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Abstract. Proﬁle variations in the Hα and Hβ lines in the spectra of the star HD14134 are investigated using
observations carried out in 2013–2014 and 2016 with the 2-m telescope at the Shamakhy Astrophysical Observatory. The absorption and emission components of the Hα line are found to disappear on some observational
days, and two of the spectrograms exhibit inverse P-Cyg proﬁle of Hα. It was revealed that when the Hα line
disappeared or an inversion of the P-Cyg-type proﬁle is observed in the spectra, the Hβ line is displaced to the
longer wavelengths, but no synchronous variabilities were observed in other spectral lines (CII λ 6578.05 Å, λ
6582.88 Å and HeI λ 5875.72 Å) formed in deeper layers of the stellar atmosphere. In addition, the proﬁles of the
Hα and Hβ lines have been analysed, as well as their relations with possible expansion, contraction and mixed
conditions of the atmosphere of HD14134. We suggest that the observational evidence for the non-stationary
atmosphere of HD14134 can be associated in part with the non-spherical stellar wind.
Keywords. HD14134 supergiant—spectroscopy—line proﬁle variability.

1. Introduction
Studies of such hot supergiants, which are the brightest stars, is of enormous interest to our understanding
of the stellar and chemical evolution of the Galaxy.
The presence of emission lines in the optical spectra
of hot supergiants has been known for decades. Their
general interpretation regarding emission in an ‘expanding shell’ has been accepted for nearly as long (e.g.,
Swings & Struve 1940). It had been suspected on the
basis of the line proﬁles, particularly Hα, that the stellar
atmospheres were geometrically extended and probably expanding. Conﬁrmation of mass loss via a stellar
wind came with the observation of ultraviolet absorption lines with velocity shifts greater than the escape
velocity (Morton 1967).
Previous surveys have been very useful in documenting Hα line-proﬁle variability in OB stars (e.g. Ebbets
1982), but frequently suffered from a poor temporal
sampling hampering the study of the line-proﬁle variations on a rotational time-scale.
Among the most interesting characteristics of early
B supergiants are the various kinds of spectroscopic
variations. Due to the variable stellar wind, variations
of the intensity, radial velocities, and P-Cygni proﬁles of

lines of hydrogen, helium, and high-ionization ions are
observed in the spectra of hot supergiants. High massloss rates are typical for the brightest stars. For example,
the hot supergiant HD14134 studied in the present paper
has a mass-loss rate of Ṁ=1.45 ×10−6 M /yr (Morel
et al. 2004). The Hα line is an especially sensitive tracer
of the mass-lose rate.
The supergiant star HD14134 belongs to the star
with P Cyg proﬁle of the Hα line. This star is a hot
supergiant of spectral type B3Ia with the following
parameters (Barlow & Cohen 1977; Kraus & Fernandes 2009; Vardya 1984; Morel et al. 2004; Crowther
et al. 2006): m v = 6.55 mag, M/M = 24, R/R =
52, log L/L  = 5.24, Teff = 16300 K, log g =
2.05, v sin i = 66 km s−1 , d = 2.12 kpc.
It is believed that this star belongs to Per OB1 association (Lennon et al. 1993).
Kudritzki et al. (1999) presented the results of the
stellar wind analysis (the β exponent of the velocity
low, v∞ , the terminal velocity and M, the mass loss rate)
for several supergiants, including HD14134. They used
the new uniﬁed model code developed by SantolayaRey et al. (1997). The Balmer lines of supergiants are
analysed by means of NLTE (non-local thermodynamic
equilibrium) uniﬁed model atmospheres to determine
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the properties of their stellar winds, in particular, their
wind momenta.
Morel et al. (2004) presented the results of a longterm monitoring campaign of the Hα line in a sample
of bright OB supergiants which aims at detecting rotationally modulated changes potentially related to the
existence of large-scale wind structure. It is noted that
conspicuous evidence for variability in Hα is found
for the stars displaying a feature contaminated by
wind emission. Most changes took place on a daily
time-scale. This survey has revealed the existence of
cyclical Hα line-proﬁle variations in HD14134. Also,
photometric studies of this star found 12.8 days periodicity.
According to Prinja et al. (1996), the Hα line is at
r ∼ 1.5R∗ in O-type supergiants. Although the lineformation regions are likely to be more extended in
B-type supergiants, this transition still probes the few
inner radii of the stellar wind (Morel et al. 2004).
In the B-type supergiants a variety of complex proﬁles were observed. Researchers noted that the proﬁle
of Hα line in the spectra of HD14134 indicates fast
variable structure, but the sequence of observations
was irregular and inadequate to trace in detail the
changes in the spectra. Therefore they noted that more
systematic observations are needed to investigate this
supergiant.
In the present paper, which is a sort of continuation
of the above studies, we analysed variations of the Hα
and Hβ lines.
We also investigated the variabilities of the CII
(λ6578.05 Å, λ6582.88 Å) and HeI λ5875.72 Å lines
which formed deeper effective layers in the atmosphere
of those stars. Our main aim is to study the observed
peculiarities of these lines in the spectra. Therefore we
present the results of HD14134 (B3Ia), as well as their
possible generalized interpretations.
We believe our results will be of interest for further
studies of these remarkable stars.

