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ABSTRACT – Profile variations in the Hα and Hβ lines in the spectra of the stars HD198478 and 
HD187982 are investigated from spectroscopic observations acquired in 2010-2011, 2013-2015 at 
the Cassegrain focus of the 2-m telescope at the Shamakhy Astrophysical Observatory. The 
spectral resolution is approximately 15000.  
The emission and absorption components of the Hα profile are found to disappear on some 
observational days in the spectra of HD198478. It is suggested that the observational evidence for 
the non-stationary atmosphere of HD198478 can be associated in part with non-spherical stellar 
wind. 
It has been revealed that absorption in the line of Hα has variable structure in the spectrum of the 
star HD187982 depending on the activity phase of the atmosphere. The profile of the line has 
normal P Cyg type in the active phase of the star atmosphere. The emission component in the red 
wing of the profile forms and disappears. It is supposed that such variations may be due to non-
stationary and strong flow substance in the atmosphere of this star. 
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I. INTRODUCTION 

 
 The study of supergiants, the most luminous stars, is of great interest in terms of the stellar and 
chemical evolution of galaxies. Almost all of the early supergiants are observed to show spectral and 
photometric variability. Due to the variable stellar wind and mass-loss rate, the spectra of the supergiants 
exhibit variations in the intensity, radial velocities, and P Cyg profiles of the lines of hydrogen, helium, and 
ions with a high degree of ionization.  
In adition, a significant mass-loss rate is typical of the highest luminosity stars. In the optical region of the 
spectra, a particularly sensitive indicator of the rate of outflow of matter is the emission line Hα. The Hα line in 
the spectra of these supergiants has a clear P Cyg type profile.  
 The objects of these studies, the stars HD198478 (B4Ia) and HD187982 (A2Ia), are the supergiants 
with the following parameters, respectively [1-7]:    

 
mv=4.86, Teff=17500K, M/M

☼
=34±4, R∗/R

☼
=49, logg= 2.10, vsini =61 km/s, and 

mv=5.58, Teff=(9300±250)K, M∗/M
�
=15, R∗/R

�
=78, logg=1.60±0.15, vsini = (15±6) km/s. 

 
The supergiant HD198478 belongs to the CygOB7 associations [8]. By analyzing spectroscopic observations 
of the star of HD198478, Underhill discovered large-scale irregular motions in its atmosphere [9]. By 
exploring the spectra obtained in 1937-1959, she found evidence of the rapid variability of the Hα profiles in 
the spectrum of this star.  

On the basis of spectroscopic observations for 15 consecutive nights, Granes reported a variable 
pattern of the Hα profile [10]. The time curves of the radial velocities of the hydrogen lines gave evidence of 
repetitive motions of the atmosphere inside the stellar envelope. The author came to the conclusion that, 
apart from the 15-day variability cycles, the stellar atmosphere exhibits repetitive 4 to 5-day periodic 
changes. 

The supergiant HD187982 belongs to the VulOB4 associations [4-5]. Some spectral lines Нα, Нγ, 
MgII (4481 Å), and FeII (4924 Å, 5018 Å, 5169 Å) are observed in the atmospheres of HD187982 [4-5, 11, 
12]. It is noted that generally the profiles of the Нα line are observed in absorption. Sometimes in the red 
wing of the profile of Нα line is observed weak emission component. A more complete explanation of 
appearance and disappearance of these components require additional observations. 

We note that the main characteristic feature of the stars HD198478 and HD187982 are the 
significant variability of the spectra.  The main purpose of this paper is to study the observed components of 
the Hα and Hβ profiles in the spectra of these stars.  

We believe our results will be of interest for further studies of these remarkable stars.  
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II. OBSERVATIONS AND PROCESSING 
 

Spectral observations of the supergiants HD198478 and HD187982 in 2010-2011 and 2013-2015 
were carried out using a CCD detector in the echelle spectrometer mounted at the Cassegrain focus of the 
2-m telescope of the Shamakhy Astrophysical Observatory [13]. The spectral resolution was R=15000 and 
the spectral range is λλ4700-6700 Å.  

Two to three spectra of the target stars were obtained on each night. The signal-to-noise ratio was 
S/N=150-200. The average exposure was 600-900 s, depending on the weather conditions.  

