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Abstract—We present the results of a search for and analysis of line-profile variations in the spectrum of the
star ι Her. The observations were acquired with the 1.8 m telescope of the Bohyunsan Optical Astronomy
Observatory (Republic of Korea) in May–June 2004. We obtained 69 spectra of the star with signal-to-
noise ratios ≈300 and a time resolution of 5–7 min. Profile variability was revealed for six lines of HI, HeI,
and SiIII, in the central parts of the lines. The variability amplitude is ≈(1−2)% in units of the intensity
of the adjacent continuum. Evidence was found for cyclic variations of the lines, with periods from ≈7h

to ≈2.9d. We conclude that ι Her belongs to the group of slowly pulsating stars.

PACS numbers : 97.30.D
DOI: 10.1134/S1063772906030061

1. INTRODUCTION

Variable stars on the upper main sequence can be
divided into two large groups: β Cephei stars and
slowly pulsating B stars (SPB stars), which have
been suggested as a special group of variable stars
in [1]. SPB stars have the spectral types B2–B5 and
exhibit multiperiodic photometric variations on time
scales from several hours to ≈2 days. These varia-
tions are usually interpreted as high-order g modes
of nonradial pulsations (NRPs) (cf., for instance, [2]).
Of special interest is the stellar subgroup in the in-
termediate region of the Hertzsprung–Russell (HR)
diagram, between the β Cep and SPB stars. It is
supposed that these stars have features of both stellar
groups.

One of the most interesting members of this sub-
group is the bright B3IV–V star ι Her (85 Her,
HR 6588, HD 160762, V = 3.80m).

Over more than 80 years of studies of ιHer, several
dozen periods for the regular spectral and photometric
variations have been found, ranging from ≈1h to 113d.
Variations of the MgII 4481 Å and HeI 4388 Å line
profiles in the stellar spectrum on time scales of 0.14d

were already detected in the early study [3]. It was

established in [4, 5] that ι Her was a spectroscopic
binary with an orbital period of 113d and a low-mass
(M ≤ 0.4M�) companion.

The detection of line-profile variations with periods
between 10h and 14h, interpreted as NRP g modes,
was reported in [6]. Smith [7] observed short-period
profile variations of weak lines in the spectrum of
ι Her on time scales of ≈2h. Chapellier et al. [8]
detected V brightness variations with an amplitude
of ≈0.01m and periods of 0.12d and 0.14d. The same
periods were derived for radial-velocity variations of
ι Her measured for lines at λλ 3850−4750 Å.

The most complete photometric and spectroscopic
study of the ιHer systm is that of Chapellier et al. [9],
who analyzed their own photometric and spectro-
scopic observations acquired during the decade fol-
lowing 1985, together with Hipparcos photometric
measurements (1990–1993) [10] and all earlier pub-
lished radial-velocity measurements. Despite the very
large data volume used, they were able to reliably de-
tect only one regular component, with the frequency
ν1 = 0.28671 d−1. The possible presence of radial-
velocity variations with frequencies of 0.43, 0.77, and
0.2483 d−1 was noted.
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MICROVARIABILITY OF LINE PROFILES 221

The very large number of periods for the regular
brightness and radial-velocity variations detected for
ι Her suggests that far from all of the inferred varia-
tions are real, and that some could have arisen due to
errors in data reduction, as well as to the superposi-
tion and interference of different regular components.
It is also possible that the variations have a transient
character, so that they may exist at one epoch and
disappear or become irregular at another.

In order to better understand the nature of ι Her
and to find which of the frequencies for the star’s
photometric and spectroscopic variations were real,
we acquired observations of ι Her with high spectro-
scopic and time resolution in May–June 2004 with
the 1.8 m telescope of the Bohyunsan Optical Astron-
omy Observatory (BOAO) in South Korea.

We present the main characteristics of the ι Her
system in Section 2. The observations and a de-
scription of our reduction of the spectrograms are
presented in Section 3. Section 4 describes the gen-
eral pattern of the line-profile variations on various
time scales. The results of our Fourier analysis of
the line-profile variations are presented in Section 5.
We discuss the results of our study and the star’s
evolutionary status in Section 6. Some conclusions
of the study are summarized in the final section.