2. Observations and data reduction
Spectral observations of HD14134 were carried out during 2013–2014 and 2016 using a CCD detector in the
echelle spectrometer mounted at the Cassegrain focus
of the 2-m telescope of the Shamakhy Astrophysical Observatory (Mikailov et al. 2005). The spectral
resolution was R = 15000 and the spectral range is
λλ 4700−6700 Å.
One to two spectra of the target stars were obtained
on each night (Table 1). The signal-to-noise ratio was
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Table 1. The log of observations employed in this study.
Date

2013 Dec. 25
Dec. 29
Dec. 30
2014 Feb. 07
Feb. 07
Feb. 09
Feb. 10
Feb. 10
Feb. 13
Feb. 13
Feb. 18
Feb. 18
Aug. 27
Aug. 27
2016 Feb. 13
Feb. 13
Feb. 15
Feb. 15

JD
2,450,000.00+

UT
(h, min)

Exposure
(s)

6652.33
6656.33
6657.31
6696.19
6696.21
6698.19
6699.18
6699.20
6702.17
6702.19
6707.19
6707.21
6897.37
6897.38
7432.31
7432.33
7434.34
7434.37

19.51
20.00
19.30
16.31
17.04
16.29
16.20
16.50
16.11
16.32
16.34
17.01
20.46
21.05
19.23
19.55
20.16
20.48

1200
1000
900
1500
1500
1800
1500
1500
1200
1200
1500
1500
1000
1000
1800
1800
1800
1800

S/N =150–200. The average exposure was 1200–1500
s, depending on the weather conditions.
Our echelle spectra were performed using the MIDAS
echelle package and Dech20 program package (Galazutdinov 1992), and all data were reduced.
The main steps of the reduction of the CCD images
scheme were: correction of the dark noise; removal of
cosmic rays; background subtraction; ﬂat-ﬁeld correction; extraction of one-dimensional spectra; wavelength
calibration; correction for atmospheric H2 O vapour
lines; normalization to continuum intensity; conversion
to heliocentric velocity scale (measurements of radial
velocities and equivalent widths for various spectral features).
We removed cosmic-ray traces via a median averaging two consecutive exposures.
As found in the cross-cut image of the object frame,
the counts of the region between the two adjacent orders
are not zero due to the background including scattered light inside the spectrograph. These should be
subtracted as the background of the data. Estimates of
background are made by masking the apertures of the
spectra and applying surface ﬁtting to the other regions.
The ﬂat-ﬁeld of the detector was determined using
ﬂood-light provided by a quartz lamp. Flat-ﬁeld correction (i.e. correction for pixel-to-pixel intensity transfer
function variability) has been done by smoothing a ﬂatﬁeld spectrum and normalizing the original ﬂat-ﬁeld
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with the smoothed one. This normalized ﬂat-ﬁeld then
was divided into the measurements.
The extraction of one-dimensional spectra from the
ﬂat-ﬁeld and background-subtracted object frame is
made.
We recorded the spectrum of a thorium–argon lamp
for wavelength calibration. The stability of the wavelength scale was veriﬁed by measuring the wavelength
centroids of OI and H2 O sky lines. The long term
accuracy achieved for the wavelength calibration is of
the order of 1 km s−1 as derived from the spread of
measured radial velocities of telluric lines in the
spectra.
Note that the atmospheric H2 O vapour absorption
lines can affect the ﬁne structure of line proﬁles since it
may be difﬁcult to distinguish them from weak intrinsic
inﬂections or reversals. Therefore we recorded the spectrum of the rapidly rotating star HR1122 (B5III) each
night, which has no narrow lines, for use in subtracting the telluric absorption spectrum. The water vapour
lines in the pseudo-continuum regions around Hα were
interactively shifted and scaled with the Dech20 task
telluric until the residuals between the observed spectra
and the template telluric spectrum were minimized.
Finally, the resulting wavelength-calibrated and ﬂatﬁeld spectra are merged, rebinned to heliocentric
velocities and normalized by a spline ﬁt to the continuum through predeﬁned continuum windows.
The radial velocities for individual lines are measured
by shifting the direct and mirrored images of their proﬁles horizontally to achieve the best matching.
The measurement error for the equivalent widths (W )
does not exceed 5%, and error of the radial velocity (Vr )
is of the order of ±2 km s−1 . Here, (Vr ) are velocities
of the absorption minima or emission maxima in the
selected lines.

