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Short time-scale variability in the spectrum
of the hot B3V star n UMa
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We report the results of observations of short time-scale variability in the Hydrogen Balmer lines and He1 lines in
the hot B star n UMa. Spectral observations were carried out with the low-resolution slitless spectrograph (R ~ 200)
installed on the 60 cm Carl Zeiss telescope in the Andrushivka Observatory, Ukraine. Spectra were obtained with
a time resolution in the sub-second range. It has been found that the hot B star 7 UMa shows rapid variations
in the Hydrogen lines H3, Hv, HS, He and the Helium lines He1 5016 A, He1 5047 A as well as variations in the
atmospheric oxygen lines. This can be interpreted that their variations are non-radial pulsations and strong stellar

wind.
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INTRODUCTION

nUMa is a main-sequence star of the spectral
class B3V, with the mass 6 My and radius 1.8 Rg,
the effective temperature of 22000 K. In 1951 the
star was added to the Catalogue of suspected vari-
able stars [5]. B-type stars often display a high
rate of mass loss and stellar winds of speeds up to
3000 km/s. All of these factors give some ground to
search for both photometric and spectral variability
in the B-type stars.

Dynamic spectroscopy of nUMa with a slitless
spectrograph with the spectral resolution of R ~ 100
showed fast variations in the HB, Hy, Hd Hydrogen
lines from 0.2% to 0.5%, as well as variations in the
atmospheric absorption lines [6].

In this paper we demonstrate the variability as a
function of position within the line profile of n UMa
and in particular the two-peaked line variations in
the HB line profile.

In the following sections, we consider the observa-
tions, the detection of changes in the line profile, the
reconstruction of the light curves of spectral lines,
the results and the conclusion.

OBSERVATIONS

We present the low-dispersion (R ~ 200) op-
tical (3900-8000A) spectra of the 7 UMa star ob-
tained with the 60cm Carl Zeiss telescope in the
Andrushivka Observatory. It is equipped with the
diffraction grating The Star Analyzer SA-200 for the
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low-dispersion spectroscopy. 200 spectra were ob-
tained with the time resolution of 4.24 seconds and
the spectral resolution 10.63 A /pixel.

To eliminate the continuous spectrum of a star
and obtain the absorption spectra we used the high-
frequency filtering of spectra with the Kaiser digital
filter [4, 9]. The absorption spectrum is shown in
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Fig. 1: The absorption spectrum of n UMa.

The following figures show the dependence of the
variations of the mean intensity in the spectrum of
the star. For Poisson random variables, the following
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relation holds [7]:
(N —1)0?/mean = x3

where N is the number of measurements. The for-
mula allows setting a detection threshold by using
the x2 probability distribution. For N = 200 the
99 % detection threshold is 1.25.

To estimate the parameters and errors of the har-
monic signal, we use the data from [8]. If a series of
measurements for a harmonic signal u(t) is

u(t) = acos(2mw ft + ¢) + n(t)

where a, f, ¢, n are, respectively, the amplitude, fre-
quency, phase and noise component. Next, we use
the Fisher likelihood function, calculate the elements
of the Fisher information matrix and find the vari-
ances D of the joint sample estimates of the ampli-
tude, frequency and phase of the harmonic signal:
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where @ is the signal-to-noise ratio (SNR) in a unit
frequency band, a is the amplitude estimate, N and
T are the length and time span of a series of mea-
surements.

The Hydrogen lines, as well as He14471 A and,

perhaps, 5016 A, exhibit a bimodal structure (Fig-
ure2,3). Atmospheric lines of Oxygen (6870 A and
7600 A) and water (7180A) demonstrate a single
peak variability structure (Fig.3) with the periods
different from those of the Hydrogen and Helium
lines. This proves the reality of the bimodal struc-
ture of spectral Balmer lines. This bimodal structure
in line profiles can be interpreted as the non-radial
pulsations.

THE DETECTION OF LINE-PROFILE
VARIATIONS

The work solved the problem of finding the intrin-
sic variability in lines of the spectrum of hot stars,
by taking into account the difference in the intrinsic
variability spectra and the noise distribution spec-
trum.

Phase discrimination allows to clean the spurious
harmonics caused by the interference due to varia-
tions in atmospheric transparency and guiding errors
from the light curve of spectral lines.

The method for constructing the map of spectra,
a matrix calculated from an array of observations of
spectra, the rows of which are the wavelengths and
the columns are the power spectra of intensity vari-
ations, is proposed. Spectrum maps allow us to find
the island of activity, which is characterised by the
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coordinates of the wavelength — the oscillation pe-
riod. The position of an island relative to the center
of a spectral line determines its offset AX. Hence, in
the case of stellar wind, one can determine the wind
speed and oscillation frequency at the point of their
existence. The width of the island is related to the
wind flow geometry. It can be judged on whether
the wind is a spherically symmetric phenomenon or
a directional flow.

