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Abstract—We observed the bright supergiant ρ Leo (B1 Iab) in January–February 2004 using the 6-m
telescope of the Special Astrophysical Observatory (Russia) and the 1.8-m telescope of the Bohyunsan
Optical Astronomy Observatory (South Korea). 47 spectra with high time resolution (4–10 min), signal-
to-noise ratios 300–1000, and spectral resolutions 45 000–60 000 were obtained. We detected variability
in the HeI, SiII, SiIII, and NII line profiles, which may be due to rotational modulation of the profiles and
photospheric pulsations of ρ Leo. The possible influence of the stellar magnetic field on the line-profile
variations is discussed.
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1. INTRODUCTION

Spectral observations of hot stars at UV [1, 2], op-
tical [1–6] and X-ray [7, 8] wavelengths indicate the
presence of structures of various sizes and densities
with lifetimes from fractions of an hour to several days
in the atmospheres of these stars. Variations of the
line profiles in the spectra of OB stars are primarily
regular or quasi-regular. In the spectra of numerous
B stars and six O stars, regular short-period (3–12 h)
variations of the profiles of HeI, SiIII, and other ions
related to non-radial pulsations (NRPs) have been
detected [6].

In contrast to B stars, the amplitudes of the line-
profile variations of O stars and stars of early B sub-
types (B1–B3) are relatively small (1–3%; see, for
example, [9]). In other words, the line profiles in these
stars display microvariability. The detection and,
especially, clarification of the nature of this variabil-
ity requires observations with high time and spectral
resolution and with signal-to-noise ratios ≥300.

The magnetic fields (several hundred G at the stel-
lar surface) may also facilitate the formation of large-
scale structures in the atmospheres of OB stars [10].
Currently, magnetic fields have been detected con-
fidently for only two O stars (θ1 Ori C [11] and

HD 191612 [12]), as well as for a number of early-
sub-type B stars [13].

We suggested a program of variability studies and
searches for evidence for the presence of magnetic
fields in late-O and early-B stars [14], which extends
our previous studies of line-profile microvariability in
the spectra of hot stars [9, 15, 16].

Here, we describe observations of the B1Iab su-
pergiant ρLeo carried out in 2004 and present the
results of studies of line-profile microvariability in
the spectrum of this star. In 2005–2006, we ob-
served this star using a circular-polarization analyzer
mounted on the 6-m telescope of the Special As-
trophysical Observatory (SAO); these observations,
together with the results of our search for a magnetic
field in ρ Leo, will be described in a future paper.

Section 2 presents the basic data for the star
and describes our observing and spectral-reduction
methods. The results of our search for regular line-
profile variations are presented in Section 3. Section 4
discusses the evolutionary status of the star and the
influence of its magnetic field on the variability of the
line profiles. In the final section, we formulate the
conclusions of our study.
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2. BASIC PARAMETERS OF THE STAR.
OBSERVATIONS AND REDUCTION

OF THE SPECTRA

The supergiant ρ Leo (HD 91316) is a relatively
slowly rotating B1 Iab star. Its effective temperature
Teff is somewhat uncertain, with values of Teff =
20260 K [17], Teff = 24200 K [18], and Teff =
22000 K [19] being given in various studies.

In the Hertzsprung–Russell (HR) diagram, ρ Leo
is situated in the region of early-B β Cep variables
(see, for example, [20]). Table 1 presents the param-
eters of the star: Teff is its effective temperature, M

the mass of the primary component of the system, Ṁ
the mass-loss rate of the star, L the bolometric lu-
minosity, V∞ the terminal velocity of the stellar wind,
V sin i the rotational velocity of the star, and log ε(El)
elemental abundances on a log ε(H) = 12 scale.

In 2004, we observed ρ Leo using the 6-m tele-
scope of the SAO and the 1.8-m telescope of the
Bohyunsan Optical Astronomy Observatory (BOAO,
South Korea). Table 2 presents information about
the observations. The SAO spectral observations on
January 10–11, 2004 were carried out at
λλ 4500−6000 Å using the NES quartz echelle
spectrograph [21], which is permanently mounted at
the Nasmyth focus and outfitted with a 2048 × 2048
CCD detector (Uppsala CCD).