3. Results
During our observations, a large variety of Hα proﬁle
shapes of HD14134 were seen: complete absence and
inverse P-Cygni proﬁle.
There were two occasions at which the Hα line completely disappeared from the spectra. This behaviour is
real and recurrent.
When the Hα line disappears or becomes faint, the
Hβ line is displaced to the relatively longer wavelengths.
We also observed an inversion of the P-Cyg-type proﬁle of the Hα line, and it is accompanied by a large
redshift of the Hβ line proﬁles.
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When the Hα line disappeared or an inversion of the
P-Cyg-type proﬁle is observed in the spectra, no significant variabilities were observed in other spectral lines
(except Hβ) formed in deeper layers of the stellar atmosphere.
3.1 Data analysis
Observations show that the most pronounced variability
in the spectra of HD14134 is noticeable in the intensity
and proﬁles of the Hα line. The following shapes of the
Hα proﬁle were observed:
(a) Normal P-Cygni proﬁle, (b) inverse P-Cygni
proﬁle, (c) pure absorption proﬁle, (d) pure emission
proﬁle, (e) the emission proﬁles on both sides of central
absorption component, and (f) complete absence.
Figure 1 shows the spectra of HD14134 in the
wavelength ranges covering the Hα and Hβ regions
observed in 2013–2014 and 2016. In Fig. 1, the spectra
obtained on 25/12/2013, 29/12/2013, 30/12/2013 and
09/12/2014 are shown as individual proﬁles, but the rest
of them are averaged as two expositions taken during
single nights (see Table 1).
The proﬁle of the Hα line observed in the atmosphere
of the HD14134 supergiant indicates a rapidly variable
structure.
On December 25, 2013 and on August 27, 2014, the
Hα proﬁle in the spectrum of the star HD14134 had the
shape of an inverse P-Cygni proﬁle (Fig. 1a). Another
variability pattern occurred, where Hα appeared only in
weak emission (13/02/2016).
The Hα line was absent in the spectra of December
29–30, 2013 and of February 15, 2016, while two carbon
lines CII (λ6578.05 Å, λ6582.88 Å), as well as several
weak stellar and atmospheric lines in the spectral order
where Hα is located, in the region λλ6400−6600 Å
were found (Figures 1 and 2). In these same spectra,
all the other lines typical for hot supergiants such as
HD14134, apart from Hα, are observed, including Hβ.
To investigate the short-term variability in the Hα
proﬁle, all individual spectra obtained on December 29–
30, 2013, and on February 13, 15, 2016 were processed
separately. These data are presented in Fig. 2. As can
be seen, the Hα proﬁle can be a variable on time scale
of hours.
Unfortunately, weather conditions before and after
December 29–30, 2013 and February 15, 2016, did not
make it possible to obtain spectra of the star HD14134,
which could shed light on the transition moments of this
interesting process.
Our measurements show that the radial velocities and
spectral parameters (W , the equivalent width, R, the

20 Page 4 of 13

(a)

J. Astrophys. Astr. (June 2017) 38:20

(b)

Figure 1(a), (b). Proﬁles of the Hα, CII (λ6578.05 Å, λ6582.88 Å), and Hβ lines in the spectra of HD14134 observed in
2013, 2014 and 2016.

Figure 2. Hα and CII (λ6578.05 Å, λ6582.88 Å) proﬁles in the individual spectra of HD14134 observed in 2013 and 2016.

depth, r , the residual intensity and FWHM, the halfwidth) of the absorption and emission components of
the Hα line, as well as the parameters of lines of other
elements, vary with time.
Figure 1(a) shows that the absorption components of
Hα are broader and shallow with very weak components in the spectra on February 07, 09–10, 2014. It
is also interesting that formation of components in the
absorption proﬁles of the Hα line decreases the depth
and equivalent width of the line (see Table 2).
We measured the spectral parameters and radial
velocities of Hα line. As seen from Table 2, signiﬁcant

changes occurred in the radial velocity and spectral
parameters of these lines. Fig. 1(a) and Table 2 show that
sometimes, Hα line absorption component is shifted
toward the red side with a velocity of −13 km s−1 .
Table 2 also shows that the radial velocity of the
‘blue’ component of the absorption line Hα varies from
−179 to −13 km s−1 . The radial velocity of the Hα
line emission component varies within the range of
−128–17 kms−1 . We have determined that the equivalent width, half-width and depth (in emission the
residual intensities) of the absorption component of
the Hα line vary within 0.14−0.56 Å, 1.3−4.2 Å, and
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Table 2. Measurement of the parameters of the Hα line.
Date

JD

Hα

2,450,000.00+

Vr
abs
(km s−1 )

Vr
em
(km s−1 )

W
abs
(Å)

W
em
(Å)

R
abs

r
em

FWHM
abs
(Å)

FWHM
em
(Å)