In addition to the observations of the target stars, in order to check the stability of the instrument we 
also obtained numerous spectra of standard stars, the day and night background, and comparison spectra. 
The Echelle spectra were processed with the standard technique using the DECH20 and DECH20t software 
[14]. The reduction of the spectra, which included the continuum placement, the construction of dispersion 
curves (from the spectra of a hollow-cathode Th+Ar lamp or radial velocity standard stars), 
spectrophotometric and position measurements was performed using this package.  

The measurement error for the equivalent widths Wλ was about 5%, and for the radial velocity Vr was 
±2 km/s. Appropriate heliocentric corrections were included during data processing. 

First, we present preliminary results of a long-term spectroscopic monitoring of a sample of bright B 
supergiants. Dramatic line-profile variations operating on a daily (and in some cases on a hourly) timescale 
are observed.  
HD198478. According to the numerous spectroscopic observations, the spectra of this star display the most 
variable Нα line intensities and profiles. Thus, the following Нα profile variations are observed [9-10,15]:  
a) Нα is in pure absorption,  
b) Нα exhibits a normal P Cyg profile,  
c) Нα is in pure emission,  
d) Нα exhibits an inverse P Cyg profile and  
e) Нα exhibiting a three-component shape: the emission profiles on both sides of central absorption 
component, or vise versa, the absorption profiles on both sides of central emission component.  
 We spectroscopically monitored HD198478 between 2010-2011 and 2013-2015. We obtained a total 
of 204 spectra, distributed over 102 nights.  
 We present the fragments of the resulting spectra covering the Нα region (Fig.1). It is revealed that in 
the spectra of June 27-30, 2010, the Нα line has an ordinary P Cyg-type profile, but the radial velocities (Vr) 
and the equivalent widths (Wλ) of Нα in emission and absorption and the lines of other elements change over 
time [16]. The emission component of the Нα profile shows the greatest variations, which indicates changes 
in the physical conditions inside the expanding stellar envelope.  
 But more interesting spectra were obtained on July 2-4, 2010 [16]. They appear to have no Нα line, 
with no spectral components apart from weak atmospheric lines and noises being observed at its wavelength 
(λ=6562.816 Å). At the same time, in the vicinity of the Нα line at λλ6400-6600 Å, there are two visible 
carbon lines CII (λ6578.05 Å, λ6582.88 Å) and weak stellar and atmospheric lines (λ6542.31 Å, 6543.91 Å, 
6552.63 Å, 6557.17Å, 6558.15Å, 6561.11Å, 6564.20Å, etc.).  
 Interestingly, in these same spectra, all other lines typical for hot supergiants such as HD198478, 
apart from Нα, are observed, including Hβ.  
 On July 5 and 6, 2010, the emission component increases, completely outshining the absorption 
component. Therefore, the Нα profiles of these dates display no absorption component. A similar pattern was 
observed later, on July 8-9, 2010. And on July 18, 2010, the Нα line shows an ordinary normal P Cyg-type 
profile again.   

Next observations of this star were carried out in 2011, 2013, 2014 and 2015.  
It is noted that on July 07, 13, 2011, and on August 17, 2011, the intensities of absorption and emission 

components of the Hα line became weaker (rν~ 0.96 and rν ~ 1.04). 
In 2013 and 2015 all shapes of the Hα profile in the spectra of the star HD198478 show classical P-Cyg-

profile.  
But on September 07, 2014, the profile of the Hα line is absent from the spectrum again. Further, on 

September 08-11, 2014, vice versa, first the absorption component became stronger unlike than in 2010. 
Some nights later we already observed the emission component of the Hα line (Fig.1a).  

An attempt to explain the disappearance of the Нα profile in the spectra obtained before and after July 2-
4, 2010, and September 07, 2014, was made by processing the lines of Hβ and other elements. Table 1 
presents some measurements in the Нα and Hβ lines in the spectra of HD198478 star obtained in 2010 and 
2014. We have determined that when the components of Нα line were observed the radial velocity and the 
equivalent width of the absorption and emission of Нα line varied between -97km/s÷-16km/s, 0.09Å÷0.37Å 
and 2km/s÷118km/s, 0.02Å÷0.48Å, respectively. But the radial velocity and the equivalent width of the Hβ 
line vary within -44 km/s÷-4km/s and 1.03Å÷1.31Å.    
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As can be seen the spectral parameters and the profiles of the Hβ line were found to change significantly. 
Figure 1b shows that as an example, the Hβ line profiles obtained in 2010 and 2014. It is evident from Table 
1 that the equivalent width of Hβ increases when Нα disappears. On the other hand, as is evident from Table 
1 and Fig.1b, the Hβ line is redshifted when there is no Нα profile. 
HD187982.  Profile of the Нα line is P Cyg type. On the basis of the observed spectra the profiles of the Нα 
and Нβ lines were investigated. The radial velocities and equivalent widths of the studied lines are 
determined. In the spectra of HD187982 observed on 01.09 and on 06.09.2014 the profiles of the Hα lines 
consist of a strong absorption component and a weak emission component which is observed on the red 
wing of the Hα line (Fig. 2a). It is also found that from emission component of the Hα line to longer 
wavelength there is a weak absorption component again. But in the spectra of 02.10.2013 and 03.10.2013 
the Hα line is visible only in absorption and there are no accompanying components.  