2. PARAMETERS OF ι Her

The spectroscopic binary ιHer consists of a bright
(V = 3.80m) B3 star and a faint, low-mass compan-
ion (∆m = 7.5m [9]). The system’s orbital period is
P = 112.825 ± 0.008 days [9].

ι Her is in the intermediate region in the HR dia-
gram between β Cep variable stars, which are early
B stars, and slowly pulsating B stars of later sub-
types [1]. The star’s parameters are collected in Ta-
ble 1, where Teff is the primary’s effective temperature,
M its mass, g its surface gravity, i the inclination of its
rotational axis, V sin i its rate of rotation, P the sys-
tem’s orbital period, and γ the velocity of the system’s
center of mass.

The distance between the primary and its low-
mass companion is much smaller than 1′′. The con-
tribution of the low-mass (≈0.4 M� [9]) companion
to the system’s combined light is negligible, and we
will mean the primary when discussing ι Her.

3. OBSERVATIONS
AND REDUCTION OF THE SPECTRA

Our spectroscopy of the ι Her system was ac-
quired as part of our program to search for rapid
line-profile variations in the spectra of early-type
stars [12]. The observations were made during three
nights—May 25, May 29, and June 2, 2004—with

Table 1. Parameters of the ιHer system

Parameter Value Reference

Teff, K 16 500 [11]

M/M� 7−8 [6, 9]

log (L/L�) 3.26 [9]

log g 4.0 [11]

V sin i, km/s ≈10 [11]

i, deg ≈90 [6]

P , days 112.825± 0.008 [9]

γ, km/s −19.9 ± 0.2 [9]

the BOES optical-fiber echelle spectrograph [13] of
the BOAO 1.8 m telescope equipped with a CCD
(2048 × 4096 pixels, 15 × 15 µm pixel size).

We took 69 echelle spectra with spectral
resolution R ≈ 44 000 over a wide spectral range:
3782 Å < λ < 9803 Å. Of these spectra, 14 were
acquired during ≈2.3h on the first night, 10 during
≈1h on the second night, and 45 during ≈5.2h on the
third night. The total observing time was about 8.5h.
Since the star is rather bright, a short exposure
time (about 3–7 min) provided a high signal-to-
noise ratio, S/N ≈ 300. The time intervals between
subsequent spectra were 6–10 min.

The images were reduced in the standard way
using the IRAF package. Subsequent spectral pro-
cessing was carried out using a version of the Dech
package [14] modified in 2004 (Dech20T). To study
the line-profile variations, we normalized the spectra
to the continuum, which was determined according to
the following automated scheme. We used the median
filter and other broadband filters in each order of the
echelle spectrum to filter out narrow spectral features.
Regions containing broad spectral features (such as
hydrogen lines) in each order were replaced with in-
terpolated values from adjacent orders where such
regions were not present. Finally, the resulting two-
dimensional spectrum was smoothed with a two-
dimensional moving filter. The image formed in this
way is the two-dimensional continuum of the studied
spectrum. Further, each individual two-dimensional
CCD spectrum was normalized to this continuum.

The continuum-placement technique used here
has several advantages compared to the traditional
one. The main advantage is the possibility to very ac-
curately reconstuct the physical continuum in regions
of broad spectral features. For example, in our study,
the uncertainty of the continuum reconstruction in
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Fig. 1. Mean profiles for the spectra obtained on May 25 (thin solid curve), May 29 (dashed curve), and June 2 (bold solid
curve), 2004. The intensities, I , are relative to the continuum intensity, Ic. The vertical arrows correspond to the laboratory line
wavelengths.

the regions of the Hα, Hβ, Hγ, and Hδ lines is con-
stant at about 1%.

We tested the continuum-placement technique in
a special study of the variability of Balmer line profiles
in Ap/Bp stars [15, 16], where we studied differen-
tial profile variations in the course of the rotation
of the program stars. We investigated the accuracy
of the continuum placement via comparisons with
model line profiles. When using the same technique

and spectroscopic material of approximately the same
quality as in this study, though with a poorer signal-
to-noise ratio (≈100 near the Hβ line), the standard
deviations of the differential spectra in the region of
the hydrogen lines were within 0.2−0.3%.

The wavelengths were converted to the heliocen-
tric scale in the standard way. To facilitate our anal-
ysis of the profile variations, we use the mean radial
velocity of the center of mass of the ι Her system,
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Vrad = −19, 9 km/s [9] (Table 1), as the zero point of
our wavelength scale.