An image cutter was used to divide the image into
three slices in order to increase the limiting magni-
tude of the spectrograph [22]. In this observing mode,
the spectral resolution is R ≈ 60 000 and the dis-
persion 0.033 Å/pixel. The image size (seeing) was
about 3′′. The comparison spectrum was provided by
a Tho–Ar lamp. When the image cutter was applied,
each echelle order of the image was represented by
three sub-orders (cuts). The instrumental shift of the
upper and lower cuts in an individual order relative
to the middle cut was determined by the cross cor-
relation of the images of the comparison spectrum.
The three cuts obtained in an individual order were
summed using the median average method, taking
into account the obtained instrument shifts.

The preliminary reduction of the CCD images of
the echelle spectra was carried out in MIDAS pack-
age [9]. We adapted the standard ECHELLE pro-
cedure for the data obtained with the image cutter.
The processing included median filtering and aver-
aging of the underlying background (bias), with its
subsequent subtraction from the remaining frames,
and removal of cosmic-ray traces. The positions of the
spectral orders were determined using the method of
Ballester [25].

To determine the contribution of scattered light,
the inter-order space was identified on the frames and

Table 1. The parameters of ρ Leo system

Parameter Value Reference

Teff , K 24 200 [18]

log g 3.09 [18]

M/M� 22 [17]

R/R� 32 [17]

37.4 [19]

V∞, km/s 1110 [19, 23]

− log(Ṁ/M�) –6.20 [17]

log(L/L�) 5.18 [17]

V sin i, km/s 75 [19, 23]

60 [24]

log ε(C) 7.5 [19]

log ε(N) 8.3 [19]

log ε(O) 8.4 [19]

a two-dimensional interpolation made. The scatter-
ing function obtained was stored in separate frames,
which were then subtracted from the original images.
The spectral orders were extracted from the reduced
images of the stellar spectrum, flat field, and standard
reference spectrum, and the flat-field reduction was
carried out. The wavelength scale was calibrated us-
ing a two-dimensional polynomial approximation for
identified spectral lines.

To study the line-profile variability, the spectra ob-
tained were normalized to the continuum determined
for each echelle order. The continuum level in spec-
tral orders with narrow spectral lines was determined
using the technique suggested by Shergin et al. [26],
which applies smoothing of the spectrum with a vari-
able Gaussian-like filter corresponding to the width of
the window (25–30 Å) and with the same parameters
for the entire sequence of spectra.

To determine the position of the continuum in
orders containing broad lines, the broad lines were cut
out in specified wavelength intervals for all 30 spectra
obtained in 2004 with the 6-m telescope. The contin-
uum position was then determined using a polynomial
approximation for all wavelengths of the order, except
for the regions of the cut-out broad lines. The pa-
rameters of the approximation remained unchanged
for all spectra in the series. This procedure provides
stable and reproducible determination of the contin-
uum level for all spectra with an accuracy of up to
several tenths of a per cent. This enabled us to reach
high accuracy in our determination of differential line
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Table 2. Observations of ρ Leo in 2004

Date Observatory, Spectrograph, Number Exposure, Total time
(2004) telescope detector (CCD) spectra min observations, h

10–11 January SAO, 6.0-m NES, 2048× 2048 pix. 30 6 3.5

BOAO, 1.8-m BOES, 2048× 4096 pix. 2 9/10 0.6

14/15 January BOAO, 1.8-m BOES, 2048× 4096 pix. 11 4 2.5

3/5 February BOAO, 1.8-m BOES, 2048× 4096 pix. 4 4/7 3.0

profiles and to detect variability in profiles of broad
lines at the 0.2% level.

Spectral observations of ρ Leo at the BOAO were
made on four nights, on January 11, 14, and 15 and
February 5, 2004 with the BOES fiber echelle spec-
trograph [27] mounted on the 1.8-m telescope and
outfitted with a CCD detector (2048 × 4096 pixels,
with a pixel size of 15 × 15 micron).

We obtained 17 echelle spectra with a spectral res-
olution of R ≈ 44 000 in the broad wavelength inter-
val 3782 Å < λ < 9803 Å. Since the star is bright, the
ratio S/N ≈ 300 was reached with an exposure time
of 4–10 min. The time interval between successive
spectra was 6–10 min for each night.

The preliminary reduction of the CCD images of
the echelle spectra was carried out in the IRAF pack-
age, and the subsequent reduction of the spectra us-
ing the modified 2004 version of the DECH package
(DECH 20T) [28]. To study the line-profile variability,
the spectra were normalized to the continuum level,
which was determined using the method described
in [16].

