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ON ONE PROBLEM IN SOLAR WIND PHYSICS

N. S. Dzhalilou]

Shamakhy Astrophysical Observatory named after N.Tusi,
Azerbaijan National Academy of Sciences, Shamakhy region, Azerbaijan

In recent years, intensive researches have been carried out to be clarified prop-
erties of the temperature anisotropy of the solar wind plasma. The results of
numerous satellite measurements of solar wind parameters at various distances
from the Sun revealed a special form of distribution of the rate of temperature
anisotropy. However, not all aspects of this distribution can be understood and
modeled theoretically. In this paper, we give a brief literature review on the
results achieved in solving this problem.

1. INTRODUCTION

The solar wind models should describe the physical mechanism of plasma
acceleration in the solar corona, the generation of plasma outflow at supersonic
speed, the formation of the heliosphere, and support of the supersonic flow velocity
to the edge of the heliosphere. Describing the global structure of the heliosphere
as a whole, the model should correctly describe the physical variables that are
well known from measurements near the Earth on the plane of the ecliptic and
on the solar corona. An intensified experimental study of the properties of the
plasma of the solar wind near the Earth and its modeling are associated, first
of all, with the diagnostic problems of space weather. Any fluctuations in the
flow of wind affect the Earth magnetosphere, causing changes in the condition of
the occurrence of magnetic storms and so variations of parameters of the upper
atmosphere and ionosphere. Let us briefly consider the development directions of
solar wind modeling.

In a total solar eclipse, the visible white corona (due to Thomson scattering ef-
fect of photosphere light from thefree electrons in a fully ionized corona) stretches
to about 10 R (R is the radius of the Sun). In 1942, Edlen [1] proved that such an
expanded corona is heated to T, ~ 10K. Since then, the cause of the heating of
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the solar corona plasma has become one of the unsolved fundamental problems of
the physics of the Sun. At that time, the radial distribution of the brightness of
the corona was well described by the electron density profile, and the temperature
was assumed to be constant. Thus, for a long time the idea that the corona is
static, isotropic and has a very high thermal conductivity has beendominated one
[2]. For the first time in 1957, Chapman [3| abandoned the isotropic approxima-
tion, still believing that in the corona the condition of hydrostatic equilibrium was
fulfilled globally. He obtained a temperature profile that tends to zero at infinity.
However, such a profile corresponded to the density, which after a distance of
174 R starts to grow. This meant that the solution found was unstable. Parker,
analyzing the conclusions of the hydrostatic model, came to the conclusion that
the corona should expand [4]. He proceeded from the fact that the hydrostatic
model at infinity gives a finite value of pressure and density, which far exceed
the pressure and density of the interstellar medium. This imbalance of pressure
should lead to an expansion of the corona. He first constructed a hydrodynamic
model of the solar wind, showing that, because of the high temperature, the gas
pressure gradient is so large that the plasma can accelerate to supersonic speed
[5L6]. Parker’s theory explained the experimental data on the deviation of the
comet’s tail as it comes near the Sun |7] and found confirmation of the existence
of a supersonic stream from the sun in numerous space experiments, beginning
with the Soviet space experiment Luna-1 (1959) and Mariner-2 [8]. After Parker’s
work, modeling of the solar wind, including various aspects of thismatterwas in-
tensively developed. Numerous works were devoted to such questions as the wind
with many-fluid components, nonradial expansion, nonstationary models, consid-
eration of nonidealeffects, collisional and collisionless kinetic models, and many
others. An overview of these models can be found, for example, in [9,[10]. There
are two basicallydifferent approaches to modeling the solar wind: MHD and ki-
netic models. Kinetic models solve equations for the particle velocity distribution
functions, and the MHD models solve the equations for the integral moments of
these functions. Thus, the foundations of both approaches are the same - the
Boltzmann and Maxwell equations. Each of the approaches, however, has its
advantages and disadvantages [11]. However, it should be noted that the values
extracted from the experiments are mainly macroscopic (flow velocity, mass flow
density, temperature, magnetic field, etc.).

Modern simulation models consist of two interconnected parts: internal (coro-
nal) and external (heliospheric). The coronal part of the model uses magnetic
synoptic charts of the solar photosphere as input parameters and extrapolates
them to the surface of the heating source, which is at a distance of approximately
2.5 R. Then the physical parameters of the corona are calculated to distances
(20 £ 30) R [12]. The obtained boundary values of this part of the model are
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applied as initial values for the heliospheric part of the model and the calculation
is carried out to a distance of 1 AU and more. However not all the observed data
are successfully described by such models.

On the basis of numerous observed facts and theoretical simulations, it be-
came clear that the main basic parameters of the solar wind are established in the
region of wind formation, where the velocities are all still subsonic. The chemical
composition of the wind takes its origin from the chromospheric layers 13|, and
the acceleration region is only a few radius away from the Sun [14-16], which in-
dicates that the source of the heat flux carried by the wind is in the corona. The
density of the mass flux of the solar wind is formed at the level of the transition
zone between the corona and the chromosphere [17]. Thus, the wind formation re-
gion covers both the collisional plasma in the lower layers of the solar atmosphere
and the almost collisionless plasma in the upper corona. This means that thepar-
ticles distribution functions of the plasma, especially for protons and other heavy
ionspasses with height from the Maxwellian form to the non-Maxwellian function.
Modeling the formation of wind in such an environment, where isotropic plasma
with altitude sharply turns into an anisotropic one, meets with serious difficul-
ties. With distance, the density decreases rapidly and external effects (expansion
of the flow, magnetic, electric and gravitational forces, interaction of waves with
particles, etc.) increase the anisotropy of the solar-wind plasma.Measurements
of the temperature of protons and oxygen ions in the flow from coronal holes
on the satellite SOHO indicate that strong anisotropy arises even in the corona
itself |18]. Further all satellite measurements showed that protons and ions far
from the Sun are strongly anisotropic, and the rate of anisotropy for electrons is
small, see, for example, in [19]. While the constructed models describe the basic
structural elements and the basic parameters of the wind (velocity, temperature,
mass flow, magnetic field)as a whole, important questions remain open. For ex-
ample, whythe protons and alpha particles in the accelerated component of the
solar wind coming from coronal holes aremore heated than electrons? Next we
will concentrate on the anisotropy of the solar wind plasma.

2. ANISOTROPY OF THE SOLAR WIND PLASMA

The solar-wind plasma is an almost collisionless anisotropic medium. For ex-
ample, at the distance of 1 AU from the Sun, the mean free path of electrons is
of the order of 108 km, which is comparable to the size of the system itself. The
presence of an external magnetic field is the main obstacle to the isotropization of
such plasma. The temperature anisotropy of the plasma (parallel T} and perpen-
dicular T'| values with respect to the direction of the magnetic field differ) is well
established fact from the experiments [20-22]. It can occur due to the effects of
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wind expansion , resonant wave-particle interaction , ion capture (pickup
ions) [25], shear flows [26], and many other compression and expansion effects.
The rate of anisotropy varies depending on the type of particles (electrons, pro-
tons, alpha particles and other ions) and, it is different in different components
of the solar wind (fast, slow, CME, etc.) [21,27]. In most cosmic experiments,
the temperature of the particles and the magnetic field of the solar-wind plasma
are directly measured parameters. Such measurements are concentrated mainly
on the range of distance from 0.3 to 4.0 AU in the plane of the ecliptic, which
allow to study the radial changes of the measured parameters [28]. Numerous
measurements yield results on the rate of anisotropy in the plane (T'L /T), 8)) for
both protons and electrons. It turned out that the distribution of the rate of
anisotropy 7' /T| as a function of 3| (the plasma beta along the magnetic field -
the ratio of the parallel ion or electron gas pressure to the magnetic field pressure)
has a limited rhomboid shape with sharp boundaries . For example, a
typical example of the distribution of the rate of anisotropy as a function of 3jin
a slow solar wind is shown in Fig. [1|for protons [29] and Fig. [2| for electrons [21].

Fig. 1. The distribution of the rate of proton temperature anisotropy as a function of
plasma beta 3|, in a slow solar wind (V' < 600 km s~ —1) according to the measure-
ments in the satellite WIND/SWE (1995-2001). The color area is measured values,
and their gradient determines (with a logarithmic scale shown on the right side) the
measurement frequency. The theoretical contours of the maximum of the instability
growth rate normalized to the proton cyclotron frequency 2, are plotted over the ex-
perimental data. Left: solid curves - growth rates of cyclotron instability, dashed lines
- growth rates of parallel fire hose instability. Right: dotted curves — mirror instability
and dash-dotted curves - growth rates of the second oblique fire hose instability (the
pictures were taken from [29]).

Theoretical explanation of the boundaries of such distributions became the
important problem in the physics of the solar wind. The solution of this problem
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Fig. 2. Distribution of the rate of electron anisotropy in the slow wind. The pictures
on the left and on the right side correspond to the core and halo populations in the
electron velocity distribution functions. The overdrawn curves correspond to the iso-
contours of the maximum growth rate of the kinetic fire hose and whistler instabilities
at the unit of the electron cyclotron frequency (the pictures are taken from [21]).

will make it possible to understand, as a result of which mechanisms the isotropic
plasma on the Sun, leaving its limits, becomes anisotropic at a distance of several
AU with known distribution boundaries? Clarification of this question may pro-
vide a clue for understanding such mechanisms as particle acceleration and solar
wind generation, support of supersonic velocity to the edge of the heliosphere,
explanation of the generation of the observed low-frequency turbulence, and its
role as a source of energy to support particle velocity and many others. If we do
not involve any physical mechanism capable of redistributing the energy between
the transverse and longitudinal thermal motions of the particles, then the classical
CGL law [31] of the adiabatic expansion of the solar wind along the spiral of the
interplanetary magnetic field, predicts an excessively high degree of temperature
anisotropy with 7} /Ty > 1. For example, in a slow wind in 1 AU for the electron
temperature anisotropy should be T} /Ty > 30 [32]. However, the observed values
of the temperature anisotropy of electrons are near unity [21,[33,34]. The main
mechanism for explaining such discrepancies and observed (7', /Tj, §) distribu-
tion boundaries is plasma isotropization by plasma instabilities [35|, which arise
due to the pressure anisotropy in a plasma with non-Maxwellian particle distribu-
tion functions [36-38]. It is generally accepted that the main mechanism leading
to an inverse anisotropy with T)/T'; < 1 is cyclotron resonance of particles [39].

Theoretical simulations of instabilities in the non-Maxwellian plasma were de-
veloped, mainly in the kinetic approximation, using the Vlasov equations for the
particle velocity distribution functions and the Maxwell equations for the elec-
tromagnetic field. The results of the investigations show that the temperature
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anisotropy of the plasma at large scales initiates, first of all, the excitation of fire
hose and mirror instabilities [23,/40[-44] both in the ion and in the electron com-
ponents. Fire hose instability, arising as growing of Alfvén waves, is non-resonant
in nature [23,45,/46] and its saturation occurs as the result of particle scattering
[47]. The compressible mirror modes are kinetic by nature and their saturation
occurs as a result of resonant capture of particles [48,49]. Among the various
instabilities that are excited due to temperature anisotropy, fire hose instability
is considered to be dominant. It occurs if the parallel temperature is greater than
perpendicular. In the conditions of the solar and stellar wind, such a premise is
easily realized [50|. In the expanding plasma, the condition for the conservation
of the magnetic moment of the particles requires the fulfillment of the 7)) /7", > 1.

The spectrum of small-scale instabilities of anisotropic plasma is more diverse
[51].  As shown, for example in [21}/52,53], electrons with Ty > T fall into a
cyclotron resonance with parallel whistler modes with a frequency Q, < w < €2
velength of which is in order of the electron inertial length (¢/wpe). In the opposite
case, when T'; < T the electron fire hose [55] and the second (oblique) electron
fire hose instabilities are excited. In this case, the electrons and protons are in
resonance, and the growth rate of the instability depends also from the proton
temperature.

Similar calculations for explanation of the observed proton anisotropy were
carried out in a number of works, for example, in [20,29,56|. In a proton plasma
with a temperature 7'\, > T || , cyclotron [52,57] and mirror instabilities arise
[40,/58,59]. In the case of T\, < Tj,, parallel [60] and oblique fire hose [61]
instabilities are preferable. The proton cyclotron instability is resonant by na-
ture and occurs in cyclotron waves with a frequency w < €2, propagating along
the magnetic field. The proton mirror instability in the reference system of the
plasma has zero frequency (w = 0), and the wave vector is directed at an angle
to the magnetic field. Mirror modes create regions of magnetic field depression
or mirrors for particles, as a result of which particles trapped in these regions are
in resonance with the wave [62]|. Because of the excess of the transverse pressure
inside the mirror, the transfer of the kinetic energy of the particles to the wave
causes the growth of mirror instability [48]. According to the results of the lin-
ear kinetic theory, the mirror instability dominates at high 5|, and the cyclotron
instability at relatively low ) [63]. Proton mirror instability is often observed
in various objects: Earth’s magnetosheath [64], solar wind [65], comets [66], in
the magnetosheaths of other planets like Jupiter and Saturn [67,/68], and in the
heliosheath [69]. According to the theory, the proton cyclotron instability should
be dominant at relatively low 3. However, in observations, the appearance of
mirror modes in this region is interpreted by suppressing cyclotron instability by
the presence of heavy ions [70].
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The importance of the role of fire hose instability for isotropization of protons
[30L{71},/72], electrons |21] and alpha particles [73],/74] is directly proved in situ
observations. Historically, fire hose instabilities were investigated in the MHD
approximation as instability of low-frequency Alfvén waves [23,/75,/76]. Later,
in many works hose modes arising due to the anisotropy of proton and electron
components were studied in the kinetic approximation, for example in [55,77-81].
Because of the kinetic effects, both fire hose modes have a finite frequency, and
their instability growth rates reaches a maximum in the case of parallel prop-
agation. Despite the fact that under the same plasma conditions the classical
incompressible parallel fire hose instability on Alfvén modes is preferable (it is
easily generated, has more growth rate, has more amplitude in the nonlinear
stage, etc.) than the compressible oblique fire hose instability in slow magne-
tosonic modes [82], the advantage is given to oblique modes. This is because
the instability threshold of the proton oblique fire hose mode is better suited to
explain the boundaries of (T'L /7], B)) distributions for 3 > 1 [27].