4. LINE PROFILE VARIATIONS

We identified more than 100 lines of H, He, C,
N, O and other elements in the resulting spectra.
We carried out a detailed analysis for six lines:
HeI 4437.551 Å SiIII 4552.616 Å SiIII 4567.82 Å
HeI 4713.145, 4713.376 Å Hβ, and HeI 5875.621,
5875.966 Å. These lines were selected based on the
following criteria:

(a) the lines were not blended,
(b) the residual intensities at the line centers were

r ≤ 0.8.
The HeI and SiIII lines in our list can be effectively

used to search for profile variations due to NRPs [17].

4.1. Variations of the Mean Profiles

To study the profile variations on time scales of
days, all the spectra acquired during each of the three
observing nights were averaged. Figure 1 displays the
resulting mean spectra of the star near the selected
HeI, SiIII, and Hβ lines.

We can see from Fig. 1 that the largest variation
amplitude for the mean profile occurs near the centers
of the studied lines, probably due to the low V sin i
for ι Her. The variability amplitude at the line centers
is 0.5−2% in units of the continuum adjacent to the
lines.

4.2. Differential Profiles.
A Search for Variable Features

We derived differential profiles (the individual line
profiles minus the mean profile) in order to identify
variable features in the line profiles in all the avail-
able spectra. The line-profile variations are displayed
in Fig. 2 in the form of maps of the density of the
differential profiles of the studied lines in the spectrum
of ι Her for the observations obtained on June 2,
2004. The time T (in hours from the beginning of the
observations) increases upwards.

Profile variations detectable by eye are present only
near the line center, in the velocity range ±30 km/s.
The absence of appreciable profile variations at higher
velocities is probably due to the low amplitude of
the profile variations outside a band with width
±(V sin i+W ), where W ≈ 20 km/s is the half-
width at half-maximum of weak lines in the spectrum.

Note that the variability pattern is very similar
for all the differential line profiles. A quasiabsorption
feature (plotted black) is visible near the line center at

a velocity of ≈−10 km/s at the beginning of our ob-
servations. With time, this feature first (T = 0h−2h)
move toward negative velocities (to ≈−20 km/s),
then (T = 2h−3h) moves back toward positive veloc-
ities, reaching its highest positive velocity by T ≈ 4h,
and finally moves to the line center again during
T = 4h−5.2h.

Quasiemission features (plotted in white and
gray shades) are located symmetrically about the
quasiabsorption features. The movements of the
quasiemission features of all the studied profiles
are symmetric relative to the movements of their
quasiabsorption features. This variability pattern is
characteristic of profile variations due to nonradial
photospheric pulsations (see, for example, [18, 19]).
This suggests that the variability on time scales of
several hours are due to NRPs.

5. REGULAR PROFILE VARIATIONS

5.1. Fourier Analysis of the Profile Variations

In order to reveal the mechanism giving rise to
the profile variations, we must determine whether the
profile variations are regular (cyclic) to some extent,
irregular (stochastic), or a superpositions of regular
and irregular variations. We carried out a Fourier
analysis in order to analyze the variations in detail and
to search for periodic components.

We constructed time series ∆I(t, λ) for each of
the studied lines—differential intensities for the given
profile at time t for wavelength λ. The values of λ
were translated into Doppler shifts, V , from the profile
center (in the reference frame of the star). For each
such time series, we calculated the power-spectrum
density of the discrete Fourier transform [20].

We estimated the power-spectrum density of the
Fourier transform by calculating the Schuster peri-
odogram [21]:

D(ν, V ) =
1
N2

∣∣∣∣∣
N−1∑
k=0

∆I(tk, V )e−i2πνtk

∣∣∣∣∣
2

. (1)

Here, {tk} is the series of times when the analyzed
quantity, ∆I(tk, V ), was measured.

A discrete Fourier power spectrum is the convo-
lution of the actual Fourier spectrum and the spectral
window describing the time grid used [21]. For this
reason, false peaks can appear in the discrete Fourier
spectrum, making it necessary to apply cleaning al-
gorithms. We used the CLEAN algorithm [22] for this
purpose, in the modification described in [23].

We applied the CLEAN algorithm to the time
series constructed for all possible V values along
the profiles of the studied lines, in a strip with width
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±80 km/s. To smooth the noise component of the
profile variations, we averaged the values of ∆I
in a spectral window with width σ = 2−5 pixels
(≈0.06−0.15 Å). The choice of different values of σ
turned out to have virtually no influence on the
resulting Fourier spectrum.

When analyzing Fourier spectra, the significance
levels for various periodogram peaks are of utmost
importance if we wish to clarify which peaks cor-
respond to real periodic components of the line-

profile-variation time series, ∆I(t, V ). We applied
the relation from [20, 23] for the probability for
a value of a normalized white-noise periodogram,
Z = D(ν, V )/(σ2

0/N), to exceed a given value z:

F (z) = P (Z > z) = 1 −
(
1 − e−z

)1/Ni , (2)

where σ2
0 is the dispersion of the white-noise read-

ings and Ni is the number of independent read-
ings of the periodogram. Specifying a small value,
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q = F (Zq) � 1, we have:

Zq = − ln [1 − (1 − q)]1/Ni ≈ ln(Ni/q). (3)

When using the CLEAN technique to identify
peaks of the periodogram that are significant at a
level q, we considered only peaks with heights in the
initial periodogram exceeding Zq. The value of Zq

depends on the choice of Ni. The usual choice for
evenly spaced series isNi = N/2 [20]. It is suggested
in [24] to use an empirical relation that gives much

larger values of Ni (by a factor of two or three) for
unevenly spaced series.

The authors of [25] claim that the results of [24]
are erroneous, and suggest the use of the classical
value, Ni = N/2. Note that, according to (3), the
dependence of Zq on Ni is logarithmic, and varia-
tions of Ni within a factor of two or three change Zi

by within 20%. With this in mind, we will use the
value Ni = N/2 in our subsequent identifications of
significant peaks in the line-profile-variation peri-
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Table 2. Frequencies ν and periods P for periodic harmonics of the line-profile variations in the spectrum of ιHer

No. ν, d−1 σ P HeI 4438 SiIII 4553 SiIII 4568 HeI 4713 Hβ HeI 5876 Status

1 0.12 ± 0.14 0.03 8.3d + + + + + + :

2 0.34 ± 0.14 0.08 2.9d + + + + + + +

3 0.49 ± 0.14 0.12 2.0d + + + + + + :

4 0.82 ± 0.14 0.20 1.3d − + − − + + +

5 1.1 ± 0.14 0.26 21.8h − − − + + + +

6 1.45 ± 0.14 0.35 16.6h + − − − − + :

7 1.8 ± 0.14 0.43 13.3h − + + + − − +

8 2.1 ± 0.14 0.51 11.4h − + − − + − :

9 2.4 ± 0.14 0.58 9.2h + + + − − + +

10 2.8 ± 0.14 0.68 8.6h + − − − − + +

11 3.1 ± 0.14 0.75 7.7h + + + + − − +

12 3.4 ± 0.14 0.82 7.1h − − + − + + +

Note: In the third column, σ is the dimensionless pulsation frequency (cf. Subsection 6.6.3).
The symbol “+” in a column of a particular line means that a component of the indicated frequency is present in the periodogram.
The symbol “+” in the last column means that the component of the indicated frequency is probably real, whereas the symbol “:”
means that the harmonic may correspond to a false peak in the periodogram.

odogram. The statistical properties of white-noise
periodograms for significantly unevenly spaced series
are complex and poorly studied [20], and we will use
the value q ≤ 10−3, which is lower than the usual
value q ≤ 10−2, to help ensure more reliable identi-
fication of significant periodogram peaks.

5.2. Fourier Analysis
of the Observations of June 2, 2004

We performed our Fourier analysis of the line pro-
files and plotted the periodograms in two stages. In
the first stage, we analyzed the observations for the
last night, June 2, 2004. In the second stage, we
analyzed all the observations together.

Figure 3 is a contour diagram of the densities of
the Schuster periodogram after cleaning the Fourier
density spectrum using the CLEAN algorithm for all
the studied lines in the spectrum of ι Her, based on
45 line profiles in the spectra taken on June 2, 2004
during a time TJune 2 = 5.2h.

For avoid clutter in the presentation, the contour
diagrams were plotted after removing all periodogram
values corresponding to significance levels q ≤ 10−7

for the hypothesis that a strong peak in the white-
noise periodogram is significant. Thus, only peri-
odogram components that were significant at this
level were retained in the diagrams.

All the spectra possess a broad peak in the density
of the Fourier power spectrum at the frequency
ν ≈ 3.1 d−1. Note that the periodogram maxima
coincide for all the studied lines, and are near the
±V sin i strip, providing further evidence that the
line-profile variations in the spectrum of ιHer are due
to NRPs.

The quantity T = 1/ν ≈ 7.7 hours exceeds the
total duration of the observations on June 2, 2004.
The resolution of the Fourier spectrum is
≈1/Tobserv ≈ 4.6 d−1 [23], where Tobserv = TJune 2 is
the total duration of the analyzed observations; this
value is larger than ν. Thus, our analysis of the
Fourier spectra of the line profile variations of ιHer on
June 2, 2004 does not enable us to draw conclusions
about the presence of a periodic component with
the frequency ν ≈ 3.1 d−1. We can only assert that
the profile variations for all the studied spectral lines
on June 2, 2004 are nearly sine-shaped, with a
period about 7–8 hours. To determine if the periodic
component with ν ≈ 3.1 d−1 is real, we must jointly
analyze all our observations of ι Her.

5.3. Fourier Analysis of All the Observations

We analyzed the observations of May 25 and 29,
2004 together with the observations of June 2, 2004.
When computing the Fourier spectra of the line-
profile variations, we used differential profiles derived
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by subtracting the mean profile based on all three
observing lights from the individual line profiles.

Since the gaps in the time series were large,
we used the CLEAN algorithm to remove false
peaks. The computations assumed a significance
level q = 10−3 for the hypothesis that a strong peak is
present in the white-noise periodogram.

Several dozen individual peaks are present in the
computed periodograms. However, components sig-
nificant at the q = 10−3 level were found only at fre-
quencies ν = 0−4 d−1. All the periodogram peaks
that are significant at this level exceed the Zq values
computed using (3) by a factor of two or more, pro-
viding additional confirmation that they are real.

Periodograms of the Fourier power spectrum for
the profile variations for all the lines studied in the
above range are shown in Fig. 4. The frequencies
of detected harmonic components are collected in
Table 2. Only those components of the Fourier-
transform power spectrum that are present for the
profiles of at least two lines are presented in this
table. According to [23, 26], the uncertainties of
the frequencies in Table 2 are ≈1/Tobserv, where
Tobserv = 7.24 d is the total duration of the observa-
tions.

6. DISCUSSION OF THE RESULTS

6.1. Profile Variations with Periods Exceeding 7h

Let us consider, one by one, the harmonic com-
ponents of the line profile variations we detected and
compare our results with those of other studies. The
period P1 = 8.3 d could be related to the star’s ro-
tational period. Using the data in Table 1, we can
estimate an upper limit for the star’s rotational pe-
riod: Prot ≤ 2πR∗/V sin i ≈ 24 days, consistent with
the possibility that P1 is associated with the rotation
period. The star’s radius, R∗ ≈ 4.7R�, was deter-
mined from the values of M and log g in Table 1. This
value essentially coincides with the standard value
for B3 main-sequence stars, R∗ ≈ 4.8R� [27]. P1 is
longer than the total duration of our observations
(7.25 days), and additional observations with a longer
time span are needed to confirm its reality.

The component ν2 corresponds to the main
low-frequency component detected in [9], ν =
0.28671 d−1, within the errors. The component ν3 is
close to 0.5 d−1, and so may be the first harmonic
of the one-day period, and longer observations are
required to confirm if it is real. The component ν4 cor-
responds within the errors to the 0.77 d−1 harmonic
detected by Chapellier et al [9] in their analysis of the
radial velocities of UV lines determined in [28].

The component ν6 appears in the computed peri-
odograms for only two lines, and spectroscopic obser-
vations of ι Her with shorter gaps are needed to con-
firm the reality of this component. The component ν7

appears in the profile variations of the SiIII 4553 Å,
SiIII 4568 Å, and HeI 4713 Å lines. Within the un-
certainties, it coincides with the 1.72 d−1 compo-
nent detected in the radial-velocity analysis for the
SiII 4131 Å doublet [29]. The frequency difference
for the components ν8 and ν7, 0.3 d−1, is close to
the frequency of component ν2; in addition, ν8 was
detected for only two lines. Thus, we cannot exclude
the possibility that ν8 is an alias of ν7.

The frequency of the component ν9 coincides
within errors with the frequency ν = 2.42 d−1 de-
tected, like in the case of ν6, in the radial-velocity
analysis for the SiII 4131 Å doublet [29]. None of the
components ν10−ν12 were detected in earlier studies
of the ιHer system. Nevertheless, they stand out quite
clearly in the power spectrum of the Fourier transform
(Fig. 4), and their positions coincide with the position
of a broad peak in the periodogram of profile variations
of all the studied lines from the observations of June 2,
2004 (Fig. 3).

The symbol “+” in the last column of Table 2
marks frequencies that, in our opinion, are genuinely
present in the Fourier spectrum of the line-profile
variations. The symbol “:” indicates that the reality
of that frequency in the Fourier spectrum requires
additional verification.

Thus, our analysis of the Fourier spectrum of
the line-profile variations in the spectrum of ι Her
revealed eight harmonic components at frequen-
cies 0.3 d−1 ≤ ν ≤ 3.4 d−1 with periods from 7.1h

to 2.9d. The possible presence of four additional
Fourier-spectrum components in the range
0.12 d−1 ≤ ν ≤ 2.1 d−1 should be studied further.

6.2. Short-Period Profile Variations

Many studies of ι Her have indicated photo-
metric and radial-velocity variations with periods
P ≤ 6h, corresponding to the frequencies
ν = 4−34 d−1 [7–9].

Our Fourier analysis of the profile variations
demonstrated an absence of any significant (at the
q ≤ 10−2 level) components of the Fourier spectrum
in this frequency range, for the analysis both of
the June 2, 2004 observations alone and for all our
observations of ι Her.

Only when using the significance level q = 0.05 for
the hypothesis that a strong peak in the white-noise
periodogram is real were we able to reveal a number
of weak components in the Fourier spectrum, with
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frequencies ν = 5.8, 8.3, 8.6, 8.9, and 9.8 d−1. All the
detected Fourier components, except for ν = 8.9 d−1,
were found in the Fourier spectrum for only one line,
and were observed outside the ±(V sin i+W ) strip,
so we consider them to be false peaks due to chance
outliers in the periodogram of the noise component of
the signal.

The 8.9 d−1 component was found in the Fourier
spectra of the profile variations for two lines,
HeI 4438 Å and SiII 4553 Å, within the ±V sin i strip,
and may be real, though the absence of this peak in
the Fourier power spectra of the profile variations
derived solely from the June 2, 2004 observations
provides evidence against this possibility.

We conclude that the detections of rapid spectral
or photometric variations in several earlier studies
resulted either from errors in the procedures used to
analyze those time series or from a transient char-
acter for such short-period variations of ι Her. Note
also that the above frequencies for the short-period
profile variations are outside all regions of pulsational
instability for B3 stars [2].

In order to resolve the question of whether or not
there are real rapid profile variations in the spectrum of
ι Her, we are planning to carry out spectroscopic ob-
servations of ιHer during two to four complete nights
in a row, which will enable us to significantly improve
our identification of the frequencies of the detected
components, and possibly to find new harmonics.

6.3. Evolutionary Status of ι Her

It has been suggested in many studies that ι Her
possesses spectral characteristics typical of both
SPB stars and the hotter β Cep stars [6, 7, 29].
The position of ι Her in the upper part of the region
occupied by SPB stars in the HR-diagram [30] is
consistent with this assertion.

At the same time, our analysis shows that all the
detected profile-variation frequencies are within the
range of frequencies for the pulsational instability of
SPB stars [30, 31], whereas the short-period pro-
file variations characteristic of β Cep stars are not
present.

In order to investigate the evolutionary status of
ι Her, let us compare our derived frequencies for
the regular line-profile variability in the spectrum of
ι Her with the results of computations of pulsational
instability of stars in the upper main sequence [32].
In [32], evolutionary tracks were computed for stellar
masses of 1.5 ≤M/M� ≤ 40 and normal chemical
composition (X = 0.70, Z = 0.02), in the interval of
ages between the zero-age main sequence (ZAMS)
and the depletion of hydrogen in the core. The param-
eters of nonadiabatic stellar pulsations with the range

of dimensionless frequencies 0.05 ≤ σ ≤ 6 were com-
puted for all these ages, where, according to [32],

σ =
√
πν√
Gρ

= 0.067
(
R

R�

)3/2 (
M

M�

)−1/2

. (4)

Here, G is the gravitational constant, ρ the star’s
mean density, and R and M its mass and radius, re-
spectively. The numerical value of the coefficient in (4)
was computed for frequencies ν expressed in d−1.

We used (4) and the star’s parameters in Table 1
to calculate the dimensionless frequencies, σ, for all
the detected frequencies of the harmonic components
of the line-profile variations in the spectrum of ι Her,
given in the third column of Table 2. If we exclude from
the harmonic-component frequencies in this table
those that we consider to be doubtful in any sense,
the remaining frequencies are σ ∈ [0.06−0.85].

Since ι Her is close to the strip in the HR diagram
occupied by stars in the stage of core hydrogen deple-
tion [30], we plotted these frequencies on a log Teff−σ
diagram for stars with bolometric luminosities corre-
sponding to absolute magnitudes 0.5m−1.0m higher
than those for ZAMS stars by [32]. The slanted shad-
ing in the diagrams of Fig. 5 indicates the SPB-star
instability region, which is related to high g modes
of NRPs. The points in the upper left-hand side of
the diagrams correspond to the dimensionless fre-
quencies for the pulsational instability of β Cep stars,
which are probably related to pmodes.

The numbers in the diagrams’ upper right cor-
ners are spherical harmonic degrees of the pulsation
modes. It follows from Fig. 5 that SPB stars are
stable against pure radial oscillations (l = 0), and
that dipole and quadrupole oscillations (l = 1, 2) are
possible only in a very narrow interval of the dimen-
sionless frequencies, σ ≈ 0.2.

Comparing our derived set of frequencies for
the harmonic components of the profile variations
(the filled rectangle in Fig. 5) to the region of pulsation
instability for SPB stars, we see that the values
l = 4−8 are most probable.

The displacement and velocity of an elementary
photospheric volume of a nonradially pulsating star
with spherical coordinates (θ, φ) are proportional to
the spherical harmonics, Yl,m(θ, φ) [18]. The follow-
ing relations are use to determine the order of the
spherical harmonic, l, of the pulsation modes and the
azimuthal parameter, m, for upper-ZAMS stars [19]:

l ≈ 0.076 + 1.110
∆Φ0

π
, (5)

m ≈ −1.028 + 0.613
∆Φ1

π
,

where ∆Φ0 is the total variation of the phase, Φ0,
for the studied periodic component of the line-profile
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Fig. 5. Position of the frequency set for the line profile variations in the spectrum of ι Her (the filled rectangle) in the log Teff−σ
diagram for upper-MS stars with bolometric luminosities corresponding to absolute magnitudes higher than those for ZAMS
stars by 0.5m−1.0m [32]. The spherical harmonic degrees of the pulsation modes are indicated in the upper right-hand corners
of each diagram. The domain of pulsation frequencys of SPB stars is shaded. The points in the upper left side of the diagrams
correspond to the pulsation frequencies of β Cep stars.
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variations along the line profile in the ±V sin i strip
and ∆Φ1 is the same value for the first harmonic.

Unfortunately, the low V sin i for ι Her hindered
our attempts to derive accurate l and m values for the
spherical harmonics using this method. The phase Φ0

in the ±V sin i strip experiences a jump, ∆Φ0, of at
least 2π, suggesting only values l ≥ 2 are possible, in
agreement with our earlier conclusion that l = 4−8.

7. CONCLUSIONS

We have investigated variations of the line profiles
in the spectrum of the bright B3IV star ι Her with
high time and spectral resolutions. Our observations
and analysis enabled us to draw the following conclu-
sions.

(1) All the studied lines with rmax < 0.8 have vari-
able profiles. The variability amplitude is 0.5−2%, in
units of the flux in the adjacent continuum.

(2) The central parts of the profiles of all the stud-
ied lines in the spectrum of ι Her revealed regu-
lar profile variations with frequencies in the range
ν = 0.3−3.4 d−1, or with time scales 7h−2.9d. These
variations can be interpreted as g modes of nonradial
pulsations with spherical-harmonic orders l = 4−8.

(3) We find no evidence for the high-frequency
harmonics, ν ≥ 4 d−1, that were reported in earlier
studies. We conclude that ι Her is a slowly pulsating
B star.
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