The wavelengths for all 47 spectra obtained in
2004 were transformed to a heliocentric scale in the
standard way. Further, to make the analysis of the
profile variability more convenient, the average radial
velocity of the center of mass was used as the zero-
point of the wavelength scale: Vrad = 42 km/s [24].

As an example, Fig. 1 illustrates the average spec-
trum of ρ Leo determined from 30 SAO spectra ob-
tained on January 10–11, 2004, for spectral orders in
which the lines analyzed here are present.

3. PROFILE VARIATIONS.
SEARCH FOR REGULAR VARIABILITY

3.1. Variations of Average Line Profiles

Line profiles in spectra of O and B stars averaged
during a night often display substantial variability [6].
To illustrate the night-to-night profile variations
in the spectrum of ρ Leo, Fig. 2 presents nightly
averaged profiles of the NII λ 5676.019 (NII λ 5676)

and NII λ 5679.562 (NII λ 5680) lines and the
HeI λ 5875.621, 5875.966 (HeI λ 5876) doublet.

Figure 2 shows that the amplitude of the line-flux
variations in the spectrum of ρ Leo is 1–2% in units of
the intensity of the adjacent continuum. The SAO and
BOAO line profiles averaged for the night of Januray
11, 2004 coincide within the errors, demonstrating
good intrinsic accuracy of the procedures used to
determine the continuum level.

Numerous strong lines of the NII ion stand out,
and are particularly prominent at 5660–5715 Å,
due to the substantial nitrogen excess of the star
compared with the solar abundance (0.5 dex) [29]
(Table 1).

3.2. Variations of the Differential Line Profiles

We constructed differential profiles (an individual
profile minus an average profile) in order to better
distinguish variable features in the line profiles. We
used two sets of spectra to obtain the average profiles:
30 SAO spectra obtained on January 10–11, 2004
and 17 BOAO spectra obtained in 2004.

To illustrate the results, Fig. 3 presents dynamical
differential profiles of the NII λ 5495.666 (NII λ 5496),
NII λ 5666.667, NII λ 5679.562, SiIII λ 5695.522
(SiIII λ 5696), SiIII λ 5739.733 (SiIII λ 5740), and
HeI λ 5876 lines in the spectrum of ρ Leo in terms of
the Doppler shifts from the line centers, constructed
using the SAO spectra obtained on January 11, 2004.
These lines were selected because they were visible
in both the SAO and BOAO spectra. In addition, we
selected sufficiently strong lines (with residual line in-
tensities r < 0.95), so that line-profile variations due
to NRPs could be discriminated against the back-
ground of noise variations of the profiles.

The deviations of individual profiles from those
averaged over all the spectra are marked by shades of
gray. For increased clarity, the differential profiles are
presented in “negative,” i.e., dark areas correspond to
profile sections above the average (profile peaks), and
light areas (depressions) to profile sections below the
average. Regular profile variations can be seen in the
diagrams in Fig. 3.
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Fig. 1. Average spectra of ρ Leo at λλ 5455−5520 Å, λλ 5655−5715 Å, λλ 5715−5785 Å and λλ 5857−5927 Å. The vertical
arrows indicate the laboratory wavelengths of the lines.

A broad (50–100 km/s), variable quasi-
absorption feature is observed (a lighter region in the
dynamical spectrum) in the region of the HeI λ 5876
line. This feature appears at a velocity of about
−100 km/s in the first (lower) differential profiles.
With time, it shifts towards the center of the lines.
In the last (upper) profiles, this feature is seen at
positive velocities. This behavior of the differential
profiles is common for NRPs [15, 16, 30]. A similar
feature is observed in the dynamical spectra of the
profile variations for the NII λ 5667, NII λ 5680,
and SiIII λ 5740 lines. The naked-eye variations
of spectrum-to-spectrum profiles for weaker lines

are only weakly pronounced, due to both the short
observation time and the small amplitude of the profile
variations.

Regular profile variations are evident in the di-
agrams. We can see that profile peaks (darker re-
gions) shift from the red to the blue wing of a profile.
Such profile variations are common for NRPs in the
(l,m) = (2, 2) quadrupole mode [16].

Similar profile variations are also found in the
BOAO spectra. Figure 4 presents dynamical varia-
tions of the line profiles in the spectrum of ρ Leo for
all observations of the star. These variations are less
clearly visible due to the smaller number of spectra
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Fig. 3. Dynamical spectra of line-profile variations for the NII λ 5495.67, NII λ 5666.63, NII λ 5679.56, SiIIII λ 5695.52,
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obtained with the 1.8-m BOAO telescope and the
larger intervals between the spectra obtained on dif-
ferent nights.

