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MHD WAVES AND INSTABILITIES IN THE

COLLISIONLESS SPACE PLASMA

N. S. Dzhalilov a, S. Sh. Huseinov b*

a Shamakhy Astrophysical Observatory named after Nasireddin Tusi of the Azerbaijan National

Academy of Sciences

b Sciences of Azerbaijan, Baku, Azerbaijan

Based on the 16-moment MHD transport equations, the propagation of

linear waves in an anisotropic homogeneous cosmic plasma is considered.

A general dispersion relation is derived with allowance for two plasma

components (electrons and protons) and heat �ux along the magnetic �eld.

This dispersion relation is a generalization of the previously studied cases of

one-component (ion) plasma. The case in which the e�ects associated with

the heat �ux are ignored is analyzed in more detail. In the limit of longitudinal

propagation,the wave modes fully consistent with the modes known in the

low-frequency kinetic theory of collisionless plasma are classi�ed. Firehose

and mirror instabilities are analyzed. It is shown that taking into account

the electron component modi�es the growth rates and thresholds of instabilities.

1. INTRODUCTION

Since the measured parameters of highly rare�ed magnetized space plasmas

(e.g., solar and stellar winds, star coronas, star disks, the ionosphere and magneto-

sphere of planets, and interstellar medium) are macroscopic, the MHD description

of such plasmas is preferable. The derivation of a closed set of MHD equations

for collisionless plasma runs into di�culties. The main di�culty is related to the

truncation of the in�nite chains of equations for the moments of the distribution

functions. This requires additional physical justi�cation, as well as a speci�c type

of the particle velocity distribution. Classical examples of such equations describ-

ing plasma as a �uid are the Chew�Goldberger�Low (CGL) equations [1] and the

16-moment transport equations [2, 3], derived for a bi-Maxwellian plasma with

a zero Larmor radius. The main advantage of the 16-moment MHD transport

* E-mail: namigd@mail.ru
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equations in comparison with the CGL equations is that they take into account

the heat �ux along the magnetic �eld. In contrast to the CGL equations, the

16-moment equations give a correct expression for the threshold of mirror insta-

bility, which is identical to the result predicted by the lowfrequency kinetic theory

[4,5]. A disadvantage of the MHD descriptions of plasma in comparison with the

kinetic one is that it considers small wave numbers k < ωpp/c (where ωpp is the

proton plasma frequency and c is the speed of light). In a number of papers,

MHD instabilities were modi�ed with allowance for a �nite Larmor radius (see,

e.g., [6, 7]).

In the previous works, we developed the theory of MHD instabilities based on the

16-moment equations [4, 5, 8, 9]. In those works, the results were obtained for an

ion plasma. The role of electrons was reduced only to the maintenance of plasma

quasineutrality. Strictly speaking, the contributions of the plasma electron com-

ponent can be ignored under the condition Te � Tp, which is rarely satis�ed in

reality. Here, we generalize the theory of linear MHD instabilities with allowance

for the electron component and its anisotropy and study the thresholds for the

onset of �rehose and mirror instabilities in an electron�proton anisotropic plasma.

2. MHD TRANSPORT EQUATIONS IN ANISOTROPIC PLASMA

The kinetic description of the dynamic phenomena in a plasma consisting

of electrons and ions is based on the Boltzmann�Vlasov evolutionary equations

for the distribution functions fα (u; r; t) of each particle species α = {e, i}. If

it is necessary to take into account the e�ect of the electromagnetic �eld, these

equations are complemented with Maxwell's equations. The macroscopic plasma

parameters of interest to us (the density, macroscopic �ow velocity, pressure, and

heat �ux) are determined as integral moments of the distribution functions in

the three-dimensional space of microscopic velocities u. In the moving frame of

reference, these moments are represented as

n =

∫
f(u; r; t)d3u, nv =

∫
uf(u; r; t)d3u,

p = m

∫
|u− v|2f(u; r; t)d3u,

p‖ = m

∫
[(u− v) · b]2f(u; r; t)d3u,

S‖ = (m/2)

∫
[(u− v) · b]3f(u; r; t)d3u,

SB = (m/2)

∫
[(u− v) · b]|u− v|3f(u; r; t)d3u,

where b is a unit vector along the magnetic �eld, the mean total pressure

p = (2p⊥ + p‖)/3 is determined by the transverse (p⊥) and longitudinal (p‖)

7
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pressures, and the total longitudinal heat �ux SB = S⊥ + S‖ is de�ned as the

sum of the longitudinal heat �uxes caused by the transverse (S⊥) and longitudinal

(S‖) thermal motions. The number of these and more high rank integral moments

can be arbitrarily large, and they are all expressed via one another. The chain

of equations describing these moments (transport equations) can also be in�nite.

Additional physically justi�ed conditions for truncating the chain of equations

are needed. In the case of a dense collisional plasma in which the equilibrium

particle distribution functions are close to Maxwellian, these chains of equations

are truncated easily. This results in the usual MHD equations for an isotropic

plasma. However, in the case of rare collisions and in the presence of a strong

magnetic �eld, the particle distribution functions are not Maxwellian and the

truncation of the chain of the moment equations for a nonequilibrium plasma is

problematic. In this case, the solution of the kinetic equation for each particle

species is usually sought as an expansion about a given distribution function with

an anisotropic temperature with respect to the direction of the external magnetic

�eld. If this function is assumed to be bi-Maxwellian (the simplest form for an

anisotropic plasma), then, for very small Larmor radii of particles gyrating in the

magnetic �eld (rB → 0) , a system of 16-moment equations is obtained [2, 3]. In

the generally accepted notation, these equations are written as

dρα
dt

+ ραdivv = 0, (1)

ρ
dv

dt
+

1

4π
B× (∇×B) +

∑
α

[
∇pα⊥ + (B · ∇)

(
pα‖ − pα⊥

B2
B

)]
= 0, (2)

Bpα‖
d

dt
ln

(
B2pα‖

n3

)
+ B · ∇Sα‖ + 2

(
Sα⊥ −

1

2
Sα‖

)
B · ∇ lnB = 0, (3)

Bpα⊥
d

dt
ln
(pα⊥
Bn

)
+ B · ∇Sα⊥ − 2Sα⊥B · ∇ lnB = 0, (4)

BSα‖
d

dt
ln

(
B3Sα‖

2n4

)
+

3pα‖

mα
B · ∇

(pα‖
n

)
= 0, (5)

BSα⊥
d

dt
ln

(
Sα⊥
n2

)
+
pα‖

mα
B · ∇

(pα⊥
n

)
−
(
pα‖ − pα⊥

)
pα⊥

nmα
B · ∇ lnB = 0, (6)

dB

dt
+ Bdivv − (B · ∇)v = 0, divB = 0. (7)
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When deriving these equations, it is assumed that the plasma is quasineutral,

ne ≈ ni = n, and the mass velocities of its components are close, ve ≈ vi = v.

Here, d/dt = ∂/∂t+ v · ∇, ρα = nmα, and Sα‖ and Sα⊥ are the �eld-aligned heat

�uxes caused by the longitudinal and transverse thermal motions of the particles

of species α. If we neglect these �uxes, Sα‖ = 0 and Sα⊥ = 0, we obtain the

laws of variation in the longitudinal and transverse thermal energies along the

trajectory of a �uid element (the left-hand sides of Eqs.(3) and (4)). This pair of

equations (the so-called double adiabats) and Eqs.(1), (2), and (7) form a closed

system of equations known as the CGL equations [1]. However, if we use the CGL

equations, Eqs.(5) and (6) remain unsatis�ed, because, when deriving the CGL

equations, the third moments of the distribution function were omitted without

any justi�cation; i.e., the heat �uxes were not taken into account. Equations

(1)�(7) given here contain heat �uxes and form a more complete system. The

CGL equations do not follow from these equations as a special case.

3. DISPERSION RELATION OF THE WAVES

For simplicity, we consider the case in which plasma in the unperturbed state

is uniform and stationary: all quantities v0, ρ0, p‖0, p⊥0,B0, S‖0, and S⊥0 for

particles of species α do not depend on the coordinates and time. Equations

(1)�(7) automatically satisfy these conditions with nonzero heat �uxes. Let us

consider small perturbations of physical quantities with respect to the equilib-

rium state. For example, we represent the pressure as p = p0 + p′ (r, t), where

p′ (r, t) ∼ exp i (k · r− ω0t) and |p′|� p0. Here, ω0 = ω+(v0 · k) is the oscillation

frequency in the frame of reference moving with the plasma and k is the wave

vector of oscillations. For the small wave perturbations we can derive dispersion

relations. Uncompressible wave modes are separated from the common system

and their dispersion relation is:

ω2 = c2Ak
2
‖

(
1− 4π

∑
α

pα‖ − pα⊥
B2

)
. (8)

This is a prototype of the dispersion relation for Alfven wave

modes in an isotropic plasma. In the dimensionless parameteres

this may written as ω2/c2i‖k
2
‖ = βi + ϕi − 1 + (ϕe − 1)/Ψ2, where

βi = B2/(4πpi‖), ϕα = Tα⊥/Tα‖,Ψ
2 = Ti‖/Te‖, ci - ion sonic velocity. Un-

der the condition βi + ϕi + ϕe/ψ
2 < 1 + 1/ψ2, Alfven modes become unstable

and �rehose instability arises. In two cases, the growth rate of �rehose instability

passes to the well-known case: for ψ2 � 1 (cold electrons, Te‖ � Ti‖) and for

isotropic electrons, ϕe = 1. If the plasma electron component is anisotropic,

9
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ϕe 6= 1, then, for ϕe > 1 (Te⊥ > Te‖), �rehose instability is suppressed, whereas

in the opposite case, ϕe < 1 (Te⊥ < Te‖), on the contrary, instability intensi�es.

Other dispersion relation is a 12th-degree polynomial equation for the nor-

malized phase velocity x = ω/k‖ci‖,

U12x
12 + U10x

10 + U8x
8 + U6x

6 + U4x
4 + U2x

2 + U0 +

+γα

[
U9x

9 + U7x
7 + U5x

5 + U3x
3 + U1x

]
= 0, (9)

which is a general dispersion relation for compressible wave modes in an in�nite

homogeneous anisotropic magnetized two-component plasma. Here, we took into

account the �eld-aligned heat �uxes carried by particles of species α. The coef-

�cients U0−12 of the equation are complicated real functions of the parameters

of the problem. These coe�cients are given in the Appendix of the paper [10].

Dispersion relations of the waves (slow ion-acoustic (SIA), slow electron-acoustic

(SEA), fast magnetosonic (FMS), slow sound (SS), fast ion-acoustic (FIA) and

fast electron-acoustic (FEA) modes) in the �uxless case are shown in the �g.1

and �g.2: For a di�erent set of parameters, when condition for the onset of �re-

Fig. 1. Wave phase velocity squared vs. propagation angle parameter l = cos2 θ in

the case arising of �rehose instability: ϕe = ϕi = 0.5, βi = 1, and ψ = 0.5. Instability

arises if ν2ph < 0. (a) Electronic acoustic waves and (b) all other wave branches. Only

the Alfven (A) and fast magnetosonic (FMS) modes become unstable.

hose instability is not satis�ed, mirror instability may arise at large propagation

angles. Such an example is presented in Fig.2, where mirror instability develops

on the branch of the FIA mode. For mirror instability, there is also a threshold.

10
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Fig. 2. Wave phase velocity squared vs. propagation angle parameter l = cos2 θ in

the case where �rehose instability condition is not satis�ed: ϕe = ϕi = 1.5, βi = 1,

and ψ = 0.5. In this case, mirror instability of quasi-transverse fast ion-acoustic (FIA)

modes is possible.

An increase in the magnetic �eld (βi ∼ B2) suppresses the instabilities under

consideration. This can be seen from the examples presented in Fig.3.

4. CONCLUSIONS

In the previous theoretical studies of MHD instabilities in anisotropic plas-

mas, mainly in the CGL and 16-moment approximations, the role of electrons was

ignored. It was reduced only to ensuring plasma quasineutrality. However, under

actual space conditions, both ion and electron plasma components are substan-

tially nonisothermal (Te 6= Ti) and anisotropic (T⊥ 6= T‖). Our main goal was to

clarify the e�ect of the presence of the electron component on the conditions for

the onset of the known types of MHD instabilities in an anisotropic plasma. To

this end, we used 16-moment MHD transport equations with allowance for the

heat �ux in a multicomponent bi-Maxwellian plasma. It is shown that allowance

for electrons introduces into the problem new parameters associated with the

plasma nonisothermality, the anisotropy of the electron component, and the elec-

tron heat �ux. For simplicity, with neglect of heat �uxes, the role of the electron

component in the onset of �rehose and mirror instabilities has been studied in

detail. It is shown that, in the actually observed parameter ranges, the electron

component cannot be ignored. The criteria for the onset of instabilities, as well

11
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Fig. 3. E�ect of the magnetic �eld (parameter βi ) on the condition for the onset of

instability: (a) phase velocity squared vs. propagation angle of the FMS modes (the

second �rehose instability) for ϕe = 0.5, ϕi = 0.7, and ψ = 1; (b) FIA modes (mirror

instability) for ϕe = 1.2, ϕi = 1.5, and ψ = 0.7.

as their growth rates, depend substantially on the parameters ψ2 = Ti‖/Te‖ and

ϕe = Te⊥/Te‖.

In the absence of �eld-aligned heat �uxes, there are three types of MHD insta-

bilities: incompressible parallel �rehose instability, compressible oblique �rehose

instability, and compressible mirror instability. All the instabilities are aperiodic;

i.e., the real part of the frequency is zero, Re(ω)=0. This is primarily a conse-

quence of neglecting the Landau damping in deriving the MHD equations. The

inclusion of dissipative e�ects (e.g., heat �uxes, Hall e�ects, etc.) will stabilize

the instability, and the instability will become oscillatory. The main disadvan-

tage of the obtained expressions for the growth rates of MHD instabilities is that

these growth rates are linear functions of the wavenumber, Im(ω)∼ k. This means

that, on very small scales (k →∞), the instability growth rates increase without

bound. The reason is that the 16-moment MHD transport equations used are

derived under the assumption of a zero Larmor radius.

The properties of �rehose and mirror instabilities are well-known from the low-

frequency kinetic theory [13�16]. The in�uence of a �nite Larmor radius on the

thresholds and growth rates of kinetic instabilities, as well as their stabilization,

is widely discussed in the literature (see, e.g., [6, 17,18]). For wavelengths on the

order of the ion Larmor radius, the e�ective elasticity of the magnetic �eld lines

increases substantially, which leads to a maximum growth rate and an increase

in the threshold for mirror instability [17]. At shorter wavelengths, the e�ective

12
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electric �eld acting on the ions decreases (due to the averaging caused by Larmor

gyration). This leads to a decrease in the growth rate toward shorter wavelengths.

In the cases under consideration, the electrons were mainly assumed to be isotropic

and cold. In a more general case, where the electrons of a bi-Maxwellian plasma

are anisotropic and not cold, the conditions for the onset of mirror instability

are substantially modi�ed [15, 19�23]. It is found that the maximum growth

rate of mirror instability is smaller when the electrons are isotropic; however, if

anisotropy appears, the growth rate increases. The �nite Larmor radius e�ects

in the presence of anisotropic electrons were considered in [7, 24]. It was found

that suppression of instability by the e�ects related to the �nite Larmor radii of

electrons and ions depends substantially on the degree of anisotropy of the elec-

tron temperature. The in�uence of the �nite Larmor radius e�ects on �rehose

instability has been studied by many authors (see, e.g., [6, 25�30]). The main

result is that instability is suppressed at small spatial scales. It is very di�cult to

take into account the �nite Larmor radius and dissipative e�ects in a �uid model

of magnetized collisionless plasma. In the simplest case in which �eld-aligned

heat �uxes are disregarded and double adiabats (CGL equations) are satis�ed, an

attempt to describe �rehose modes by using such an approach was made in [31].

In that work, short-wavelength �rehose instability was stabilized by including the

Hall damping and �nite ion Larmor radius e�ects. Analysis of instability of a

collisionless magnetized plasma in the �uid model in a more general case in which

heat �uxes, �nite Larmor radius e�ects [32], and weak collisions between particles

[33] are taken into account is a very complicated but important problem.

The results of this work can be used to interpret the observed low-frequency large-

scale turbulence in the solar and stellar wind plasma. Note that more details about

the results presented here can be found in our published work [34].
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In the scienti�c literature, the heating of the solar corona by magneto-

hydrodynamic waves, especially Alfven and slow acoustic waves, is widely

discussed. The calculations of di�erent authors of the energy �ux density

vary greatly: namely, the energy �ux values by Alfven waves by 6 orders

of magnitude, slowwaves by 4 orders of magnitude. Some e�ects a�ecting

the calculated values of the energy �ux of these waves are examined in

this work. It is shown that the main reason for this is that the value of

non-thermal velocities from observations is not accurately determined since

the inclination of movements is not unknown to the direction of the line of sight.

Keywords: MHD waves � Solar corona

1. INTRODUCTION

The solar corona is a high-temperature layer of the solar atmosphere. The
temperature in calm areas of the corona is 106 K but on active regions (1-5) 106
K. To compensate for energy loss of the corona due to radiation, by the heat con-
duction mechanism, as well as on the solar wind acceleration, is required constant
heating with energy �ux of 105 erg cm� 2s−1 at calm regions and 107 erg cm−2s−1

at active regions [36]. The source of heating energy of the solar corona (as well
as the acceleration of the solar wind) is the convective motion that moves the
magnetic �elds of coronal structural formations. In this case, depending on the
velocity of magnetic �eld movement, two types of motion are distinguished: with
a timeline, more and less than the time scale of the Alfven wave from one end of
the magnetic tube to the other end. In the �rst case, the magnetic �elds are com-
pressing, the magnetic lines of force are reconnecting, resulting in current sheets
are forming; these currents are named direct currents; in the second case, waves

*
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with alternating currents are generating. These processes are two fundamental
mechanisms for heating the solar corona. In 1972, Parker put forward an idea of
a possible mechanism for heating the corona with numerous Nano-�ares with the
energy of 1024�1027 erg occurring in the corona [31]. Some researchers had inves-
tigated this mechanism widely. More detailed information on the mechanisms of
heating of the corona and the observational waves in the corona could be found in
review articles [1] [11�15, 29]. In heating of the corona by MHD waves, the most
perspective is considered Alfven and slowmagneto-acoustic waves. It should be
noted, that obtained values of the energy �ux density by di�erent authors vary
signi�cantly (see the attached table). This work aims to understand this problem.

2. EXPRESSIONS FOR DETERMINING THE ENERGY FLUX

DENSITY TRANSFERRING BY MHD WAVES.

Authors are using various expressions to calculate the energy �ux density
transferring by MHD waves, depending on methods and results of observation.
Below we give these expressions and show their conclusions. 1) We output the
main expression for the energy �ux density, transferring by MHD waves (see ex-
ample [2]). This expression is main, because of the output of all other expressions
is based on this expression as we see below.