Apparently from Fig. 2b, in all cases, in the profiles of the Hβ line structural changes aren't observed. 
If we follow the radial velocities of Hα and Hβ lines, we will see that the radial velocity of Hα line changes.  

It was revealed that change of the radial velocity in the Hβ line shows interesting similarity to the form 
of Hα profile. As it was underlined above, in the spectra of HD187982 star the profile of the Hα line is 
observed in two following forms:  
I. the profile of the Hα line consists of a strong absorption component and a weak emission component which 
is observed on the red wing of the Hα line. 
II. the profile of the Hα line is observed in pure absorption.  
On 01.09.2013, 06.09.2013, 02.10.2013 and 03.10.2013 dates in the spectra of HD187982 star the radial 
velocity of the Hβ line there were -33 km/s, -33 km/s, -18 km/s and -19 km/s, respectively. 

Table 2 presents some measurements in the Нα and Hβ lines in the spectra of HD187982 star 
obtained in 2010 and 2014. 

Apparently, upon transition of the Hα profile from I to II form, the Hβ line moves to the red side, that is, 
the radial velocity changes sharply, but at the equivalent width of Hβ line no significant variability was 
observed (Table 2). But upon such transition the equivalent width of the Hα increases.  

The further spectra of this star are observed between June 21, 2014, and August 09, 2014 dates. In 
the spectra observed from June 21 to August 09, 2014 dates the radial velocity of Hα and Hβ changed on 
average on ±4 km/s.  

Next observations of this star were carried out from May 27, 2015 to September 04, 2015. The radial 
velocities of Hα and Hβ lines changed between -30 km/s÷-14 km/s and -33 km/s÷-5 km/s. Table 2 also shows 
that the equivalent widths of Hα and Hβ lines changed with time significantly in the observation periods. 
However, we didn’t find periodicity in such changes. Therefore we suggest that to reveal periodicity 
additional observational materials are necessary.   

So, investigations above showed that HD198478 and HD187982 are spectroscopically variable, 
especially RVs changes differently with time. Therefore we also investigated other numerous spectral lines in 
the considered spectra. We estimated the radial velocities of the strong and basically weak absorption lines 
formed in deeper layers of atmosphere. All measurements were presented in the Table 3 and Table 4. We 
averaged the values of velocities of all photospheric absorption lines and determined the mean velocities, 
Vr

′=-8.5 km/s and Vr
″=-3.0 km/s, respectively. As seen these values are close to the velocities of the mass 

centers of HD198478 and HD187982 stars (Vr=-7.2 km/s and Vr=-2.9 km/s) which are presented in SIMBAD 
Astronomical Database.  
On the other hand we constructed dependences of radial velocities on residual intensities Vr(r) for these lines 
(Fig.3). If the dependence of Vr on r exists, it can be considered as "kinematic slice" of the atmosphere. Fig.3 
shows that approximately from r=0.75 to r→1 and from r=0.55 to r→1, these changes are almost close to the 
horizontal straight line with a sharp break. Such forms of the curves Vr(r) are characteristic of the majority of 
the B and A supergiants.   

 
 

III. RESULTS AND DISCUSSION 
 

The analysis of the emission and absorption components of the Нα lines showed that the radial 
velocities change rapidly with time. These changes may be an indication of complex motions in the 
atmosphere of the star HD198478. Observations showed that Нα disappears on July 02-04, 2010 and on 
September 07, 2014 (Fig.1a).  

A possible explanation is that when the stellar wind matter is moving away from the observer, the 
central frequencies of the emission and absorption components can be the same and compensate for each 
other, which may lead to the disappearance of the Нα profiles. The Нβ line is known to form in deeper 
atmospheric layers than Нα. It follows from Table 2 that, on July 02-04, 2010, and on September 07, 2014, 
the Нβ line was shifted to longer wavelengths. These observational facts could be an argument for the 
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possible movement of stellar wind matter away from the observer up to the Нβ line formation layers at the 
time of the disappearance of the Нα lines.  
 The discovered observational evidence suggests that the non-stationary atmosphere of the star 
HD198478 may partly be due to the non-spherical stellar wind [17-19]. 