2013 Dec. 25
Dec. 29
Dec. 30

6652.33
6656.33
6657.31

−87
–
–

0.14
–
–

0.03
–
–

0.10
–
–

1.02
1.00
1.00

1.3
–
–

1.0
–
–

2014 Feb. 07

6696.21

11

0.14

0.35

0.05

1.20

3.4

1.7

Feb. 09
Feb. 10
Feb. 13
Feb. 18
Aug. 27
2016 Feb. 13
Feb. 15

6698.19
6699.20
6702.19
6707.21
6897.38
7432.33
7434.37

−13
–
–
−91
−88
−210
−95
−179
−142
−134
−31
–
–

7
10
17
13
−128
–
–

0.24
0.15
0.36
0.35
0.56
–
–

0.28
0.39
0.28
0.23
0.02
–
–

0.06
0.05
0.12
0.12
0.19
–
–

1.14
1.17
1.13
1.11
1.02
–
1.00

4.2
3.3
3.1
2.7
2.7
–
–

1.9
2.2
2.1
1.8
0.9
–
–

Here Vr , W and FWHM are radial velocities, equivalent widths and half widths of the absorption and emission components
of the line, respectively. R is the depth of the absorption and r is the residual intensity of the emission component of the line.

0.05−0.19 Å, the emission component varies within
0.02−0.39 Å, 0.9−2.2 Å, and 1.00–1.20 Å, respectively.
To investigate the reason for the variability of the Hα
proﬁle, the Hβ, lines of CII and HeI, and others were
analysed in the spectra.
Table 3 shows that radial velocity, equivalent width,
half-width and depth of the Hβ line varies from −97 to
−30 km s−1 , 0.96−1.27 Å, 2.7−3.4 Å and 0.29−0.37 Å,
respectively. As can be seen in Fig. 1 and Tables 2 and
3, when the inverse proﬁle of Hα or the disappearance
of this line is observed, the Hβ line is shifted towards
the red simultaneously. The Hβ line proﬁle also shows
relatively structural changes (Fig. 1(b)).
Figure 1a shows that the shape of the CII lines
changes relatively during observations, as well as the
radial velocities of these lines varied between from −46
to −25 km s−1 (Table 3). Variability of the absorption
lines indicates that disturbances are occurring fairly
deep in the atmosphere of the star.
The investigation of the HeI λ5875.72 Å line
showed that the radial velocity of this line varies from
−53 to −35 km s−1 (Table 3), but its proﬁle did not
change substantially (Fig. 3).
According to Klochkova & Chentsov (2004), at any
rate Hα, Hβ and the strongest absorption lines, as well
as HeI line in the visual spectrum CygOB2-No.12 are
partially formed in the wind. But the line-forming region
for HeI might be substantially larger and may be extending into the base of the wind (Kraus et al. 2015).

Our measure of this line shows strong radial velocity
variability and due to the signiﬁcant line strength it is
difﬁcult to detect structural changes in the line proﬁle.
Still, the line proﬁle is expected to be slightly variable.
The CII and HeI lines are formed in different regions
in the atmosphere with CII originating in deeper layers (Kraus et al. 2015). Interestingly, the structures of
the CII lines show relative variations, while the HeI
λ5875.72 Å line remains almost constant.
It is known that the formation of neutral Na is not
expected in the photosphere of such a hot star because
of its very small ionization energy (Stahl & Wolf 1986).
However, we observe NaID lines in the spectrum of the
hot supergiant.
The region around the NaID lines is also shown in
Fig. 3. The radial velocities of the NaI lines varied from
−24 to −16 km s−1 respectively. The proﬁles of this
line are seen with a single peak in our sample because
of low resolution.
Klochkova et al. (2014) noted that two main components in the deepest part of the absorption of NaID are
observed. That is, these components are observed separately with a higher resolution. They also noted that the
red components of NaID line are of interstellar origin
and form in the local arm of the Galaxy. The blue components of NaID form in the expanding circumstellar
envelope of the star.
According to Stahl & Wolf (1986), the presence
of NaID line in the spectrum of hot stars indicates
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Table 3. Measurements of the parameters of the CII, HeI and Hβ lines.
Date

2013 Dec. 25
Dec. 29
Dec. 30
2014 Feb. 07
Feb. 09
Feb. 10
Feb. 13
Feb. 18
Aug. 27
2016 Feb.13
Feb. 15

JD

CII 6578.05 Å

CII 6582.88 Å

HeI 5875.72 Å

Hβ

2,450,000.00.00+

Vr
abs
(km s−1 )

Vr
abs
(km s−1 )

Vr
abs
(km s−1 )

Vr
abs
(km s−1 )

W
abs
(Å)

R
abs

FWHM
abs
(Å)

6652.33
6656.33
6657.31
6696.21
6698.19
6699.20
6702.19
6707.21
6897.38
7432.33
7434.37

−31
−25
−32
−34
−36
−32
−39
−42
−42
−34
−38

−37
−30
−30
−33
−37
−37
−35
−39
−46
−35
−43

−43
−35
−44
−44
−48
−41
−53
−53
−38
−43
−46

−30
−71
−74
−89
−88
−90
−97
−97
−40
−72
−68

1.11
1.09
1.10
1.14
1.19
1.11
1.16
1.26
1.27
0.96
1.12

0.33
0.30
0.30
0.32
0.31
0.29
0.32
0.32
0.37
0.29
0.32

3.0
3.4
3.3
2.9
3.0
3.3
3.2
3.3
3.0
2.7
2.9

Figure 3. Proﬁles of the HeI λ5875.72 Å and NaI (λ5889.95 Å, λ5895.92 Å) lines in the spectra of HD14134 observed in
2013, 2014 and 2016.

that a sizeable fraction of the circumstellar matter is
neutral.
So, NaID lines probably form at large distances from
the central star. We suggest that these components form
in the interstellar medium and/or in the circumstellar
matter.
Also, some of the results of measurements in the
spectra of HD14134 are presented on a time scale in
Figures 4 and 5. It has been revealed that the variability of radial velocity, equivalent widths, depths and
half-widths of Hβ line, as well as HeI λ 5875.72 Å and
averaged CII (λ6578.05 Å, λ6582.88 Å) lines indicate
repeating features.

The changes of the radial velocities and spectral
parameters of line Hβ have been revealed (Fig. 4). The
radial velocity of the line Hβ have been changed by
67 km s−1 (from −30 to −97 km s−1 ) during ∼50−55
days. If this can be considered as an amplitude of variations, then the value of a variability period of a star can
be considered in ∼100−110 days. Similar changes of
HeI and CII lines with the low amplitude (∼18 km s−1
and ∼13 km s−1 respectively) during the same time
have been observed (Fig. 4). These variabilities can be
explained by the pulsation. For a more precise determination of pulsation period of star, the systematic
observations of this star are necessary.
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Figure 4. Variation with time of the radial velocities, equivalent widths, depths and half-widths in the Hβ. The error bars
correspond to the measurements errors: radial velocity is ∼ ± 2 km s−1 , the depth and half-widths are ∼2.5% and equivalent
width is ∼5%.

Figure 5. Variation with time of the radial velocities in the HeI λ5875.72 Å and averaged CII (λ6578.05 Å, λ6582.88 Å)
lines in the spectra of HD14134 observed in 2013, 2014 and 2016. Error bars for the radial velocity is ∼± 2 km s −1 .

3.2 Kinematic slice of the stellar atmosphere
We estimated the radial velocities of the strong and
basically weak absorption lines formed in deeper layers

of the atmosphere (Klochkova & Chentsov 2004). All
measurements were presented in Table 4.
Table 4 lists the heliocentric radial velocities of
absorption lines of averaged two spectra taken on the
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Table 4. The identiﬁcation of lines, residual intensities (r ) and heliocentric radial velocities (Vr ) in spectra HD14134.
Lines

CII
CII
Hα
NeI
NII
NeI
NeI
SiII
SiII
NeI
NeI
NeI
HeI
NaI D1
NaI D2
FeIII
NII
SiIII
AlIII
NII
AlIII
NII
NII
NII
NII
SII
SII
SII
SII

λ
(Å)

r

6582.88
6578.05
6562.82
6506.53
6482.05
6402.25
6382.99
6371.36
6347.10
6163.59
6143.06
6074.34
5875.72
5889.95
5895.92
5833.93
5747.30
5739.73
5722.73
5710.77
5696.60
5686.21
5679.56
5676.02
5666.63
5659.99
5647.03
5639.97
5606.15

0.822
0.772
0.881
0.966
0.953
0.936
0.981
0.898
0.861
0.981
0.971
0.984
0.623
0.264
0.352
0.972
0.984
0.910
0.934
0.956
0.898
0.955
0.867
0.940
0.924
0.972
0.963
0.913
0.961

Vr
(km s−1 )

Lines

λ
(Å)

r

Vr
(km s−1 )

−35
−39
−142
−43
−38
−43
−44
−46
−43
−43
−42
−43
−53
−24
−21
−41
−41
−47
−46
−43
−40
−43
−39
−44
−43
−45
−42
−40
−42

NII
SII
SII
SII
SII
SII
SII
FeII
FeIII
FeII
OII
FeIII
CII
CII
HeI
NII
SII
FeII
HeI
NII
NII
NII
SII
SII
OII
HeI
SII
Hβ

5495.67
5473.62
5453.83
5432.82
5428.67
5345.72
5320.73
5316.65
5193.89
5169.03
5160.02
5156.12
5145.16
5133.12
5047.74
5045.10
5027.22
5018.44
5015.68
5007.33
5005.15
5001.40
4994.36
4991.97
4941.12
4921.93
4917.21
4861.34

0.979
0.960
0.906
0.942
0.968
0.982
0.966
0.993
0.980
0.951
0.991
0.947
0.977
0.978
0.877
0.939
0.974
0.971
0.770
0.973
0.933
0.907
0.975
0.980
0.978
0.715
0.972
0.681

−38
−40
−40
−44
−41
−41
−44
−39
−40
−43
−41
−38
−43
−43
−44
−43
−46
−40
−46
−40
−41
−43
−40
−43
−40
−47
−39
−97

Here, all measurements are the average values of two spectra taken on the same night of February 13, 2014.