The kinetic energy density of gases is determining by the expression:

εk = 1/2− ρυ (1)

Here ρ- density, ν - (we espetially emphsase)- the root mean square value of the
particle velocity of the medium. In the case of MHD waves, ν - is the root mean
square velocities of the particles excited by the propagation of MHD wave. The
amount of kinetic energy in the elementary volume dV is:

dυk = 1/2 · ν2dV

Here, dV is the elementary volume, occupied by propagating with phase ve-
locity νph wave, through elemental area dA during time dA, i.e.

dV = dAdtνph

Putting this in (1) and dividing both parts on dAdt, we obtain the desired
expression for the kinetic energy �ux density of the propagating MHD wave:

F = 1/2 · ρν2νph (2)
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This expression is the main one for calculating the quantity of kinetic energy �ux
density in MHD waves; therefore, we stay on the derivation of this expression in
more detail.

2) For Determining the �ux density of the kinetic energy of the acoustic wave,
exist an expression, in which using the variation in the intensity of the spectral
line of emission on the wave related with a change in density. The intensity of
the emission line is proportional to the square of the density: I ρ2; di�erentiating
this and applying the known expression νa/νph = dρ/ρ, [1]; - here νa and dρ - are
the amplitudes, obtain:

νa
νph

1

2

dI

I
.

Taking into account, that there is a ratio between the root-mean-square value of
the velocities ν and velocity amplitude ν2 = ν2a/2 (note that this expression is
obtaining when calculating the root-mean-square values of the velocities for the
full period of the sinusoidal wave) and putting this in (2), we obtain:

F =
1

8
ρν3ph(

dI

I
)2 (3)

We underline, that here dI/I - is the amplitude of the intensity variation, therefore,
this expression gives the maximum value of the �ux density.

3) Let us determine expression from above described:

νa = νph
dρ

ρ

and using the ratio ν = νa/2; applying this ratio in (2), we obtain:

F =
1

8
ρν3ph(

dρ

ρ
)2 (3”)

In [33], the fractional factor in this expression has written as 1/2.
4) By applying the ratio ν2 = ν2a/2 in (2) we obtain

F =
1

4
ρν2aνph (4)

5) Usually, between the root-mean-square values of the velocities ν and most
probable velocity ξ, obtained from the Doppler width of the spectral lines, the
authors take the ratio ν2 = 2ξ2. Then, applying this in (2) we obtain

F = ρξ2νph (5)

The ratio between the root-mean-square ν and the most probable values of the
velocities ξ should be ν2 = 1, 5ξ2. �ndeed, under the Maxwellian distribution of
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non-thermal velocities (the distribution of non-thermal velocities accepted such)

=
√

3kT
m , ξ

√
2kT
m

Hence, come out the above ratio. Here, T - is determined temperature value,
characterizing the Maxwellian distribution of non-thermal motions by velocities.

For determining F, are using root-mean-square values of velocities of Doppler
shifts of the spectrum lines, caused by the propagating wave.

Additionally, expression of the form (4) and (5) are using for F (see, example,
[7]). In this regard, note the following: Doppler shift velocities are only part of
motions on the wave; the fact is that, under slant observation, the spectral lines
expand and shift simultaneously. In our opinion, it is unknown how to determine
the value of non-thermal velocities with such a �bifurcation� of these velocities.
The phase velocity of the Alfven wave: νph = B√

4πρ
Where B - is the magnetic �eld intensity
When calculating F of Alfven wave, with using amplitude and most probable

value of velocity, obtained from Doppler width, is using the following expressions:

F =
1

4

√
ρ

4π
ν2aB (6)

F =

√
ρ

4π
ξ2B (7)

In attached table had shown energy-�ux density values by MHD waves in the
direction of the corona, calculated by the authors who used various expressions.
Results of calculations of the most typical works on this problem had shown.
Observational data about the wave, wave velocity (ν in km s−1), source of de-
termination of velocity, using lines, the phase velocity of wave νph, name of the
region of solar atmosphere for which determined the value F, have given in notes.
Frequently, the authors used the expression that did not correspond to obser-
vational data for calculating F, in this case, in note column is indicated which
expression should be used. The value table of F (erg sm-2 s-1) which had calcu-
lated by various expressions. The value of the magnetic �eld B has expressed in
gauss (Gs). If in notes there is the value of B, then the wave is Alfven if the value
of B is missing, then the wave is the slowmagneto-acoustical wave.

3. DISCUSSION.

As can be seen, the energy �ux in the Corona, transferred by Alfven waves, ac-
cording to di�erent researchers, varies on six orders of magnitude ( [33,34]:(10 erg
sm−2s−1); [19]: (1.85 107erg sm−2s−1)), the �ux transferred by slow magneto-
acoustic waves di�ers on four orders of magnitude ( [26]: (3.13 102 erg sm−2s−1);
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Authors

Used expressions F Notes

1/2 ρν2νph ρξ2νph
1/8ρ(dI/I)2ν3ph Source of de�nition ν; used lines; νph(km/s);

ν (km/s), domain of de�nition of F; density n (sm−3)

[3] 2·105 28.4, Doppler width, lines of ions SiII, SiIII;45;

photosphere at the altitude of h=2500 km,n=4 109

[4] 4.9 · 105

ν2 = 2 · (43.9)2, B = 5 · 43.9 � non-thermal velocity

obtained by Doppler width of 1445.75ÅSiVIII,

coronal hole. n=4,8 107. It should use (5) without

a factor of 2.

[6] 1.2 · 106

30 � Non-thermal velocity obtained by Doppler width

B=30, coronal hole, lines: FeXII 186.88, FeXII 195.12,

FeXIII 202.04, n=?

[6] 1.2 · 106

30 � Non-thermal velocity obtained by Doppler width

B=30, coronal hole, lines: FeXII 186.88, FeXII 195.12,

FeXIII 202.04, n=?

[7]

7 · 104

3, root-mean-square values of Doppler line shifts,

n = 1010, νph =?The quiet region, transition region, line

CIV1548. This velocity is inadequate to root mean

square velocity obtained from the Doppler lines

(6− 48) · 105

B=300. The ratio between the RMS value of the

velocities of non-thermal motions and the RMS value of

the line shifts velocities is unknown,

therefore, the values of F are doubtful

[8]
5 · 106

21, Determined by Doppler width of ultraviolet coronal

lines, B = 100, the active region, n = 109.

1.7 · 105 22, B=10, quiet region

[9] 1, 5− 4 · 105 dI/I=5%. 171Å,νph =75-150, coronal hole, ne = 109

[10] 3.5 · 102

3, oscillation amplitude, slow magneto-acoustic wave

line FeIX 171, νph= 150, active region, n = 3 108.

Should use the expression (4)

[17]: (6.18 106 erg sm−2s−1)). Let us try to understand out why the values of the
energy �ux, calculated by di�erent authors di�er so much. The �ux magnitude
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[16]

1.2 · 108 − 1.2 · 109 1.14-2.43 Root-mean-square velocities by Doppler

line NaD1 width of lines, magneto-acoustic wave, νph=7, the

photosphere. Should use the expression (2)

7.7 · 108

line FeI 8383.38

[11]346
3, velocities amplitude, active region, νph=150, FeIX

171, FeXII 195. n=8,35 108. Should use the expression (4)

[17]

1.75 · 107− νph=dω/dk is obtained from the solution of the MHD

4.74 · 105 equations for the conditions of coronal holes. The �rst

6.18 · 106− line is the Alfvén wave, the second is acoustic. The

1.91 · 105 value of B is unknown. Calculations are carried out for

di�erent periods of the wave.

[18] 3.1 · 105

ν2 = 2282, non-thermal velocities on the Doppler line

widths SiVIII 1440.49, 1445.75, this is multiplied by 2 to

take into account two degrees of freedom; in fact, factor 2

takes into account the ratio ν2 = 2ξ2; B=5; n=1,8 108

[19] (0.86− 1.85) · 107
30-32 non-thermal velocities, obtained from Doppler

width; B=39, FeXII192, active region, ne = 109

[22] 2.4 · 105
2.6 �amplitude of shifts Hα, B=1000, chromosphere,

ne=6·1014. Should use the expression (4)

[20] (0.92− 5.4) · 105

42, non-thermal velocities, the authors are called the

amplitude of the wave, which is incorrect; FeX190,

FeX193, B=7, coronal hole; n=6·107 − 9 · 106

[21] 9 · 104 − 4.3 · 105

26, non-thermal velocities. It is multiplied by 2 to take into

account 2 polarizations of the Alfen wave, which is incorrect.

B = 1-5, lines MgX 625, Mg X 609, n=5·108, calm corona

[25] (0.1− 2.6) · 105
νph=1600 1-5% intensity ne=108, accelerated

magneto-acoustic waves

[26] 313
ν=? - amplitude oscillation, FeIX 171. νph=150, νe=3·108,

active region. Should use the expression (4)

[27] 105 − 2 · 105
20-25-wave amplitude, νA=200-250c calm and active corona

FeIX171, HeII304, n=(3-6) 108. Should use the expression (4)
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[28]5.5 · 103
ν=33 - most probable velocity,νA=1000, SiXIII1445, ne = 6·106,

coronal hole. Should use the expression (5)

[32] 1.9 · 103dI/I=1.15. νph=300, n=5 · 108, calm corona. Line is unkonwn

[23] 2 · 107
0.027 Doppler shifts amplitude, νph=5.4, photosphere, FeI 6301,5

n= 3·1018. Should use the expression (4)

[33] 10− 100
0.3, shift amplitude, νA = 549 calm region, FeXIII 10747 FeXIII 10798;

n=108-109 Should use the expression (4)

[34] 10
0.3, velocity amplitude, νA=2000 FeXIII 10745, calm.reg n=108.

Should use the expression (4)

[35]6.4 · 104
4.3, velocity amplitude νph=173, active region. FeXII 195, n= 2 109.

Should use the expression (4)

[30] 2 · 103
7,5 velocity amplitude νph=150, coronal hole FeIX171, n=8 108.

Should use the expression (4)

[36] 4− 1.5 · 1011
3-60, non-thermal velocities on the Doppler widths of coronal lines,

νph = 5-104, magneto-acoustic and Alfven waves.

depends on the parameters ρ, νph, ν and dI/I.

As can be seen from the table, in the calculation of F for coronal conditions,
in the overwhelming majority of cases, n is in the range of 108 − 109sm−3. Val-
ues of Alfven velocities are in the range about 200-6000 km/s (in some cases,
the velocities have calculated by us according to values of B and n, obtained by
authors).

The values of the phase velocities of the slowmagneto-acoustic waves are in
the range about 75-300 km s−1; in the overwhelming majority of cases, the phase
velocity of these waves is 150 km s−1. Changes in the intensities of these waves
are (1-5). Let us see how the values of obtained parameters a�ecting on values of
the energy �ux density.

It can be said that due to di�erence in density of mass n, the values of F
of slowmagneto-acoustic waves, can di�er on order of magnitude, and because of
di�erence in phase velocities, the values of F can di�er most maximum 1.5 times;
when determining the value of F over variation in the intensity of spectral lines
dI/I (note that such de�nitions are very few) values of F can di�er by several
times.

Regarding Alfven waves, the phase velocity νph depends both on the density
and on the value of the magnetic �eld; thus, the combined e�ect of these two
parameters can change F at most 20 times. Let us �gure it out with the impact
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of ν on the value of F.

It should be said that authors often use the expression F, that does not corre-
spond to the value of ν obtained from observations, but another. Let us explain
aforementioned by example of two works [33, 34]; authors obtained from obser-
vations value of motion amplitude; when calculating value of F, expression (4)
should be used, where the amplitude of value appears, but the authors used ex-
pression (5) in which the most probable value of velocity ξ, appears, which have
located over the Doppler line width.

As a result, the authors obtained a value of F, four times greater than the
true value. Such cases in the notes of the attached table have marked with the
expression �should be used�.

As can be seen in most cases, the authors used the expression F inappropriate
to observational data. When calculating F for Alfven wave, some authors mul-
tiply the value of ν2 by 2, explaining this by taking into account two degrees of
polarization or two degrees of freedom of the wave (see, example, [18], [21]).

Surely, this is incorrect, since, independently of the number of degrees of free-
dom and polarization, the magnitude of shift velocity appears in the expression
F.

On the magnitude of displacement is a�ecting slope of the direction of �uctu-
ation of motion on a wave, as the slope of the magnetic �eld to the direction of
the line of sight. It is impossible to obtain in observations, because of what; the
calculated value of F can be far from the true one. In our opinion, when determin-
ing the value of ν from the Doppler width, for the case of slowmagneto-acoustic
waves, but the slope of the magnetic �eld to the line of sight, both of interval
of wave phase covered by the exposure time and the location of this interval on
wave phase is signi�cant: depending on magnitudes and locations on the phase
of the interval, the values of non-thermal velocities expanding the spectrum line,
would vary greatly, as a result of the values of F would vary signi�cantly. The
correct value of F will give only the root-mean-square value of the velocities, ob-
tained from the full period of the wave, and the wave should be observed under
its propagation. Unfortunately, there are no cases of such observations in the
literature.

In our opinion, signi�cant variations in estimates of the energy �ux density
of Alfven and slowmagneto-acoustic waves, analyzed as mechanisms of heating
the solar corona, are in the e�ects, which indicated above. Our gratitude to N.
Abdullaeva for technical support.
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The results of preliminary spectral investigations of enigmatic star β Lyr
have been presented. Spectral observations of this star were performed at
Cassegrain focus of 2-m telescope of Shamakhy Astrophysical Observatory
(ShAO) named after N.Tusi of Azerbaijan National Academy of Sciences,
by using �ber-echelle spectrograph ShaFES with the CCD camera 4K×4K
pixels, cooled by liquid nitrogen. Spectral resolution and wavelengths region
are 56 000 and λλ3700-8500 ÅÅcorrespondingly. Here we presented mainly
the results of spectral investigations of spectral lines Hα and HeI 6678. The
line Hα is double-peaked emission. This line consists of �broad� and �narrow�
emission components and with absorption feature that is always blue shifted.
The spectral parameters (radial velocity, equivalent widths etc.) of emission
components of lines Hα and HeI 6678 have been determined and character
of the variability of these components was investigated. By measuring radial
velocities of lines SiII λλ 6347 and MgII4481 the radial velocity curve of bright
giant component (primary) was derived. The orbital period of β Lyr undergoes
change because high mass loss rate of bright giant component. The period
increases by ∼19 s per year. We determined the period of β Lyr corresponding
to our observation season as 12.941428 days.

1. INTRODUCTION

The star β Lyr (HD 174638, HR 7106) is a bright (Vmax = 3m.4, B−V = 0m.0)

semi-detached interacting eclipsing close binary with the period of P = 12d.943296

days [1]. According to modern views this binary system consists of a B6-8 II bright
giant (primary star) with a mass of about 3M�, undergoing rapid mass transfer to
an invisible more massive (∼ 13M�) secondary star, surrounding with the thick
accretion disk (Fig.1). The massive secondary star occults the blue bright giant

* E-mail: janmamed@yahoo.com
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(B6-8 II) every P =12.943296 days producing primary eclipses. Note that the
physical nature of the massive secondary of β Lyr remains a mystery. Because
that outer regions completely obscured by the thick accretion disc we could not
determine the spectral type and derive radial velocity curve of this star.

As usual, we call the more massive and low-mass components of the binary
system the primary and secondary components correspondingly. However, in the
case of star β Lyr, the initially more massive component (primary component)
losing mass through Roche-lobe over�ow became less massive and vice versa.
The initially less massive component (secondary) gaining loosing mass became
more massive component of this system. Because of this, to avoid confusion, we
will call the Roche-lobe �lling giant star, B6-8II component as the loser, and
the more massive star surrounding with the dense disc as the gainer (Fig.??).
Fig.??. shows orbital separation (∼ 55 R�), radius of accretion disc (∼ 30 R�),
the masses of loser and gainer (∼ 3M�, ∼ 13M�), radiuses of loser and gainer
(∼ 15.2 R�, ∼13 R�). The temperatures loser and gainer are 13 300 K and 32
000 K correspondingly. The orbital inclination of β Lyrae is slightly smaller than
90◦ (∼ 81◦) and orbit approximately circular.

Fig. 1: The components and some parameters of the binary system βLyr.

According the modern view the less massive star (B6-8 II bright giant) ini-
tially was more massive member of the binary system β Lyr. Approximately 32
million years ago the masses of primary and secondary stars of this binary system
were ∼9 M� and ∼7 M�. It is known that the temp evolution of stars critically
depends on mass. More massive component of this system evolves more rapidly
and �lls its Roche lobe. After �ling Roche lobe massive component underwent
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rapid mass transfer to a secondary (less massive) component through the inner
Lagrangian point. Due to this mass transfer the originally secondary star, become
more massive star and is surrounded by a dense accretion disk. This accretion
disk completely obscured the secondary star, lowering its apparent luminosity
and making it di�cult to determine stellar type and deriving radial velocity (RV)
curve of this star. The massive accretion disk is likely dynamically unstable.

The amount of mass loss of B6-8 II bright giant is about 20 × 10−6 M� per
year. The B6-8 II type bright giant mass loss to the more massive secondary
induces a period change. The orbital period of this binary system is increasing at
a rate of ∼19 second per year.

The star β Lyr exhibits strong emission lines and unusual spectral variability
of these lines [2]. In these emission lines are encoded information concerning to
gaseous shell surrounding binary system, the thick accretion disk, and the stellar
wind. The star βLyr exhibits also variability in X-ray region [3] and authors of
[4] revealed the variable spectral polarization of this star.

The star βLyr shows the light-curve instabilities which is associated with the
accretion phenomena. Author of [5] found 275 ± 25 days periodic deviations from
the mean light curve. Later by authors of [2, 6, 7] was con�rmed 283.4 and 282.4
days periodic light variability. Note that the reason of this variability is not yet
understood.

Authors of [8, 9] investigated the evolutionary status of βLyr and concluded
that this star is in a Case-B mass transfer stage, with the age ∼ 2.30×107 years
and with the mass loss rate ∼1.58 . . . 10−5 M�yr

−1. The loser (primary) has
exhausted hydrogen in its core and the gainer is slightly evolved with central hy-
drogen fraction Xch = 0.43 [9]. According results these investigations the mass
transfer in β Lyr is quasi-conservative.

Authors of [2, 10, 11] discovered the presence of bipolar jets in star β Lyr
from optical interferometric and spectropolarimetric observations. A theoretical
justi�cation the presence of bipolar jets was studied in [12].

Despite extensive spectral, photometric, polarimetric etc. investigations for
over a century the physical nature of star β Lyr remains a poorly understood.
For instance, there are some disagreement between the proposed currently mod-
els and observed variations of line spectrum. The aim of this study is investigation
of spectral variability of this star by using high resolution observational material.

The modern detailed history of the investigation of β Lyr has been presented
in [13].
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2. OBSERVATIONAL DATA AND THEIR PROCESSING

The spectral observations of star βLyr were carried out in July-August of 2019
at the Cassegrain focus of 2-meter �Zeiss� telescope of Shamakhy Astrophysical
Observatory (ShAO) of Azerbaijan National Academy of Sciences. During 18
nights the forty spectrum of this star have been received. The Shamakhy Fi-
bre Echelle Spectrograph (ShaFES) with the liquid nitrogen cooling CCD matrix
(4000×4000 px) was used [14]. The spectral range was λλ3800�8500 ÅÅ; the
spectral resolution was 56000; and the signal to noise ratio was S/N ∼ 300. In
processing of echelle-spectrograms the software package DECH20T, developed at
the Spesial Astrophysical Observatory, Russian Academy of Sciences was used
[15]. The exposition time was 20 min. The mean square errors of equivalent
widths and radial velocity measurements are 5% and 300 m/s, respectively.