It should be noted that in the Vlasov’s linear kinetic theory, the electron
anigsotropy is not taken into account in studying the distribution of anisotropy
rate of protons, and conversely, the electron anisotropy is investigated for isotropic
ions. This is done to simplify mathematical calculations, taking into account that
the contributions of anisotropy of other particles are negligible due to the inde-
pendence of physical mechanisms leading to anisotropy of electrons and ions [28].
However, in [83,84], the criterion for the appearance of parallel hose instabil-
ity was investigated under conditions when both components of the plasma are
anigsotropic. As a result, the authors obtained an instability threshold modified
by the anisotropy of the electrons, which much better explains the boundaries of
the (7' /T), B)) distribution for protons. The cumulative effects of the anisotropy
of protons and electrons on the basis of the bi-Maxwell and bi-kappa distributions
were studied in [28)85]. Comparing the results with observations, the authors con-
cluded that it is important to take into account electron anisotropy. In [86|87],
it was shown that the anisotropy of electrons suppresses the growth of proton
cyclotron instability, and significantly enhances mirror instability [88,/89]. The
mirror structures observed in magnetosheath are explained by these processes.
The role and influence of the anisotropy of alpha particles to the fire hose insta-
bility and in its nonlinear evolution was investigated in [90]. To the best of our
knowledge, until now, within the framework of the kinetic and MHD theories, the
boundaries of the (1 /7], 8 )distributions for 8 < 1 remain unexplained.

In the dynamics of weakly collisional plasma, especially in transport phe-
nomena, the role of low-frequency kinetic instabilities associated with thermal
anisotropy (the mirror, ion-cyclotron, fire hose instabilities) is important for the
macroscopic evolution of cosmic and astrophysical systems [50]. For example, the
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role of these instabilities was studied in accretion disks [91-94], in a hot plasma
cluster of galaxies [951/96], in magnetic reconnection [97H100), etc.

Due to the fact that the measured plasma parameters are macroscopic, the
MHD description of the plasma is more appropriate. The derivation of closed
MHD equations for the collisionless plasma has its difficulties. The main diffi-
culty is due to the interruption of chains of infinite equations for the moments
of the distribution functions. This requires additional physical justification, and
a specific form of the particle velocity distribution function is required. Classi-
cal examples of such equations describing plasmas as a fluid are CGL [31] and
16-moment transport equations [101}/102] derived for the Bi-Maxwellian plasma
at zero Larmor radius. The main advantage of the 16-moment MHD transport
equations in comparison with the CGL-equations is that these equations take into
account the heat flux along the magnetic field. Unlike the CGL equations, the
16-moment equations give the correct expression for the criterion for the appear-
ance of mirror instability, which coincides with the low-frequency kinetic result
[103,/104]. MHD plasma descriptions in comparison with kinetics have a signifi-
cant drawback, which is that small wave numbers, k < wp,/c, are considered. In
a number of works, estimates of the modification of the MHD instabilities were
carried out when the finite length of the Larmor radius was taken into account
[105, 89].

CONCLUSIONS

In previous papers we developed the theory of MHD instabilities based on
16-moment equations [103H107]. In those papers, the results were obtained for
ion plasma. The role of the electrons was reduced only to ensure the quasineutral-
ity of the plasma. Strictly speaking, ignoring the contributions of the electronic
component of the plasma requires the condition 7, << T},, which in realistic situ-
ations can occur only under special conditions. In connection with the problems
described above, we began to generalize the theory of MHD instabilities including
electronic component and its anisotropy.

In conclusion, we note that near 1 AU the solar-wind plasma has (T'L /T, §))
distribution like to rhomboid shape. In general, low-frequency kinetic instabilities
describe the boundaries of this distribution quite well for 8 > 1, both for the
electron and ionic components of the plasma. However, there are still a number
of open questions. For example, the threshold value of the maximum of the insta-
bility growth rate has a certain value, but its essence is not clear. In the discussed
issue, the most important feature is simulation of the observed boundaries of the
distribution of the rate of temperature anisotropy for 5 < 1. So far the answer
to this question has not been found in the kinetic approach. However, in the
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MHD approach, when anisotropic heat flux along the magnetic field is taken into
account, new types of instabilities arise. We showed this earlier in the example
of proton plasma [103}[104}/106,[107]. In the future, we plan to generalize these
results, taking into account anisotropy of the electronic component and, possibly,
alpha particles. We think that the having a new types of instabilities associated
with heat flow, we have a chance to solve the problem under discussion.
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GUNOS KULOYI FiZiKASINDA BiR PROBLEM
N. S. Calilov

N.Tusi adina Samazi Astrofizika Rasadxanast,
Azorbaycan Milli Elmlor Akademiyasi, Samaxr rayonu, Azorbaycan

Son illor Gilinog kiiloyi plazmasinda temperatur anizotroplugunun
xlisusiyyotlorine aydinliq gotirmok ii¢iin intensiv todqiqatlar aparilmigdir.
Giinogdon miixtolif mesafolordo Giinog kiiloyi parametrlorinin bir sira peyk
6lcmolorinin naticolori onu gostermigdir ki, temperatur anizotropluq derocosinin
paylanmasi x{isusi formaya malikdir. Lakin bu paylanmanin biitiin aspektlori
baga diistilon deyil vo nozori modellogdirilmosi miimkiin olmur. Bu moaqalads bu
problemin holli istiqamatinds slds olunan naticalorin oks olundugu qisa adobiyyat
icmali verilmigdir.

Acar so6zlor: Giinos kiiloyi plazmasi — Temperatur anizotroplugu — Heliosfer
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The magnetic field is the veryimportant factorfor the interpretation of many
observed physical properties of T Tauri and Herbig Ae/Be type young stars. This
review presents the state of the problem of studying selected types of young
stars in the context of magnetic fields and its manifestation in the activity of
these stars.
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INTRODUCTION

One of the fundamental problems of modern stellar astrophysics is the study
of the early stage of stellar evolution and the starformation processes. This is
necessary for interpretation of the observational characteristics of the stars in the
early stages of their evolution, for testing whether is possible to describe these
characteristics with the modern theory of stellar evolution and for toimproving
and developing of the theory of formation of stars and planets.Despite the fact
that more than half a century of intensive researches havebeen allowed us to
accumulate the immense information on the characteristics of individual groups
of young stars, by now our knowledge on the early stage of stars evolution are
remaining rather scarce.

The urgency of studying the early stage of evolution of small and intermediate
mass stars is due to the fact that: a) these stars are the first optical radiation
sources after their immediately formation as stars in the regions of starformation
of the Galaxy from the interstellar gas-dust clouds; b) these stars are the precur-
sors of our solar system and represent interest in studying theformation of planets
in the early stages of evolution. Therefore, to study of such objects makes possible

* . . .
E-mail: ismailovn@yahoo.com
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to understand their physical conditions in the initial stage of evolution, and also
in general, would be help to solve the most important problems of starformation.
Despite the fact that more than half a century has passed since the discovery of
young stellar aggregates, where the formation of stars and the very early stage
of their evolution still now are observed, many questions of modern astrophysics
connected with this stage of stellar evolution are still incomplete.

The most important key for understanding the early stage of stellar evolution
is the study of T Tauri (T'TS) and Ae/Be Herbig (HAeBe) stars. These stars we
know as the first formations,which are just "born" from gas-dust mother clouds of
starformationof the young stars. These types of stars differ only in their physical
parameters (the mass and luminosity of TTS are in range 0.5 —2M and 1 —5L¢,
and in the HAeBe stars, 2 — 10Mg and 50 — 100L, respectively), and in many
observational characteristics they are demonstrating a large similarity.

By now, it has become known that a magnetic field plays a key role in ex-
plaining the many physical properties of young stars. This review presents the
state of the problem of studying selected types of the young stars in the context
of the magnetic fields and its influenceon the activity of such stars.

1. GENERAL CHARACTERISTICS OF YOUNG STARS

1.1. TTauri-type stars

The T Tauri type Stars (TTS) were first discovered by Joy [74,75] as the irreg-
ular variables in dark gas-dust regions that show strong radiation in the emission
lines H and K Call, as well as in the Balmer series hydrogen lines and in some
metal lines. Prior to this time, these stars were known as the irregular variables
associated with the dark clouds and reflective nebula. The spectral classes of these
stars are taking in the interval F-M, but mainly G-K and the types of luminosity
IV-V.

The first systematic studies of TTS were performed by Herbig [49H51]. The
main proofs of the youth of these stars are:

a) Location in association with the regions of star formation; the starforma-
tion regions are characterized by a combination of nebulae, OB associations and
a group of infrared objects. TTSco-existwith these objects and often is forming
so-called T-associations or entered to the O-association [95].

b) Location on the Hertzsprung-Russell diagram (HR); In HR diagram the
TTS are located up to the Main Sequence (MS), where as a rule,placed late type
stars.The TTS are in the stage of gravitational contraction |23,80], shows a sat-
isfactoryagreementof the physical parameters, predicted intheoretical models for
Pre-main sequence (PMS) stars.
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c) spectral characteristics; The strong activity of stars [50,51},64,65,/103] as a
result of which are formed variable emission lines, which indicates the existence of
a developed accretion disk or stellar wind. The strong absorption line Li A 6707
A in the spectrum is showing an unusual high abundance of lithium, which is also
probably is indicator of the youth of TTS.

The first detailed research results of TTS [50] was published in 1962 and con-
tains a list of 136 stars with data on star brightness, type of variability, and on
intensity of strong emission lines. Later, the most complete catalogue of young
stars was presented by Herbig and Bell [52]. There are several proposed genetic
common subclasses of TTSs:

1) CTTS (Classical TTS) -have spectra later on KO and the strong emission
line Ha (W (Ha) > 10 A) [53].

2) WTTS (weak-line TTS) -TTS with weak emission in the line Ha, (W (Ha)
< 10 A), the spectrum is usually later than K0. CTTS and WTTS are usually
well distinguished from each other on the level of development of the emission
line spectrum [53-56).

3) NTTS (naked TTS) - the evolved TTS stars, which in the course of evolu-
tion was lost the circumstellar disk and envelope surroundedof the star [116,117].

4) ETTS (early-type TTS) is a TTS with a spectrum earlier than KO0, the
spectral variability differs in a certain way from CTTS [53].

5) PTTS (Post T'TS) stars before entering the line of the MS, this group is
not so clearly differed from type NTTS [94].

Among the CTTS, the subgroup of YY Orion stars is distinguished, in which
the spectral lines sometimes are showing the inverse P Cyg profile |[115], and
sometimes alternating red and blue shifts of the absorption components [79]. This
indicates the existence of the same star the rejection and falling of matter in the
atmosphere.

As noted above, TTS are low-mass stars with an age of several million years,
at the stage of gravitational contraction to the MS. In subgroup of CTTS, the-
matter accretion from the circumstellar disk was observed [39,96]. Understanding
of the accretion processes in CTTS is one of the main tasks for evolution of stars
to the MS. In fact, accretion is a long-term process for the formation of mass
and angular momentum of stars. Evolution and the gradual weakening of cir-
cumstellar accretion disks is an important direction in the discovery of extrasolar
planets and planetary systems with unknown new properties. Therefore, the ac-
quisition of new properties of young stellar systems, their discs and the mass loss
by stellar wind is an important step towards establishing plausible scenarios for
the formation of stars and planets.
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1.2. The HAeBe type stars

As was noted in theintroduction, the Ae/Be Herbig type stars (HAeBe) are
more massive members of young PMS stars. These stars often are called HES or
HAeBe stars. About this group (for 26 stars) the following characteristics were
determined first time in the classical work of Herbig [48] in 1960:

1. Spectral classes in range B-A, strong emission lines of hydrogen.

2. The stars are in the dark nebula.

3. The stars are illuminatedthe nebula in their immediate vicinity.

These properties distinguish the HAeBe stars from the classical Be stars of the
same spectral types. Later it was found out that many of properties of HAeBe
stars are analogous to the properties of TTS stars [6},7,28,78,(110]:

a) There is an infrared (IR) excess of radiation in many HAeBe stars, and this
indicates the existence of the dust envelope around the star.

b) Irregular variability of light and spectrum. The variability of profiles and
the intensity of the emission lines were observed [102].

¢) Linear polarization of the radiation is about 1% in the continuum; in some
HAeBe stars, the polarization reaches 7-8%, which distinguishes them from the
classical Be stars.

d) All these stars are located in gas-dust star formation complexes. All these
properties show that HAeBe type stars are at the initial stage of evolution and
are stars with intermediate masses between OB stars and T'TS.

2. SURFACE ACTIVITY

A common property of the emission spectra of young stars is the irregular
variability of the intensities and line profiles on the time scale from weeks and
months to days [53,/61,(98]. However, long-term observational data make it pos-
sible to detect periodic or quasi-periodic variations in brightness and spectrum
[37,162,99,100]. Some stars in decades of systematic observations show cyclic
changes in brightness over 6-10 years [63].

Irregular variability in brightness is characteristic of most CTTS, while many
WTTS show periodic light changes [29]. The most complete catalog of UBVR
observations of the large number of TTS and HAeBes is given in the works of
Herbst et al. [53,55]. According to the results of analysis of the large number
of observations, we can now distinguish three basic physical mechanisms of TTS
variability, in which the magnetic field plays a dominant role:

1) Rotational modulation of the star’s brightness with cool spots on the sur-
face. This is a periodic variability with a range of periodsfrom 2 to 12 days and
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amplitude of several hundredths to a few tenths of the magnitude. This event
was observed mainly in WTTS. A typical example is the V410 Tau [47,97.,[107].