same night of February 13, 2014. The velocities are
measured from the absorption cores of the entire proﬁles
of their clearly identiﬁed components. We constructed
the Vr (r ) curve for HD14134 (Fig. 6) and averaged the
values of velocities of all photospheric absorption lines
and determined for mean velocity, Vr = −42.2 km s−1 .
This value is the heliocentric velocity corresponding
to the mass centre of the star. As seen it is close to
the velocity Vr = −43.4 km s−1 found by Gontcharov
(2006) which is presented in Simbad Astronomical
Database.
Such a plot (Fig. 6) shows the intervals of the
depths of the lines found in the given spectrum and
the velocities measured from these lines, and, it is
immediately obvious from such a plot that the lines
are associated with each other. If the dependence of
Vr on r exists, it can be considered as a ‘kinematic

slice’ of the atmosphere. In reality, we do not deal with
a precise dependence of the expansion or contraction
velocity of a certain atmospheric layer on its radius.
We only mean the following: given that the residual
intensity of absorption increases with optical depth, the
shift toward smaller r in the plot, i.e., from left to right
in Fig. 6, corresponds to ascension from lower to the
upper atmospheric layers. It shows that the Hα absorption component shows the largest negative shift relative
to weak lines. Such a shape of the Vr (r ) curve is characteristic of the majority of the B-supergiants (Chentsov
et al. 2003).
The radial gradient of velocity in the atmosphere of
a hot supergiant, which determines the magnitude of
differential line shifts and which affects the shape of
the Vr (r ) curve, increases both with temperature and
luminosity.

J. Astrophys. Astr. (June 2017) 38:20

Page 9 of 13 20

Figure 6. Relationship between the radial velocities (Vr ) and residual intensities (r ) of the absorption lines and absorption
components of P-Cyg-type proﬁles in the spectra of HD 14134. The data plotted for all lines is the average values of two
spectra taken on the same night of 13/02/2014. HeI, NeI, CII, NII, SII, OII, SiII, FeII, SiIII, FeIII and AlIII absorption lines
were used for this. Here, ﬁlled circles represent the separate lines of components. The dashed line is the averaged velocity of
the absorption lines. In addition, Balmer lines of hydrogen (Hα and Hβ) were presented too. Error bar for the radial velocity
is ∼± 2 km s −1 .

We note that even a small collection of Vr (r ) curves
demonstrates their usefulness, at least for generalizing
observational data on the kinematics of the atmospheres
of supergiant stars and tracking its temporal variations.
They are not as informative as the Vr (τ ) dependences,
but are also individual: each object has its individual
curve with a characteristic albeit variable shape.
In addition, the sequences of the variations of the
radial velocities of CII → HeI → Hβ → Hα lines
has been considered in all phases which are formed in
different depths of the atmosphere.
4. Discussion
The Hα proﬁle of the hydrogen presented a complicated structure and a time variation for HD14134. The
dramatic variations previously reported in HD14134
(Kudritzki et al. 1999; Morel et al. 2004) is also seen in
our data.
In the Hα line proﬁle, we detected the strong nightto-night intensity and proﬁle shape variability. For 55
Cyg star, Kraus et al. (2015) concluded that it indicates
rapid changes in the wind that might be interpreted
as local material enhancements, caused by short-term
mass ejection events traveling through the Hα lineforming region.
4.1 Normal P-Cyg proﬁle of H α
The proﬁle of the Hα line which was observed on
February 07, 09, 10, 13 and 18, 2014, are normal P-

Cyg proﬁles with asymmetric absorption components.
At these times the radial velocities of absorption and
emission components of the Hα lines varied between
−179 km s−1 to −88 km s−1 and 7−17 km s−1 , respectively.
For example, we can see from Table 4 that on February 13, 2014 (Fig. 6), the radial velocities of lines
Hα, Hβ and the average velocity of the HeI lines are
−142 km s−1 , −97 km s−1 and −47.5 km s−1 , respectively. But the average velocities of the photospheric
absorption lines are approximately same as the velocity
of mass center. From this observational fact, we can also
conclude the dynamical stability of the very deeper layers in which photospheric absorption lines are formed.
As seen, the radial velocities of only Hα and Hβ
lines differ sharply from the velocity of the mass center
of the star. If we take into account the velocity of mass
center (Vr = −42.2 km s−1 ), we determine the values of −99.8 km s−1 , −54.8 km s−1 and −5.3 km s−1
for Hα, Hβ and the average velocity of the HeI lines,
respectively. We can conclude that at that time there is
an increasing rate of movement to the upper layers of
the atmosphere i.e. there is an outﬂow of matter from the
star. This observational fact suggests that at this phase
the atmosphere of the star has an activity and it indicates that there is a matter ﬂow to the upper layers of
the stellar atmosphere and this star is surrounded by an
envelope (Ebbets 1982).
On the other hand, when the normal P-Cyg proﬁle of
Hα is observed the sequences of differential shifts of
CII → HeI → Hβ → Hα lines show that the velocity
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Figure 7. Variations of the radial velocities of CII, HeI, Hβ and Hα absorption lines when Hα line observed in the normal
P-Cyg form. Error bar for the radial velocity is ∼±2 km s −1 .