Two echelle-spectrograms were obtained on each night. The two echelle-
spectrograms obtained one after the other during each observational night were
averaged to remove the traces of cosmic rays. In addition to the spectra of the
star being studied, we obtained the spectrum of daylight sky, the dark spectra,
and the �at �eld spectra. For the radial velocity measurements, we build a high
accuracy dispersion curve for each order by using the daylight spectrum. The
displacements in each order were determined by using the telluric lines in the
daylight and star's spectrum. There are a catalog of wavelengths with high ac-
curacy (±0.01 Å) for the solar spectrum in the software package DECH20T. In
radial velocity measurements a heliocentric correction connected with the Earth
orbital motion, daily rotation and the perturbing e�ects of the moon and the
major planets of the solar system take into account.

3. THE RADIAL VELOCITY CURVE OF PRIMARY (LOSER)

The deriving of radial velocity (RV) curve of βLyr allows us determination
the value of orbital period and its secular increase with a high accuracy than
derived from photometry. The reason is that due to light curve variations the
determination of the times of both minima is di�cult. The RV curve of the loser
(B6-8II component) nearly sinusoidal and allow us more accurately determina-
tion the times of minima. Note that due to mass loss by bright giant (B6-8II)
the separation of the centers of components increases and it leads to the secular
chance of RV semi amplitude.

For the deriving the RV curves of primary (loser) the lines SiII λ6347 and
MgII 4481 were used. Due to the fact that these lines are narrow, radial velocities
of these lines can be measured with high accuracy. As seen from Fig.?? we have
achieved good phase coverage.
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As noted above, because of mass loss by the loser the period of a binary sys-
tem β Lyr undergoes a change. The period change has been studied by many
astronomers. It was established that the period change rate is approximately
constant and the value of the period increases by ∼19 sec every year [1]. Because
of this, to derive the RV curve, we must at �rst �nd the value of period corre-
sponding to our observational season. Our spectral observation performed during
July-August of 2016 and at the same season the photometric observations of this
star also carried out in [1].

Taking into account that a parabolic O-C diagram for the times of minima
very well describes the expected moments of eclipse minima and by using elements
of [16] authors of [1] determined the value of period as P = 12.943296 days, for
the epoch 3811 corrected for the dP/dt change.

When plotting the RV curve by using our measurements (for lines SiII λ6347
and MgII 4481) with the period of P = 12.943296 days determined by the au-
thors [1] we obtained the shifted RV curve (Fig. 2, blue points) relative to the
RV curve derived in [17] (Fig.2, black points). The orbital phases were computed
from T=2449559.980, when the primary minimum was occurred. Phase 0 cor-
responds to the superior conjunction of the loser, i.e. primary minimum. The
primary (deeper) minimum occurs when the less massive, more luminous giant
star (loser) is eclipsed. By using thumb method we �nd the value of orbital period

Fig. 2: RV curves of primary (loser): blue - our measurements plotted with the
period of P = 12.943296 days; black - Skul'skii [17] RV curve; red - our shifted
RV curve coinciding with the Skul'skii [17] RV curve.

of P = 12.941428 days when our (red) and derived in work [17] (black) RV curves
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are coincide (Fig.2). Thus the value of orbital period corresponding to 2016 year
(our observation season) have been determined as 12.941428 days.

Fig.3 and Fig.4 shows the RV curve of primary derived from our measure-
ments of radial velocities of SiII 6347 and MgII 4481 lines correspondingly. As
seen from the Fig.5 the RV curves of primary derived from our measurements of
radial velocities of lines SiII 6347 and MgII 4481 are coincides.

Fig. 3: The RV curve of primary derived from our measurements of radial veloc-
ities of line SiII 6347

Note that for a long time, no orbital RV curve of the secondary star hidden
in the accretion disc was available. Only authors of [18] discovered the faint pair
of Si II 6347 and 6371 lines varying in antiphase with the lines of primary (loser)
and interpreted them as the lines of the secondary component. However author
of [19], who argued that actually the lines Si II 6347 and 6371 originate in the
pseudophotosphere of the accretion disc. But author of [19] agree with the con-
clusion made in [18] that variation of these lines re�ect the orbital motion of the
secondary star.

4. VARIATIONS OF THE HαAND HEI 6678 EMISSION LINES

One of the interesting features in the spectra of β Lyr are strong and variable
emission lines of Hα and HeI 6678. These double-peaked emission lines have a
complicated behaivour with the orbital phase. These lines were intensively stud-
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Fig. 4: The RV curve of primary derived from our measurements of radial veloc-
ities of line

Fig. 5: The RV curves of primary derived from our measurements of radial veloc-
ities of lines SiII 6347 and MgII 4481. The RV curve derived for both lines are
coincides.

ied in [20�23] and authors of [2,11] concluded that bulk of emission of these lines
originate in jet-like structures perpendicular to the orbital plane.
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The variability of emission line Hα. The emission line Hα in the spectrum
of β Lyr is double-peaked with the always blue shifted absorption feature (Fig.
6). Therefore the line Hα consists of �narrow� violet and �broad� red emission
components (Fig.6). At all phases of orbital period we also observe the so called

Fig. 6: The pro�le of line Hα in the spectrum of βLyr at phase 0.29 of the orbital
period.

S-wave emission component (Fig.6) inHα that is characteristic for the cataclysmic
variables [24]. Fig.7a and Fig.7b shows mechanism formation of S-wave emission
in two cases: 1. S-wave emission originates at the above and below parts of hot
spot in the stream if cross section of the stream is larger than vertical dimension
of the disk (Fig.7a).

2. It is obvious that stream fully collides with the outer edge of disk, if disk
thicker than stream (Fig.7b). In this case S-wave emission originates above and
below regions of the hot spot.

Fig.8 and shows the radial velocity vs. phase dependence of red, absorption
and violet components of Hα. As seen from this picture the character of variabil-
ity of violet and absorption components are approximately same. The behavior

(a) The cross section of the stream is larger

than vertical dimension of the disk.
(b) he cross section of the stream is lower

than vertical dimension of the disk
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of variation of red component radial velocities is di�erent. The central intensity
vs. phase dependence of red and violet components of Hα also is similar (Fig.9).
These kinds of variations coincide with the results of earlier investigations [2].
Fig. 10 shows the dependence of the equivalent widths on the phase whole Hα

(sum), red and violet components. As seen from Fig.11 the dependence of the
FWHI from the phase violet and red components quite di�erent.

Fig. 8: The dependence of the radial velocities from the phase red absorption and
violet components of Hα

One of our quite interesting results is connected with the Fig. 12. As seen
from Fig. 12 the ratio of central intensities of violet and red component vs. phase
has two maximum at phases approximately 0.36 and 0.86 (Fig.12). These phases
are coinciding with the phases when magnetic poles of star β Lyr are directed
toward the observer according the model of star βLyr proposed by Skul'skii [17]
(Fig.13).

The radial velocities of S-wave emission changes approximately synchronously
with the radial velocity variations of the primary, with the small amplitude (Fig.
14). The variability of emission line He I 6678. The pro�le of this emission line
di�ers from the pro�le of Hα line. Though the pro�le of line Hα has two com-
ponents, the emission line HeI 6678 sometimes has three components (Fig. 15).
The second distinctive feature is that the central absorption in case of HeI 6678
deeper in comparison with the line Hα. Fig. 16 shows the dependence of the
radial velocities from the orbital phase red absorption and violet components of
emission line HeI 6678. As can be seen from this �gure the feature of this depen-
dence coincides with the analogous dependence for the emission line Hα(Fig.8).
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Fig. 9: The dependence of the central intensities red and violet components of
Hα from the phase

Fig. 10: The dependence of the equivalent widths from the phase whole Hα(sum),
red and violet components of Hα

The character of dependence of the central intensities from phase of red and violet
components of HeI 6678 (Fig. 17) also similar to the analogous dependence for
Hα (Fig. 9). It is interesting that the dependence of ratio of central intensities
of violet and red components from the phase for the lines Hαand HeI 6678 are
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Fig. 11: The dependence of the FWHI of red and violet components of Hαfrom
the phase.

Fig. 12: The dependence the ratio of central intensities of violet and red compo-
nents of Hαfrom the phase

similar. In both cases there are maximum at phases approximately 0.36 and 0.86
(Fig. 12 and Fig.18).
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Fig. 13: The model of star βLyr proposed by Skul'skii [17].

Fig. 14: The dependence of the radial velocity S- wave emission from orbital phase

5. CONCLUSION

Due to high mass loss rate of bright giant B6-8 II (primary) in eclipsing close
binary system β Lyr the value of orbital period of this system increases by approx-
imately 19 s per year. Therefore, when we begin to study of this star, we must
�rst determine the value of the orbital period corresponding to our observational
season. For this purpose we used the lines SiII 6347, and Mg II 4481. The choice
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Fig. 15: The pro�le of line HeI 6678 in spectrum of β Lyr at phase 0.29 of the
orbital period.

Fig. 16: The dependence of the radial velocities from the phase red absorption
and violet components of HeI 6678.

of these lines is connected with the fact that these lines narrow and this allow us
to determine the radial velocities of these lines more precisely. By using the RV
curves of the lines SiII 6347, and Mg II 4481 lines in the spectrum of star βLyr
the value of orbital period for 2016 year (our observation season) determined as
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Fig. 17: The dependence of the central intensities from phase of red and violet
components of HeI 6678.

Fig. 18: The dependence of the ratio of the central intensities of the violet and
red components from the phase for the line HeI 6678.

12.941428 days. This result is important for the future research.

Di�erent models have been proposed for the star β Lyr until now and one of
them is a model proposed by Skul'skii [17] (Fig. 13). According to this model
at phases 0.36 and 0.86 the poles of the magnetic �eld are directed toward the
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observer. We revealed that the dependence of ratio violet and red components vs.
orbital phase of lines Hαand HeI 6678 also has maximum at these phases. There-
fore we revealed the observational evidence for the reality of the model proposed
in [17]. In all orbital phases of the orbital period S-wave emission in the line Hα

was observed. It is known that this emission is characteristic for the cataclysmic
variables. We revealed that the phase dependence of the radial velocities of the
S-wave emission is approximately synchronous with the RV curve of the primary
(loser) component, with small amplitude.

Note that the results presented in this study are only preliminary and investi-
gation of star βLyr continues and we hope to reveal more interesting observational
facts for the understanding the physical nature of this star.
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By using the spectrograms obtained at the 2-m telescope of the Shamakhy
Astrophysical Observatory for the period of 2013±2018 the variation of a
pro�le and spectral parameters of Hα and of the sodium NaI D lines of the
supergiant HD208501 have been investigated. It was revealed that in the
spectrum of this star, the radial velocity and the equivalent width of the
absorption component of the Hα and of the sodium NaI D lines vary with time
these variations occur in antiphase.It was proposed that the antiphase variation
of radial velocity and the equivalent width of the absorption component Hα
and sodium NaI D lines could be connected with the pulsation of this star and
with the interaction star and its shell.

Keywords: stars supergiants�the pro�le of Hα line� sodium Na I D lines�radial
velocities

1. INTRODUCTION

The star 13Cep=HD208501=HR8371 spectral class B8 Ib, V = 5m.46 and

behaves like a pulsating variable star. 13 Cephei brightness ranges from a magni-

tude of 5.935 to a magnitude of 5.865 over its variable period. The star is located

at a galactic latitude b = b = +1◦.68 and longitude l = 100◦.39. The distance

to the star is 700ps [1]. According to model method McErlean [2] determined

the atmospheric parameters of the star as Teff =13000K, logg=1.8, logL/L�
=4.33, vsini = 40km/s, for the distance modulus (m-M) =8.9 (r=602.56ps, Mv=-

3.1). Leitherer [3] calculated the mass, radius, brightness and mass loss of

the star according to Hα line: M/M� = 10, R/R�=54, log(L/L�) = 4.62,

log[(M/M�)yr
−1)] = −7.35.

* E-mail: xalilov1955@gmail.com
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2. OBSERVATIONAL MATERIAL AND ITS PROCESSING

Spectral observations of HD 208501 star were obtained in 2013-2018 by CCD

camera installed in classic spectrograph of di�ractional grating (UAGS) which

was done by using Escelle spectrometer at the Cassegrain focus of 2- meter tele-

scope of Shamakhy Astrophysical Observatory named after N. Tusi. Since 2015,

spectrums have been obtained by CCD camera with sizes of 4000×4000 pixels

that are installed at the Cassegrain focus with spectral resolution of R=28000

and R=56000. Spectrum of the day sky was used in order to set up the dispersion

curve. The work on spectrums have been conducted by DECH-20 and DECH-20T

packet programs presented by [4]. The mean error of determining the equivalent

widths was 5%. The error of the radial velocity measurements did not exceed 2

km/s.

21 spectrums of the HD 208501 star were obtained during the years of 2013-

2018. According to the comparative study of emission of the pro�les of Hα line

which were observed in spectrums, absorbing components, as well as NaI D dou-

blet lines, which are formed in the circumstellar envelope, it was determined that

Hα line pro�le's shape, structure and the value of spectral parameters that char-

acterize the pro�le show frequency in changing and it is observed in following

situations (�g.1):

a) Full absorbing pro�le;

b) Normal P Cyg type pro�le:-absorbing and emission component in red wing;

c) Inverse P Cyg type pro�le:- absorbing and emission component in violet

wing;

d) In the red and violet wings, the absorption pro�les of the Hα line have a

weak emission component.

e) The pro�le of the Hα line is observed in full emission;

f) Decline of the intensity of absorbing and emission components to the level

of continuous spectrum;

According to the calculations, a graph (�g.2) has been set up indicating the de-

pendence of the radial velocity of Hα and NaI D2 absorbing components on time.

Looking at graph, �g.1 and �g.2, we can say that Hα line's pro�le shape and

spectral parameters change during one-week period or even shorter. For example,

from �g.1 we can see that between the dates of 11.08.2015-19.08.2015 emission

component in Hα line decreased to the level of continuous spectrum. At �g.2, we

can see that Hα absorbing component and NaI D2 doublet line's radial velocity

changes depending on time in re�exive space. In star with B type spectral classi-

�cation, Hα and NaI D2 doublet lines form in di�erent places. Hα line forms in

the atmosphere of a star, while NaI D2 line forms in the circumstellar envelope.

Absorbing component of Hα line and changes in the radial velocity of NaI D2
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Fig. 1. The pro�les of Hα lines observed in the spectrum of HD 208501 supergiant
star. Dash line λ (Hα) =6562.816 Åis compatible to wavelength.

doublet line in re�exive space are the evidences indicating a strong relationship

between a star and circumstellar envelope. Probably, the change in radial velocity

occurs under the same mechanism's impact. It is estimated that, the changes in

pro�le's shape, radial velocity and other parameters can occur due to pulsating

of a star, and interaction between a star and a circumstellar envelope.

3. CONCLUSION

According to comparative study of the pro�les of Hα and NaI D lines obtained

from the spectrums of HD208501 stars in the years of 2013-2018 we can conclude
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Fig. 2. The varies in the radial velocity and equivalent width in Hα and NaI D2 lines
observed in the spectrum of HD 208501 supergiant star depending with time.

that:

1. It has been revealed that, depending on the active phase of the atmosphere

of HD21389 star's spectrum Hα lines pro�le has a complex structure. During

di�erent phases of atmospheric varies, the pro�le of Hα line can be observed in

following shapes, �gure1:

a) Full absorbing pro�le;

b) Normal P Cyg type pro�le:-absorbing and emission component in red wing;

c) Inverse P Cyg type pro�le:- absorbing and emission component in violet

wing;
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d) In the red and violet wings, the absorption pro�les of the Hα line have a

weak emission component;

e) The pro�le of the Hα line is observed in pure absorption;

f) Decline of the intensity of absorbing and emission components to the level

of continuous spectrum;

2. The radial velocity and equivalent width of Hα and NaI D doublet lines'

pro�les exhibit variability during over several week or shorter time intervals.

3. It was revealed that, absorbing component of Hα line's pro�le and NaI D

lines' radial velocity and equivalent width varies in antiphase, �gure2.

It is estimated that, variations in the pro�le of Hα line can occur due to the

varies in absorbing component of Hα lines and variations in the value of the radial

velocity and equivalent width of NaI D doublet lines in antiphase depending on

time: the pulsating of the star and as a result of interaction between star and

circumstellar envelope.
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Studies of magnetic �elds in Herbig Ae/Be (HAeBe) stars can help us to

improve our understanding of how the magnetic �elds of these stars are

generated and how they in�uence their environment. Measurements were

made for 100 stars and only for around 20 HAeBe stars magnetic �elds were

detected. We compile the catalog of all measurements of the HAeBe stars

magnetic �elds. The rms mean magnetic �eld for an ensemble of magnetic

HAeBe stars appeasrs to be about of 100 G. This value is ∼3 times smaller

than that for main sequence (MS) AB stars. We study how these weak

magnetic �elds interact with the matter of the circumstellar disk.

textbfKeywords: Stars � Magnetic �eld � Ae/Be Herbig stars

1. INTRODUCTION

Herbig Ae/Be (HAeBe) stars are intermediate-mass (2-10M�) stars at the

pre-MS stage of evolution. We still do not understand the origin of magnetic

�elds in early-type MS stars.

Recently Kholtygin et al. [5] investigated the statistics and evolution of mag-

netic HAeBe stars. The mean logarithms of magnetic �elds and magnetic �uxes

appeared to be signi�cantly (by up to one order of magnitude) lower than the

corresponding values for MS stars.

Ferrario et al. [4] supposed that merging of protostars may play an impor-

tant part in the ampli�cation of the initial, relatively weak magnetic �eld of the

star. It means that magnetic stars can be more massive than non-magnetic ones.

* E-mail: afkholtygin@gmail.com
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Presence of the magnetic �eld can a�ect the accretion rates for HAeBe stars. All

these questions are considered in the present paper.

2. MAGNETIC FIELD DATA AND STATISTICS

Polarimetric observations of stars should be used to determine the longitudinal

component Bz of the stellar magnetic �eld, which is also referred to as an e�ective

magnetic �eld. Up to now the polarimetric observations have been performed for

about of 100 HAeBe stars.

The root-mean-squared (rms) magnetic �eld de�ned by Borra et al. [2] can

be used as the most suitable characteristic of the magnetic �eld of a star slightly

depending on the time when observations were made:
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√√√√ 1
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Fig. 1: Distribution of masses of HAeBe stars for magnetic stars with new Gaia DR2

data (thick solid line) and for old mass determinations (thin solid line). Mass distribution

for non-magnetic HAeBe stars is shown with dashed line.
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Table 1: Mean magnetic �elds, magnetic �uxes and the corresponding standard devia-

tions for di�erent groups of HAeBe and MS AB stars (columns 2-5), mean masses and

mean accretion rates (columns 6-7) for di�erent groops of stars. Numbers of objects are

given in the column 8.

Star M Numb.

DD2.000.2725.530.372.53-6.99 20

MD1.910.3125.590.522.47 7.31 9

BS2.100.3825.780.732.80 - 7

MS2.530.5426.420.70 - - 973

The computed by Kholtygin et al. [5] radii of HAeBe stars R∗ may be used to

estimate their magnetic �uxes using the following formula:

Φ = 4πR2
∗B. (2)

The mean rms magnetic �elds and magnetic �uxes for di�erent groups of

early-type stars are taken from the Table 2 in the paper by Kholtygin et al. [5]

and are given in Table. 1.

In the �rst row of the table are given data for a group (DD) magnetic HAeBe

stars with really de�ned magnetic �elds. The group MD with Marginal Detection

of magnetic �eld includes stars for which at least one magnetic �eld measurement

satis�es a condition
∣∣Bk

z

∣∣ /σk > 2, where k is the number of the measurement.

Binary HAeBe stars with de�nitely detected magnetic �elds are includes in group

BS. In the last row of Table. 1 the mean magnetic �elds and magnetic �uxes for

the main sequence AB stars (group MS) are given. Numbers of objects in group

are presented in the last column.

3. MASSES AND ACCRETION RATES

The distribution function of magnetic �eld can be obtained using the following

formula:

f(M) ≈ N(M,M + ∆M)

N ·∆M
, (3)

where N(M,M + ∆M) is the number of stars with masses in the interval

[M,M + ∆M ] and N is the total number of stars with known mass.

Obtained by us mass distributions for magnetic and non-magnetic HAeBe

stars are given in. Fig. 1. Here masses of HAeBe stars are taken from paper by

50



AJAz: 2020, 15(2), 48-52 HAeBe stars interaction with environs

Vioque et al. [7] ("Gaia, Magnetic") and from papers by Montesinos et al. [6] to-

gether with data given by Alecian et al. [1] ("old, magnetic"). For non-magnetic

stars their masses are taken from paper [7].

New masses of HAeBe stars estimated by Vioque et al. [7] are used to calcu-

late mean masses for di�erent groups of HAeBe stars. These masses are presented

in Table 1. The mean masses of HaEBe stars in binary systems appeared to be

approximately 2 times large than for single HaEBe stars.

Recently Fairlamb et al. [3] obtain spectra of 91 HAeBe stars at VLT with

X-shooter spectrograph. These observations were used to calculate the accretion

rates for these stars. A dependence of calculated accretion rates on the rms mag-

netic �eld is plotted in Fig. 2. One can suppose that the accretion rates slightly

decrease with enhancing the stellar magnetic �eld.

In Table. 1 we present the mean accretion rates for magnetic HAeBe stars

(group DD) and HAeBe stars with marginally detected magnetic �elds. The last

group has 2 times larger accretion rates than group of HAeBe stars with detected

magnetic �elds. Basing on these results we can conclude that magnetic �eld can

suppress the accretion.
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Fig. 2: Accretion rates vs. rms magnetic �eld for for magnetic HAeBe stars.

4. CONCLUSIONS

Our study led us to the following conclusions:
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� Mean magnetic �elds and �uxes of intermediate-mass stars HeBe stars with

detectable magnetic �elds are smaller than the corresponding values for AB

stars of the main sequence.

� Mean masses of HeBe stars in the binary systems are 2 times larger than

mean masses of single HeBe stars.

� Mean accretion rates of magnetic HeBe stars probably decreases with grow-

ing the rms magnetic �eld.

A.K. thanks the Russian Foundation for Basic Research for the support with

grant no. 18-02-00554 A.
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In this work, we studied the features of the formation of radiation from the

young pre-cataclysmic variable NSVS 14256825. The theoretical phase light

curves of the system are matched taking into account the e�ects of re�ection

and non-sphericity of the components with those observed in the BVR bands.

From the analysis of moderate-resolution spectra, a radial velocity curve of

the sdB sub-dwarf was constructed and estimates of its amplitude were found.

The integrated spectra of the system were simulated and the weakness of

the e�ects of re�ection on the deformation of the radial velocity curve of the

sdB � sub-dwarf was theoretically shown. Based on a comprehensive analysis

of observational data, the fundamental parameters of NSVS 14256825 are

determined.

Keywords: observations: spectra � stars: parameters �modeling: re�ection

e�ects � stars: individual � V1828 Aql

1. INTRODUCTION

Close binary systems (CBS) of the HW Vir type belong to one of the groups of
pre-cataclysmic variables (PV), �rst sorted out by their observational characteris-
tics in the mid-90 of the last century. The main components of these systems are
low-mass (M = 0.47 ± 0.02M�) sdB sub-dwarfs, shrinking to the state of cooling
down white dwarfs, and the secondary components are low-mass red and brown
dwarfs of the Main Sequence. According to the evolutionary status, such HW Vir
stars occupy an intermediate position between systems with a common envelope,
where the main component is on the horizontal branch of the Hertzsprung-Russell

* E-mail: nellyrd@mail.ru
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diagram, and cataclysmic binaries. The high e�ective temperature (Te� = 20000-
45000 K) and luminosity (MV = 3m − 4m) of sdB sub-dwarfs, combined with
the proximity of cold satellites, lead to powerful ultraviolet irradiation of their
surface, its heating, and energy reemission in the optical range. As a result, re-
�ection e�ects are formed in HW Vir-type systems. Their amplitude is mainly
determined by the temperature of the sdB sub-dwarf, the radius of the cold star,
and the size of the semimajor axis of the system.

The group of young pre-cataclysmic variables with sdB sub-dwarfs remained
poorly studied by the beginning of the 21st century due to the technical di�culties
of their detection and subsequent analysis. However, the development of special-
ized methods for their identi�cation has led to a rapid increase in the abundance
of this group and currently it has about 40 objects. For a signi�cant fraction of
stars of the HW Vir type, numerical analysis of light curves and optical spectra
was carried out with the determination of part of their fundamental parameters.
However, in these works, mainly the modeling of light curves in the blackbody
approximation was applied, which did not take into account the real physics of
the interaction of radiation with matter and led to the appearance of additional
errors. The results presented by us below are obtained using models of irradiated
stars in close binary systems and are free from such drawbacks.

2. OBSERVATIONS

Spectroscopic observations were carried out at the Large Azimuth Telescope of
the SAO RAS using the SCORPIO [1] primary focus aperture reducer in the spec-
troscopy mode with a long slit. In our analysis, we used the data obtained during
observations with VPHG1200g grism (1200 lines / mm) and an EEV 42-40 CCD
receiver (2048 × 2048 pixels, size 13.5 × 13.5 µm), providing spectral resolution
∆λ = 5.0 Åin the studied wavelength range λλ 4050-5850 Å. The signal-to-noise
ratio averaged 127.

Photometric observations were carried out on the Zeiss-1000 telescope of the
SAO RAS using an EEV 42-40 CCD with dimensions of 2048×2048 pixels in a
strip alternating mode. We have processed three-color photometric observations
of the CBS NSVS 14256825 in the BVR photometric system. All observations
were made under good astroclimatic conditions. For processing the observations,
the Maxim DL computer package was used. All received images are calibrated
(displacement currents of the device (bias) are subtracted). A comparison of the
stars' brightness in the matrix �eld showed that the di�erential photometry errors
of NSVS 14256825 were ∆m ≈ 0.02m in bands B and V, and ∆m ≈ 0.01m in
band R.
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3. MODELING AND ANALYSIS OF LIGHT CURVES AND SPECTRA

Theoretical modeling of spectra and light curves was carried out taking into
account the e�ects of re�ection and non-sphericity of the CBS components ac-
cording to the technique implemented in the SPECTR [2] software package.

In the model analysis of the observed light curves, it was taken into account
that the amplitude of the re�ection e�ects is primarily a�ected by the radius of
the secondary component, and the depth of the main eclipse is a�ected by radii of
both components and the angle of inclination of the orbit. In this case, the values
of the e�ective temperature and radius of the sdB sub-dwarf were considered �xed.
They were found in advance from modeling the spectra of NSVS 14256825 in the
phases of minimum brightness, when re�ection e�ects do not have a noticeable
e�ect on them. The value of the surface gravity of the sdB sub-dwarf obtained
from the description of the observed spectra was used to determine its radius at
a �xed mass value.The �nal set of parametrs obtained from this analysis was as
follows: i = 83◦30′, R1=0.166 R�, R2 =0.125 R�, L1 / L2 =17636. As a result,
the ratio of the luminosity of the sdB sub-dwarf to the luminosity of the red dwarf
L1 / L2 decreased by 43% compared with the results from [3].

The chemical composition of the atmosphere of the main component of NSVS
14256825 was obtained simultaneously with the values of its parameters from the
modeling of spectra using the SPECTR software package [4, 5]. It shows a he-
lium de�ciency ([He / H] = -1.47) and a non-solar distribution of the contents
of the remaining elements, expressed in a strong carbon de�ciency ([C / H] =
-1.6) and moderate ([X / H] = (-0.6) - (-1.0)) de�cits of nitrogen, oxygen, silicon
and sulfur. In general, the found chemical composition of the sdB sub-dwarf is
consistent with the literature data and the chemical composition of other objects
of this type, re�ecting the e�ects of strati�cation in the hydrostatic atmosphere
of the star.

4. ANALYSIS OF RADIAL VELOCITIES AND DETERMINATION OF

SYSTEM PARAMETERS

The radial velocities of the sdB sub-dwarf were measured from the
Hδ, Hγ , HeI,HeII,Hβ lines using the cross-correlation method in single-band
and multi-band versions.

The obtained sets of radial velocities were approximated for a circular orbit
model with a calculation of their amplitudes. Numerical simulation of the spectra
showed that the re�ection e�ects in NSVS 14256825 signi�cantly distort the ob-
served radial velocity curves, changing the amplitudes by about 10%. Therefore,
the analysis of radial velocity curves of this system with the determination of its
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parameters requires taking into account corrections for the re�ection e�ects. At
the same time, we found a weak e�ect of re�ection on the shape of these curves,
which does not allow us to obtain an estimate of the mass ratio of components
from their model analysis. Therefore, we �xed the mass value of the main com-
ponent at R1 = 0.47±0.01R�, which is characteristic of all single sdB sub-dwarfs
[7].

Table 1 presents a set of fundamental parameters NSVS 14256825 from [3]
and the set of parameters we obtained. Compared with the data of [3], found by
us mass of the main component increased by 12%, and the radius decreased by
12%, the mass of the secondary component decreased by 9% with a decrease in its
radius by 23%. In general, the set of parameters NSVS 14256825 that we obtained
is signi�cantly di�erent from that adopted previously and is characterized by a
much lower mass ratio of the q components. The main reason for these changes is
obviously the accounting in our work of the e�ects of re�ection on the measured
radial velocities of the sdB sub-dwarf. Simultaneously, modeling of light curves
using model of atmospheres method in our work and using the blackbody approx-
imation in the study of Almeida et al. [3] leads to slightly di�erent estimates of
the component radii, which also a�ects the �nal set of parameters. In general, we
can conclude that it is desirable to analyze the radiation of HW Vir-type systems
only on the basis of a numerical simulation of its optical radiation.

Table 1. Fundamental parameters of NSVS 14256825.

Parameter Our results Almeida et al

i 83.5◦ 82.5� ± 0.3

R1 , R� 0.166 ± 0.000 0.188 ± 0.010

R2, R� 0.125 ± 0.000 0.162 ± 0.008

a,R� 0.802 ± 0.002 0.800 ± 0.04

R1/a 0.2080 0.2350

R2/a 0.1566 0.2025

logg 5.75 5.51 ± 0.11

T1, K 40000 42000 ± 400

T2 , K 4000 2550 ± 500

M2,M� 0.099 ± 0.003 0.109 ± 0.023
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5. CONCLUSION AND ANALYSIS OF THE RESULTS

Preliminary modeling of the re�ection e�ects in the light curves made it pos-
sible to �nd the mass ratio from the analysis of radial velocity curves, which at
a known angle of inclination of the system ensured the determination of their
masses. Analyzing the conditions of applicability of the new method, Shimanskii
et al. [6], suggested that it is e�ective for systems with main component tem-
peratures above Te� = 32000 K, which ensures the appearance of HI emission
lines.

However, our analysis of the spectra of NSVS 14256825, the main component
of which meets the above condition in excess, showed the limited application of
the proposed methodology.

As a result, the use of additional evolutionary assumptions is required to de-
termine the complete set of NSVS 14256825 parameters. We propose using, as
an additional assumption, a �xed mass value of the main component M1 = 0.47
M�, found for most single sdB sub-dwarfs [7].

Thus, from the analysis with modeling of optical radiation, we rede�ned the
complete set of fundamental parameters of NSVS 14256825. We estimated the
angle of inclination of the orbit, the semimajor axis, masses and radii of both com-
ponents. Compared with the data from article [3], the parameters have shifted
signi�cantly. It is worth noting that the secondary component by weight is located
on the border of red and brown dwarfs.
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Some results of the spectral observations of the Herbig-type Ae star HD
179218, performed on the 2 m telescope of the ShAO of ANAS in 2015-2017,
are presented. It was discovered the variation in the spectral parameters of the
Hα and Hβ lines and the pro�les of these lines in 2015. A wavelike variation in
the parameters of the emission component of the Hα line with a characteristic
time of ∼ 40 days was found. The observed wave is characterized by a
signi�cant decrease in the values of the measured line parameters; the branches
of decrease and increase are more clearly expressed. At the same time, at the
moment of the minimum, the appearance and disappearance of additional blue
and red emission-absorption components is observed in the pro�le of the Hα
emission line. The same observed wave was detected in 2016, but according
to 2017, only a chaotic change in the spectral parameters of these lines was
observed. The variability in the spectrum of the star can be explained by the
existence of the polar wind and accretion or the result of the duplicity of the
system.

Keywords: stars: variables: Herbig Ae/Be� stars: circumstellar matter �
stars: individual � HD179218 .

1. INTRODUCTION

HD 179218 (MWC 614, Sp B9-A2) is an isolated HAeBe type star. Despite
the fact that the star is relatively bright comparatively to other HAe stars, it has
been studied less. Only when the star was included in the catalog of The et al. [1],
it became the subject of active research. The circumstellar surroundings of the
star were studied by IR photometry and speckle interferometry by Millan-Gabet
et al. [2], Prizkal et al. [3], which did not reveal closely spaced components. Spec-

* E-mail: ismailovnshao@gmail.com
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Fig. 1. The overlaying pro�les of the line Hα (top panel) and variation in the root-
mean- square deviation σ of the intensity versus of the radial velocities (bottom panel).
Here I � is the intensity at the given wavelength of the spectrum, and Ic � the intensity

of the

tral studies of the star were performed by Miroshnichenko et al. [4] and in more
detail by Kozlova [5], Kozlova and Alexeev [6].

According to the classi�cation [7], the spectral energy distribution (SED) of
the star belongs to group I, i.e. starting with the infrared band K and further
there is an excess of radiation excited in the dust. On the [8] the pro�le of the
line Hα is consisting of a stable single-peak structure. Perhaps the star has a
close companion, about 2.5 arcsec distance [9]. Fedele et al. [10] showed that the
star has two dust rings at distances of 1 AU and 20 AU, and the space between
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Fig. 2. Variation of radial velocities Vbis (upper left panel), Vp (upper right panel)
and equivalent widths (bottom panel) of emission component in the line Hα. The
values of the vertical bars are corresponding to the average error of parameters con-

tinuum at the same wavelength.

from 1 to 6 AU from the star �lled with gas. The magnetic �eld of the star was
measured by Hubrig et al. [11] where on the data 2008 they have got about 51 ±
30 G.

The purpose of this report is present the results of spectral monitoring of the
star in the visual range of spectrum.

2. THE LINE Hα.

This line has a complex structure which consists of an emission component
that is superimposed on the core of broad photospheric absorption. The structure
of the emission component varies from night to night, sometimes in both the red
and blue wings of the line, additional emission components appear and disappear.
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Fig. 3. Variation in time of the parameters FWHM (left panel) and Rλ (right panel)
of the emission component of the line Hα.

Fig.1 shows all overlaying pro�les of the Hα line, as well as the variation in the
root-mean-square deviation σ from the average in intensity for a given value of
the radial velocity. Here (and further for other line pro�les) the ordinate is given
by the ratio relative intensity I/Ic, where I � the intensity at a given wavelength
of the spectrum, and Ic � the continuum intensity at the same wavelength. Hence
it can be seen that the main variability in the central emission occurs at the peak,
and also to a lesser extent on both wings. It is also seen that the intensity varied
on the blue wing is noticeably larger than on the red wing. The appearance of the
blue component is observed between dates JD2457190-2457196, and its gradual
disappearance. Exactly on these dates, there is a deep minimum in the values of
the parameters RV, EW, FWHM (Figures 234).

3. LINES Hβ AND HEI 5876

In the line Hβ mainly we have observed a wide photospheric pro�le, on which
at some nights are superimposed weak emission peaks (Fig.5). In most cases,
such emission peaks are located symmetrically with respect to the line center,
and have displacements about from -150 to -270 km/s in blue and from +150 to
+250 km/s in the red wings, respectively. In the Fig.6 have shown the spectral
region containing the lines He I λ5876 Åand the sodium doublet D1, D2 NaI. This
section presents the results of the analysis for the helium line. As can be seen,
this line has blue and red emission components separated by a central absorption.
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Fig. 4. Variations in the pro�le of the emission component of the line Hα for the
descending and ascending branches over 42 days of observations in the �rst wave-like

variations.

In Fig.7 and 8 the time variation in the spectral parameters of the lines Hβ
and He I λ5876 Ålines is presented. As can be seen, in general, these lines show
a synchronous variation with the Hα-line. Moreover, we can see a large chaotic
scatter and sometimes large dips in the parameters of individual lines. As can
be seen from Fig.8 during the deep minimum in the parameters of the Hα line, a
�are like increase in the intensity of the He I λ 5876 Åline is observed.

4. LINES D NAI AND SI II LINE

Figure 9 shows that the pro�les of the D1, D2 NaI lines represent narrow
blue-wing absorption lines in which they will have a weak emission (inverse P
Cyg). Such structure is a sign of matter accretion. Interestingly, according to
[5], the pro�les of these lines have an emission component on the red wings. This
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Fig. 5. The pro�les of the line Hβ obtained at the �rst wave of variations in the
spectral parameters lines of the line. The left panel corresponds to the time of fall,

the second panel, the increase in the parameters of the line.

indicates that in these lines in di�erent seasons both the matter out�ow and its ac-
cretion can be observed. Perhaps this depends on the orientation of the direction
of motion of the circumstellar gas to the observer.

The Fig. 9 shows diagrams of time variations for the parameters of D1, D2
NaI lines. As can be seen, in general, the radial velocities of the peak of lines Vp
show a radial velocity of -15 km/s with a mean scatter ± 10 km/s. The shift of
the radial velocity of the peak Vp to the blue part of the spectrum is observed
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Fig. 6. A spectral range of spectra is containing of HeI 5876 Åand doublet D1, D2
NaI. (Individual sky atmospheric lines are indicated).

with a decrease in the intensity of the hydrogen lines.

The intensities Rλ of the D1, D2 NaI lines show a wavy-like variation with
a small amplitude. A similar character of the variations is shown also by the
FWHM of lines (Fig.9). The characteristic time of variations in individual waves
is about 10-20 days. The last line of the panels below shows the variation in the
intensity ratios and the equivalent widths of the lines D2 to D1. The lines Si II
λ6347, 6371 Åare observed in the absorption without signs of the presence of the
emission components. The mean value of FWHM of the lines Si II λ6347, 6371
Åwas obtained 2.37 ± 0.05 Åwith the mean-square deviation from the mean value
± 0.37 Åand ± 0.50 Å, respectively.

In the Fig.10 was shown fragments of the star's spectrum section containing
Si II lines of λ6347, 6371 Å, as well as the [OI] λ 6363 Åline. As can be seen, the
general structure of Si II line pro�les varies considerably from night to night.
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Fig. 7. The time variation of the radial velocity of the peak Vp (upper left panel),
half width FWHM (upper right panel), equivalent width EW (lower left panel) and

intensity Rλ (lower right panel) of the line Hβ.

5. CONCLUSION

The results of spectral observations of the Herbig Ae/Be type star HD 179218
are presented. Two wave-like cycles of variability in the parameters of hydrogen
lines Hα and Hβ with a characteristic time of ∼ 40 days are revealed. The �rst
wave of variations is deeper; the branches of decreasing and increasing the spec-
tral parameters of the lines are more clearly expressed. At the time of the �rst
minimum, in the pro�le of the emission line Hα the appearance and disappearance
of additional blue and red emission components are observed. At the same time,
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Fig. 8. The time variation of the spectral parameters of the He I line is λ5876 Å.

narrow absorption components were discovered in the Hβ line. Synchronously
with this, a signi�cant variation in the lines of He I, Si II, D NaI, [OI] was ob-
served. In addition, the parameters of many spectral lines show variations with
smaller amplitude and with a characteristic time of 10-20 days. The same prop-
erties were detected in 2016, but according to 2017, only a chaotic change in the
spectral parameters of these lines was observed. The variability in the spectrum
of the star can be explained by the existence of the polar wind and accretion or
the result of the duplicity of the system.
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Fig. 9. Time variation of spectral line parameters D NaI lines in 2015.
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Fig. 10. The segment containing lines SiII and [OI] λ6363 Å.
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The variations in the spectral parameters of the sodium doublet Na I D
line of the high latitude supergiant 89 Her were investigated on the basis of
the spectrograms obtained at the 2-m telescope of Shamakhy Astrophysical
Observatory for 1975�2017. It has been found that the sodium doublet Na I D
line's radial velocity of the absorption component varies with a period of 5000
days. The orbital elements of the binary system were determined for the �rst
time within the spectral-binary system model.

1. INTRODUCTION

The variations in the spectral parameters of the sodium doublet Na I D line
of the high latitude supergiant 89 Her were investigated on the basis of the spec-
trograms obtained at the 2-m telescope of Shamakhy Astrophysical Observatory
for 1975�2017. It has been found that the sodium doublet Na I D line's radial
velocity of the absorption component varies with a period of 5000 days. The or-
bital elements of the binary system were determined for the �rst time within the
spectral-binary system model.

The star 89 Her=V441=HD163506 (spectral class F2 Ibe, V = 5m.46) behaves
like a pulsating variable star and is the strongest example of a UU Herculis type
star. Its absolute stellar magnitude Mv, according to various estimates, lies in
the interval between −6mand − 9m. The star is located at a galactic latitude b
= 23.19� and longitude l = 51.43� [1] at a distance z = 2.2 kps from the galactic
plane. The temperature of 89 Her is Teff = 6000 K, and the acceleration of grav-
ity on its surface log g = 0.5 [2]. This star, where it was classi�ed as a variable
supergiant.

* E-mail: xalilov1955@gmail.com
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The observational data obtained over the course of an extended time interval
(>15000 days) provide a unique possibility of determining the supposed long-
period variations in the atmosphere of the star 89 Her. Based on the analysis of
the observations of the radial velocities measured from the sodium doublet Na I
D lines in the spectrum of the supergiant 89 Her, the conclusion that con�rms its
binary nature is made for the �rst time. It should be noted that the absorption
pro�le of the sodium doublet Na I D line has a complex form. At di�erent times
of the phase observations of the binary system's orbital motion, it consists of two,
three, or four components. Unfortunately, the data for the third and, especially,
the fourth component turned out to be very scarce. For this reason, mainly the
parameter values for the second component are analyzed in the present study.

Fig. 1. Line pro�les of the D Na I doublet obtained on August 26, 1975.

Fig. 1 shows the line pro�les of the sodium doublet Na I D obtained by the
authors at the 2-m telescope of Shamakhy Astrophysical Observatory in the coude
focus (D = 12 Åmm) in 1975. It can be seen that four components were observed
in the sodium doublet Na I D of the 89 Her spectrum on August 26, 1975. Here,
the �rst component is associated with the interstellar absorption, while the others
form in the circumstellar shell. It can be seen from Fig.2 that the radial velocity
values (Vr) of the sodium doublet Na I D2 line vary with time. All measurement
series of the radial velocity Vr of the sodium doublet Na I D2 were analyzed
by means of the statistical spectral Fourier analysis with the use of the Scargle
method. It has been found that the radial velocity of the Na I D absorption line
vary with a period of approximately 5000 days. This is interpreted as the motion
of the star 89 Her around an invisible component. Fig.3 shows the phase curve
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Fig. 2. Time variations of the radial velocity values Vr, as well as their dependence
on the shape and orientation of the orbits of the spectral binary star 89 Her, obtained
for the second component of the pro�le of the doublet D2 Na I 5889.953 Åline.

Fig. 3. Radial velocity curve from the D2 Na I line (approximation with a sine wave).
The initial epoch is JD 2453949.58, Vr = �119 km/s, P = 5000 days.

of the radial velocities Vr constructed from the line of the second component of
the sodium doublet Na I D2. The radial velocity curve was constructed from
the elements MinRV = JD2453949.58+5000E. For the approximation with a sine
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wave, the function
V r = Asin(2πt/P )

was used, where P is the orbital period, A is the amplitude of the radial
velocity variations, and t is the time. To calculate the orbital elements of the
visible component, we used the classical Lehmann�Files method [3]. The fol-
lowing parameters orbital elements of the spectral-binary system: P=5000±300
days, γ=-94.2km/s, e=0.298±0.008, ω = 320◦±10◦, RVMin=JD2453949.58±0.1,
f1=0.201, K=21 km/s, asini=9.1 a.v.( γ is the velocity of the center of mass, f1 is
the function of mass, K = (∆V/2) is the amplitude of the variations in Vr, asini
is the semimajor axis of the orbit, and i is the angle between the normal to the
orbital plane and the line of sight).

REFERENCES

1. 1. Molina R. E. An approach to e�ective temperature and surface gravity in post-

AGB and RV Tauri stars in the near-IR region // Revista Mexicana de Astronomía

y Astrofísica, 2012, 48, p.95-107.

2. 2.Kiss L.L., Szatmary K., Vinko J. Spectrophotometric Signature of Circumstellar

Matter around 89 Her // Communications of the Konkoly Observatory, Hungary

Proceedings of the conference: �The interaction of stars with their environment

II�, Budapest, Hungary, 2003, p.123 - 126.

3. 3. A. A. Mikhailov, A Course in Astrophysics and Stellar Astronomy (Nauka,

Moscow, 1962; Israel Program for Scienti�c Translations, Jerusalem, 1966).

74



Astronomical Journal of Azerbaijan, 2020, Vol. 15, No. 2

SUMMARY LIGHT CURVE ANALYSIS OF THE T

TAURI TYPE STAR AS205

U. S. Veliyev b, N. Z. Ismailov a*

a Shamakhy Astrophysical Observatory named after Nasireddin Tusi of the Azerbaijan National

Academy of Sciences

b Batabat astrophysical Observatory of Nakhichevan branch of ANAS

Phase light curves have been build based on photometric materials, obtained
in 10 colors for di�erent (B0-F0) magnetic CP stars. The light curves observed
in the form of a double wave for most stars. The changes in the light curves
occur in counter-phase, in di�erent bands for some of the investigated late CP
stars (A2-F0) of the SrCrEu type. It is shown, that the brightness variability
in antiphase is explained by the energy blocking in the region λλ5000 -
5500 ÅÅ(in range of depression λ5200Å), created mainly by rare earth el-
ements, the excesses are reaching in the atmosphere of these stars 4.0 - 6.0 dex.

Keywords: magnetic stars� photometric variability.

1. INTRODUCTION

In the report presents the results of the analysis of the total light curve of the

T Tauri type star EM* AS 205 (α2000 = 16h11m31.343s, δ2000 = −18◦ 38'26.00�)

obtained from 7 years of ROTOR observations. For a total 355 nights of obser-

vations in the UBVRI bands, one estimate was obtained in each �lter per night.

There are signi�cant seasonal changes in the brightness of the star with a stable

average value of brightness for the year. The amplitude of seasonal changes in

di�erent bands is 2-3 mag in V-band.

In the Fig.1 we have presented a master light curve in V-band for time in-

terval JD 2446955-2449235 performed for 7 years (1987-1993). As can be seen,

the average annual brightness value remains almost unchanged, while signi�cant

variations in brightness are observed during the year. For example, in the V-band,

the brightness is change from a maximum to a minimum of about 2-3 magnitudes.

In Fig1. Color diagrams V versus U-B, B-V and V-R is presented. The color di-

* E-mail: ismailovnshao@gmail.com
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Fig. 1. Master light curve in V-band of AS 205N for 7 years (top left panel) and color
diagrams U-B, B-V and V-R versus V-magnitude.

agrams B-V and V-R are demonstrated linear change versus V-band brightness,

so it can be explained as cool spot mechanism on the stellar surface. The color

diagram V U-B is demonstrated a �are-like activity in U band.

In the Table 1 the average values of seasonal brightness and the standard

deviation from the mean value of the brightness are presented. In all bands for

seasonal variability we are obtained σ > 0.4 mag.

Table 1. Mean annual brightness and its rms of the star in UBVR- bands.

Season V Rms B rms R rms U rms

1 12.462 0.431 13.544 0.516 10.962 0.350 13.190 0.438

2 12.724 0.596 14.032 0.665 11.223 0.769 13.512 0.543

3 12.003 0.343 13.211 0.410 10.616 0.322 12.811 0.403

4 12.079 0.463 13.242 0.533 10.628 0.308 12.868 0.584

5 12.403 0.744 13.651 0.906 11.364 1.092 12.628 0.734

6 12.030 0.493 13.255 0.559 11.036 1.081 12.795 0.416

7 12.122 0.605 13.371 0.694 10.636 0.564 13.153 0.606

By using the period searching software Perio04 which are working on

the statistical Fourier analysis we have carried out V-brightness analysis for
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each season data's. From the selected 7 massive of points that relate

to individual years, we found 3 frequently repeated most probable periods,

P1 = 6.51 ± 0.6, P2 = 14.6 ± 1.03andP3 = 24.71 ± 0.9 days. The obtained

periods P1 and P3 are con�rmed the periods, which were obtained in the work of

Artemenko et al. (2010).

In Fig.2 it is shown a phase diagram for group of points in massive 7, which

was obtained in one year. The phases were calculated for both periods P1 and

P3. In the Fig.2 it was shown a phase diagram for the period P3, which can be

explained eclipsing process by a secondary component with a dip at 2 mag in V

band. On this data we have estimated a luminosity of the secondary component

of the system. If for AS 205N L = 3.98L� (Artemenko et al. 2012) then for the

secondary component we can get L=0.6 L�, which is corresponding to the brown

dwarf's luminosity.

Since the magnitude of the changes in brightness is large enough, such vari-

ations in the brightness of the star cannot be explained by the spotty structure

of the surface. It is assumed that periods longer than 6 days may be related by

duality or multiplicity of the system.

Fig. 2. Phase diagram for the period P3 calculated in model with the eclipsing ele-
ments Min I = JD 2447379.36 +24.71E
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The results of spectral observations of the supergiant star HD21389 were

presented. Variations of the spectral parameters and pro�les of the Hα line

were discovered. It is supposed that variability of the pro�les, radial velocity

and other parameters are connected each with other and also these changes

may be a manifestation of complex motions in the atmosphere of HD 21389.

Keywords: supergiant stars; spectroscopy, stellar wind; accretion; individual:

HD21389.

1. INTRODUCTION

The supergiant star HD21389 belongs to the stars with P Cyg type pro�le
Hα line. According to [1�5], its spectral class is A0Ia, apparent magnitude is mv

= 4.53 mag, mass is M =19.3 M�, radius is R=97 R�, luminosity is log (L/L�)
=4.87, e�ective temperature is Teff = 10500 K, acceleration of gravity at the
surface is log g =1.70, and rotation velocity is vsin i = 53 km/s. It is believed
that it belongs to the OB1 association.

Spectral observations of the stars HD21389 in 2005-2014 were carried out us-
ing a CCD detector in the echelle spectrometer mounted at the Cassegrain focus
of the 2-m telescope of the Shamakhy Astrophysical Observatory [6]. The spectral
resolution was R=15000, and the spectral range λ 4700 � 6700 Å. The signal-to-
noise ratio was S/N=200. Two spectra of the target stars were obtained on each
night of observation. The average exposure was 600-900s, depending on the image
quality. Note that, fast changes in the spectra during the night weren't found.
Therefore the pro�les observed in one night were averaged. In addition to the
observations of the target stars, we also obtained numerous spectra of standard

* E-mail: Shao56beli@gmail.com
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stars, the day and night backgrounds, �at �elds, and comparison stars, to enable
analysis of the stability of the telescope-spectrograph complex.

The Echelle spectra were processed by the standard technique using the
DECH20 and DECH20t software [7]. The errors in our equivalent widths (W)
do not exceed 5%, and the errors in the radial velocities (Vr) are no larger than ∼
2 km/s. Appropriate heliocentric corrections were included during data process-
ing. Pro�les of the Hα, Hβ, HeI, etc. lines in the spectra of star HD21389 were
investigated.

As shown in �g.1, on 11.11.2006, we have observed an inversion of the P Cyg
pro�le of the Hα line. The inverse P-Cyg pro�le may be explained by the high-
velocity motion of wind matter away from the observer. This suggests that, as a
result of a strong stellar wind, the absorption component of the Hα line is shifted
to the red region of the pro�le while the emission component is blue shifted.

From �g. 1 it is visible that when in the Hα is observed inverse P Cyg pro�le,
the structure of the pro�le of Hβ changed a little and this line displaced to longer
wavelength. It is interesting that when the Hα is observed inverse P Cyg, the
pro�le of He I λ5876 Åline does not change (�g.2). It means that in this case, the
deep layers of the HD 21389 atmosphere are relatively stable.

It is known that the Hα and Hβ lines form in the upper layers of the stellar
atmosphere, in the region of generation of stellar wind [1]. The variable wind
and its accelerated motion in supergiants is caused by the strong �ux of radia-
tion from the star. Outer atmospheres of supergiant stars are exposed to more
intense changes than internal. Thus, the stellar radiation �ux and the variable
stellar wind lead to corresponding changes in the outer layers of the atmosphere
and the star envelope. As a result, we observe variable absorption and emission
components of di�erent forms of the Hα line P Cyg-pro�le of the star HD21389.

2. CONCLUSIONS

1. The absorption pro�le of the Hα line in the spectra of the star HD21389
depending on a phase of instability of the star atmosphere has di�cult structure.
In an active phase this line has inverse P Cyg pro�le. On the red and violet
wings of the pro�le appear and disappear emission components. All measured
parameters of the Hα line show variability. It is supposed that variability of the
pro�les, radial velocity and other parameters are connected with each other and
also these changes may be a manifestation of complex motions in the atmosphere
of HD 21389.

2. Appearance and disappearance of asymmetry in the pro�le of Na I D dou-
blet and formation of the Hα line type inverse P Cyg occurs synchronously in an
active phase of the atmosphere of HD 21389. We assume that these changes are
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formed under the in�uence of the general mechanism which might be responsible
for the observed variation is the growth of the envelope of the star with a following
ejection of matter.

3. Our researches showed that the values of radial velocity of the FeII lines
change with time. However, we found no correlation of these changes with the
period of 7.7 days which was founded by previous authors.

Fig. 1. Pro�les of the Hα and Hβ lines of HD 21389 on di�erent dates.

Fig. 2. Pro�les of the HeI and NaD lines of HD21389 on di�erent dates.
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Components of extensive high velocity absorption are observed in the hydrogen
lines Hβ,Hγ, Hδ and He I λ 5876 Åof the symbiotic star CH Cyg. The spectral
material was obtained for 2017 with the spectral resolution R=2800, in the 2
m telescope of Shao bu using the Fibre echelle spectrograph (ShAFES) . In
the blue wing the displacement of the absorbtion components have reached
up to -3000 km/s. The width of the line was riched 800-1000 km/s and the
residual intencity - 0.2 - 0.6. It is supposed that the high velocity absorption is
the occured due to ejection of matter from the white dwarf's equatorial part.

Keywords: Symbiotic stars�CH Cyg�Jet-high velocity absorption

1. INTRODUCTION

According to the modern imaginations symbiotic stars are binary systems
comprising of a mutually reacting red Giant (RG) and white dwarf (WD) (some-
times comprising of three stars). Continuous substance �ow is released from the
RG and as a result of accretion a disc is generated around the WD. Alteration
of velocity and power of accretion leads to change of the brightness of star both
in visible region and in the ultraviolet region by 1 ÷ 3 star size. In such type of
objects high velocity release of substance is observed and this leads to the weight
loss of the star.

One of the most discussed matter in the study of weight loss is collimated
�ows and jets emerged in phylogenetic stars. From this perspective symbiotic
stars are the best laboratories to study the generation and phylogenesis of these
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type of �ows in the spectrally identi�ed binary systems. Existence of strong as-
pheric, locally identi�ed clouds around most of these stars is known already [1]
and highly collimated jets have been identi�ed in several symbiotic stars so far.

CH Cyg collimated bipolar substance �ow was found in CH Cyg symbiotic
star for the �rst time in the radio region. At least 3 di�erent jet events have been
recorded on 1984-1985, 1994-1995 and 1996-1997 [2], [3], [4]. Every jet event was
related to optical activeness period and in all three cases generation of jets was
followed by rapid collapse of brightness. Observations show that there are strong
collimated �ows in perpendicular to the sight direction with the velocity of 800
km/s 1� towards to north-east from the star [5].The typic size of jets in CH Cyg
star is about 1400 au, cosmic velocity is 700 km/h [6]. Jets have been observed
in the X-ray region as well [7]. Jets- high velocity substance release - in the op-
tic region are noticed by observation of large and deep absorption components
in pro�les of HI and HeI lines. Absorption components were observed with the
velocity of −700 ÷ −2500 km/s [8], [9], [10]. Astrophysical jets are observed al-
most in all type of accreting binary systems. Jets in symbiotics are mainly related
with �ickering in optical region. CH Cyg is one of the most dramatical source of
jets among symbiotics. Its optical monitoring can help us to understand the jet
structure.

In this paper we introduce information about high velocity absorption com-
ponents generated in the pro�les of HI and HeI lines based on echelle spectra
achieved in 2017 in Shamakhy observatory.

2. OBSERVATION.

80 echelle spectra of CH Cyg star have been achieved within 36 nights in the
2 meters telescope of Shamakhy Astrophysical Observatory in May-November in-
terval in 2017. The telescope is �tted with ShAFES � Shamakhy Fibre Echelle
Spectrograph and CCD camera cooled by liquid nitrogen [11]. Spectral identi�-
cation R = λ/∆λ = 28000, spectral diapason 3800-8000Å, Chip 4096x4096, pixel
size 15 × 15µm.

Wavelength calibration achieved with Sky and Th�Ar hollow cathode compar-
ison. The spectra were reduced using the software package new version of DECH
[12] program folder. Processing of Extraction of all spectra have been done with
IRAF mask.

In this paper we worked on spectra of 6 nights only, where strong and fast
absorption components were highly visible. The list of spectra has been given
in table2. Catalogue list of spectra, date of achievement, universal time zone,
exposition time and the number of spectra achieved during the night have been
introduced in the table.
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Table 1. Log of Spectral observations of CH Cyg in 2017

Spectrum number in the Observation UT Exp(s) number of spectra

catalogue date(day.month.year) spectra

KF1376-77.�t 17.07.2017 18:40:33 1500 2

KF1412-13.�t 18.07.2017 21:46:01 1500 2

KF1689-91.�t 08.08.2017 23:58:10 1200 3

KF1692-93.�t 09.08.2017 19:03:03 1200 2

KF1686-87.�t 28.08.2017 20:28:42 1200 2

KF2173-75.�t 18.09.2017 22:40:06 1800 3

3. RESULTS OF MEASUREMENTS

Pro�les of Hβ Hγ, HδFig. 1a) and HeI 5876 Ålines (Fig. 1 b) of Balmer series
of Hydrogen atom based on spectra of CH Cyg achieved for 6 nights have been
introduced in the �gure1. High velocity of absorptions is observed in all Balmer
lines (from Hα to Hδ). As it is seen from the �gure except 18 July high velocity
of large absorption components have been observed in the blue side of HI and HeI
lines in the other 5 spectra. The absorption components demonstrated di�erent
velocities −1200÷−2500 km/s from the spectrum to spectrum. Absorption com-
ponents are better visible in Hβline. But visibility of absorption components in
Hγ and Hδgets more di�cult due to overlap of the emission spectrum with ab-
sorption components. For example 4320, 4306 and 4313 lines of [FeII] in Hγline,
4068 and 4076 lines of [SII] in Hδline.

It gets very di�cult to identify high velocity of absorption components in the
blue side of HeI 5876 Åline due to dominance of molecular lanes of the red gi-
ant. High velocity of absorption components are highly visible only in the spectra
achieved in 18 September and 28 August (Fig.1).

As it is seen from the Fig.1, structure of pro�les of absorption components of
all 3 Balmer lines are completely similar. But equivalent width and deepness of
the line is greater in the Hβ line (see table 2). Equivalent width, deepness and ray
velocities of high velocity absorption components of Hβ, Hγ, Hδ and HeI 5876
Ålines for cleaned spectra have been measured. Results of measurements have
been presented in the table2.

As it is presented in the table 2, equivalent width of absorption components
of Hβ, Hγ, Hδ and HeI 5876 Ålines get values in the interval of 9.18 ÷4.55 Å,
7.23÷2.77 Å, 5.22 ÷ 2.46 Åand 4.31 ÷ 3.2 Årespectively and the deepness gets
values of 0.75 ÷ 0.39, 0.70 ÷ 0.26 and 0.33 ÷ 0.18 respectively.
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Fig. 1. Demonstration of high velocity of absorptions in CH Cyg. a- Hβ, Hγ,
Hδregions, b � HeI 5876 Åregion.

In Fig.1 pro�les of absorption components of Hβ and HeI 5876 lines in the ray
scale to compare their structure. As it is seen from the �gure the structures of
absorption components of Hβ and HeI 5876 Ålines are very similar in the other 4
nights' spectra except 08th of July. But their deepness are very di�erent. Deep-
ness of the Hβlines was about 2,7 times greater than HeI line deepness on 08 and
09 July. Emission was observed in the blue wing of the absorption on 8th of July.
They same time, the ray velocity of the absorption component of HeI 5876 Åline
for deepness on the same day was totally di�erent � 1400km/s, 500 km/s less than
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Fig. 2. . Demonstration of high velocity of absorptions after cleaning the CH Cyg
symbiotic star from emission and molecular lanes. a - pro�les of Hβ, Hγ, Hδ absorp-
tion components,b -pro�les of absorption components of Hβand HeI 5876 lines.

Hβline. On 28th of July absorption components demonstrated binary structure.
Components demonstrated -1900 km/s and -1200 km/s velocity. Velocity in the
blue wing of absorption component on 18th of September reached to -3000 km/s.
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4. DISCUSSION.

Jet is estimated only in the systems which are reasonably accreted from the
red giant by disc. Existence of the disc leads to strong and short-term �ickering
of hot component and this case absorption component is also seen in the pro�les
of emission lines. But �ickering is observed in only few objects [13].

Collimated substance �ows (jets) have been observed in at least 10 of 200
symbiotic stars [14]. Jets are temporary in the symbiotic stars because they are
related to activeness of the hot component [15].

Hot star of CH Cyg symbiotic system was in periastron in 1999 and 2015.
In these years high velocity of absorption components have been observed in the
blue side of HI and HeI 5876 Ålines [8, 9]. Because white dwarf is moving in the
elliptic orbit, it gets very closer to the red giant in periastron. For that reason,
more substance �ows onto the white dwarf from the red giant when it is in peri-
astron and near to periastron. And it leads to activation of the hot component,
increasement of brightness in about 1m ÷ 1.5m mag and �ickering. As a result
of this jet shaped substance releases occurs from the poles and equatorial part of
the white dwarf. It is noticed by observation of high velocity of large absorption
components in the spectrum. Absorption jets have been observed in our spectra
in 2017. 2 years passed from the time when the start was periastron to our obser-
vations. The orbital period of the star is about 16 years. For these 2 years the star
didn't move away from the periastron so much. That's why it can be accepted
that, continuation of high velocity jets is related to getting the star closer to the
periastron.

High velocity of absorptions are weaker in the Hα line than Hβ line. This is
connected with either the position of jets in the direction of observer's sights or ra-
diation of the giant star in the red region and �lling Hα line blue side absorptions
[16]. That's why high velocity of absorptions are weak in Hα line.

High velocity of star winds also cause generation of large absorption lines in
the blue wing of the emission lines. P Cyg pro�les have been observed in our ob-
servations in the line of HeI 5876 of spectra. Position and location of absorption
lines depend on the velocity of star wind. But star wind cannot cause absorption
components at such a high velocity (about several 1000 km/s).

Observations at radio and x-ray region show that large scale substance re-
leases lasts for long time in the direction of pole. On the other hand, due to
acceptance of CH Cyg as a weakened binary star, observation of high velocity (up
to -3000 km/s) of large absorption components in the blue side of HI and HeI lines
is explained with occurrence of substance jets in orbit �atness of the equatorial
part [8]. Being di�erent of bipolar substance �ows, jets observed in 1998-2000 are
quite similar to the jets in Be stars. 250 days after high velocity substance jets
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started in CH Cyg, in the 1st of October 1999 two nebulas have been identi�ed
detached from the central star in 100 a.u. distance based on images achieved in
Habble telescope [17]. Flow of substance with the velocity of 1000 km/s can get
this distance in 250 days.

Despite multiple facts of observation there are still unclari�ed problems related
to generation of jets: 1. At which phase is the red giant's 756 days of pulsation
while the hot star is in periastron if CH Cyg is accepted as a binary system, 2.
The location of the third star moving in the inner orbit in 756 days period if CH
Cyg is accepted to be triple system. Multiple observations required again to bring
clarity to these questions.

5. CONCLUSION.

Components of extensive high velocity absorption are observed in the hydro-
gen lines Hβ,Hγ, Hδ and HeI λ 5876 Åof the symbiotic star CH Cyg. The spectral
material was obtained for 2017 with the spectral resolution R=28000, in the 2 m
telescope of ShAO by using the Fibre echelle spectrograph (ShAFES) In the blue
wing the displacement of the absorbtion components have reached up to -3000
km/s. The width of the line was riched 800-1000 km/s and the residual intencity
- 0.2 � 0.6. It is supposed that the high velocity absorption is the occured due to
ejection of matter from the white dwarf's equatorial part.

Table 2. Log of Spectral observations of CH Cyg in 2017

Spectrum number in the Observation UT Exp(s) number of

catalogue date(day.month.year) spectra

KF1376-77.�t 17.07.2017 18:40:33 1500 2

KF1412-13.�t 18.07.2017 21:46:01 1500 2

KF1689-91.�t 08.08.2017 23:58:10 1200 3

KF1692-93.�t 09.08.2017 19:03:03 1200 2

KF1686-87.�t 28.08.2017 20:28:42 1200 2

KF2173-75.�t 18.09.2017 22:40:06 1800 3
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The paper presents the results of a comparative analysis of the star's light curve

with the spectrophotometric parameters of the Hα, Hβ, NaI doublets lines of

the D1, D2 and HeI 5876 measured on the basis of highly resolved echelle

spectra of the symbiotic star CH Cyg obtained in the 2018th ShAO telescope

in 2018 using a modern light receiver. The results of the analysis showed that

the equivalent width and intensity of the Hα, Hβ and HeI 5876 emission lines

increase with decreasing star brightness. Even at maximum brightness, the HeI

5876 line disappears. Changes in the values of equivalent width and intensities

of the components of the Hβ line and the light curve V show the same charac-

ter with the opposite phase. High-velocity wide absorption components with a

velocity of up to 800 km/s were found in the Hβ and HeI 5876 lines.

The NaI doublets absorption line pro�les show a two-component structure,

and the change in depth (1 − I/I0) of the red components of the D1 and D2

lines indicates exactly the same feature as the brightness change V.

Keywords: CH Cyg, Symbiotic star�CDD Photometry�echelle spectra..

1. INTRODUCTION

CH Cyg is very complex and mysterious variable comprehensively studied in
a very large spectral scale. CHCyg symbiotic star was revealed in 80th years of
19th century. Photometric observation history for more than 130 years period is
available for this star [1]. This is the brightest the closest one among symbiotics.
The distance to this symbiotic star is about 244 parsec according to data of Hip-
pacros [2]. Its visual star size is V=6.0m in maximum and 10.5m in minimum, it is

* E-mail: mikailov.kh@gmail.com
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brighter in infrared ray and star size in 2µm wave length is K=−1m. First useful
spectra of CH Cyg have been achieved by Joy in 1924 and 1927 [3]. According to
100 days period of well disseminated 5 spectra the spectral type of the star has
been determined M6 and radial velocity has been determined -52.5 km/s. The is
no information available about emission lines. In 1952 Gaposhkin classi�ed the.
CH Cyg as M6-M7 spectral class varying in 90-100 days period in 1m amplitude
by analyzing the Harvard patrol observation materials. It was even accepted as a
standard star because these alterations were non noticeable in the spectrum. This
classi�cation was accepted true until 1963. For the �rst time Deutsch revealed
a strong alteration in the spectrum of the star on September 1963 [5]. In the
spectrum of the star hot blue continuum and emission lines of HI, HeI, [FeII] CaII
were observed along with absorption lines of neutral metal, which is the sign of a
cold star. It repeated in 1965 again. Since that time the star attracted attentions
and was accepted as a symbiotic star.

Periodic photometric, infrared, spectral and radio observations have been con-
ducted thanks to convenient location of the star � in the north hemisphere at (+50)
degree. Observations show that repetitive active processes occur in the star in
various periods. Composition of the star has not been fully identi�ed yet: binary
and triple star system models have been proposed [6].

Nowadays, CH Cyg is one of the most researched and the least understood
objects [7]. It is accepted that the activness of CH Cyg this star is generated from
the energy released as a result of accretion of the red giant's wind by the hot com-
ponent. The amount of accreting substance is dependent on pulsation of the giant
and also on orbital movement of the star, of course if the orbit is elliptic.Several
possible commonly accepted models have been proposed to explain the CH Cyg
symbiotic system. Magnetic rotator model [8], according to this model the CH
Cyg is a binary star system comprising of a pulsating red giant and white dwarf
with a powerful magnetic �eld mowing in 5700 days period in an elliptic orbit.
Hinkle and some others [9] identi�ed 756d days period of periodic alterations of
ray velocities in the ray spectrum of CH Cyg. They explained it with existence
of the third G-dwarf in the inner orbit with a short period (P = 756d) within the
long period (P = 5300d) of binary system. Later, after several observations and
precisions, Hinkle refused from the 3 stars model and proposed binary symbiotic
system for the CH Cyg [10].

By proposing a long period 5650d in [11] 1998-2001 Mikailov and others, based
on spectra achieved in 1995-2004 Lijima and others identi�ed that 756d period
in ray velocities exists in optic region too for the photo spectrum lines of the red
giant [12]. These results con�rmed that CH Cyg symbiotic system consists of 3
stars.
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We CH Cyg symbiotic star introduce the comparison of the spectral param-
eters of Hα, Hβ, HeI 5876 and NaIdoublets lines V light curve of the star based
on spectra achieved on Shamakhy observatory in 2018.

2. OBSERVATIONS AND DATA REDUCTION.

All echelle spectra discussed in this paper have been managed in 2meters tele-
scope of Shamakhy Astrophysical Observatory in 2018 between May÷December,
during 31 nights. The telescope is �tted with ShAFES - Shamakhy Fibre Echelle
Spectrograph and CCD camera cooled by liquid nitrogen [13]. Spectral identi-
�cation R=λ/∆λ=28000, spectral diapason 3900-7700Å, Chip 4096x4096 pixel,
pixel size 15×15µm. All spectra have been achieved in SLW regime of CCD,
gain=1.27 e-/ADU, Read Out Noise (RON) =3.74. All calibration screens have
been achieved for each night: Sky, ThAr, Flat and Darks. The interval of the
observation period was 223 days and in this period nearly 100 echellespectrum
have been achieved. All spectra have been achieved within 119 days in sequence,
just 2 spectr have been achieved after about ∼100 days.

Spectra of the stars a Lyr and 51 Dracon have been achieved in the same
conditions for processing of the telluric lines in the spectra of CH Cyg symbiotic
star and spectra of HD148783 (G Her, M6III) have been achieved in some nights
for processing of the cold star M spectra.

Wavelength calibration achieved with Sky and a Th � Ar hollow cathode com-
parison. The spectra were reduced using the software package new version of
DECH [14] following the standard procedures. Extraction of all spectra have
been managed by using IRAF mask.

Observation history is given in the table-1. Catalogue list of the spectra
and date of achievement, universal time, exposition time and number of spectra
achieved within a night have been given in the table.

3. PHOTOMETRICS OF CH CYG.

17 nights of photometric observations of CHCyg have been carried out
in ZEISS-600 telescope of Shamakhy Astrophysics Observatory in 2018 July-
September. The telescope was �tted with 4096×4096 pixel (1 pix = 9 mic) size
CCD type of light receiver and photometer with e�ective �elds of view are of 17
arcmin [15].

Light curve in V �lter for the period of spectral observations of CH Cyg sym-
biotic star was composed based on our observations and AAVSO [16] database
(Fig.1). In the �gure1 empty circles match with the dates of observations. As it
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is seen from the �gure, the star as active during observations and within several
days it got weakened by 1.5m and reduced from 6.5mto8m. It got its previous
brightness after about 1 month. Fortunately, our spectral observations coincided
with that period and covered that dramatic phase of the star. Results of mea-

Fig. 1. Light curve of the CH Cyg symbiotic star in V �lter. •- AAVSO,�- ShAO
data, ◦- dates of spectral observations.

surements.In this paper we only worked with Hα and Hβ lines of Balmer series
of the Hydrogen atom, HeI 5876 line of Helium atom, doublets lines of NaI D1
and D2 lines of Natrium atom. In the next studies it is planned to work with
the other spectral and continue researches. Hα and Hβ lines are very bright and
intense as radiation lines, hence it is possible to identify the structure of their
pro�les with high de�nition.

Hα and Hβ hydrogen lines. Pro�les of Hα and Hβ lines are given in the
�gure1. As it is seen from the �gure, Hα and Hβ lines gave pro�les with intensive
alteration, centric absorption and with binary V and R components during period
of observations. In all the spectra red component was more intensive than blue
component, e.g.: V/R<1. It indicates that all time through observations contin-
uous �ow of substance occurred. In some pro�les the central absorption reduces,
even lower than continuum. Large absorption components with high velocity have
been observed in the blue side of Hβ line. Velocity in the blue side of absorption
components varies between -660 ÷ -900 km/s.

Spectral parameters (ray velocity, intensity, equivalent widths) of Hα and Hβ
have been given in the table-2 and 3. Ray velocity of R component of Ha line
was almost in close value in all the dates: RV= -31 ÷ -33 km/s. Only in the
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Fig. 2. Pro�les of Hydrogen lines. a � Hα line, b � Hβ line. Continuum is indicated

with dash line.

last two dates � 11th and 12th of December it slides towards to the blue side in
about in 10 km/s and was RV= -43 ÷ -45 km/s. Ray velocity of V component
was changed in -116 ÷ -130 km/s, and central absorption was changed in -75
÷ -103 km/s. Alterations in ray velocity is perhaps connected with alterations
of intensity of V and R components. Ray velocity of the second component of
the V component is measured -145 ÷ -150 km/s. As it is seen from the table
2, intensity and equivalent widths of components of Hα line changes in about -5
times during the period of observations. Intensity of R component gets values in
2.8 ÷ 16.4 interval, and intensity of V component is gets values in 1.73 ÷ 5.56
interval. While measuring the equivalent widths of Hα and Hβ components the
deepest point of the central absorption was taken as a border. That's why values
of equivalent widths of components should be considered as conditional. Equiv-
alent widths in Hα lines got values in the 4.81 ÷ 29.2 Åinterval. The minimum
value was recorded in 26-08-2018 and in that date HeI line disappeared.

Hβ line's R component's ray velocity alters more than Hα during observation
period: RV= -7.4 ÷ -33 km/s, and it got RV= -52 ÷ -54 km/s by sliding towards
to the blue side on 11th and 12th of December by ÷30 km/s. Most probably
alteration in the velocity is due to sharp change in intensity of R component.
Ray velocity of the Hβ line R component was -104 ÷ -153 km/s, and ray velocity
of the central absorption was close to Hα: -70 ÷ -100 km/s. Alteration of ray
velocity perhaps is due to changes in intensity of R and V components.
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As it is seen from table-3, intensity and equivalent changes rapidly at the
same observation period. Intensity of R component gets value of 2.2 ÷ 12.84 and
intensity of V component gets value of 1.63 ÷ 8.47. Increasement of intensity of
V component was 1.7 times more in Hβ line than in Hα line Equivalent widths
of Hβ line got value in 3.05 ÷ 23.94 Å. Minimum and maximum proportion of
values of equivalent widths of Hα and Hβ line were 6 and 8 respectively.

HeI 5876 and NaI doublet lines. HeI λ5876 and NaI doublet lines are
the most visible lines after Balmer series lines of Hydrogen in the CH Cyg sym-
biotic star spectrum. HeI λ5876 is generated in the adjacent cover around the
hot star in the star wind. NaI doublet lines are indicators of star surrounding
cover and neutral material zone. Study of these lines will allow to characterize
the afore mentioned environments. HeI 5876 and NaI doublet lines pro�les are
given in the Figure 3. As it is clear from the �gure, HeI 5876 and NaI doublet
lines changed rapidly during observation season. In parallel with strengthening of
HeI 5876 line (increasing of the intensity), strong emission lines appear in the red
wing of the NaI doublet lines and it converts to P Cyg type of pro�le. Both of the
doublet lines of NaI demonstrate binary structure comprising of deep absorption
especially in the bright period of the star. HeI 5876 line almost disappears in
maximum brightness and even large absorption is observed.

Fig. 3. Pro�les of HeIλ5876 and NaI D1, D2 lines.

In the table 4 the results of spectrophotometric measurements of HeI 5876
and NaI doublet lines have been introduced. Ray velocities of each component
of the NaI doublet lines demonstrates very close values. Ray velocities of the R
components of D1 and D2 lines are varying in -73 ÷ -85 km/s interval and ray
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velocity of the V component is varying in -97 ÷ -103 km/s interval. R-red compo-
nent demonstrates the same radial velocity with neutral hydrogen zone, i.e., the
central absorption of Hydrogen lines (Fig4). It is assumed that the R absorption
components of lines NaI, D1 and D2 arise are in the neutral absorption region.
Deepness of R and V components of NaI D1 line change in 0.59 ÷ 0.81 and 0.40

Fig. 4. Pro�les of Hβ and NaI D1 and D2 lines.

÷ 0.86 interval respectively. Deepness of R and V components of NaI D2 line
change in 0.64 ÷ 0.85 and 0.64 ÷ 0.90 interval respectively. Equivalent widths of
D1 and D2 doublet lines of NaI takes vale in 0.60 ÷ 1.37 interval for D1, 0.59 ÷
1.14 for D2.

Analysis of parameters of Hα and Hβ lines by using the light curve.
V Light curve's comparison of equivalent widths and components' intensity of Hα
and Hβ lines in the spectrum of CH Cyg symbiotic star have been introduced in
the �gure 5 and 6 respectively. In the �gures the right axes are in the increasing
order towards to down. Comparison of equivalent widths of Hα and Hβ lines
with light curve shows that, the typical feature for symbiotic stars � increase in
equivalent widths with decrease in brightness � is observed here. This principle
failed in Hα line in the dramatic phase (short term change in brightness) of the
star. As it is seen from the �gure, character of changes in components' inten-
sity and equivalent widths of Hβ line during the observation period fully coincide
with changes of brightness in V �lter. It makes opposite correlation, it means,
equivalent widths and intensity of the line increases as the brightness decreases.

Analysis of NaI doublet and HeI 5876 lines by using the light curve. In the
Fig7 it is given the comparison of intensity of R components of NaI doublet lines
with V light curve. As it is seen from the �gure, changes of intensity of red
components of D1 and D2 absorption lines are the same for both lines and it
demonstrates identical character with changes in light curve in V �lter. Decrease
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Fig. 5. Time changes of V light curve of CH Cyg symbiotic star and spectrophotomet-

ric parameters of Hα line. a � changes in intensities, b � changes in equivalent widths,

o � V �lter light curve, N- intensity of R component, � - intensity of V component,

� - equivalent widths.

Fig. 6. Time changes of V light curve of CH Cyg symbiotic star and spectrophotomet-

ric parameters of Hβ line. a � changes in intensities, b � changes in equivalent widths,

o � V �lter light curve, N- intensity of R component, � - intensity of V component,

� - equivalent widths.
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in the deepness of the line is observed by decrease in brightness. Analysis of

Fig. 7. Timely changes of V light curve of CHCyg symbiotic star and deepness of red

components of NaI doublet lines of D1 and D2. o � V �lter light curve, � and N -

deepness of D1 and D2 lines respectively.

HeI 5876 line with V light curve. V light curve comparison of HeI 5876 line
intensity and equivalent widths has been introduced in the Fig8. As it is seen
from the �gure, convenience is observed in the character of changes of graphs if
we do not consider the dramatic phase of the star. Values of equivalent widths
and intensity increases with decrease in the value of brightness. Usually, line's
intensity and equivalent widths decreases down to seamless spectrum level as the
brightness increases. Even it was observed that HeI 5876 line disappeared for
3 days in the maximum of brightness. Analysis and discussion of changes

in CHCyg symbiotic star. In some of our spectra V component of the Hα
and Hβ lines and HeI 5876 line was found with complex structure and multiple
components. As we already know, the emission lines are formed in the cloud
around the hot star and enlargement of the surrounding cloud can lead to forma-
tion of several components. Existence of adsorbing substance around the star in
the visual direction causes formation of the central absorption in the pro�le of the
emission lines. In most cases central absorption gets a very close velocity to the
mass center velocity (-60 km/s). But if we don't consider the spectra achieved
in the last two dates of our observation, the central absorption slides towards the
blue side of the spectrum in about 20 � 25 km/s and demonstrates the velocity of
∼ -70 km/s, -85 km/s. This is because the velocity of the wind of the adsorbing
particles in the neutral hydrogen region is greater than the velocity of wind of
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Fig. 8. Time based change of intensity and equivalent widths of HeI 5876 and V �lter

light curve of CH Cyg symbiotic star. O � brightness in the V �lter, � � intensity, N
�e quivalent widths.

released particles in the ionized region. Absorption particles arrive in sooner than
released particles. Deepness of the adsorbing component shows the density of the
star wind [17].

Also, if we consider that, Hα and Hβ lines form in the disc around the star,
formation of binary component pro�le can be explained by this factor. Rapid
destruction of binary component pro�le and especially decreasing the intensity
of V component are explained by destruction of the disc [17]. V/R proportion's
being always less than 1 in our observations shows that continuous substance �ow
exists from the hot star.

Short term rapid changes in the star can be explained with the fact that, be-
ing in proximity for some years gives its e�ect when the hot star of the symbiotic
system gets closer to the giant star, i. e., when the star moves through the peri-
astron (Because the period is very long in CH Cyg star � 15 years). In this period
intensity and amount of �ow of substance from the giant star increases. As a
result of that, stability of the disc around the hot star spoils and jet of substances
are observed from the hot star and this is followed by rapid changes in Hα and
Hβ lines [18].

Emission lines with high ionization potential, including HeI 5876 are formed in
the region near the hot star. Rapid changes in the HeI 5876, getting disappeared
of the line and formation can be related to changes of ultraviolet rays emitting
from the hot star. Photometric rapid changes prove that �rmly.
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The fact of ray velocities of NaI D1 and D2 doublet lines red components
and central absorption of Hα and Hβ getting the same value con�rms that they
have been formed in the same environment and in the neutral region around the
star. Increase in the deepness of red component of D1 and D2 lines of NaI with
increase of brightness of the star can be estimated a result of enrichment of the
neutral region with Na atoms and vice versa. The other approach is also possible.
Decrease in the brightness of the star after the active phase of the symbiotic star
CH Cyg can be explained with screening too. Strong release of substance in the
active period results in getting the gas-dust cloud denser around the star. As a
result of that, the star becomes screened and brightness decreases. Formation of
a strong emission in the red wing of the NaI doublet lines and at the same time
reinforcement of the emission lines λ6548 Åand λ6584 Åof [NII] which is the main
indicator of the gas-dust cloud once again proves that. The same time increase
in the equivalent widths and intensity of Hα, Hβ and HeI 5876 lines in several
times while rapid collapse decreasing of brightness can be explained with changes
in the density of the surrounding cover. The main results: Following results
have been summarized from the analysis of the CCD echelle spectra of CH Cyg
symbiotic system achieved in 2018 for the �rst time.

1. Spectrophotometric parameters of Hβ emission line such as equivalent
widths, intensity of the red and blue components provide alteration with the
same character and opposite phase changes with light curve in V �lter.

2. Pro�les of both D1 and D2 doublet lines of NaI represents binary compo-
nent structure and changes in the intensity of both lines' red component match
with the character of changes in V light curve.

3. Rapid alteration of HeI λ5876 Åline and full disappearing of emission have
been observed.

4. Absorption jets with the velocity of -800 km/s have been observed in the
blue wing of Hβ and HeI λ5876 lines.
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In this work, we used the data of solar observations obtained by various radio

astronomy devices. Since these data show the unsteadiness of processes in

the solar atmosphere, it is important to use the dynamic fractal analysis

method. In other words, when studying the complex processes taking place

on the Sun, we took into account synergetic approaches - nonlinearity and

dissipativity in dynamical systems. It was found that if the found values of

the fractal estimate 1 < Dt < 1.5, obtained on the basis of the time series of

�uctuations in the solar radio emission, then the existing series has a persistent

(inertial) character. The practical application of the modern dynamic method

of fractal analysis made it possible to determine the dynamic parameters (evo-

lution of spots, forecast �are events and estimate their power, etc.) on the Sun.

Keywords: Solar radiation � Unsteady time series � Synergetic � Fractal anal-

ysis � Forecasting � Space weather.

1. INTRODUCTION

By the end of the 20th century, Russian radio-physicist O.I. Yudin, who stud-

ied solar radio emission, con�rmed the existence of �uctuations associated with

the physical processes occurring on the Sun during these radio emissions. Re-

searcher at the Radio-physical Research Institute, located in Nizhny Novgorod in

the 70s of the same century, prof. M.M. Kobrin (together with his collaborators)

began to publish scienti�c results con�rming that the dynamics of these �uctua-

tions are associated with solar �ares [1,2]. Despite the fact that these observations

are carried out on radio astronomy telescopes with a diameter of 2 ÷ 100 meters

and operating at frequencies f = 1 ÷ 17 GHz in the territories of di�erent coun-

tries, the results obtained currently contradict one another. The main reasons for

* E-mail: shirin.guseyn@gmail.com
** E-mail: sedi-huseynov@mail.ru
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this were partially explained in [3]. The application of the Fourier transform and

its various modi�cations based on �uctuations of solar radio emission is the most

important of these reasons, although these classical methods allow obtaining more

realistic results in the study of stationary processes. Over the past few decades,

researchers have discovered that there are a number of important events and pro-

cesses in the world that cannot be interpreted only by the theory of oscillations

and waves. Here, �chaos� is implied as an indicator of the transition to nonlinear

systems in real evolutionary processes. Thus, in order to understand the essence

of complex events and processes, it is necessary to accept the nonlinearity and

dissipativity of dynamic systems. The theory of dissipative structure is under-

stood as a complex of concepts of open physical systems and nonlinear dynamics.

These are the main indicators for describing non-linear events that occur in the

world. The causes of changes in action and evolution, according to this theory,

are created by matter itself. Thus, regularity should be sought in their particular

development [4]. Various dynamic and statistical methods are used to study time

series re�ecting stationary and non-stationary random processes. The �chaos� de-

�ned in the time series is intended for dynamic methods, and the �noise� is used

in statistical methods. Each of these methods has its advantages and disadvan-

tages. Over the past 30 years, specialists and experts in various �elds of science

have developed valuable scienti�c proposals and methods for studying the causes

and evolution of processes occurring in living and non-living objects in the world.

Some of them are widely covered in monographs and textbooks [5�7]. The study

of time series based on our observations in any open systems consists in deter-

mining its structure and studying the future based on past data. Based on the

aforementioned scienti�c works, in the proposed work by applying fractal analysis

methods to time series obtained from radio astronomical observations of the Sun,

an attempt is made to establish a forecast and diagnose a �aring process and its

e�ect on the Earth's atmosphere. In other words, by controlling the �chaos� of the

process that we are exploring in dynamic methods (Fractal analysis, Wavelet and

the Empirical model), the existence of deterministic randomness and its dynamics

is investigated.

2. PROCESSING AND USE OF OBSERVATION DATA

As observational data, 12 isolated solar radio bursts with a power of 2 ≤ K ≤ 3

were used. The observations were carried out on a 12-meter radio telescope at

frequencies f = 1 GHz and f = 3 GHz at the Institute of the Ionosphere of the

Republic of Kazakhstan in 2010-2015. Observations of the Sun continued regu-

larly, from 08:00 to 18:00 (local time) at wavelengths of 10.7 and 27.8 cm. Given

that the discrete amount of data received is ∆t = 5 seconds, the amount of daily
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data is 7-8 hours is N = 5400-5700. It also allows you to observe the dynamics of

long characteristic �uctuations, ranging from 5 to 70 minutes. The alleged radio

�ares and their observational data around them were processed using the dynamic

Fourier transform (DFT) method and the fractal analysis method (FAM) [3, 9].

On the 24th cycle of solar activity, thanks to joint research, in addition to the

proton events that took place on May 17 and January 6, 2014, three proton events

were con�rmed - January 27, March 7 and March 13, 2012 [9]. During these pro-

ton events, there was an increase in solar radiation on Earth. Proton event - is

one of the most important and dangerous manifestations of space weather and

requires a careful and comprehensive study. In addition, we also used the data of

radio polarimeters operating at frequencies of 1.2.3 and 4 GHz, obtained in 2010-

15, at the Nobeyama Radio Observatory (Japan). Information for mathematical

processing is taken from the site "Http solar.nro.ac.jp". Time series are based on

discrete values ∆t = 1min. We studied time series associated with �are processes,

which, in turn, were associated with the evolution of spots (�eld changes, increase

in intensity) and variation in the range 5.5 ≤M ≤ 8.7. At present, the intensity

of perturbations during proton events is estimated on a �ve-point scale from R1

(for the M-point �ash) to R5 (M-12.5) for the brightest �ash.

3. RESULTS OF PROCESSING DATA OF OBSERVATIONS AND THEIR

ANALYSIS

Over the past 25 years, various modern methods have widely used such mod-

ern methods as fractal analysis, wavelet transform for time series analysis, which

re�ects the dynamics of non-stationary processes in physics, geophysics, radio-

physics, biology, medicine and economics [3]. The application of the fractal anal-

ysis method to radio astronomy time series is re�ected in [3,10]. Determining the

degree of randomness of time series is the main essence of fractal analysis. There

are various ways to determine the degree of fractal measurement. A simple R /

S method for non-stationary time series was proposed by the English hydrologist

Hurst [11].

In this method, the degree of fractal measurement - Dt is based on the Ht-

Hurst exponent. In this work, using the modi�ed fractal analysis, we analyzed

the radio astronomy time series based on 12 powerful �ashes and 5 proton events

(3 days before the event, day of events, and two days after the event).

During the analysis of the solar �are process, the time series studied by us

on the basis of local jumps, when the number of discrete points 100 ≤ N ≤ 300

is relatively small, were of great importance for the study, we used the formula
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improved by Eric Neumann [12]:

Ht = ln(R/S)/ln(π +
N

2
)(−0, 0011∗lnN + 1.0136) (1)

Here a=π/2 is a given positive constant.

Analyzing natural phenomena, Hurst came to the conclusion that, if the num-

ber of discrete values is insigni�cant, then the value a = 0.5 more realistically

re�ects the value of this constant. Then

π = 2a = 2 · 0.5 = 1. We, in the following calculations, use formula (1), where,

N is the amount of observation data of temporary data, S is the average square

of the slope of the observation series, R is the magnitude of the span within the

boundary. As a calculation point, Hurst used the formula R =
√
T , which he

took from Einstein's work on the Brownian motion of particles, where T is an

indicator of time. Estimates of the fractal dimension by the Hirst indicator Dt

are determined by the following simple formula

Dt = 2−Ht (2)

Based on the time series obtained before, during and after the �ash, the esti-

mates for the fractal measurement Dt are determined 0.5 < Ht ≤ 1 ; 1 < Dt < 1.5

The indicators allow us to conclude that time series based on radio astronomy

oscillations are continuous time series. If Ht ≈ 0.5; 1 < Dt ≈ 1.5, then the process

is de�ned as a random.

The results of statistical and dynamic processing of observation data are pre-

sented in the following graphs and tables:

Fig. 1. (a, b) Averaged amplitude spectra of �uctuations of radio emission
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Sun signal levels are 1 GHz and 3 GHz. Curves 4-Medium Solar �are spec-

trum. Curves below 4 days before the �ash,Higher days after the outbreak. Each

curve represents Averaged spectrum for 12 days.

It can be seen from the �gures that in the power spectra shown for 1 (a),

tx10÷ 15 minutes peaks with a characteristic change, and for 1(b)− tx = 35÷ 40

minutes peaks with a characteristic change prevail. Based on the results of obser-

vation at a frequency of 1 GHz, no correlation was found between power spectra

and �are phenomena. From Figure 1 (b) it is clear that in the power spec-

trum based on the time series at a frequency f = 3 GHz, characteristic changes

tx ≈ 35÷40 minutes prevail when approaching the �are phenomenon. The results

obtained in this work were partially re�ected in the model of �small sunspots� de-

veloped by A. Solovev and Yu. A. Kirichik [13]. In Table 1 it can be seen that as

Table 1. Time series around �ash events, Hurst indicators and fractal analysis esti-

mates based on the radio astronomy.

Days, 3.03.2011 4.03.2011 5.03.2011 6.03.2011 7.03.2011 8.03.2011 9.03.2011

months, Flash day

year

Herst

indicator 0.827 0.825 0.828 0.814 0.766 0.825 0.830

Ht

Fractal

dimension 1.172 1.174 1.171 1.185 1.233 1.174 1.169

Dt

the day of events approaches (the day of the outbreak), randomness is replaced

by smoother randomness.

Flash dayFlash durationDuring the event

Dt

1) 04.54÷05.40 1.157

7.03.2011 2) 07.55÷08.41 1.171

3) 09.00÷09.50 1.168

Based on the analysis of 5 proton events, we were able to conclude that an

inverse relationship occurs between the estimation of the fractal dimension and

the power of proton events.
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Table 2. The relationship between the power of proton events and the estimation of

fractal dimension on di�erent days.

Date of proton events

(day, month and year) 05.03.2012 09.03.2012 13.03.2012 07.03.2012

Power proton X 5.5; X 1.5

events M 5.5 M 6.3 M 7.9 α-β-γ

Estimates of the fractal

dimensions 1.272 1.260 1.246 1.193

4. CONCLUSION

The research presented in this work gives us the opportunity to draw the

following scienti�c conclusions:

1. It was found that 1-3 days before an outbreak with a power of 2 ≤ K ≤ 3

points, pulsations with characteristic change time of tx ≥ 35 min prevail.

2. It was found that the time series of �uctuations of solar radio emission,

in accordance with a certain fractal value 1 < Dt < 1.5 are continuous (inertial)

time series. In other words, with the approach of �are processes, randomness is

replaced by a more smoothly de�ned randomness.

3. The study of 5 proton events showed that the value of the calculated de-

gree of fractal dimension is inversely proportional to the power of the proton

event. More precisely, 1-3 days before the proton event Dt(strong)Dt(week) The

conditions are preserved.

4. It is established that when using the dynamic method of fractal analysis in

radio astronomy time series, the control of the restrained randomness of the phys-

ical state caused by the processes occurring on the Sun and its interaction with

the Earth's atmosphere is taken into account. This allows us to qualitatively and

quantitatively evaluate the energy balance of the object we are studying. Thus,

the modern dynamic method - fractal analysis, gives more realistic results in the

study of unsteady processes occurring on the Sun.
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In this paper, we study the interaction of the expanding supernova remnant

(SNR) with the stars in the surrounding medium. We show that the regions of

interactions of SNRs shock wave with O-B stars are energetically most impor-

tant sources in the galaxy after the areas near relativistic objects; therefore it

is natural to expect the observable in various wavebands consequences of such

interactions. In the case of low mass stars the interaction with SNRs may have

impact on the origin of life and the habitability of such type stellar systems.

Keywords: Supernova remnants � Stars � ISM

The vast majority of stars are born and die in stellar associations [1], so the

interaction of the expanding remnants of supernova explosions, SNRs, with dif-

ferent type of stars in the surrounding them medium is expected to be a common

phenomenon, although little or no attention has been paid in the literature to

this problem. There are two aspects of this problem: 1) the impact of the stellar

component on the evolution of SNRs; 2) the e�ect of the SNR on the properties of

interacting stars. The in�uence of the stellar component on the evolution of SNRs

is expected to occur only at speci�c conditions when SNRs evolve in the region of

intensive star formation where the concentration of stars is high and large number

of stars inside the supernova remnant gravitationally slow down the expansion of

the shell. Physically, the interaction of shock waves of SNR with stars of various

types can lead to completely di�erent results from both theoretical and observa-

tional points of view. This is because, on the one hand, the characteristics of the

shock waves of SNRs vary over a very wide range: speeds - from several thousand

km/s to tens of km/s, sizes � from several AU up to 100 pc. At the same time,

the structure of SNR changes from an adiabatic self-similar strong shock wave to

a radiative cold shell surrounded by a relatively weak shock front. On the other

hand, in the region of SNR expansion, there can be stars of completely di�erent

masses, sizes and types. In addition, from the observational point of view, both

the distance to the interaction area and the orientation of this area with respect

* E-mail: asvarov@physics.ab.az
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to the line of sight are of critical importance. Physically, the result of interaction

of SNR with a given type of stars strongly depends on the stage at which the SNR

is. It is obvious that the result of the interaction of a strong shock wave with a

star of any mass and size may be a �stripping� of the external atmosphere of the

star and its further occurrence and following evolution in the interior of the SNR

- in a region of very high pressure. For a wide range of SNR characteristics, the

result of the interaction of a shock wave with a star will be the formation of a

bow shock around the star during its passage through the SNR shell.

Bow shocks around stars moving relative the surrounding interstellar gas are

commonly observed as curved arcs of emission at di�erent wavebands, from radio

to X-rays (For the one of the most recent works on astrophysical bow shocks, see

[2]). The physics of bow shocks is very di�erent but in general it is understood

(see, e.g., [3]). In present paper we apply the results on the star bow shocks to

the case when the SNR's shock wave impact a star with wind mass loss.

Observational detection and identi�cation of such structures may turn out to

be an important information channel for studying both SNRs and stars in the

region of the remnant evolution. Young massive O and B stars with a strong

stellar wind are the most favorable for observations.

1. EXPANSION OF SNR IN THE MEDIUM WITH HIGH STELLAR

CONTENT

In active starburst regions (SBs) both birth and death of massive stars take

place almost in the same place and at the same time. In SBs the main active com-

ponent is the massive stars which evolves to the end of their life in short period of

time and explodes as type II and Ib/c SNe. According to [1] 90% of stars form in

clusters with sizes of 1pc. These stars are expected to stay spatially associated

for timescales greater than the lifetimes of CC-SNe progenitors. Therefore it is

clear that the SNRs, the remnants of the death explosions of massive stars, play

very important role in the life of SBs. Also, it is clear that they can be responsi-

ble for the observational properties of the SBs. The evolution of SNRs in active

SBs occurs in extreme conditions of high pressure and high matter density that

strongly di�ers from the case of evolution in the standard ISM of normal galaxies.

The matter in the central parts of SBs consists of di�use interstellar gas and

stars.The SN blast wave propagating in such environs will sweep up the di�use

component into the shell and strips o� the nearby stars of their H-rich envelopes

leaving them inside the SNR. The SNR's shell made mainly up of di�usive gas

component quickly enters the radiative phase of evolution and the following evo-

lution can be described with the help of pressure driven snowplow theory [4] with

taking into account the gravitation from the stars inside the SNR. The main re-
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sult of the analyses of a standard system of deferential equations describing the

mentioned processes [5] is that in the fate of a supernova remnant under realis-

tic conditions the di�usive gas component plays a more important role than the

stellar component. For gas densities ∼ 104 cm−3, characteristic for the regions

of active star formation, the sizes of the SNRs reaches several parsecs, which are

larger than the characteristic sizes of compact SBs; the lifetime of SNRs decreases

with increasing density of the stellar component. The SNRs can play very impor-

tant role in regulating the structure of the SBs. Because SBs consist of massive

stars, which live for a few, the �rst SN explosions occur in very high densities of

both components and, possible, at lower ambient pressures. The SNRs, evolving

in such conditions create the relativistic component of matter in SB regions, but

the following generation of SNRs will evolve at higher ambient pressure and lower

gas densities, and their shells easily can easily leave the system.

.

2. INTERACTION OF SNR WITH STARS

One of the main features of the processes of interaction of the incoming gas

�ow in the shell of the SNR with the star of any type with stellar wind will be

the forming of bow shock (Fig. 1).

Fig. 1. Schematic structure of two-shock bow shock around the star with stellar

wind

We consider here the bow shocks appearing when shock wave of the SNRs

encounters the stars of di�erent type with the wind or with magnetic �eld. The

structure of an interaction region at early times can be described in much by the

same manner as is done for bow shock of high velocity runaway OB stars or for

Earth bow shock, but in the case of SNRs the energetics of the physical processes

taking place at the zone of interaction is expected to be higher.
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The typical length scale of bow shock is considered to be the so called stand

o� distance, the distance from the star where the wind momentum �ux ρw · v2w
balances the ram pressure in the SNR shock, ρsnr · v2snr :

ρw v2w = ρsnr v
2
snr (1)

where ρw (vw), ρsnr (vsnr) are the density (speed) of matter in the wind and in

the SNR shell, respectively. We adopt an isothermal pro�le for the stellar wind,

Ṁ = 4πR2ρwvw, after which by using the Equ. 1 we can �nd the value of stand

o� radius

Rso =

√
Ṁ · vw

4πρsnrv2snr
= 1.74 · 1016

√
Ṁ−8 vw10

µ nsnr v2snr
(cm) (2)

where Ṁ−8 is the mass loss rate in 10−8 M�/yr, nsnr is the particle density in

the SNR shell, vw10 is the wind velocity in 10 km/s, vsnr is the shell velocity in

100 km/s, µ is the mean molecular weight. As it was noted before, we expect

very high energy density in the region of the bow shock. The mechanical energy

�ux to the stand o� zone from the SNR is

Ėsnr = πR2
so · ρsnr

v3snr
2

= Ṁ
vwvsnr

8
= 7.91 · 1029 Ṁ−8 vw10 · vsnr (erg/s)

from wind

Ėw = πR2
so · ρw

v3w
2

= Ṁ
v2w
8

= 7.91 · 1028Ṁ−8 v
2
w10 (erg/s)

Most of this mechanical energy is converted into thermal energy of the com-

pressed between two shock fronts gas which become the sources of high-energy

photons of X-Ray and gamma ranges as well as of synchrotron radio and X-ray

emissions. It is well known that SNRs are one of the main accelerators of cosmic

rays with energies up to at least ∼ 1015 eV. Although direct observations show

only the presence of CR electrons in the shells of SNRs, one generally assumes

that protons are present with at least comparable numbers and greater energy

content. Thus, in the case of the interaction of SNRs with stars, in the region

of the bow shock a strong increase in cosmic rays is expected both due to ac-

celeration of new particles, as well as due to additional compression of existing

in the �ow CRs accelerated before at the shock front by the DSA mechanism.

Depending on the energy of SNR and the type of interacting star the region of

bow shock can be the sources of hard emissions � synchrotron radio, high energy

thermal and non-thermal X-ray, proton-proton and inverse Compton gamma-ray.

113



A. I. Asvarov & G. B. Mamedkhanova AJAz: 2020, 15(2), 110-114

This is the main di�erence between the bow-shock structures "ISM - star" and

"SNR - star".

Let us consider the general energy content of the region of the

bow shock for some extreme cases. For massive O/B type stars with

Ṁ ∼ 10−6 M�/yr, vw ∼ 100 km/s interacting with the middle-aged SNR with

vsnr ∼ 500 km/s, nsnr ∼ 4 cm−3 we have estimations for Rso = 5.50 · 1016 (cm),

Ėsnr = 3.96 · 1033(erg/s) and Ėw = 7.91 · 1032(erg/s). With a resolution of 0.5

arcsec on-axis, the Chandra X-ray Observatory can resolve these cites out to a

distance of 7.3 kpc. If we assume ∼ 10−4 of the incoming kinetic power goes to

the radio emission then these cites can be detected with the radio telescope with

sensitivity 1 mJy at 1 GHz wavebands out to distances 30 kpc.

For solar type stars (Ṁ ∼ 10−14 M�/yr, vw ∼ 400 km/s) we have

for Rso = 1.10 · 1013 (cm) ∼ 1AU, Ėsnr = 1.58 · 1026(erg/s), and

Ėw = 1.27 · 1026(erg/s). In this case, although the energy content is not so

large, the proximity of the bow shock wave to the star and the expected high

concentration of cosmic ray component can become an obstacle to the origin of

life and and the habitability of solar type systems.

ACKNOWLEDGEMENTS

This work was supported by the Science Development Foundation of the Pres-

ident of the Republic of Azerbaijan (grant EIF-BGM-4-BFTF-1/2017-21/07/01).

REFERENCES

1. Lada C. J., Lada E. A., ARA&A, 2003,41, 57

2. Henney W. J., et al. arXiv e-prints 1907.00122v1 [astro-ph.SR] 29 Jun 2019

3. Baranov V. B., Krasnobaev K. V., & Kulikovskii A. G., Soviet Physics Doklady,

1971, 15, 791

4. Cio�, D. F., McKee, C. F., & Bertschinger, E., ApJ, 1988, 334, 252

5. Asvarov, A. & Mammadkhanova, G. 2015, Supernova remnants in star forming

regions., IAU General Assembly, 22, 2258031

114



Astronomical Journal of Azerbaijan, 2020, Vol. 15, No. 2

PHOTOMETRIC MODELING OF THE POLAR

V808 AUR

A. I. Kolbin a*, N. A. Serebriakova b, A. I. Ikhsanova b,

M. M. Gabdeev a

a Special astrophysical observatory of RAS, Nizhnij Arkhyz, Karachai-Circassia, Russia

b Kazan (Volga-region) Federal University, Kazan, Russia

The light and circular polarization curves modeling for the polar V808 Aur was

carried out in this work. A simple model of accretion spot on the white dwarf

surface was used for Stokes parameters calculations. In addition, the modeling

of eclipse light curve was performed to reconstruct the accretion stream geom-

etry.

Keywords: AM Her type systems (polars) � Polarimetry � Eclipse mapping

1. INTRODUCTION

AM Her type systems (polars) are close binaries consisted of magnetized white

dwarf (primary) and late-type main sequence star �lling its Roche lobe (sec-

ondary). Strong magnetic �eld (B ∼ 10 − 100 MG) of the white dwarf prevents

the formation of accretion disk and the trajectory of accreting gas can be divided

into two parts: ballistic and magnetic. At the ballistic trajectory the matter of

secondary moves from Lagrangian point L1 to the Alfven radius of the primary

where the magnetic capture occurs. Starting from this region ionized gas moves

along magnetic lines to white dwarf magnetic poles. By the interaction of falling

gas with stellar surface hot (kT ∼ 10 keV) accretion spots are formed. These

spots are sources of X-ray radiation and polarized cyclotron emission in optical

range.

This work is devoted to investigation of the polar V808 Aur. It is relatively

bright (V ∼ 15 mag) eclipsing polar with orbital period P ≈ 117 min. Pho-

topolarimetric observations [1] reveals its high circular polarization up to 14%.

Spectral study of V808 Aur was performed in [2]. The analysis of X-ray data re-

*
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veals the existence of bright and quite faint spots on the white dwarf surface [3].

The modeling of cyclotron spectra was carried out in [4] and the obtained value

of magnetic strength in primary spot is B = 38 MG. Numerical simulations of

accretion �ows in V808 Aur were performed in [5]. In this study we have analyzed

photometric data of V808 Aur by simple models of accretion spot and accretion

stream.

2. ACCRETION SPOT MODELING

The geometric parameters of accretion spot in V808 Aur were estimated by

modeling light- and circular polarization curves which were obtained at 6m tele-

scope BTA of Special astrophysical observatory of Russian academy of science

(see [1] for details). The accretion spot was suggested to be geometrically thin

and traced by magnetic lines intersected the ballistic trajectory of accreting par-

ticles as it is shown in �gure 1. The ballistic trajectory was calculated solving

restricted three-body problem and magnetic �eld of the white dwarf was supposed

to be dipole. The cyclotron emission region was assumed to be temperature and

density uniform. The radiative transfer solution for ordinary (+) and extraordi-

nary (�) waves for this model is given by formula

I± = B(T )(1 − exp(−α±Λ)), (1)

whereB is Planck function, α± � cyclotron absorption coe�cients in units ω2
p/ωcc

(ωp and ωc plasma and cyclotron frequencies, respectively), Λ = ωpl/ωcc is so-

called size-parameter which is depended on geometric depth of emission region

along line of sight l. Absorption coe�cients α± were calculated according the

technique described in [6]. It should be noted that they are strongly depended on

the angle between magnetic �eld vector and line of sight θ. Stokes parameters I

and V of emitting radiation can be found as follows
I& = I+ + I−,

V& = 2
( I+a+

1 + a2+
+

I−a−
1 + a2−

)
.

(2)

Polarization coe�cients a± for two polarization modes are de�ned as

a± =
2(ω/ωc) cos θ

− sin2 θ ± (sin4 θ + 4(ω/ωc)2 cos2 θ)1/2
, (3)

where ω � ωp has been assumed. Stokes parameters in photometric bands were

calculated by integration of monochromatic Stokes parameters weighted on �lters

response function values.

116



AJAz: 2020, 15(2), 115-119 Astronomical Journal of Azerbaijan

D
ip

o
le

a
x
is

R
o
ta

ti
o
n

a
x
is

To
 S

ec
on

da
ry

β

α

Δα

ψ

Fig. 1. The model of accreting white dwarf.

The observed Stokes I and V curves with subtracted �uxes from primary and

secondary are shown in �gure 2. The �tting of observed data was performed by

variation of dipole axis orientation (i.e. angles β and ψ) and stagnation region

position determined by angles α and ∆α. Searching for optimal values for these

parameters was carried out by least squares technique. The minimization of χ2

was performed by genetic algorithm. The temperature of accretion spot was set

at T = 25 keV according to [4]. The found parameters of dipole orientation are

β = 29◦, ψ = 9◦ and the obtained parameters of stagnation region are α = 59◦

and ∆α = 18◦. To reproduce the polarization peak, the size parameter log Λ = 4.8

is required. The comparison of observed and theoretical light curves is shown in

�gure 2.

3. ECLIPSE MAPPING

Photometric eclipse pro�les provide important information about accretion

structures in polars. They re�ect the geometry of accretion �ows as well as the

brightness distribution over accretion stream. In this work we have used a simple

model of accretion stream which was used to reproduce the observed eclipse light

curve of V808 Aur. We suppose that the accretion stream is geometrically thin

and can be approximated by the combination of ballistic trajectory and dipole

line. We set a simple distribution of brightness along the stream that divides it

into a bright accretion column and a less bright remaining part.
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Fig. 2. The comparison of observed (dots) and theoretical (lines) Stokes curves of

V808 Aur.

Photometric observations of V808 Aur during its eclipse were carried out at

BTA telescope. The telescope was equipped with MPPP photometer which pro-

vides high time resolution (∆t = 0.5 − 1 sec during our observations). The

obtained eclipse light curve is presented in �gure 3. It can be seen that the

eclipse begins with a sharp egress in brightness caused by the eclipse of a bright

accretion spot. Then we can see a smooth decline in brightness where accretion

stream covered by secondary and a wide valley corresponded to total eclipse of

the stream.

The �tting of the observed light curve was performed by varying orbital plane

inclination i, accretion column height H and the position of stagnation region

de�ned by α angle. The optimal (in terms of χ2-statistics) values of these param-

eters are: i = 81◦.7 ± 0◦.5, H = 0.2 ± 0.15 RWD and α = 50◦ ± 10◦.

4. CONCLUSIONS

The simple model of accreting white dwarf was proposed for interpretation the

observed light and polarization curves of polars. Despite of many assumptions

this model was quite su�cient in reproducing Stokes I and V curves of the polar

V808 Aur. This model will be improved by including hydrodynamic calculations

of the vertical structure of accretion spots.
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Fig. 3. The observed eclipse light curve of V808 Aur (dots) and its approximation by

the found model of accretion stream (line).

In addition we have proposed a simple model of accretion stream for modeling

eclipse light curves of polars. It was able qualitatively describe the light variations

during eclipse in V808 Aur. For more precise analysis we plan to improve calcula-

tions of accretion stream trajectory by hydrodynamic simulations as well as add

the reconstruction of brightness distribution along the stream using regularization

techniques.
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IWe have presented results of new CCD photometric BVRcIc observations

of the classic T Tauri type star DI Cep, which was carried out at the 60

sm re�ector of ShAO for 2016-2018 years. Our new results were con�rming

seasonal periodical brightness variations, which were discovered by us earlier.

On the analysis of di�erent group of points we have discovered some seasonal

shift for the 9-day period phases. This even can be explained by migration of

the active regions on the stellar surface.

Keywords: stellar activity�photometry�Pre-Main sequence stars� individual:

DI Cep.

1. INTRODUCTION

DI Cep is a typical CTTS with spectral type G8V-G8IV that displays most

of the characteristics of this class of stars [1, 2]. It displays strong emission lines

and an excess of continuum emission, both variable in time scales of days [3, 4].

Occasionally short-time scale variability has been observed photometrically [5]

and spectroscopically [6]. More recent estimates for the stellar parameters give R

= 2.5 Rsun, L = 5.1 Lsun [7], locate it at 300 pc (Kholopov 1959), and give AV

= 0.24-0.9 [7, 9].

The spectroscopic data reveal the period P = 9.24 days [10, 11]. Data from

di�erent authors show the nine-day quasiperiodicity in the brightness variations

fairly reliably, although the period cannot be derived from the entire master set of

photometric data. The period P = 18.28 days is also derived from the V bright-

ness. [10] �nd variations of the zero epoch of the nine-day period, possibly due to

the changing location of an accretion disk hot spot.

* E-mail: ismailovnshao@gmail.com
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In this report we have presented new results of seasonal CCD photometric

observation s of the DI Cep.

Fig. 1. The frame of DI Cep area. V-variable, S-standard, K-is the check star.

2. OBSERVATIONAL DATA AND RESULTS

Our observations were carried out on the Cassegrain focus of the Zeiss-600

telescope by using a single-channel photometer operating with a set of standard

BVRIc �lters. A detailed description of the technical characteristics of the sys-

tem telescope + photometer was given in [16]. In our observations, a CCD FLI

4096×4096 was used. The working �eld of the frame was 17 arcminutes. We are

tried keeping the observational objects and standards closer to the center of the

frame. The accumulation time in di�erent �lters ranged from 30 to 90 seconds.

Such a choice of timing of the accumulation was bound partly due to the uneven

behavior of the clock mechanism of the telescope. 5 frames were received in each

�lter, the maximum accumulation signal for software star and standards made up

30000-40000 ADU. To increase the signal-to-noise ratio S/N, the obtained frames

were summed over individual �lters. The summation was also carried out for a

�at �eld, a dark signal and frames of bias. For 2016-2018 years we have obtained

36 points, as one point in per night for each �lters. In the Figure 1 is shown

a frame of the area of the star DI Cep. Here the designations are: V-variable,

K-control star, S-standard. For the selection of the star with the most stable

brightness and for further use as a standard and control stars, trial combinations

were performed. Wherein, at �rst one star was used as a standard, the rest were

determined relative to it. