same as Fig. 1 but for η Ser.

3. OBSERVATIONS AND DATA REDUCTION

ε Oph and η Ser have been observed during a bi-site cam-
paign held in the summer of 2003 covering ∼ 74 days.
Two high-resolution fibre-fed echelle spectrographs have
been used: CORALIE (Queloz et al., 2001) mounted on
the 1.2-m Swiss Euler telescope at La Silla (Chile) and
ELODIE (Baranne et al., 1996) mounted on the 1.93-m
OHP telescope (France).

The data reduction process is presented by Bouchy &
Carrier (2001) and Bouchy et al. (2001). The exposure
times, for both stars, were 180 s except at the beginning
and at the end of each nightly run, when the airmass was
high, the exposure time was then 200 s. The two stars
have been observed one after each other during the ob-
serving campaign; η Ser has been sampled twice as often
as ε Oph because of its expected shorter pulsation period.

For each night, radial velocities were computed relative
to the spectrum with the highest signal-to-noise ratio by
the use of the optimum-weight procedure described by
Bouchy et al. (2001). The radial velocity measurements
are shown in Fig. 1 and Fig. 2. For ε Oph, 635 radial ve-
locity measurements have been obtained with CORALIE
and 176 with ELODIE; for η Ser, 1062 with CORALIE
and 189 with ELODIE. The uncertainties due to photon
and detector noise vary between 0.57 m/s and 2.19 m/s
for ε Oph and between 0.6 m/s and 2.35 m/s for η Ser.

A clear periodic signal is seen in the time series (see bot-
tom panels of Fig. 1 and Fig. 2) at a period of a few
hours which would be expected for solar-like oscillations
in such stars.

4. PRELIMINARY DATA ANALYSIS

4.1. Power spectrum analysis

The power spectrum of each of the time series shown in
Fig. 1 and Fig. 2 (top panels) are presented in Fig. 3 (bot-
tom panel) for ε Oph and in Fig. 4 (bottom panel) for
η Ser. In these two figures, an excess power is clearly vis-
ible around 60 µHz with a maximum amplitude of about
3 m/s for ε Oph and around 130 µHz with a maximum
amplitude of about 2 m/s for η Ser. In order to show
that these excess powers are not due to elimination of
power at low frequencies by the reduction procedure, a
power spectrum for both stars for which no correction of
drift has been applied is shown in the top panel of Fig. 3
and Fig. 4. The excess power in the mentioned ranges is
clearly present even in these diagrams.

The power spectra of the observational windows (see in-
set plots in Fig. 3 and Fig. 4, bottom panels) still show,
despite the bi-site observations, strong peaks at 11.6 µHz
(the first daily alias) and multiples of this value. These
spectral window functions complicate the analysis of
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Figure 3. Top panel is the power spectrum of ε Oph when
no shift correction has been made. Bottom panel is the
power spectrum of the time series shown in Fig. 1. The
inset of the bottom panel corresponds to the window func-
tion.

the power spectra by introducing peaks due to the daily
aliases.

Peaks seen at low frequencies (below 50 µHz) in the
power spectrum of η Ser (Fig. 4) are spaced by about
11.6 µHz; they are the daily aliases of a much lower fre-
quency peak due to a long term variation. The period of
this long term signal is not resolved; so any explanation
for it would require a longer observing run.

4.2. Search for frequency equidistances

Dziembowski et al. (2001) have shown that in red giants
the non radial modes are expected to have much lower
amplitudes than the radial oscillation modes. Therefore
a regular pattern of peaks in the power spectrum corre-
sponding to the dominant radial modes is expected. This
is according to the asymptotic theory of solar-like oscil-
lations (see e.g., Tassoul, 1980), which predicts evenly
spaced eigenfrequencies at the higher frequency range.
Therefore, it is reasonable to search for the so-called large
separation, ∆ν, i.e. the separation between modes of the
same degree and adjacent radial order, in the power spec-
trum of such giant stars.

Figure 4. Same as Fig. 3 but for η Ser.

In order to search for such regular patterns in the ob-
served excess power, a method based on a histogram of
frequency equidistances (Barban et al., 1999) has been
used. The histogram of ε Oph’s excess power is shown in
Fig. 5b and the one of η Ser in Fig. 6.

In Fig. 5b, the strongest peak at 11.6 µHz is due to the
first daily alias. A series of different features around 2, 5,
7 and 9 µHz is also clearly visible. In order to understand
these features, data have been simulated.