of expansion of lower layers is very slow than the upper
layers (see Tables 2, 3 and Fig. 7).
So, in this case, the atmosphere of the star is in the
expansion phase and is non-stationary.
4.2 Inverse P-Cyg proﬁle of H α
On December 25, 2013 and on August 27, 2014, we
observed the inverse proﬁle of line Hα. First, we determine the escape velocity from the star:

M∗
Vesc = 2G
R∗

24M
= 2 × 6.67 × 10−11 ×
≈ 420 km s−1 .
52R
Here M = 2 · 1030 kg and R = 7 · 108 m. Tables 2,
3 and 4 show that the observed velocities are much
smaller than the escape velocity, and therefore, matter is not escaping from the star. That is, the material is
driven away from a star’s surface, but not maintained
to escape speed, it can readily fall back directly onto
the star. It indicates that formation of the inversion may
be explained by the high-velocity motion of the stellar wind matter away from the observer. Wolf & Stahl
(1990) and Wolf (1994) also explained this behaviour as
the ejection of a large amount of gas making an expanding envelope, followed by a falling back of matter to its
inner part.
We noted that when the inverse Hα proﬁle is
observed, the Hβ line is displaced to the longer wavelengths. As seen from Table 2, on these dates the
absorption of Hα line shifted toward the red and,
Vr (abs) = −13 km s−1 and Vr (abs) = −31 km s−1 ,

respectively. At the same time, Fig. 1(b) and Table 3
also show that, the Hβ line is also strongly redshifted
and Vr = −30 km s−1 and Vr = −40 km s−1 , respectively. This suggests that such synchronous changes of
Hβ line may be due to the result of a strong stellar wind
away from the observer.
But Table 3 shows that the synchronous changes
of the radial velocities of CII and HeI lines were not
observed.
If we take into account the Vr = −42.2 km s−1 , we
see that in this case, the star atmosphere shows a contraction phase (especially for the upper layers) and is
non-stationary.
4.3 Disappearance of H α proﬁle
Our observations showed that the intensity of the Hα
line sharply weakened on February 13, 2016, and on the
other hand the Hα line almost completely disappeared
on December 29–30, 2013, and on February 15, 2016,
in the spectra of the star HD14134 which probably is
a manifestation of some recurrent processes in the star
atmosphere.
Note that most authors (Rosendhal 1973; Kontizas
& Kontizas 1981; Lennon et al. 1993; Kudritzki et al.
1999; Klochkova & Chentsov 2004; Morel et al. 2004;
Crowther et al. 2006; Kraus & Fernandes 2009; Clark
et al. 2010 and others) studied with spectroscopic investigation of this star. They remarked that in their spectra
the Hα line maintained a P-Cyg proﬁle, with highly
variable strength. But we see that they did not mention
the disappearance of Hα line in their studies. It shows
that we have observed the disappearance of Hα line in
the spectra of HD14134 for the ﬁrst time.
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We suggest that, when the matter of the stellar wind
moves away from the observer, the absorption component of the Hα line is shifted toward the red region
of the spectrum. Thus, the central frequencies (or wave
lengths) of the absorption and emission components can
coincide and compensate each other, which may lead to
the disappearance of the Hα proﬁle. That is, the disappearances of the Hα line may be related to ‘swamping’
of the absorption by emission.
Table 3 shows that at the time of the disappearance of
the Hα line or when its intensity sharply weakens, the
Hβ line is displaced to the relatively longer wavelengths
and its radial velocities are −71 km s−1 , −74 km s−1 ,
−72 km s−1 and −68 km s−1 , respectively. These observations may provide evidence for the fact that in the
epochs when the Hα line becomes faint, the layer
of matter where Hβ forms moves to the observer
with lower velocity. However, the synchronous changes
of the radial velocities of the other lines were not
observed.
Hα and Hβ lines are known to form in the upper
layers of the stellar atmosphere, in the region of generation of the stellar wind (Klochkova & Chentsov 2004;
Zeinalov & Rzaev 1990). The variability of this region
of the atmosphere implies the variability of those lines.
The observed complex wind structures seen in the Hα
variability of the hot supergiants (Kaufer et al. 1996;
Markova et al. 2008) imply that these objects cannot
have smooth spherically symmetric winds.
These events may be a manifestation of a nonstationary atmosphere of the supergiant or a nonspherical stellar wind (Rosendhal 1973; Sobolev 1947,
1985; Pasok & Kolka 1992).
And which phase of the atmosphere is the disappearance of Hα?
Tables 2 and 3 show that the sequences of differential shifts of CII → HeI → Hβ → Hα lines in phases
of disappearance of Hα are not similar to the ones in
phases of inversion of Hα. So, if we take into account
the velocity of mass center (Vr = −42.2 km s−1 ), then
in phases of disappearance of Hα we observe that the
deeper layers (CII, HeI, etc.) of the atmosphere is almost
quiet, but the layers where Hβ forms is expanding. It
is also shown in Table 3 that the velocity of the expansion of the layers where Hβ forms has slowed down at
those times, that is, the Hβ lines is relatively redshifted.
It can be explained that the ﬂow of matter toward the
star occurred and this event has inﬂuenced to the layers where Hβ formed. That is, in this case, the upper
most layers of the star’s atmosphere where Hα forms
are in the contraction phase and are non-stationary. But
the layers where Hβ forms are in the relative expansion
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phase, and the lower layers are in the quiet phase. Therefore we suggest that disappearance of Hα is, so to speak,
the mixed conditions phase of the atmosphere.
We determined three different types of movement of
matter: the expansion, the contraction and the mixed
conditions. Note that the variations of the physical conditions (expansion, contraction and mixed phases) of the
stellar atmosphere were explained in detail by Zeinalov
& Rzaev (1990).
Hence, observations show that complete absence and
inverse P-Cygni proﬁle of Hα line are not accompanied
by synchronous changes of the spectral parameters of
the other lines formed in deeper layers of the stellar
atmosphere (except Hβ), so it is most likely due to the
physical processes occurring in the upper atmosphere.
Also, the relatively large changes in radial velocity
of a sample of three absorption lines (CII λ 6578.05 Å,
λ 6582.88 Å and HeI λ 5875.72 Å) of the other days
were also observed. Pulsation instability as a possible
cause of photospheric variability is suggested (Markova
& Valchev 2000).
We noted above that the Hα line is formed in the
upper most atmosphere of the star, i.e., in layers where
the variable stellar wind is generated (Zeinalov & Rzaev
1990). Based on observations of different types of line
proﬁles in the spectra of supergiant stars, it can be concluded that non-stationary processes reﬂected in the line
proﬁles occur in their envelopes. It is known that variable wind and its accelerated motion in supergiants is
caused by the strong ﬂux of radiation from the star (De
Jager 1984). Thus, the stellar radiation ﬂux and the variable stellar wind lead to corresponding changes in the
outer layers of the atmosphere and the star envelope
(Kudritzki et al. 1999; Morel et al. 2004). As a result,
we observe variable absorption and emission components of different forms of the Hα line P-Cyg proﬁle of
the star HD14134. Non-spherically, outﬂow of matter
at different speeds and of different densities is observed
for almost all supergiant stars (Sobolev 1947, 1985;
Rosendhal 1973).
On the other hand, as is known, the variable stellar wind in the supergiants is caused by the pulsation
(Cox 1983). If the dramatic changes of the Hα proﬁle
in the spectra of HD14134 is associated with the pulsation, they should occur periodically. But the amount
of obtained data and their inconsistency in observation
time does not make it possible to ﬁnd such period in this
study.
So, it is obvious that the Hα proﬁle of HD14134 is
strongly variable, exhibiting a large diversity of proﬁle shapes and behaviour patterns. Similar patterns
were observed in the spectra of HD225094 (Pasok &
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Kolka 1992). According to Pasok & Kolka (1992), the
mechanism that might be responsible for the observed
variations is the growth of the envelope of the star with
a following throw off of matter contained in it and/or
‘puffs’ lacking spherical symmetry.
We also suggest that the variations are explained
probably by stellar wind properties (Kudritzki et al.
1999; Morel et al. 2004; Pasok & Kolka 1992) and/or
pulsations mechanisms (Maeder 1980; Lovy et al.
1984).
5. Conclusions
It is the ﬁrst time that the P-Cyg type proﬁle of the
Hα line has been found to occasionally disappear in the
spectra of the supergiant star HD14134. It may be the
result of the interaction of the variable stellar wind with
the ﬂux of material directed away from the observer. We
suggest that the emission component is compensated by
the shift toward the red side absorption component in
the Hα proﬁle and which may lead to the disappearance
of this proﬁle.
The mechanism that might be responsible for the
observed variations is the growth of the envelope of the
star with a following ejection of matter or non-spherical
stellar wind (Pasok & Kolka 1992).
The inversion of the Hα proﬁle is especially interesting. Formation of the inversion is explained as follows:
the material is driven away from a star’s surface, but
not maintained to escape speed, it can readily fall back
down directly onto the star.
Sometimes, the relatively large changes in radial
velocity of the photospheric absorption (CII and HeI)
lines is caused by the pulsation instability (Markova &
Valchev 2000).
Hence, we found that the largest variations are displayed by the absorption and emission components of
the Hα line, which indicates changes in the physical
condition in the atmosphere and in the expanding stellar envelope. The repetition of the normal and inverse
P-Cyg proﬁles, as well as the disappearance of the Hα
line is mainly accompanied by expansion, contraction
and mixed conditions of the star atmosphere, respectively.
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