2) Variable rate of gas accretion on the surface of the star, short-lived hot
spots on the surface. Irregular or quasi-periodic brightness variations with ampli-
tude of up to 1-3 mag, with a characteristic time of several days. It is observed
only in CTTS. A typical example: BP Tau [42].

3) Variable basically, circumstellar extinction on the line of sight, i.e. the
eclipse of the star by gas-dust clouds. Irregular light fades with amplitude 2-3
mag is observed, mainly, in CTTS. The WTTS no longer have dust accretion
disks near the star, the inner regions of the disk have already dissipated, so there
is no circumstellar dust that could eclipse the star. Although, in principle, there
may be a case where WTTS is observed exactly in the plane of the residual disk
and the star can be eclipsed by far parts of the disk. Irregular light fades in the
most explicit form is observed in young stars of an earlier spectral class (Ae/Be
Herbig star, such as UX Ori) [55,105]. It is characteristic that when the bright-
ness is weakened, the color-index first increases (reddened), and then decreases
(became blue): as the star is eclipsed, the contribution of light scattered on the
dust particles is increased [102]. In the deep minima of light, linear polarization is
increased. The spectrum does not change even with significant decrease in light.
A typical example: RY Tau [66}98].

The surface activity of TTS can be observed in the form of the short-term
change in brightness and spectrum [97], which can be divided into two types:
rapid changes, less than about 1 day, and slow changes occurring within 2-8 days.
For rapid changes Gahm et al. were [29] discovered two different types of events
for six stars (CTTSs two, three WI'T'Ss, and one PTTS) characterized as follows:

a) Flares in the Balmer lines and in the continuum - a rapid increasing a ra-
dationin the Balmer continuum and in the hydrogen emission lines of the Balmer
series for a time interval of less than 1 hour. This type of event is occured only
in WTTS. For explaining of this eventGahmet al. [29] assumed that the flareis
occured on the surface of the star, since is due to dissipation of the magnetic field
energy. Although the detailed mechanism of such event is unknown, the observed
flares are extremely powerful (1033 — 103* ergs) relatively with the flares which
are occured in ordinary flare stars.

b) Increasing the continuum - a slow and smooth increase in the continuum
level after several hours. It is assumed that its origin is due to the accretion of
the inhomogeneous matter from the circumstellar disk.

Slow changes during 2-8 days are explained by surface activity and modula-
tion of brightness by rotation of the star. Bouvier and Bertout |9] have founded
periodic variations in 15 TTS. The value of periods is in the range of 1.9-8.5 days.
Most likely, there are dark spots on the surface of these stars [31,89], which have
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a temperature 500 - 1000 K below than the photosphere and they are occupied
up to 3-17% areas of the photosphere surface.

Also stars with hot spots are observed, although the number of such stars
is small. Such spots should be hotter than photospheres - up to 7000 K, but
their coverage areas are generally less than 1%. Bouwier and Appenzeller [10]
suggested that hot spots were arisen as a result of the accretion of matter flows
from the circumstellar disk and as a result of the formation of the shock front on
the surface of the star.

The surface activity of young stars is directly related to magnetic fields
[31141}143}60,/90]. While the existence of strong magnetic fields for T'TS stars
up to 1 KGs and more has already been observed several times [20,|70}(73}/120],
studies on the direction of detection of such magnetic fields in HES type stars are
very small [56], but now intensive research is being done in this direction.

Relatively well in recent years, the characteristics of the magnetic field in
CTTS have been studied (see 72| and references cited therein). The strength
of the magnetic field averaged over the surface are several kGs. These fields are
responsible for several processes in CTTS - a) X-ray radiation from the stellar
corona with the influence of the magnetic field, b) keep of the circumstellar disk
at the distance of several star radii and c) control of the magnetospheric accretion
process.

In studying of these processes, in addition to the average value of the mag-
netic field, it is necessary to know the topology of large-scale magnetic fields on
the stellar surface. These studies were performed by using the Zeeman-Doppler
imaging technique (Zeeman-Doppler Imaging-ZDI). On the basis of this method
is lied a spectropolarimetric observations of stars for several rotation periods with
a high time resolution and the restoration of the distribution and orientation of
a large-scale magnetic field on the surface of the star [24-27]. In these papers it
was shown that the topology of the magnetic field in different TTS often is sym-
metric as for example in both AA Tau and BP Tau, but also has a more complex
structure in some individual stars.

3. THE MAGNETOSPHERIC ACCRETION MODELS AND THE LINE
PROFILES

The concept of the disk accretion, applied to a wide range of astrophysical ob-
jects, is based on the theoretical papers [104] and [83]. The matter of the accretion
process, controlled by the magnetic field was used in many compact objects. This
model seems very fruitful in explaining the star formation in low mass objects,
and is also used for explaining the accretion of matter in white dwarfs (AM Her)
[118], accretion in pulsars or X-ray sources [112], and accretion to black holes in
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the active galaxy nucleus [5,19]. The assumption on the existence of strong mag-
netic fields on the surface of TTS is based on their strong radiation in the X-ray
and centimeter radio ranges [1,87]. Magnetic fields of the order of 1-3 kGs were
measured on the Zeeman widening of photospheric lines in CTTS [40}67,68], as
well as in maser cyclotron radiation [108]. It is assumed that these strong stellar
magnetic fields substantially changes the accretion and outflow fluxes in the cir-
cumstellar disk near the central star.On the interaction of the circumstellar disk
and magnetic fields in TTS is given in the book is published on the materials of
the IAUsymposium [11].

The conception of the magnetically controlled accretion in CTTS was devel-
oped in the 1980s. By using model [32] applied to X-ray pulsars, in works [15] and
[77] were used a dipole magnetic field that which is formed a magnetosphere and
is extended over several stellar radii, where the rate of accretion to the surface of
the star is 1072 — 107" M, year ~!. At a typical magnetic field strength in TTS,
and at the typical accretion rate, the equality of the magnetic pressure and the
dynamic pressure of the moving substance occurs at the distance of several radii
from the star. Under these assumptions on the existence of such equilibrium, in
works [16,|77,/106] an analytical expression was obtained for the strength of the
dipole magnetic field of the star as a function of the parameters of the star and its
accretion disk. Closer to the star, the magnetic field is completely controlled the
movement of the gas. The gas temperature on the surface of the staris increased
sharply in the wave shock. The radius of corotation is the distance from the star,
where the angular velocity of the star is equal to the angular Keplerian velocity.
At this distance, the substance is rotating in the disk moves with the same ve-
locity as the magnetic-sphere of the star. For T'TS this distance is equal to the
several stellar radii. As a result of the evolution of the star’s angular momentum,
the inner boundary layers of the accretion disk (where wasestablished the equality
ofmagnetic and dynamic pressures) is established near the corotation radius.

Nowadays many various similar models have been proposed and are applied to
the phenomena of TTS. For to studying the formation of profiles of emission lines,
Muzerolle et al. [89] have presented a model with the dipole magnetic field and
an axisymmetric accretion flow. In this case, the external and internal parame-
ters of the disk are taken as free parameters. Solving the equation of radiation
transfer, they calculated the profiles of the lines Ha, HB, D Nal, the parameters
of the accretion rate, the gas temperature, the disk inclination angle and the size
of the magnetosphere. The model also allows to carry out diagnostics on emission
lines, by changing the parameters which are forming the line profile. In the work
[90], this model was applied to the data of Ae/Be Herbig type star UX Ori, and
acceptable disk parameters were obtained.
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In favor of the accretion modelthere are such observational facts as the veiling
of the absorption spectrum due to the continuum emission, as well as the signs of
the higher temperature on the surface of the star, relatively with the rest of the
photosphere [3,[41,43,[113]. In the interpretations it was assumed that the stel-
lar magnetic field of the star most likely is stopped disc accretion at the certain
distance from the star and at large latitudes the circumstellar matter accretion
is occurs on the star’s surface in the form of jets along the magnetic force lines
("tubes") [4,/92,/106]. When the matter from the accretion disk is reaches to the
surface of the starit is formed a shock front and generated an optical excess of radi-
ation. Such events were observed in the CTTS. Recently, has been developed the
theoretical work on the structure of accretionary impact in the magnetic-spherical
accretion model [81,82], which makes it possible to calculate the excessin the con-
tinuum and in the linear spectrum of CTTS. In |14|was performed a detailed
calculation of the accretion shock structure in CTTS, the results of which agrees
well with the observations. A satisfactory agreement was also obtained on the
calculated emission line intensities in the UV part of the spectrum with observa-
tions in CTTS [3334]. On the other hand, it is known that CTTS possess strong
magnetic fields and from systematic observations of IUE, emission in TTS can be
occur by both factors — becauseof magnetic and accretion processes.

According to [56-59], the intensity of the magnetic field in HAeBe stars should
not be less than 100 G, and for one of the typical HAeBe stars AB Aur, according
to |17], it reaches 1 kG. In the existing subgroup of HAeBe stars the type UX
Ori (stars whose non-periodic light fading is observed in range at 2-3 mag), which
possess the observed stellar wind at the order 3-10~7 M, year~!, for to accordance
with the accretion model requires a magnetic field of the order of 560 G [109].
For the UX Ori type stars, an alternative model has also been developed, where
is explaining the weakening of the star’s brightness by screening its surface with
comet-like bodies around the star [109].

Observational and theoretical studies of the gas-dust disk around the young
stars, in particular, lead to the idea that the disk accretion provides excess radia-
tion [45,46]. Theoretical estimates of the disk parameters and the radiation of the
underlying layers in the continuum is satisfactory agreed very well with observa-
tions, although these models do not take into account the physical environment
of the star [4,/69}76].

Even is more incomprehensible the structure of the outer disk and the underly-
ing layers, where emission lines are presumably formed. The observed correlation
in TTS between the IR excess and some standard indicators of the stellar wind
(for example, the profiles of Ha and forbidden lines) show that the disk accretion
in T'TS controls the flow of matter [2,13]|. But the mechanisms of this interaction
are still unclear.
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The concept of the spatial structure of the region where the emission lines of
HAeBe and TTS stars are formed is also ambiguous. Although in recent years
there have been obtained some results in this direction [44,4671,84], the available
data are still insufficient and further studies are required.

The accretion of the substance in CTTS seems to cause an accretion shock,
which is resulting an additional ultraviolet (UV) emission. It was observed a cor-
relation with the increase in luminosity and in intensitiesof some emission lines.
For the classical TTS by the age of about 1 million years, the mass accretionrate
increases by 1-2 orders, which is allowing to estimate of the time of dissipation
of the outer gas-dust shell. Measurements of the dust radiation in the long-wave
part of the spectrum make it possible to estimate the mass of the disk and the
point of dissipation of the inner regions of the disk [21]. In so-called transit disks,
where the IR radiation at A > 10 um is very weak, the energy distribution in the
spectrum is interpreted as a short stage of disk evolution between the optically
thick phase and the optically thin scattered disk [22,/119]. At this stage can be
arises Jupiter like planets [91].

As noted above, HAeBe stars are more massive objects, have intermediate
masses between TTS and stars with M>10 Mg. Apparently, these stars, like
TTS, can be detected as soon as they are started the radiation in the optical
range. These extremely interesting objects must evolve faster than the TTS, and
consequently, the planet formation processes must be going faster [8,/12]. The
observed number of HAeBestars is smaller than that of T'TS, which is the result
of the higher rate of their evolution. The spectral classes may be in the interval
09 - F2, and these stars are surrounded by the residual gas-dust disk, which, as
a result of the thermal radiation of the circumstellar disk, is formed an IR excess
in the spectral continuum. Direct images of disks for several stars were obtained
from IR observations [36]. The circumstellar disks of HAeBe type stars have a
complex structure. At the equatorial part of star the matter accretion comes from
the inner part of the disk (in the equatorial plane), while at high latitudes, there
is an outflow (wind). On the other hand, the disk wind can betransferedof the ex-
cess angular momentum [30]. Indicators of the circumstellar disk in the spectrum
can give information on the interaction of the central star with the disk. The
interaction of the central star and the circumstellar disk has been studied quite
well for low mass MS stars. For example, the T'TS have a dipole magnetic field
of the order of several kG. The interaction of the disk-star system in T'T'S stars is
described within the framework of the magnetospheric accretion (MA) model [11].
According to the model MA | the pressure created by the accretion substance from
the disk at a certain distance from the star is balanced by the pressure created
by the stellar magnetic field.On this radius of collision, the accreting substance is
guided along the magnetic force lines and with the ballistic velocity it falls to the
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stellar surface.

This situation is not quite clear for the case of HAeBe type stars. In the inner
parts of such stars are thermal rays dominated by radiant radiation transfer [59].
However, for the formation of the strong magnetic field bythe dynamo mechanism,
it is requiredthe convection. Nevertheless, it is likely that most late-type HAeBe
stars, with the spectrum later than B9 (HAe), as a result of evolution, arose from
TTS intermediate masses with K-G spectra which have subatmospheric convec-
tive zones, where magnetic fields are formed [93]. In addition, it is likely that
the magnetic field of HAeBe type stars can arise as a result of differential ro-
tation of the star or as the result of appearance the dynamo mechanism in the
circumstellar disk |[111]. Recent direct measurements of the magnetic field by the
spectro-polarimetrymethod have made it possible to reveal longitudinal magnetic
fields in some HAe stars of the order of several hundred Gauss [57-59,(114]. As
shown in [35,188,90], the disk accretion existing in HAe stars controlled by the
magnetic field is occurred through magnetic tubes. In any case, in HAe stars
with the magnetic field of about 100 G, the magnetosphere radius relatively to
the T'TS stars should be much smaller. As a result, we must obtain the character
of disk-star interaction in HAe stars different from TTS.

Recently 56 HAeBe type stars were studied in the IR range spectrum at the
line Hel 10830 [18|. The authors found a significant difference in the HAeBe for
blue- and red-shifted absorption components (flow and fall of matter) from CTTS.
It is shown that unlike CTTS, HAeBe does not accrete from the internal disk.
This indicates a significant difference in the structure of the magnetosphere of
these stars.

According to [38], in principle, the magnetospheric accretion scheme is appli-
cable to the HAeBestars, with the only difference being that these stars do not
possess such a strong magnetic field as T Tauri type stars, and do not have a
developed magnetosphere. For most rapidly rotating stars the magnetosphere of
HAeBestars occupies an area of the order 2-3 star radii whereas in T Tauri type
stars it extends to 5-10 stellar radii.

The accretion activity of HAeBe stars can’t be considered separately from the
outflow of matter, without which accretion into the star itself would be impos-
sible [38]. In addition, the accretion and outflow of matter in young stars are
closely connected to the magnetic field of the disk and/or the stars, the origin
and configuration of which at this moment are the subject of discussions.

Recently, in [101] by using photometric data, the light curves of well-known
T Tauri stars are analyzed. The authors analyzed 7-year light curves and showed
that 4 stars from the group have periodic variability with periods of 20-60 days.
Such variability is stably and can be observed from month to year. It was ex-
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plained by the interaction of the circumstellar disk and the magnetic field of the
star.

As indicated above, the existence of the global magnetic field of several kG
in CTTSs can be considered as a proven fact [24}/70]. Such magnetic field is ap-
proximately several thousand times stronger than the global magnetic field of the
Sun. The results of observations shows that most TTSsare rotating more slowly,
about 10% lower than expected [54]. This is unexpected, because as a result of
disk accretion, the angular momentum should be increased. Further studies have
shown that the existence of a significant magnetic field can affect the dynamics
of the circumstellar environment. The field promotes rupture of the disk and the
accretion of matter along the magnetic field lines to the surface of the star. This
gives rise to an accelerating mechanism for various kinds of outflows, including
wind along open magnetospheric lines [85,|86]. In these papers several problems
are discussed, according to the scenario of disk outflow, where it was shown that
the topology of the stellar magnetic field should be open. The existence of open
field magnetic lines contributes to the appearance of the stellar wind, which could
transfer a significant angular momentum. Calculations showed that the loss of
angular momentum from such a wind is about 10% of the original value [85].

4. CONCLUSIONS

In the above presented brief review, various forms of activity of young stars
and methods of their interpretation with allowance of the magnetic field of the
star are described. Unfortunately, at this moment there are no reliable observa-
tional data that would be allow to studying variations in the spectrum and/or
brightness of the star in parallel with measurements of the magnetic field in indi-
vidual young stars. Such observational data can be obtained from observations of
the group of known magnetic stars, and in young stars with a large value of the
magnetic field, as well as in the group of young stars that do not have information
on the magnetic field, but the star is physically highly active. Carrying out the
correlation analysis between different spectral, photometric and spectropolarimet-
ric parameters of individual stars, and by using modern methods, would be make
it possible to clarify the structure of the magnetic field and its role in the activity
of young stars.
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MAQNIT SAHOLORI VO CAVAN ULDUZLARIN
AKTIVLIYI

N. Z. fsmayzlov

N.Tusi adina Samazi Astrofizika Rasadxanasi,
Azorbaycan Milli Elmlor Akademiyasi, Samaxr rayonu, Azorbaycan

Cavan ulduzlarin bir cox fiziki xassolorini izah etmok ti¢iin holledici amillordon
biri maqnit sahssidir. Toqdim olunan xiilasade maqnit sahosi vo cavan ulduzlarin
aktivliyinds onun tezahitrlori kontekstindos secilmig ulduz gruplarinda problemin
todqiqat veziyyoti gorh olunmugdur.

Acar sozlor: Bag ardiclliq ulduzlar — Spektral vo fotometrik aktivlik — Maqnit
saholori
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HIGH VELOCITY ABSORPTION AND EMISSION IN
THE SPECTRUM OF SUPERGIANT HD 199278

Sh. K. Ismayilova, N. Z. Ismayilovlj, Kh. M. M:ikailov

Shamakhy Astrophysical Observatory named after N.Tusi,
Azerbaijan National Academy of Sciences, Shamakhy region, Azerbaijan

We have presented results of spectral monitoring of the hydrogen lines Ha and
Hp for the supergiant star HD 199478 (B8lae). We have executed a spectral
monitoring for the study of the presence of unusual wide emission and high
velocity absorption (HVA) phenomenon in this star which physical nature at
this moment was not understood.

Our observations showed that the line profiles mainly can to be staying stable
nearly during 18-24 days. Results for 4 various years of observation showed
that probable is not there any strict periodic process inline profile variability
(Ipv). We have discovered only 22 + 2 days more probably characteristic time
of variations in the line-profile variability (Ipv) of hydrogen lines. Only for
one season (in 2011) during 17 days we have discovered the high velocity
absorption (HVA) with the maximal displacement -510 km s~!. Wide emission
in the line Ha with the maximal displacement 4 500 km s~! have discovered
more often, than the blue absorption.

Keywords: B - supergiants — spectral variability — high-velocity outflow and
accretion of matter — HD199478.

INTRODUCTION

The observed systematic variability of the stellar wind parameters by profiles
and parameters of the spectral lines in bright supergiants is important for under-
standing the dynamics of the stellar wind and the stellar atmosphere structure.
A large number of observational data obtained so far by late B and early Asu-
pergiants (hereafter BA SGs) have shown that these stars exhibit the variability
of the stellar wind in the time scale from several days to several tens of days.
Completed in recent years, various observing campaigns have shown that such
variability of the stellar wind is often associated with active changes which are

* . . .
E-mail: ismailovn@yahoo.com
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occurring at the level of the photosphere. One of the main interesting features
of these objects is the variation of the radial velocities and equivalent widths, as
well as the profiles of different spectral lines in the time scale from several days
to several months. For the first time, Kaufer et al. [IH3| have shown that there
are only a few stars with unusually wide absorption on the blue wing of the line
Hea, with a maximum displacement of up to -1200 km s~! (high velocity absorp-
tion -HVA). The physical nature of the appearance of such a profile structure is
still unclear. In addition, in the same stars in the line He, a very wide variable
emission was discovered, the nature of which is not entirely clear. For a detailed
study of such changes,it is necessary a long series of spectral observations with
the high spectral and temporal resolution, which requires to using of large size
telescopes. HD199478 (HR 8020, B8lae, V & 5.69 mag ) is the central star of the
reflective nebula IC 5076. The star differs from the other B SGs in that it has an
inverse radial velocity distribution for the Balmer progression - the higher mem-
bers of the series have fewer displacements than the lower terms [4] and similarly
to Be-stars with a double peak Ha emission [5]. For this star narrow absorp-
tion components(DACs) of the lines in the UV spectrum were detected, but their
variation with time has not been studied [6]. According to Markova et al. |7]
the photospheric lines have a systematic displacement relative to the star center
velocity with a characteristic time of about 20 days. In addition, these authors
found a significant change in the emission line Ha. According to the data of 2000,
was discovered a wide absorption in the blue wing of the line, which changes for
60 days and indicated the matter accretionand outflow.

The photometric variability of the star with amplitude of 0.15 magin B and
V bands was observed [8], but the reason for such changes is still unclear. In the
present work new results of long-term studies of hydrogen lines Ha and Hf in the
spectrum of HD199478 are presented. The purpose of this study is execute a data
analysison the long time spectral material for study a reason of an unusually wide
absorption profile (HVA event) observed on the blue wing, broad emission on the
blue and red wings of the line Ha, and also the time variation of the spectral line
parameters in the spectrum of this star.

OBSERVATIONS AND RESULTS

Spectral observations were carried out in 2011, 2013-2015 in the Cassegrain
focus of the 2-m telescopeof ShamakhyAstrophysical Observatoryof Azerbaijan
National Academy of Sciences. An echelle spectrometer constructed on the base
of the UAGS spectrograph was used [9]. As a light detectorwas used a CCD with
530x580 elements. Observations of the program star HD199478 were performed
in the range of A 4700-6700 A. The description of the observational devices, the
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reduction of images and processing of the material more detail were described in
[9] and [10].

The spectral resolution is R = 14000. The meansignal-to-noise level in the
region of the line Ha is S/N = 200-300, and in the region of the line H3 - S/N
= 100. For the reduction of wavelengths, the sky spectrum was used. The root-
mean-square deviation of the points of the reference lines from the polynomial
mean along the dispersion curve in different orders was 3 - 106—2 + 5 - 1072 mm,
which in the case of positional measurements gives an error of +1.5 — 2.5 km
s!. All processing of images, their translation into a standard format and fur-
ther measurement of spectrograms were performed using the DECH20T program
developed at the SAO RAS [11]. The log of observations is given in Table
where in the columuns, starting from the left to the right, are the spectrum num-
ber, the date of receipt for the middle of exposure, the time in JD, the exposition
time, the S/N ratio in the region of the line Ha. Errors in the measurements of
intensity due to the continuum, depending on the S/N level, were 0.5-1% in the
region of the line Ha and up to 1-2% in the region of the line HB. The continuum
level was controlled by standard stars. In this paper, we present the results of
measurements and analysis on the hydrogen lines Ho and HS.

The following spectral parameters of the hydrogen lines Ha and HB were
measured: equivalent widths W, half-widths (FWHM), central depths and he-
liocentric radial velocities Vr. The mean error of measuring the line equivalent
widths is not exceeding ~ 5%.

Table 1. A log on the observational material

Spectrum Data JD2455000+ Exposition S/N
time (sec) (at Ha)
ks4024 — 25 02.07.2011 5745.399 1200 240
ks4056 — 57 04.07.2011 5747.382 1200 240
ks4077 — 78 06.07.2011 5749.396 900 140
ks4091 — 92 07.07.2011 5750.341 1200 200
ks4108 — 09 13.07.2011 5756.236 1200 140
ks4126 — 27 14.07.2011 5757.313 900 240
ks4152 — 53 19.07.2011 5762.247 900 160
ks4170 — 71 21.07.2011 5764.326 900 160
ks4197 — 98 25.07.2011 5768.414 900 150
ks4229 — 30 28.07.2011 5769.382 1200 180
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Continuation of the table[I]

Spectrum Data JD2455000+ Exposition S/N
time (sec) (at Ha)
ks4246 — 47 28.07.2011 5771.307 1200 160
ksd272 — 73 02.08.2011 5776.272 1200 150
ks4284 — 85 14.08.2011 5788.274 900 140
ks4320 — 03 15.08.2011 5789.312 1200 200
ks4343 — 44 03.09.2011 5808.198 1200 200
ks4359 — 60 04.09.2011 5809.201 1200 180
ks4379 — 78 06.10.2011 5841.263 1200 150
ks4524 — 25 22.07.2013 6496.281 900 200
ks4554 — 55 25.08.2013 6530.448 900 220
ks4560 — 61 28.08.2013 6533.313 720 180
ksd577 — 78 29.08.2013 6534.34 720 180
ks4598 — 99 01.09.2013 6537.274 900 160
ks4662 — 63 20.09.2013 6556.363 900 180
ks4678 — 79 24.09.2013 6560.385 900 200
ks4740 — 41 03.10.2013 6569.243 900 200
ksd761 — 62 17.10.2013 6583.351 900 220
ksd776 — 77 18.10.2013 6584.382 900 200
ks4786 — 87 29.10.2013 6595.222 900 220
ks4795 — 96 04.11.2013 6601.24 900 180
ks4832 — 33 24.11.2013 6621.181 900 200
ks4861 — 62 25.11.2013 6622.194 1200 200
ks5243 — 44 19.06.2014 6828.177 900 160
ks5270 — 71 21.06.2014 6830.181 900 160
ks5309 — 10 26.06.2014 6835.194 900 180
ksb5325 — 26 27.06.2014 6836.104 900 182
ksb5338 — 39 03.07.2014 6842.104 900 160
ks5351 — 52 04.07.2014 6843.313 900 160
ks5367 — 68 11.07.2014 6850.354 900 170
ks5380 — 81 12.07.2014 6851.358 720 200
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Continuation of the table[I]

Spectrum Data JD2455000+ Exposition S/N
time (sec) (at Ha)
ks5391 — 92 16.07.2014 6855.368 720 200
ks5404 — 05 17.07.2014 6856.378 720 200
ksb5461 — 62 23.07.2014 6862.382 720 220
ksb473 — 74 24.07.2014 6863.274 900 180
ks5490 — 91 25.07.2014 6864.309 900 180
ks5515 — 16 30.07.2014 6869.285 900 180
ks5540 — 41 05.08.2014 6875.271 900 200
ksb548 — 49 06.08.2014 6876.260 900 200
ksb569 — 70 07.08.2014 6877.306 900 180
ksb5591 — 92 09.08.2014 6879.316 900 180
ks5604 — 05 10.08.2014 6880.299 900 180
ks5622 — 23 12.08.2014 6882.122 900 200
ksb737 — 38 18.08.2014 6888.326 900 220
ks59439 — 40 07.09.2014 6908.188 1200 240
ks6047 — 48 15.09.2014 6916.181 1200 240
ks6075 — 76 27.05.2015 7170.174 900 200
ks6088 — 89 30.05.2015 7173.163 900 220
ks6170 — 71 09.06.2015 7183.118 900 220
ks6192 — 93 11.06.2015 7185.129 900 240
ks6260 — 61 19.06.2015 7193.215 900 240
ks6298 — 99 21.06.2015 7195.222 900 200
ks6360 — 61 28.06.2015 7202.215 900 200
ks6399 — 6401 07.07.2015 7211.222 900 220
ks6412 — 13 08.07.2015 7212.264 900 220
ks6413 — 32 09.07.2015 7213.271 900 240
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1. THE LINE Hao

1.1. Data for 2011

In the Fig. [1| (left panel) is demonstrated all profiles of the line Ha obtained
in the time interval 02.07.2011 - 06.10.2011. Besides the strong photospheric lines
C II \6578 and 6583 A, the remaining weak and narrow absorption components
in this area are terrestrial atmosphericlines. These lines are helping to control the
displacement in different spectra, and allow us to determine the wavelengths of
the given echelle spectrum with an accuracy of +0.04 A. As can be seen, there
is a significant variations in the line profile for different dates. It is necessary
to distinguish the following features of the He line profile in 2011: a) a variable
central emission component showing either a single or a double peak, b) a broad
emission above the continuum level, both in the red and blue wings of the line,
c) a very wide absorption on the blue wing.