3.3. Search for Regular Line-Profile Variations
We searched for regular components of the line-

profile variations in the spectrum of ρ Leo via a Fourier
analysis of the profile variability. The Fourier spectra
were cleaned from false peaks using a modification of
the CLEAN procedure [31] described in [32, 33]. For
each of the studied lines, we constructed a time series
of ΔF (t, V )—the differential fluxes for a specified
profile at time t for a Doppler shift from the profile
center in the center-of-mass frame V .

The CLEAN procedure was applied for all V val-
ues obtained in the profiles of the studied lines. The
Fourier analysis of the line-profile variations was car-
ried out in two stages. In the first, the SAO spectra
obtained on January 10–11, 2004 were analyzed, and
in the second, all spectra obtained in 2004.

3.3.1. Fourier analysis of SAO observations.
Figure 5 presents for all the studied lines plots of the
squared amplitude of the Fourier transform (Fourier
power spectra) constructed using only 30 SAO spec-
tra. To make the power spectra (periodogram) clearer,
all values corresponding to small significance levels
q < 10−3 for the presence of a strong white-noise
peak in the periodogram were rejected. Thus, the

ASTRONOMY REPORTS Vol. 51 No. 11 2007
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graphs present only significant components of the
periodogram.

Figure 5 shows a broad peak at ν ≈ 4.7 day−1.
The large width of the peak is due to the relatively
low resolution of the Fourier spectrum because of the
short duration of the observations T . The accuracy
of the frequency of the harmonic component is Δν ≈
1/T , while P = 1/ν ≈ 5.1h exceeds the length of the
observation time, and so cannot be directly identified
with a period of regular variations of the profiles. We
will call this the quasi-period of the regular profile
variations.

3.3.2. Fourier analysis of all the observations.
When constructing the complete Fourier spectrum
for the profile variations, we also included 17 obser-
vations made at the BOAO. The total duration of
all the observations is 24.8 days, which yields Δν =
1/T ≈ 0.04 day−1. Our estimates show that the real

accuracy of the period is lower: ≈0.1 day−1, due to
the large interval of ≈21 day between the main set of
observations and the last four BOAO spectra obtained
on February 5, 2004.

Figure 6 presents plots of the squared amplitude of
the Fourier transform for all the studied NII, SiIII, and
HeI lines constructed using all 47 spectra obtained in
2004 at both the SAO and BOAO. Due to the large
gaps in the time series, we used the CLEAN proce-
dure to remove false peaks. A threshold significance
level of q = 10−3 for the presence of a strong white-
noise peak in the periodogram was applied.

Several dozen individual peaks can be seen in
the calculated periodograms. However, components
significant at the level q < 10−3 are found only at fre-
quencies ν = 0.1−6.5 day−1. Table 3 presents the fre-
quencies of the harmonic components of the Fourier-
transform power spectrum visible in the profile varia-

ASTRONOMY REPORTS Vol. 51 No. 11 2007
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Fig. 6. Same as Fig. 5 for frequencies ν = 0−8 day−1 derived from the SAO and BOAO observations of January–February
2004.

tions for no fewer than two lines in the spectrum of
ρ Leo.

4. DISCUSSION OF THE RESULTS

Our analysis indicates the possible presence of
regular line-profile variations in the spectrum of the
ρ Leo system with periods from ≈7 d to P = 4−6 h.
Such a large range of periods suggests that the de-
tected profile variations have different natures. The
data in Table 3 for the derived frequencies of the
regular profile variations can be divided into three

groups: the first with the frequency ν1 ≈ 0.14 day−1,
the second with the frequencies ν2−ν5, and the third
with the frequencies ν7, ν8, and ν10.

The frequency ν1 probably corresponds to the pe-
riod of rotation of the star, P1 = 7d ± 2d. Adopting
R∗ ≈ 35 R�, the average radius of ρ Leo from Table 1,
and V sin i = 75 km/s (Table 1), we find the upper
limit for the rotational period of the star Prot ≤ 47d.
Since P1 substantially exceeds the possible pulsation
periods B1 stars [20], P1 can probably be identified
with the rotational period of the star Prot.

ASTRONOMY REPORTS Vol. 51 No. 11 2007
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Table 3. Frequencies (ν) and corresponding periods (P ) for harmonics of the line-profile variations in the spectrum of
ρ Leo. The presence of a given frequency component in the periodogram is marked with a plus sign. A bold plus in the last
column means that the component with the given frequency seems to be real; a colon indicates that the given harmonic
may belong to a false peak of the periodogram

No. ν, day−1 P
NII NII NII SiIII SiII HeI

State
λ 5496 λ 5667 λ 5680 λ 5696 λ 5740 λ 5876

1 0.14 ± 0.1 7d ± 2d + + + + + + +

2 0.60 ± 0.1 1.8d ± 0.3d + + – – + + +

3 0.94 ± 0.1 1.1d ± 0.1d – – + + + + +

4 1.15 ± 0.1 21h ± 2h – + + – + + +

5 1.74 ± 0.1 14h ± 1h + + + – – + +

6 2.03 ± 0.1 11.8h ± 0.5h + + + + + + :

7 3.9 ± 0.1 6.1h ± 0.2h + + – + – + +

8 4.4 ± 0.1 5.3h ± 0.1h – + – + – + +

9 5.0 ± 0.1 4.8h ± 0.1h + + – + – – :

10 6.2 ± 0.1 3.8h ± 0.1h + – – + – – +

We tentatively conclude that either P1 is equal
to the rotational period or the rotational period is a
multiple of P1, if ν1 is an overtone of the rotational
frequency of the star. If ν1 is the first overtone of
the rotational frequency, then Prot ≈ 14d, if ν1 is the
second overtone, Prot ≈ 21d, and so on. Rotational
periods from ≈3d−4d to ≈20d are common for late-
O and early-B stars [6, 8, 17].

Let us now consider the second group of frequen-
cies, ν2−ν5, which correspond to periods of 0.6–
1.8 days. We note first of all that, within the uncer-
tainties of the frequencies of the harmonic compo-
nents, ν4 ≈ 2ν2 and ν5 ≈ 2ν3; therefore, the compo-
nents ν4 and ν5 may be overtones of the frequencies ν2

and ν3, respectively. We will accordingly concentrate
on analyzing the frequencies ν2 and ν3.

One possible origin of rapid line-profile variations
with periods of 1–2 days is rotational modulation [1,
2]. The model [1] supposes that the expanding atmo-
spheres of hot, early-type stars contain corotational
jets that rotate with the angular velocity of the star.
Additional absorption of the star’s radiation due to the
passage of these jets through the line of sight results
in regular variations of the line profiles. The period of
such variations will be Pn = Prot/n, where n is the
number of corotational jets. The periods of the profile
variations P2 = 1.8d and P3 = 1.1d correspond to the
values n = 4 and n = 6, which seems fundamentally
possible if the rotational period of the star is Prot ≈ 7d.

At the same time, we cannot rule out a priori the
possibility that the profile variations with frequen-
cies from the second group are pulsational. To test
this hypothesis, we plot the frequencies of the sec-
ond group of profile variations in a Teff−P diagram
(Fig. 7), where P is the period of the quadrupole
(l = 2) pulsations of hot main-sequence stars [20,
Fig. 6]. With Teff = 24200 K, the obtained frequen-
cies are outside the zone of pulsational instability for
OB stars, making it very unlikely that pulsations of
the star are the origin of the profile variations with the
indicated frequencies for the given temperature. With
Teff = 20260 K, the derived frequencies will fall in
the region of high g-modes of quadrupole pulsations.
At the same time, these frequencies belong to main-
sequence stars with masses M ≤ 10 M�, which are
appreciably lower than the value presented in [17].

The third group of regular frequencies of the profile
variations ν7, ν8, and ν10 corresponds to periods P

from ≈4h to ≈6h. Such values for P are common
for profile variations associated with NRPs in OB
stars [5].

The (l,m) NRP mode can be specified from
the relation l ≈ 0.1 + 1.09|Δϕ0|/π and m ≈ 1.33 +
0.54|Δφ1|/2π, where Δϕ0 = ϕred − ϕblue is the
phase difference of the Fourier components of the
profile variations for the red (ϕred) and blue (ϕblue)
wings of the lines of the main NRP component ν0.
Δϕ1 is specified analogously for the first harmonic of
the line-profile variations ν1 = 2ν0 [34].
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Fig. 7. Pulsation periods of β Cep stars and slowly pulsating B (SPB) stars in the region of effective temperatures 104−5 ×
104 K (points), according to the calculations of [20]. The upper region of periods belongs to g pulsation modes of SPB stars,
and the lower to pulsations of massive β Cep stars in the quadrupole mode (l = 2). The gray rectangles and ellipses indicate the
frequencies of regular profile variations in the spectrum of ρ Leo. Ellipses indicate the frequency range 0.60−0.94 d−1 (periods
P = 1.06−1.67 d) and rectangles the frequency range 3.9−6.2 d−1 (periods P = 0.16−0.26 d) for regular components of
the profile variations in the spectrum of ρ Leo. The left rectangle and ellipse correspond to Teff = 24 200 K, and the right to
Teff = 20 260 K.

Unfortunately, due to the short duration of our
data sequence, Δϕ0 and Δϕ1 cannot be determined
very accurately. For the profile of the HeI λ 5876 line,
we can determine only that |Δϕ0| is in the velocity
intervals −80 to −50 km/s and −100 to −50 km/s.
Extrapolating the phase difference in these intervals
to the total range of velocities ±V sin i yields l ≥ 2.

To determine to what extent the derived periods
for the line-profile variations in the spectrum of ρ Leo
correspond to possible pulsation periods of OB stars,
we plot the frequencies of the third group of com-
ponents in a Teff−P diagram. The positions of har-
monic components for Teff = 24200 K, presented in
Fig. 7, are located in the region of pulsational insta-
bility of β Cep stars. At the same time, the positions of
the same components for Teff = 20260 K lie outside
the region of pulsations of OB stars (Fig. 7).

Thus, one possible explanation for the nature of the
profile variations in the spectrum of ρ Leo is that Teff

is close to 24 200 K; in this case, profile variations with
frequencies from the third group (4–6 d−1) are asso-
ciated with NRPs of the star in the quadrupole mode.
Slower variations with frequencies from the second
group most likely occur due to rotational modulation
of the profiles.

However, this interpretation is not the only one
possible, since the theory developed for main-
sequence stars likely cannot be directly applied to
OB supergiants. In addition, we cannot rule out
the possibility that ρ Leo pulsates in higher modes
than the l = 2 quadrupole mode. We plan more
extensive observations to more reliably discriminate
between profile variations in the spectrum of ρ Leo
due to rotational modulation and NRPs, and also to
determine the rotational period of the star.

The presence of a magnetic field results in a
substantially different pattern of line-profile variabil-
ity [13]. One consequence of the presence of a mag-
netic field in the star is the formation of quasi-regular
structures (corotational jets) in its atmosphere [1, 2].
Thus far, searches for a magnetic field in ρ Leo
have been unsuccessful [35]. On the other hand, our
analysis of the line-profile variations indicates that
the regular profile variations extend beyond the range
±V sin i = ±60 km/s (Figs. 3, 6). In the presence
of a magnetic field, photospheric NRPs can lead to
regular fluctuations of the density of the stellar wind,
which will result in regular profile variability beyond
±V sin i [36].

Our estimates show that, out to ≈2R∗, where R∗
is the radius of the star, the magnetic pressure B2/8π
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will exceed the gas pressure for moderate B ≈ 100 G.
In this case, regular profile variability would be seen to
±2V sin i, in agreement with the observed pattern of
the profile variability. Note also that the V sin i value
in Table 2 may be underestimated. In a future study,
we will analyze polarization observations of ρ Leo
made with the SAO 6-m telescope in 2005–2006,
enabling us to estimate the strength of the magnetic
field of the star.

5. CONCLUSIONS

We can draw the following conclusions from our
observations of ρ Leo and our analysis of profile
variations for the NII λ 5495.67, NII λ 5666.63,
NII λ 5679.56, SiIII λ 5696, SiII λ 5739.73, and
HeI λ 5876 lines.

(1) All the studied lines display variable profiles,
with amplitudes of 0.5–1%.

(2) The line-profile variations can include regular
components with characteristic time scales from ≈3d

to 6h.
(3) A component with the period ≈7d ± 2d is prob-

ably related to the star’s rotation, while regular com-
ponents with periods P = 0.6d−1.8d may be due to
rotational modulation of the line profiles.

(4) We have detected short-period variations of
the line profiles with the characteristic time scales
3.8h−6.1h. We suggest that these components corre-
spond to non-radial pulsations of the star with multi-
polarities l ≥ 2.
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