The profile of the Hα line observed in the atmosphere of the HD187982 supergiant indicates also 
variable structure. The radial velocities of the Hα and Hβ lines change with time.  

As seen from Fig.2a the absorption in the line of Hα has variable structure in the spectrum of the star 
HD187982 depending on the activity phase of the atmosphere. The profile of the line has normal P Cyg type 
in the active phase of the star atmosphere. The emission component in the red wing of the profile forms and 
disappears. It is supposed that such variations may be due to non-stationary and strong flow substance in 
the atmosphere of this star. The radial velocity and spectral parameters of Нβ line changes with time too. 
 We can see from Table 3 and Table 4 on June 19, 2014, and on October 03, 2013, the radial 
velocities of lines Hα and Hβ lines which they are -82 km/s, -38 km/s and -16 km/s, -18.6 km/s, respectively. 
But the average velocities of the most photospheric absorption lines are approximately same with the 
velocities of mass centers (See Fig.3). From these observational facts we can also conclude about 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 HD198478 (~73 km/s and ~29 km/s). But for HD187982 those changes are ~13 km/s and 
~16 km/s. 

So, 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 outflow of matter from the star HD198478. In this case, especially the upper 
layers of the atmosphere of the star HD198478 is expanding. These observational facts suggest that at this 
phase the atmosphere of the star has an activity. 
The upper layers of the atmosphere of HD187982 star is also expansion phase, but the velocity of expansion 
is very slow than HD198478 star.  

It is known that the Hα and Hβ lines form in the upper layers of the stellar atmosphere, in the region of 
generation of stellar wind [20]. The variable wind and its accelerated motion in supergiants is caused by the 
strong flux of radiation from the star. Outer atmospheres of supergiant stars are exposed to more intense 
changes than internal.  

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. As a result, we observe variable absorption and 
emission components of different forms of the Hα line P Cyg-profile of the star.  
 On the other hand as is known, the variable stellar wind in the supergiants is caused by the 
pulsation [21]. If these changes in the stars HD198478 and HD187982 are 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 make such far-reaching conclusions in this paper.  
For detailed investigation of these events, additional systematic observations of these stars with high 
resolution are planned at the Shamakhy Astrophysical Observatory in the near future. 
  
IV. CONCLUSION 
 
1. The Hα profile of the hydrogen presented a complicated structure and a time variation for HD198478 star.  
For the first time a P Cyg type profile of the Hα line has been found to occasionally disappear in the spectra 
of this supergiant star in 2010. This behavior has repeated in 2014 again. 
This event may be a manifestation of a non-stationary atmosphere of the star or a non-spherical stellar wind. 
It is the result of the interaction of the variable stellar wind with the flux of material directed away from the 
observer. This time the emission line is compensated by the shifted toward the red side absorption line in the 
Hα profile.  
2. When the Hα line disappears or becomes faint the Hβ line is displaced to the relatively longer wavelengths.   
3. It has been revealed that absorption in the line of Hα has variable structure in the spectrum of the star 
HD187982 depending on the activity phase of the atmosphere. The profile of the line has normal P Cyg type 
in the active phase of the star atmosphere. The emission component in the red wing of the profile forms and 
disappears. It is supposed that such variations may be due to non-stationary and strong flow substance in 
the atmosphere of this star.  
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             Figure 1. Profiles of the Hαααα and Hββββ lines in the spectra of HD198478 observed in 2010 and 
2014.  
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                Figure 2. Profiles of the Hαααα and Hββββ lines in the spectra of the star HD187982 observed in 
2013-2015.  
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                                            Figure 3. Kinematic slices: a) for HD198478 and b) for HD187982 
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                                       Table 1. Measurement of the radial velocities and equivalent widths.                                   
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                               Table 2. Measurement of the radial velocities and spectral parameters.    
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Table 3. The identification of lines, residual intensities (r) and heliocentric radial velocities (Vr) in 
spectra HD198478. 
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Table 4. The identification of lines, residual intensities (r) and heliocentric radial velocities (Vr) in 
spectra HD187982. 
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                                   Table 4. Continue. 

                                 
 
 
 
 
 
 
 
 
 
 
 
 
 
  