As can be seen from Fig. |1 (left panel), the central emission component of the
line Ha in 2011 shows the profile variations for different dates. For example, from
July 2, we have a single peak, which is observed until June 13 in such structure.
Starting from July 13, there is a double peak with a stronger blue component.
During the period from 21.07 to 15.08, that is, approximately 24 days there is a
single peak. In the dates 03.09-06.10 a double peak with an intensive red compo-
nent is observed. These results shows that the structure of the line profile can to
be remain unchangeable for 25-30 days.

Fig. [1] (left panel) shows that in addition to the central part of the emission, in
the red wing of the line He, a wide emission is observed. This emission is insignif-
icantly higher than the continuum level, but extends quite widely, down to the
telluric line HyO of A 6572.0704 A. The value of the displacement of this emission
at the red wing in different dates reaches up to 500-580 km s~!.
of this emission on the red wing, the equivalent width of the contour, bounded
between telluric lines of HoO X 6563.5096 and 6572.0704 A, was calculated. The
value of the equivalent width of the wide part of the emission varies on different

As a measure

dates.

Only for three nights — in 02.07, 04.07 and 06.07, in the blue wing too there
is a wide emission in the line Ha with an unusual displacement of up to -400 km
s71 (Fig. left panel). In the time interval from 21.07 to 02.08, a very wide
absorption is observed on the blue wing of the line. Here the maximum displace-
ment of absorption component reaches -510 km s™!. At 21.07 we immediately see
a large value of the equivalent width of this absorption, which decreases for 17
days before complete disappearance. Unfortunately, we did not get to the initial
phase of appearance of this absorption. Before to this event, the spectrum was
obtained in 19.07, that is, two days before the appearance of the broad absorp-
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tion. On this day there is no observed wide absorption on the blue wing. Hence
it can be assumed that the wide absorption perhaps could beoccurred after the
date of 19.07, and the maximum time between its appearance and disappearance
is taking about 20 days.
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Fig. 1. The profile variability of the line Ha for different dates (left panel). The right
panel shows the dynamic spectrum of the line profile Hoo from observations of 2011,
as well as the root-mean-square variation in intensity along the wavelength.

The right panel of Fig.[[]shows all the contours of the line Ha superimposed on
each to other, and also in the lower panel the root-mean-square deviation versus
the mean intensity along the wavelength. This figure shows that almost all parts
of the profile shows variationfor different dates, and most often in the emission
peak on the blue wingof the line.

In diagram is presented in the Fig. [2]it is showing the time variation of equiv-
alent width of the broad absorption component Wab(b) and the wide emission
component on the red wing Wem(r)in the line Ha. The black circles are represent-
edemission data Wem (r) on the red wing, and the open circles — wide absorption
Wab (b) data on the blue wing. The dotted line is the third-degree polynomial
curve for the given emission component. As can be seen from Fig. [I] in 2011 a
wide emission on the red wing is observed almost in all dates. In Fig. [2 the black
circles show a smooth change in the parameter Wem (r) with time, which in the
time interval from 07.07 to 02.08 shows an overestimated value of the equivalent
width of this emission relative to other dates.

We note that the appearance and disappearance of the wide absorption on the
blue wing is also observed in this time interval. As can be seen from Fig. 2] the
wide absorption has the largest value of the equivalent width, when the equivalent
width ofemission component is also reached a maximum. Then, both of these pa-
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rameters are synchronous decreasing, and the blue absorption equivalent widths
aredecreasing quickly thanin EW of the emission component (Fig. .

In Fig. |3|is shown the time variability of radial velocities (on the left panel)
and equivalent widths (right panel) of the central emission component of the line
Ha. As you can see, the equivalent widths are changing smoothly, which are pass-
ing through a minimum at 02.08.2011 (JD 2455776). The comparison of Fig.
and Fig. |3 shows that there is no definite relationship in the appearance of broad
absorption and emission with variations in the radial velocities and equivalent
widths of the central emission component of the line Ha.

1.2
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Fig. 2. Time variabilityof equivalent widths in 2011 of wide emission on the red wing
(black circles) and wide absorption on the blue wing (open circles) for the line Ha. A
dotted line is passed through black dots by the third degree of the polynomial.

As can be seen from Fig. [3] a smooth decrease in the equivalent width occurs
in approximately 31 days, while its increase is over 65 days, i.e. twice as longer.

The radial velocities show a variation within 20 km s™!, and equivalent widths of
1.3 A.

1.2. Results for 2013

In the Fig. [ is shownthe same as in the Fig. [I] obtained from the data 2013
for the line Ha. As can be seen from Fig. F] in 2013, the profiles of the line Ha
have two central emission peaks with a stronger blue component. The red emis-
sion component sometimes is very weak and is hardly detected from the noise.
For example, at 29.10.2013 and 04.11.2013 only a single emission component is
observed. In addition, in the 10.10.2013 to 18.10.2015 the appearance of the wide
emission on the red and blue wings is revealed, and it has a maximum value of
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Fig. 3. Time variabilityof equivalent widths in 2011of wide emission on the red wing
(black circles) and wide absorption on the blue wing (open circles) for the line Ha. A
dotted line is passed through black dots by the third degree of the polynomial.

the equivalent width at 17.10.2013 of about 0.33 4 0.04 A. Also on this date, the
edge of emission line wings has a maximum displacement of - 480 to +470 km
s~!. We can note that the time interval for the appearance of a wide emission
and its disappearance is taking at least 15 days.
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Fig. 4. The same as in Fig. 1, according to data for 2013 for the line Ha.

As can be seen from the right panel of Fig. ] the line profile is variable, with
variability being observed both in the central sections and in the line wings. It is
interesting that in 2013 there is practically no absorption component in the line
Ha.

In the Fig. [f]is presented the time variation of radial velocities and equivalent
widths of the central emission component of the line Ha. As can be seen from
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Fighl an increase of equivalent widths to a maximum is occurred in 88 days, while
a decrease is occurred in about 35 days. Radial velocities are varied within range

80 km s~!, and equivalent widths, at 0.5 A.
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Fig. 5. The same as on the Fig[3| for the data of 2013.
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Fig. 6. The same as on the Figll] for the data of 2014.

1.3. Results for 2014

In the Fig. [6]is shown the profiles of the line Ha obtained in 2014. As can
be see, this year is observed the invers-P Cygtype profilespredomination, that
is, strong emission on the blue wing and the absorption component on the red
wing of the line. The equivalent width of the central absorption and emission
varies from night to night. From 19.06.2014 to 16.07.2014 for about 27 days,
absorption on the red wing is stable observed. For 7 nights from July 17, 2014
to July 24, 2014 there is a single wide emission peak with wide emission wings.
From 25.07.2014 to 07.08.2014, i.e. within 12 days a double emission peak with
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Fig. 7. The same as in Fig. [3] on the data of 2014.

a stronger red component is observed. The last three dates of the season from
09.08.2014 to 07.09.2014 are again observed profiles with absorption on the red
wing. The displacement of the wide emission reaches in the blue and red wings
-375 km s~ and +400 km s~!, respectively.

The right panel of Fig. [0]is shown that the strongest variations are observed
on the red wing of the absorption component of Ha. On the diagrams presented
in the Fig. [/ the time variability of radial velocities and equivalent widths of the
central emission component of the line Ha. As can be seen, there is a smooth
change in the radial velocities and equivalent widths. This is the unique case
of the four observation seasons that we have, whenvariability of radial velocities
and equivalent widths of emission in the line Ha are synchronized. As can be
seen from Fig. [7] both radial velocities and equivalent widths have their minima
at 04.07.2014, and both parameters are reaches a maximum at 30.07.2014, i.e.
for about 26 days. Equivalent widths further decrease and in about 47 days are
reaches a minimum. The total amplitude of the radial velocity variation from
peak to peak is about 80 km s, and the equivalent widths are about 1.2 A.

1.4. Results for 2015

In the Fig. [§]the Ha line profiles obtained in 2015have been demonstrated. In
these spectrums intensivewide emission components along the line wings is more
characteristic. Starting from June 28, 2015 to July 09, 2015, i.e. in about 11 days,
a wide emission was significantly strengthened. Unfortunately, after 09.07.2014,
the observations were not continued and we do not know the further nature of
variability in thewide emission. The maximal displacementof the wide emission
on the wings at the continuumlevel reaches -600 km s~! in blue and 540 km s—*
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in red wings. At maximum, the total equivalent width of emission component
reachesto 2.25 A.

In the Fig. [§ is seen that the central emission component in the line have
demonstrated a significant variability from night to night. For example, in the
night from 27.05.2015 to 11.06.2015, the line profile exhibits a multicomponent
structure and very weak emission and absorption, hardly distinguished from the
noise. After June 19, 2015 there is a gradual increase in the intensity of the emis-
sion component, which reaches a maximum on July 9, 2015. Simultaneously, a
considerable expansion of the wings of this emission is observed.

On the left panel of the Fig. [9]is shown the time variationsof borders of this
emission, where the black circles is indicating of red, and open circles of blue
borders of the wide emission. The second panel in Fig. [ shows the change in the
total value of the equivalent width of wide emission including all emission com-
ponents. As can be seen, when is increasing the equivalent width of emission, is
also observed synchronal increasing in the displacement of border velocities of the
line wings. As can be seen from Fig. [0 the variability of the line wings and the
intensity of the emission peak is carried a symmetric and synchronous behavior.

2. THE LINE Hp3

The profile of the line HJ is a broad absorption with a half-width that reaches
an average of 2-3.5 A. Figure 10 shows the dynamic of profiles of the line H3
obtained in different years, as well as the standard deviation of the intensity ver-
sus from the line displacement. The displacement of the absorption peak is often
close to zero, but according to observations in 2015, a shift to the red part was
obtained about +100 km s~!.

In different years there is anemission component, often superimposed on the
blue wing and on the peak of the line. Rather, the apparent peak shift arises from
distortion of the profile by additional emission component, which is superimposed
on the blue wing extending up to the center of the line. This is especially notice-
able in the dynamic profiles of Hj given for 2014 and 2015 in the Fig [I0] The
maximum shift of the emission component sometimes reaches -300 km s~!, but
often corresponds to -100 km s~ 1.

As can be seen from Fig.Q[I0] only in one night, namely on 29.10.2013, a
narrow emission peak with practically without displacement is observed in the
center of the absorption line HB. On the same night, the Ha line also shows a
strong and narrow emission structure, without any absorption components. This
observational fact will be reported in more detail in another paper.

As seen in Figl[I0] where is presented the structure of the standard deviation
o from the average intensity, practically all years are identical with the structure

49



Sh. K. Ismayilova et al. AJAz: 2017, 12(2), 38-58

o

Iy Hq
! ox 12
L f \\, [ —
é i ’\U 6578 583
5 st el \\ 1\L\/—M . ‘ ! o 1 Fag
N LY e AN Y RV
Ky i L R VYN /v
16 oo il — L wen 08
. i F/ U\/*“ \L\W"V‘ v\/\;\\,\ . Yy \ \\ / \,\/ 50628 -1000 0
L UV s c RV(km/s)

A

v

o % 7 ¥

\fJ \/ v v e ¢ VY \\/‘} \\f 2150519
T 7 :

-1000 -500 0 500 1000 1000 500

0 500 1000
RV{kmis) RV(kmis)

Fig. 8. The same as on the Fig[l] for the data of 2015.

of o obtained for the line Ha. As can be seen from thediagram of structure o,
unlike the line Ha in the line HS on the red wing, traces of the emission compo-
nent are practically never observed. This indicates that in the deeper layers of
the atmosphere, where the HS line is formed, only the outflow of matter from the
star is observed. On the upper layers where more probably is arousing the line
Ha, both the outflow and the accretion of the matter are observed.

The HVA event which was observed on the blue wing near the line Ha alsoin
2011 the same time wasobserved on the blue wing of the line H3 (Fig. . The
maximum displacement of absorption at the continuum level on individual days
reaches -500 km s~!. This indicates that the acceleration of the stellar wind also
is occurred in the deeper layers of the atmosphere, where the HS line is formed.

In the Fig. is shown the graphs of the variations in radial velocities and
the equivalent widths of absorption in the line HS. As can be seen from Fig.
according to 2011, the maximums of W) are accompanied with a minimum of Vr.
However, unlike the Ha line in 2013 and in 2014, there is clearly no coincidence
of the extrema of these parameters. According to the results of observations in
2015, we obtained a smooth decrease in the equivalent widths, as well as a smooth
shift of the emitting layer of matter to the observer.

As can be seen from Fig. the general character of the parameters variability
of the absorption line HS (smooth variation and the appearance of extremes with
a characteristic time of 20-25 days) is generally similar in the parameters variation
of the emission component of the line Ha. This indicates that the atmospheric
layers, where absorption Hf is formed, has a close influence to the variability in
the upper layers, where the emission in the line Ha is formed. Our observations
showed that the parameters of the Ha and HS lines show smooth increasing and
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Fig. 9. On the left panel — time variations of border velocities of red (black circles)

and blue (light circles) components of wide emission for the line Ha. In the right

panel- variations of equivalent widthsof the wide emissionfor the same dates. The
displacement in time of the strongest central emission peak is shown below.

decreasing cycles with a well-marked maximum or minimum of these parameters.
This is especially noticeable for the values of the equivalent widths.

In the Table [2| have presented the intervals of wave-like increasing or decreas-
ing of the equivalent widths of hydrogen lines Ha and HS. The Table [2| contains
the following parameters: t1- the beginning of the cycle (in JD 2450000+ ), t2 is
the date of the maximum or minimum points, t3 is the cycle end date, Atl is
the number of days from the beginning of the cycle to the extremum point, At2
is the number of days from the extremum point up to the end of the cycle, At
is the total cycle time. We have chosen the data in which the cycles of variation
W are surely was discovered. In the Table [3|is presented the amplitudes of the
variations from peak to peak radial velocities and equivalent widths of the line
Ha for both emission and absorption components and for HS absorption. The
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Fig. 10. Profiles of the line HB in 2011 and 2013-2015. In the second part of each
figure, the standard deviation o from the average of the relative intensity at the given
displacement is presented.

time interval At is also given there, during which the corresponding parameters
decreases or increases from peak to peak. As can be seen from Table[3] in average,
the amplitudes of variability in the emission component of Ha are greater than
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for the absorption in the line HB. Moreover, the maximum value of the amplitude
of variations in Vr of hydrogen lines is within the range of 30-60 km s~!, and the
characteristic time of variability of Vr and W) is approximately close and are in
the range from 11 to 53 days. Data for the parameter At from Table [3] showed
that for the total 14 events with the appearance of an extremum in the parame-
terchange, the average characteristic time in the interval 20-25 days is observed
in the 6 (about 43%) case, which on the mean is 22 days. This is in good agree-
ment with the characteristic time of 20 days given in the work [12]. All other
values of the parameter At are not repeated for different events. The results of
this analysis is demonstrated on the diagram of the distribution of the parameter
A t, obtained from different variability events of the parameters (Fig. [12). The
abscissa shows the intervals in days, with a step of 5 days. The ordinate shows
the relative number of events N with an extremum to the total number of events
No = 14 in a given interval. As can be seen from Table [3|and from the diagram in
Fig. the most probable number of events with an average characteristic time
of 22 days is observed in the interval of 20-25 days.

Table 2. Time intervals of variability of the parameters W, of lines Ha and H/3 for
diffeent years.

Ha 2450000+ days
years t1 t2 t3 Atl At2 At

2011 5747 5776 5841 29 65 94
2013 6530 6583 6621 53 38 91
2014 6842 6869 6916 27 47 74
2015 7202 7213 11

Hj 2450000+ days
years t1 t2 t3 Atl At2 At
2011 o747 9768 0841 21 73 94
2013 6496 6537 6601 41 64 105
2014 6835 6864 6882 29 18 47
2015 7170 7193 7212 23 19 42

Note: Table [2| contains the following parameters: t1 is the cycle start date
(in JD 24500004 ), t2 is the date of the maximum or minimum point, t3 is the
cycle end date, Atl is the number of days from the beginning of the cycle to the
extremum point, At2 is the number of days from the extremum point to the end
of the cycle, At is the total cycle time.
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Fig. 11. Time variability in the radial velocities Vr and the equivalent widths W) of
the absorption line H/3 for different years.
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Table 3. Amplitudes of changes from peak to peak of equivalent widths and radial
velocities of Ha and HJ lines for different seasons.

Years| AVre(Ha)| Af, AWe At, | AVr(Hp), | At, AW At,

km s~! days | (Ha), A| days| kms™! days | (HB), A| days
2011 31 24 1.5 31 40 20 0.5 21
2013 65 23 0.5 53 30 35,871 0.35 5, 11
2014 72 32 0.9 21 28 13 0.75 29
2015 04 23 0.6 43

Note to Table 3. AVre(Ha) -radial velocity of central emission component
of Ha, AWe(Ha) -equivalent widths of central emission of Ha, AVr(Hp) -radial
velocity of HB absorption component, AW(H}) -equivalent widths of the line HS.
At is the total characteristic time of changes in the corresponding parameter.

As can be seen from Table 2] most probable cycles are completed in about
94 days or less, and it is impossible to determine which part of the curve occurs
longer - to the extremum point or after it.

3. CONCLUSIONS

Our observations showed that the hydrogen lines Ha and HB most often are
changing with a characteristic time of about 20-25 days. By using Fourier anal-
ysis for the variability of the line parameters of Ha was detectedperiods of 27.7
and 55.5 days |12]. Our observations showed that 20-29 days is observed as a
characteristic time of variability (Table . Since the obtained time is not stable
in different years, it is not irrelevant to assume about the existence of a stable
periodic processes. Rather, we can talk a quasi-cyclic variability.

Can such a quasi-cyclic variability be due to the result of the axial rotation of
the star? If we use the radius of the star 68 R, aspresents in [12], and in assuming
that the period of axial rotation of the star is equal to the average characteristic
time of 22 days obtained in this work, then for the absolute value of the rotation

velocity of the star we can get 157 km s~!.

According to our calculations, the
escape velocity V. for this star has a value of 224 km s~!. This means that even
if the star does rotate so fast, the stellar matter could not leave the system.
According also to the data [13], the projection of the rotation velocity to the
line of sight is vsini = 41 km s~'. The half-widths of the photospheric lines CII
A\ 6347 and 6371 AA measured by us give a value of 0.8 £ 0.1 A, which also
gives about 40 km s~!. Then for the angle i we would get the value 15°; in fact,

we would have seen a star from the pole.
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Fig. 12. The diagram of the At parameter distribution for different quasi cyclic events.
The abscissa have presented intervals in days, the ordinate has a relative number to
the total number of events in a given interval.

Our estimates show that the characteristic time of 22 days, rather, is not a
period of rotation. On the one hand, in fact, activity in the star’s atmosphere
should be occurring most often, in the equatorial part. On the other hand, de-
spite the fact that the characteristic time of 22 days is revealed from the data
of observations of different authors, it is not observed as strictly stable. It is
not excluded that the observed undulating variation of the radial velocities and
equivalent widths of the components of the line Ha might be a consequence of
radial pulsation.

As can be seen from the structure of the profiles of the Ha and HJ lines, the
motion of matter in the star’s atmosphere can acceleratefrom 100 to 500 km s~!
relative to the surface of the star. The displacement of the individual emission
components in the Ha line is symmetric with respect to the center of mass of the
system and is about 430 km s~!. The central absorption in the line Ha some-
times shows a blue shift up to -250 km s~!, and a red shift up to +40 km s~
This may be due to the motion of matter in the circumstellar shell of the star.

So, based on the results of this work, we can make the following conclusions:

1. In the spectral line Ha ofthe supergiant HD199478 for 2011 was revealed
weak wide emission components on the red and blue wings, as well as high veloc-
ity absorption (HVA) on the blue wing with the displacement of more than 500
km s~

2. The characteristic time of variation was observedapproximately 20 days
forthe wide emission and absorption components. In 2011, a wide emission and

absorption events practically appear and disappear synchronously. In 2015 wide
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emission component is enhanced, but HVA is not observed. In 2013 and 2014
both of these phenomena was not observed.

3. The most probable characteristic time of variability in the parameters of
the spectral lines Ha and Hf is 22 £+ 2 days.

4. The observed variability in the atmosphere of the starprobably is not re-
lated to the axial rotation and the structure of the atmosphere, but may be the
result of pulsation is occurred in the upper layers of the stellar atmosphere.
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HD199278 IFRATNOHONGIN SPEKTRINDS
YUKSOKSURSTLI UDULMA VO SUALANMA

S. K. fsmayzlova, N. Z. fsmayzlov, X. M. Mikayslov

N.Tusi adina Samaxzi Astrofizika Rosadxanass,
Azorbaycan Milli Elmlor Akademiyasi, Samaxr rayonu, Azorbaycan

HD199478 (B8lae) ifratnohong ulduzunun spektrinde Ha vo HS xotlorinin
monitoringinin noaticolori verilmigdir. Spektral miisahidslor ssasinda bu ulduzda
miigahide olunan vo fiziki tobioti holo molum olmayan qeyri-adi genig siialanma
vo yiiksoksiirotli absorbsiya fenomeninin todqiqi yerino yetirilmigdir. Bizim
miigahidolor géstordi ki, baxilan xotlorin profillorinin iimumi strukturuteqriben
18-24 giin orzinds doyigmoz qalir. Miixtolif 4 ilin miigahidslori géstordi ki, baxilan
xotlorin parametrlori ciddi periodik doyigsmo gostormir. Hidrogen xotlorinin
parametrlorinin on ehtimalli xarakterik doyismo vaxti1 2242 giin togkil etmigdir.
Yalniz 2011-ci ilde bir sezonda -510 km s~ siiriismoye malik olan genis absorbsiya
agkar edilmigdir. Ha xottinds gy qanadda miigahide olunan genig absorbsiyadan
forqli olaraq daha cox miigahido olunan genig siialanma strukturunun siiroti +
500 km s~! catir.

Acar sozlor: Bag ardiclliq ulduzlari — Spektral vo fotometrik aktivlik —
magnit saholori
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SPECTROSCOPIC VARIABILITY OF THE
SUPERGIANT STARS HD 21389 AND HD 187982
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In this paper, we study the structure and spectral parameters of the profiles He,
Hj3, Hel (5876 A) and NalD lines in the spectra of the supergiant stars HD21389
and HD187982 obtained in 2005-2006 and 2013-2015 in the Shamakhy As-
trophysical Observatory (ShAQ). It was found out that in the spectrum of
HD21389, the Ha absorption has a complex structure depending on the phase
of instability of the star atmosphere. In the active phase, this line shows an
inverse PCyg profile. The emission components appear and disappear on the
red and violet wings of the profile. All the measured parameters of the lines
Ha and Hf, demonstrate variability.

It is assumed that these changes occur due to the non-stationarity and outflow
of matter from the atmosphere of these stars. The appearance and disappear-
ance of the asymmetry in the profile of the NaD doublet line and the formation
of the inverse PCyg profile of Ha line in the atmosphere of the supergiant
HD21389 occur synchronously. In the spectrum of the supergiant HD187982,
the emission components appear and disappear in red wing ofthe profile Ha. This
line has a normal PCyg profile in the active phase of the star atmosphere. All
the measured parameters (V,., W, R) of the lines Ha, HB and the Fell line
in 2013-2015 show variability for a month or less. The parameters changing
occur sometimes synchronously, and sometimes occur in anti-phase. All these
facts indicate that there is a matter flow in certain layers of the atmosphere
of HD187982 where these lines are formed, the direction and velocity of the
matter flow change and pulsation type movements are observed.

Keywords: Supergiants-stars — Pulsation

" E-mail: y_meherremov@rambler.ru

59



Ya. M. Magerramov et al. AJAz: 2017, 12(2), 59-77

ation Cam OBI. The authors of |1}, 3-5|calculated some parameters of the star:
log g=1.70, M,/Mg = 19.3, R./Re = 97, log(L./Lg) = 4.87. For the fundamen-
tal parameters of the star as well as atmosphere, temperature, mass and radius,
different authors obtained different from each other, but close values Teff=11000
K, 9730 K and 10100 K; M,/M; = 14, M,/Ms = 16, R./Rs = 104.2,
R./Rs =99 3|46, 7].

According to the spectra of the star HD21389, the lines Ha, HB, Hy, HJ, He,
Hel (4471, 4921, 6678 A), Sill (3853.6, 3856, 3862.5 A), Nal (D1 and D2), MgII
(4481 A), DIB (5797, 5780, 5850, 6614 A), OI (6156, 6157, 6158 A), CIT (4267
A), Fell (4923.9, 6147.7, 6149.3 A) have been studied [5l/814]. It is revealed that
for this star the profile of the line Ha has a complex structure and is observed in
the following forms:

a) the normal P Cyg profile;

b) inverse P Cyg profile with a weak emission component in the violet wing;
c¢) pure absorption profile;

d) pure emission profile;

f) the weak emission components are observed on the red and violet wings of
the absorption line Hau.

It was found out that in the spectrum of the supergiant HD21389 the form,
equivalent width, line depth, radial velocity and other parameters of the line Ha
show a strong change with time. The equivalent width varies from 0.09 A to 0.45
A, i.e. almost five times [7)[15].

It was noted in [8-11,{13//14,/16,17] that according to the spectrograms obtained
on the same night, only in two cases the line Ha shows strong rapid changes (the
radial velocity has changed from -54.8 km s~ ! to -46 km s~!). The same authors
note that the shape and type of the profile of the line HZ, as well as its other
parameters, show strong changes. Sometimes a weak emission component can
be traced in the profiles of the line HB. In [8], the time variation of the radial
velocities and differential shifts of the lines of ions, hydrogen, and helium in star
HD21389 were studied. The dependence of the radial velocities on the depth of
the formation of lines is noted. That indicates the presence in the atmosphere of
HD21389 motions such as radial pulsations. The maximum recorded line shifts
corresponding to the compression and expansion are close to +10 and -20 km s~ 1,
respectively. The authors of [13}|18] carried out a study of the atmosphere of this
star on the basis of measuring the radial velocities of the lines along the optical
depth. It turned out that the radial velocity, determined from the lines Ho, HS,
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Hel, Sill varies in the optical depth. These changes they explained by pulsations
occurring in the atmosphere of this star.

Star HD187982. The star HD187982 (A2la; m, = 5™.58; Tepr =
(9300 4 250) K; vsini = (15 £ 6) km s7!) is a supergiant of the type PCyg,
and belongs to the associations Vul OB4 and log ¢g=1.60+0.15, M,/Mg = 15,
R./Rs = 78 [3,|19,20]. The supergiant star HD187982 has been little studied
spectrally. In the works of a number of authors, the profiles of the lines Ha, H+,
MglI1(4481 A), DIB(5780 A) and FelI(4924, 5018, 5169 A) in the spectra of this
star have been studied [3,[12,[21,[22]. It is noted that the profiles of the line Ha are
observed mainly in a purely absorption. Sometimes a weak emission component is
observed on the red wing of the profile. Ha. The appearance and disappearance
of this component has not yet been fully explained.

Thus, the study of supergiant stars HD21389 and HD187982 is interesting and
relevant from the point of view of studying the nature of the changes in the profile
of the lines Ha, HB, H~ etc. in the spectra of these stars.

In our work, the profiles of the lines He, HB, Hel (5876 A), sodium dou-
blet NalD, Fell, etc. are presented and discussed according to the spectrograms
obtained at the 2-nd telescope of the ShAO.

2. OBSERVATION AND THEIR PROCESSING

The spectral observations of the stars HD21389 and HD187982 were performed
in the periods 2005-2006 and 2013-2015, in the Cassegrain focus of the 2nd tele-
scope of the ShAO of the Azerbaijan National Academy of Sciences using the
echelle spectrometer collected on the basis of the UAGS spectrograph [23]. As a
detector, a CCD with 530 x 580 elements was used. On each observational night,
two spectra of the star were obtained. The average exposure is 600 seconds, de-
pending on the image quality. Quick changes during the night were not detected.
Therefore, the profiles obtained overnight were averaged.

In order to study the stability of the apparatus and the telescope-receiver
complex, many spectra of standard stars were simultaneously obtained, as well as
the level of the dark background, the flat field, and the comparison spectrum. For
the construction of dispersion curves, the sky spectrum was used. In addition, for
all spectrograms, heliocentric corrections are taken into account.

The profiles of Ha, HS, Hel and other lines in the spectrum of the supergiant
stars HD213389 and HD187982 were investiaged.The obtained spectra were pro-
cessed by the DECH20 and DECH20T software package [24]. The measurement
errors for the radial velcities were +2 km s~!, and for the equivalent widths did
not exceed 10%.The resolution was R ~ 15000, the spectral range AA4700 — 6700
AA, S/N ~ 150 — 200.
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HD21389. The spectra obtained in 2005, 2006 and 2014 were investigated.
A change in the profile of the lines Ha and Hf was observed.The stucture of the

profiles and the values of the radial velocities and spectral parameters of the lines
Ha,HB,Hel and the doublet of NaID ara presented (Fig. B)-
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Fig. 1. The profiles of the Ha and Hf lines in the spectrum of the supergiant
HD21389, obtained at different times.

It can be seen from Fig. [I| that in the spectrum of the supergiant star HD21389
the profile of the line Ha is observed to be purely absorptive on September 20,
2005, and the line profile is observed in the shape of the inverse and normal PCyg
profile in 11.11.2006 and 11.09.2014, respectively.

As can be seen from Table [I] on September 20, 2005 the radial velocities
determined from the lines Ho and Hp, are -29 km s~! and -14 km s™!, respec-
tively. However, on 11.11.2006 the radial velocities strongly differ from the values
obtained on September 20, 2005. The radial velocity of the Ha line in the ab-
sorption is +4 km s™!, and in the emission -69 km s~!. Changes in the Ha line
in absorption are 7-12 times different with respect to 20.09.2005 and 11.09.2014,
respectively.
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Fig. 2. The profiles of the Hel (5876 A) and NalD doublet lines in the spectrum of
the supergiant HD21389, obtained at different times.
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Fig. 3. The profiles of the NalD doublet line in the spectrum of the supergiant
HD21389, obtained in 11.11.2006
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Table 1. Results of the measurements of the radial velocity and spectral parameters of
the lines Ha, H3, Hel and sodium doublet NalID in the supergiant star HD 21389

HD21389
Date Ha (abs) Ho (em) Hp
Vr kms ™| WA AXij2| R |Vr kms~ | WA ANy /o Ty | VI kms™ | WA AXij2| R

20.09.2005| —-29 |0.48| 1.7 |0.23 — — - | = —14 |1.39| 2.4 (045

11.11.2006 4 0.19| 1.3 |0.14| —-69 |0.19| 1.1 |1.17 10 1.68| 2.2 |0.47

11.09.2014| —49 |0.39| 1.5 |0.19] — —| = | =] -30 |155] 2.7 |0.45
HD21389
Date Hel Nal Dal Nal Da2
Vrkms WA |AN; 2| R | Vrkms™! WA Vrkms ™! WA
20.09.2005| —8.2 [0.32| 1.4 [0.20 -8.3 0.58 —8.4 0.70
11.11.2006| —8.3 [0.31| 1.5 |0.19]  —10.8 0.58 ~11.3 0.62
11.09.2014| —8.0 [0.33| 1.6 |0.19] —10.6 0.61 —11.4 0.70

Such a strong change in the value of the radial velocity indicates a powerful phys-
ical process taking place in the atmosphere of this star. It is assumed that due to
stellar wind and pulsations, mass is outflowed from the star’s atmosphere. Part
of this mass goes into the interstellar medium, and some of this mass forms an
envelope around this star. However, when a substance is released from the star,
not all of the mass outflows the star, some of the ejected gas cools and falls back
to the surface of the star. Depending on the velocity and mass of the incident
substance, this can affect the absorption component of the line Ha which ap-
pears in the atmosphere of the star. The presence of emission details in the violet
part of the profile may indicate the presence of movement of the substance in
the direction from the observer, and the presence of absorption details in the red
part of the profile may indicate the presence of movement of the substance to
the observers. Note that there is no direct connection between the appearance
of emission details of the line profiles and the motion of the matter of the stellar
wind from the star and toward the star. Many features of the variations in the
line profiles of the studied stars can be explained in the magnetically held stellar
wind model proposed by Babel and Montmerle [25].

It can be seen from Fig. [1] and Table [, when the inverse P Cyg is observed
in the line Ha the profile of HS also changes by the structure and the value and
the line radial velocity shifts to the red side and is equal to 10 km s~'. It is
interesting that when the inverse P Cyg is observed in Ha, no change is observed
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in the line Hel (5876 A). This indicates that in the case of inverse P Cyg profile,
the event substance can reach the layers of the occurrence of the line HBE, but
does not reach the layers where the line Hel is formed.

As we see see from Table 1, during the inversion event, the half-width and the
equivalent width near the line Ha decrease, and the residual intensity increases.
At the same time, in the line HB the half-width decreased, the residual inten-
sity increased, and the equivalent line width increased too. It can also be seen
from Table 1 that the spectral parameters of the line Hel (residual intensity and
equivalent width) do not show appreciable changes.

The spectrum obtained on 09/11/2014 shows that the red wing of the line
Ha has a weak emission component (Fig. . When comparing, it was found out
that in this case the lines Ha and HS strongly shifted to the violet side of the
spectrum and the radial velocity became larger than in 11.11.2006 (Fig. (1| and
Table [I). For the lines Hel (5876 A) and doublet NaID did not observed any
significant changes. Unfortunately, due to the lack of observational material, we
cannot reveal a certain pattern.

HD187982. 1t is a supergiant star of the spectral class A21Ia [26]. The Ha
line is of the PCyg type profile.Bassed on the spectra obtained ,the profiles of the
lines Ha, HB, Hel (5876A), doublet NalID , and Fell (4924, 5018, 5169 A) were
studied .The radial velocities ,residual intensities, and half-widths of the lines are
determined. In the spectra of the star HD187982, obtained in 01.09.2013 and
06.09.2013, the profiles of the Ha lines consist of a strong absorption and weak
emission component, which is observed on the red wing of the line Ha (Fig. .
But in the spectra obtained in 02.10.2013 and 03.10.2013 the Ha line is purely
absorption and there are no associated components. Although on the red wing
of the absorption line of Ha the rudiments of the emission component are still
visible and it does not descend to the level of the continuous spectrum. As can
be seen from Fig. in all these cases no structural change is observed in the
profiles of the line HB. If we follow the values of the radial velocities Ha, H3, Hel
and the doublet of Nald, we see that the radial velocityof Ha varies, but in this
change there is no regularity that attracts attention.

It was found that the change in the radial velocity of the lines Ha and HS
shows an interesting similarity. As was emphasized above, in the spectra of the
star HD187982, the profile of the line He is observed in two forms:

a) The profile of the line Ha consists of a strong absorption and weak emis-
sion component, which is observed on the red wing of the line Ha (for example:
01.09.2013 and 06.09.2013).

b) The profile of the line Ha is observed in the absorption, with the presence
of a weak emission component. (for example: 03.10.2013, etc.)
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Fig. 4. The profiles of the Ha and Hf lines in the spectrum of the supergiant
HD187982, obtained at different times.

The radial velocities of the line HB, measured from the spectrograms obtained
in 01.09.2013, 06.09.2013, 02.10.2013 and 03.10.2013 were, respectively, -33 km
s71, -33 km s7!, -18 km s™! and -19 km s!. As can be seen, when passing the
profile from the form a) to the form b) the line of HJ the line moves to the red
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Table 2. Results of the measurements of the radial velocity and spectral parameters
of the lines Haand Hf of the supergiant star HD187982.

HD187982
JD
Date Ha abs Ha em Hp
2450000 +
Vrkms— 1 WA ANy /2 Al R [Vtkms— YW AAA1/2 ry [Vrkms™ 1WA AXi/o R
01.09.2013| 6537.21 —29 (0.89| 2.5 ]0.28 79 0.02| 0.58 |1.04| —33 |2.46| 3.1 |0.53
06.09.2013 | 6542.20 —23 [0.77| 2.6 |0.24 70 0.03] 0.72 [1.04| —33 |2.26| 3.2 |0.52
02.10.2013| 6568.21 —18 [1.29 2.9 0.31 — — — — —18 [2.40| 3.0 |0.57
03.10.2013| 6569.23 —-17 (1.33] 2.6 |0.32 - - - - —19 [2.42| 3.2 |0.55
21.06.2014| 6830.36 —-11 (1.06| 2.3 |0.33 - - - - —16 |2.35| 2.9 |0.58
04.07.2014 | 6843.34 -5 |1.15| 2.3 |0.37 - - - - -9 [2.53| 2.7 |0.61
11.07.2014 | 6850.29 —6 1.10 2.1 0.37 — — — — —13 (2.41] 2.7 |0.60
18.07.2014| 6857.38 -5 [1.33] 2.5 ]0.38 — — — — -8 |2.57| 3.0 |0.62
24.07.2014| 6863.30 —12 |1.36 2.4 0.41 — - - — —14 |2.41| 2.7 ]0.63
09.08.2014 | 6879.29 —13 (1.38] 2.6 |0.41 - - - - —12 [2.80| 3.2 |0.61
27.05.20154 7170.36 —24 (1.30| 29 |0.36 - — — - —6  |2.31] 2.9 |0.59
30.05.2015| 7173.35 -30 [1.29 2.9 0.36 - - - - —14 [2.28] 2.8 |0.58
09.06.2015| 7183.47 —-17 |1.23| 2.7 ]0.37 — — — — -5 |2.20| 2.7 |0.59
19.06.2015| 7193.45 —-19 (1.15| 2.3 |0.38 — — — — —15 [2.42| 2.7 |0.62
21.06.2015| 7195.43 —16 |1.22 2.5 0.36 — - — — —14 (2.34] 2.8 |0.58
28.06.2015| 7202.36 —-25 |(1.29| 3.1 |0.36 - — — — —23 |2.45| 2.9 ]0.60
30.06.2015| 7204.31 —27 |1.36 3.2 0.37 - — — - —25 (2.31] 3.0 |0.57
07.07.2015| 7211.34 —16 (148 3.2 |0.39 — — — — —18 |2.13| 2.6 [0.60
11.08.2015| 7246.29 —-19 [1.59| 3.0 |0.44 - - — — —33 |1.98| 2.5 [0.62
30.08.2015| 7265.40 —14 |1.39 2.4 0.44 — — — — —30 (2.23] 2.6 |0.61

side, as a result, the radial velocity changes sharply, but no significant changes
occur in the spectral parameters (W, R, A\ /5) (Table .
In addition, with such a transition, the equivalent the width of Ho increases, but
no significant changes occur in the values of the half-width and residual inten-
sity. There are no noticeable changes in the radial velocities and other spectral
parameters of the Hel and NalD doublet.

The next spectra of this star were obtained between 21.06.2014-09.08.2014
and 27.05.2015-04.09.2015 (Table [2f and Table . In the spectra, obtained in the
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Table 3. Results of the measurements of the radial velocity and spectral parameters
of the lines Hel, Nal and Fell of the supergiant star HD187982.

HD187982

Date  [2450000 Hel Nal D1 | NaID2 |Fell4924A |Fell5018A |Fell5169A

Vr kms—1 WAAA1/2 R [Vrkms~ 1 Vr kms~ Y Vr kms~1 | Vr kms~1 | Vr kms—1!

01.09.2013| 6537.21 | —1.0 |0.22| 1.3 |0.14| —6.4 —8.0 —12.2 —10.4 —8.0
06.09.2013| 6542.20 | —4.7 |0.19| 1.5 |0.11] —12.1 | —13.0 -19.3 —-16.8 —13.5
02.10.2013| 6568.21 | —2.3 |0.17| 1.3 |0.11| —4.4 —6.5 —5.2 —-7.0 -2.5
03.10.2013| 6569.23 | —1.5 [0.19] 1.4 [0.12] —2.5 —3.4 -8.3 —5.7 -2.3
21.06.2014| 6830.36 1.1 [0.21| 1.4 |0.13| —10.1 —9.4 0.1 3.4 —5.6
04.07.2014| 6843.34 2.7 10.18] 1.3 [0.13| —8.1 -7.3 —0.4 1.0 —4.9
11.07.2014| 6850.29 41 |0.21] 1.5 |0.13] —10.8 -9.5 -1.8 0.4 -7.8
18.07.2014 | 6857.38 1.7 |0.25| 1.4 |0.14| -8.7 -8.1 1.7 1.5 —6.2
24.07.2014| 6863.30 | —0.4 [0.21] 1.4 [0.12| —10.2 -9.7 -3.1 -0.5 -6.3
09.08.2014| 6879.29 2.6 |0.21| 1.4 |0.13| —5.0 —4.5 5.1 -1.2 0.5
27.05.2015| 7170.36 2.0 ]0.23] 1.4 [0.13| —13.3 | —12.2 6.2 4.6 4.1
30.05.2015| 7173.35 1.0 [0.22| 1.4 [0.13| —14.0 | —12.0 2.1 1.0 0.8
09.06.2015| 7183.47 0.0 |021] 1.5 |0.12] —12.7 | —11.8 -0.9 -3.3 —5.8
19.06.2015| 7193.45 9.4 (0.19] 1.5 [0.11| —15.0 | —11.6 -2.8 -8.0 —6.2
21.06.2015| 7195.43 83 [0.21| 1.6 |0.11] —14.0 | —10.8 —0.8 —24 —2.2
28.06.2015| 7202.36 6.6 [0.22] 1.5 [0.13] —12.9 | —10.8 5.7 4.0 3.2
30.06.2015| 7204.31 | —1.0 |0.23| 1.7 |0.12] —12.9 | —11.0 11.4 8.8 8.7
07.07.2015| 7211.34 59 0.23] 1.4 |0.14| —114 | —10.0 -1.3 —5.2 —4.0
11.08.2015| 7246.29 2.0 (0.22] 1.4 [0.13| —124 | —11.4 —-3.9 —6.8 —6.5
30.08.2015| 7265.40 3.7 |0.21| 1.4 |0.13] —10.8 | —12.9 10.0 8.1 6.4
04.09.2015| 7270.39 54 0.19] 1.4 |0.13| —10.0 | —12.4 9.7 8.2 7.5

period of 21.06.2014-09.08.2014 and 27.05.2015-04.09.2015 the radial velocities of
Ha varied on average by 4 km s~ and 48 km s™!, respectively. A change in
the radial velocity of Hf is on average 4 km s~! and +14 km s~!, respectively
(Table [2).

In the lines of Hel and the doublet NalD, the variation of Vr is weak. Since,
the radial velocity varies in the interval —4.7+9.4km s~ and —15+—2.5 km s~ !,
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respectively. No significant change in the structure and the spectral parameters
of the Hel lines and the doublet NaID lines were observed (Table [3). However,
changes in the radial velocity of the line Hel and the doublet NalD lines some-
times exceed the measurement accuracy by several times. This means that the
change is real.

In 2013-2015 the amplitude of the radial velocity variation was AVr =
(—4.7 + 9.4) km s7!, and the average radial velocity was Vr (Hel)gpe—2.2 km
s7!. Since the radial velocity of the center of mass of the star is noticeably
smaller (-2.9 km s™1, see Wilson 1953 [27]), it turns out that the layers where
Hel absorption are formed, radial vibrations fall to the center with a speed of
about 2.2-(-2.9) = 5.1 km s~!. We note that this velocity changes with time, and,
apparently, the amplitude also changes with its increase. The time variation of
the radial velocity, equivalent to the width and depth of the lines Ho and Hf, as
well as the radial velocity of the lines Hel and Fell, is shown in Fig.

Fig. [5]shows that in 2013, 2014 and 2015, the change in the radial velocity and
the depth of the Ha and Hp lines occur almost synchronously.In 2014, changes
of the equivalent width of these lines vary synchronously. However, in 2015 the
change occurs in anti-phase. According to our data, in 2013, the equivalent width
of the HS line remained within the error or almost unchanged.

Our investigations show that the radial velocities of the lines Fell vary with

time (Fig. . As can be seen from Fig. especially in 2015, there are quasi-
periodic changes in the values of the radial velocity in Fell line.
We note that the Fell lines present in the spectra of star HD187982 were studied
in detail by Abtom, White and Hendry [26,128,129]. In Abt’s work [2§|, based on
the Fell line (4508, 4515, 4520, 4522 A), 7.7-day quasiperiodic changes were found
for radial velocities. After Abt, measurements were carried out by Hendry [26].
He added his measurements to the result of White [29] and Abta and obtained
the same previously found 7.7-day period.

On the basis of the spectograms curves of the changes in the radial velocities
obtained from the lines Fell were plotted (Fig. @ Fig. @ shows that, according
to our data, 7.7-day periodical changes have not been confirmed.

The amplitude of the radial velocity for Ha and HS increases, reaching
AVr = (=30.0 + —5.0) and (—33.0 = —5.0) km s~!, respectively. The aver-
age values of the radial velocities for Ha and Hp are -17 and -18 km s~—!, which
indicate a systematic expansion of the corresponding layers relative to the lower
and intermediate layers.

Comparison of amplitudes and average velocities found for different layers
shows that all these parameters depend to some extent on the optical depth of
their formation in the atmosphere. Similar dependences for o Cyg (A2la ) were
found by Inoy [30|, and for RH21389 by Rzayev and Chentsov [31].
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Fig. 5. Changes with time the radial velocity, equivalent width and depth profiles of
the lines Ha, Hf3 and the average radial velocity measured for the Hel and Fell lines
in the spectrum of the supergiant HD187982.

So, the analysis of long series of observations of HD187982 from 2013 to 2015
showed that the amplitude and the average value of the radial velocities differ
for the different layers. The lower and intermediate layers fall on the star with a
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Fig. 6. Changes in the radial velocities V,. from the phase obtained from the Fell
lines in the spectrum of the supergiant HD187982 (the initial epoch was chosen
JD2456542.2, P = 7.7 days).

velocity of 5.1 and 1.9 km s~! while the upper layers expand.

The sodium doublet Nal 5890 A and Nal 5896 A. In the spectrum of
the stars HD 21389 and HD187982, in addition to hydrogen and other lines, the
lines of the doublet Nal 5890 A and Nal 5896 A have also been studied.

It is known that the absorption lines of Nal 5890 A and Nal 5896 A are
mainly interstellar lines, i.e. are formed in the interstellar medium. Therefore,
the profiles of these lines must be symmetrical. The asymmetry of these profiles
is an argument in favor of the contribution of other sources to the formation of
these lines.

A study of the optical spectra of these stars, as well as of other hot super-
giant stars, obtained by us and other authors, indicate that in the formation of
the doublet NalD, in addition to the star, the envelopes around these stars and
the interstellar medium can also contribute. Unfortunately, because of the small
resolution in the spectrum, we could not identify these components. However, in
11.11.2006 the asymmetry in the violet wings of these lines was observed in the
profile of the doublet NaID in the spectrum of HD 21389 (Fig. 2-3). Therefore,
to reveal asymmetry, we combined the red wing of these lines with the Gaussian
profile [24]. In Fig. [2| and Fig. [3] the dashed line shows the alignment of the red
wing with the Gaussian profile [24].
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The radial velocities of the lines are determined by combining the direct and
mirror images of these absorption lines at the half-depth level Vr (R/2), and
also in the peaks of the profiles. Laboratory wavelengths (D2, D1) were taken
as 5889.95 A and 5895.92 A, respectively. The radial velocities and equivalent
widths (W) determined by us are given in Table

As can be seen from Table[3] the radial velocities and equivalent widths of the
absorption lines of Nal 5890 A and Nal 5896 A determined by us in the spectrum
of these stars do not change significantly, except 04.09.2015 one in the spectrum
of the supergiant HD 187982. In addition, only in 11.11.2006, the asymmetry is
observed in NalD doublet line,in the spectrum of HD21389.

The appearance and disappearance of the asymmetry in the profile of doublet
NalD and the formation of the profile of inverse P Cyg type of Ha line in the
atmosphere of the supergiant HD21389 occur synchronously (Fig. .

We assume that these changes formed under the action of a general mecha-
nism, which are the cause of pulsation and the outflow of the matter from the
stellar atmosphere.

3. DISCUSSION OF THE OBTAINED RESULTS

Summarizing the observational data and the measurements made, the follow-
ing conclusions can be drawn:

It is known that the line He, in relation to other lines, covers the higher layers
of the atmosphere [32], since in the supergiant stars the upper layers of the atmo-
sphere are subjected to the higher effect, than the lower layers. The change in the
radiation flux of the star and the outflow of the matter (stellar wind) creates a
corresponding change in the upper layers of the atmosphere and in the envelope.
As a result, the profiles of the absorption and emission components change, and
appear in the different forms. That is, changes in the profiles of the line Hain the
spectra of HD21389 and HD187982 can be the result of the release of matter and
perturbation of the envelope.

On the other hand, it is known that the appearance of the stellar wind and
its variation in the supergiant stars is associated with the pulsations occurring in
their atmosphere [33]. But, if these changes are associated with pulsations, then
they should occur periodically. In order to clarify the nature of physical processes
in the deep layers of the atmosphere, it is planned to carry out regular spectral
and photometric observations of this star in the future.

As noted above, the asymmetry in the interstellar absorption lines of Nal 5890
(D2) and Nal 5896 (D1) in the spectrum of the supergiant HD 21389 (Fig.
is revealed. This asymmetry is observed in the violet wings of these lines only on
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11.11.2006, when the Ha line is observed in the shape of the inverse PCyg pro-
file. But we could not detect the asymmetry in the profile of the doublet NaD in
the spectra of the supergiant HD187982. This observational fact is an additional
argument in favor of the reality of the asymmetry of the investigated absorption
lines of Nal 5890 (D2) and Nal 5896 (D1) in the spectrum of the star HD 21389.

We assume that the observed changes can be explained by the macroscopic
radial motions or semiregular or irregular movements like pulsations [16,/18].

Our investigations showed that all the measured parameters of the lines He,
Hp, and Fell in the star HD187982 obtained in 2013 =+ 2015 show variability for
a month or less. The change occur sometimes synchronously or sometimes in
anti-phase.

The appearance of PCyg profile on the spectrograms on 01.09.2013 and
06.09.2013 indicates the discovery of the star of the supergiant HD187982 in the
next active stage. The spectrograms obtained after 06.09.2013 show a decrease
in the intensity of the emission component, which is accompanied by a decrease
in the radial velocities in the lines Ha, HS and Fell These facts indicate that, a
powerful outflow of matter occurs, the physical conditions the velocity and direc-
tion of the outflow change in the atmospheric layers of the supergiant star , where
these lines are effectively formed.

CONCLUSIONS

As a result of the comparative analysis of the Ha absorption lines in the spec-
trum of the supergiant stars HD21389 and HD187982 obtained in 2005-2015 by
us , we can come to the following conclusions:

1. In the spectrum of HD21389, the absorption profile of the He line in depen-
dence on the instability phase of the star atmosphere is of a complex structure.
In the active phase this line has an inverse P Cyg profile. Emission components
appear and disappear in the red and violent wings of the profile. All the measured
parameters of the Ha line show variability. It is assumed that the variability of
the profiles, radial velocities and other parameters are related to each other as a
result of the outflow of the matter and perturbation of the envelope , as well as
pulsations and stellar winds produced in the atmosphere of the stars.

2. The appearance and disappearance of the asymmetry in the profile of dou-
blet NaID and the formation of inverse P Cyg tpe of Ha line in the atmosphere
of the supergiant HD 21389 occurs synchronously (Fig. . We suggest that
the observed changes can be explained by the macroscopic radial motions or by
semiregular or irregular pulsating motions |16, [18].

3. The absorption profile of the Ha line has a complex structure in the spec-
trum of the supergiant star HD187982. This line has a normal P Cyg profile in
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the active phase. Emission components appear and disappear in the red wing of
the profile. All the measured parameters of the lines Ha, HS and Fell 20132015
show variability for a month or less.Sometimes changes occur either synchronously,
and sometimes occur in antiphase.

We consider that these results can be used for the further analysis of the
chemical composition and the determination of the fundamental parameters of
the atmosphere, and also for constructing the theoretical model of this star.
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HD21389 VO HD187982 iIFRATNOHONG
ULDUZLARININ SPEKTROSKOPIK
DIOYISKONLIKLIRI

Y. M. Moahorramov, 9. R. Hasanova, O. M. Xalilov,
d. S. Baloglanov, G. M. Hacwyeva

N.Tusi adina Samazi Astrofizika Rasadxanasi,
Azarbaycan Milli Elmlor Akademiyasi, Samax: rayonu, Azarbaycan

Bu igdo, 2005-2006 vo 2013-2015-ci illordo SAR-da 2 metrlik teleskopunda
quragdirilmig kasseqren fokusunda CCD isiggobuledicisi ilo HD21389 vo HD187982
ifratnohong ulduzlarimin alinmig spektrlorine osason Ha, HfB, Hel (5876 A) Vo
dublet natrium NalD xotlori profillorinin qurulusu, onlarda siia siirotlori vo
spektral parametrlori todqgiq olunmusdur. Agkar olmusdur ki, HD21389 ulduzu
spektrinds Ha xotti profilinin qurulusu ulduz atmosferinin aktiv fazasindan
asili olaraq miirokkob quruluga malikdir. Aktiv fazada xottin profili invers P
Cyg tiplidir. Ha xottinin qirmizi vo bondvgayi qanadinda giialanma komponenti
yaranir vo yox olur. Ha vo Hf xotlorinin biitiin 6l¢iilmiis parametrlori doyiskonlik
gostorir. HD21389 ifratnohong ulduzu atmosferinde dublet natrium xottinin
profilinds asimmetriyanin yaranmasi ve yox olmasi Ha xottinin profilinin invers
P Cyg profilo ¢evrilmosi ilo sinxron bag verir. HD187982 ifratnohong ulduzu
spektrindo Ha profilinin qirmizi qanadinda giialanma komponenti yaranir vo
yox olur. Ulduz atmosferinin aktiv fazasinda bu xott normal P Cyg profili
formasindadir. 2013-2015-ci illorde Ha, HS vo Fell xotlorinin biitiin 8l¢iilmiis
parametrlori (Vr, W, R) bir ay vo daha qsa miiddotde doyiskonlik gostorir.
Parametrlorin doyigsmosi bozon sinxron, bozon do oks fazada bas verir. Biitlin bu
faktlar onu gostorir ki, HD187982 ulduzu atmosferinin tadqiq olunan xotlorinin
formalagdigl miioyyen effektiv qatlarda madds aximi bag verir, axinin siireti vo
istigamoti deyisir, pulsasiya tipli harokotlor miigahide olunur.

Acar sbzlor: Ifrat nohong ulduzlar — Pulsasiya
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