In Figure 4 one can see the activity in the H/ line,
Hel lines 5016 A and 5048 Aand Mg b 5167 A lines.
Activity detection occurs at the SNR levels shown in
the figures. These lines show several activity islands
with different periods. It is important to note that
not all lines are active. Figure5 shows the activity
in the Ha line and atmospheric lines. The Ha line
demonstrates the double-peaked activity with long
period.

Figure 6 can be used to quantify the distribution
of statistically significant variability as a function of
position within the line profile. In principle, the mor-
phology of this distribution provides an insight into
the nature of variability [2]. For example, radial ve-
locity variations due to either pulsation or binarity
produce the S-shape in difference spectra, which in
turn produce the characteristic double-peaked struc-
ture.

Line profile variations are the very valuable di-
agnostic to detect both radial and non-radial oscilla-
tions (e.g. [1] and references therein, [3]) and to char-
acterize the wave numbers (I, m) of such self-excited
oscillations.

Figure 6 demonstrates the displacement of the
centre of red and blue wings from the core of spec-
tral line. To obtain the wave numbers of oscillations,
the velocity spans obtained from the observations are
compared with the ones calculated for the simulated
line profiles [3]. For example, for n UMa amplitude
of the frequency v = 170 cycles per day (2mHz) re-
sembles the [ = 2, m = 2mode.

RECONSTRUCTION OF THE LIGHT
CURVES OF SPECTRAL LINES

In Figure 7 one can see the part of spectrum with
emission in the Helium line He1 5840 A. Figure 8
shows the Fourier reconstruction of light curves of
the HS line and the Helium He1 5840 A line. After
cleaning the light curve of each spectral line from the
spurious harmonics in the Fourier transform, har-
monics with the signal-to-noise ratio exceeding the
critical level are selected. Knowing the amplitudes
and phases of the selected harmonics, we can recon-
struct the light curve of spectral line. The frequency
structure of oscillations of both lines is noticeably
different, which indicates the formation of lines in
different parts of the star atmosphere. Using Eq.1
for errors, it is easy to verify that the harmonics in
Fig. 8 are different.
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Fig. 2: Variations in the spectrum of n UMa.
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Fig. 4: The map of spectra of n UMa in the vicinity of
the HS line.

RESULTS AND CONCLUSIONS

In present work the problem of finding the intrin-
sic variability in the lines of spectrum of hot stars has
been solved by taking into account the difference in
the spectra of intrinsic variability and the spectrum
of noise distribution. Phase discrimination allows to
clean the false harmonics caused by the light curve of
white light from the light curve of spectral lines. To
detect variability, the spectral map is constructed.

Dynamic spectroscopy of the hot star n UMa al-
lowed us to detect rapid variations in the Hydrogen
and Helium spectral lines, as well as variations in
the atmospheric absorption lines. The characteristic
time of observed variations ranges from minutes to
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Fig. 3: Variations in the spectrum of n UMa in the long-
wave region.

hours. The atmospheric lines of Oxygen (A 6870 A

and \7600 A) and water (A\7180 A) demonstrate the
single peak variability structure (Fig.3) with the pe-
riods different from those of the Hydrogen and He-
lium lines.

The mechanism of variations is unknown. The
Hydrogen lines, as well as the Helium lines
He14471 A and He15016 A, exhibit the bimodal
structure (Figures2 and 3). Shifts in the spectra
reach 25 Angstroms corresponding to the stellar wind
speed of about 1500 km/s.
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Fig. 5: Spectrum map in the long-wave region. Fig. 6: The distribution of statistically significant vari-
ability as a function of position within the line profile of
the HS line. S-shape in difference spectra produce the
characteristic double-peaked structure.
© 10" N UMa. Hel A =5840 A
7.6 T T T T 1.004 T
~ H
7.4+ S~ — B
2 TS 1.003 i He 1 5840 A
B 12t ST 1 1o\ ]
c -~
Q =~
e 77 T~ 1 1.002
6.8 T 1 ©
S 1.001
6.6 i i i i i i ‘a‘ !
5780 5800 5820 5840 5860 5880 5900 =
> 1
g
1.015 Z |
£ 3 0.999
@ o
=
9 101
= 0.998 M fi
[}
élOOS
21
ko) 0.997
@
l L L L L L L 0996 L L L L L L L L
5780 5800 5820 5840 5860 5880 5900 0 100 200 300 400 500 600 700 800
A Angstrom Time sec

Fig. 7: The part of spectrum with emission in the Helium Fig. 8: Fourier reconstruction of the light curves of the
line He1 5840 A. the Hf line and Helium line He1 5840 A.