Following Anderson et al. (1990), the data are simulated
assuming that each oscillation mode can be described as
a damped harmonic oscillator excited by a random force
identified with the granulation. Then, each oscillation
mode is modeled by a Lorentzian profile:

P (ν) =
A(Γ/2)2

(ν − ν0)2 + (Γ/2)2
(1)

where A is the maximum signal power in (m/s)2/Hz; Γ ,
the full width at half maximum; ν, the Fourier frequency
and ν0, the mode oscillation frequency. A = v2/ΠΓ
where v is the mode oscillation amplitude in m/s and
Γ = 1/(τΠ) where τ is the mode life time. Then, the
stochastic excitation is introduced. The forcing function
of the damped harmonic oscillator is provided by the tur-
bulent convection which occurs at the surface of the star.
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Because of the large number of granules, this forcing
function is normally distributed which implies that the
power spectrum is distributed as χ2 with two degrees of
freedom. To reproduce this statistics, the Lorentzian pro-
file is multiplied by − ln(y), where y is a random number
drawn from a uniform distribution 0 ≤ y ≤ 1 (Ander-
son et al., 1990). The resulting power spectrum is then
convolved with the window function. Finally, noise cor-
responding to the level of the observed power spectrum
estimated in the frequency range where no excess power
is seen is added assuming white noise. Only radial modes
are assumed to be present following Dziembowski et al.
(2001). Different realisations of the power spectrum have
been computed using different values of A, τ , ∆ν, in
which peaks are assumed to be strictly equidistant. Again
different realisations of the random numbers are used for
the mode excitation and the noise.

A simulated power spectrum corresponding to a given
realisation is presented in Fig. 5c. A comparison be-
tween the observed power spectrum and the simulated
one (Fig. 5a and Fig. 5c) shows that they are quite similar.
However, the simulated power spectrum is less dense than
the observed one. This could be explained by the pres-
ence of a non-white noise of an instrumental and/or stel-
lar origin in this frequency range that was not taken into
account in the simulations. Another explanation could
come from the presence of non-radial modes (see Frand-
sen et al., 2002). In the simulated power spectrum, the
strongest peak is an oscillation mode surrounded by its
first daily aliases.

The histogram of the frequency spacings computed from
the simulated power spectrum of ε Oph with a large sep-
aration of 7 µHz shows features similar to the observed
one at about the same frequencies. The features around
2, 5 and 9 µHz can be explained as combination of the
first daily alias, which is seen at 11.6 µHz, with the large
separation, ∆ν, of 7 µHz.

Equidistant peaks were also searched in the observed ex-
cess power of η Ser (Fig. 6). Three features around 4, 8
and 11.6 µHz are observed. As for ε Oph, the peak at
11.6 µHz is due to the first daily alias. The peak at 4 µHz
can be explained as the frequency spacing ∆ν or as a
combination of ∆ν and the first daily alias, and the sec-
ond peak at about 8 µHz as twice the frequency spacing
∆ν or as the frequency spacing ∆ν itself.

5. DISCUSSION AND CONCLUSION

An excess power is clearly seen in the power spectrum of
the radial velocity variations of the giants ε Oph and η Ser
with a power distribution very similar to what is observed
for the Sun. This excess power occurs between 30 and
90 µHz with a maximum power of ∼ 9 (m/s)2 for ε Oph
and between 80 and 170 µHz with a maximum power of
∼ 4 (m/s)2 for η Ser. The frequency range where these
two excess powers are observed are in agreement with the
results we obtained for stars of such spectral type using

Figure 6. Histogram of frequency spacings of the ob-
served excess power of η Ser. P1 could be ∆ν or
∆ν − P3 and P2, 2∆ν or ∆ν. P3 is due to the first
daily alias at 11.6 µHz.

theoretical models (details of these models will be given
in a subsequent paper).

Assuming only radial modes, the signature of equidis-
tant peaks, a characteristic of the oscillation spectrum
of solar-like oscillations, has been searched. A possi-
ble value for the large separation of around 7 µHz is
suggested for ε Oph. This value is in agreement with
theoretical frequency sets which have been computed.
For η Ser, theoretical models exclude a large separation
around 4 µHz. The other signature detected in the his-
togram of the frequency spacings, i.e. 8µHz, might then
be associated with the large separation.

The analysis of these data is still in progress. A more
detailed work will be presented in two forthcoming pa-
pers (De Ridder et al., in preparation; Carrier et al., in
preparation). The result on the large separation of ε Oph
needs to be confirmed; simulations need to be done over
a larger parameter space to check if a unique combination
of parameters for which the simulated data reproduce the
observational data can be found (Barban et al., in prepa-
ration).

This work confirms that solar-like oscillations are present
in giant stars. The detection and the study of such os-
cillations in this type of stars opens this part of the HR
diagram to asteroseismology.
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Figure 5. a: Observed power spectrum of ε Oph. b: Histogram of frequency spacings of the observed excess power of
ε Oph. c: Simulated power spectrum of ε Oph (A=3 m/s, τ=7 days, ∆ν= 7 µHz). d: Histogram of frequency spacings of
the simulated excess power of ε Oph. P1 corresponds to 2∆ν − P5, P2 to P5 − ∆ν, P3 to ∆ν, P4 to 3∆ν − P5 and
P5 to the first daily alias at 11.6 µHz.
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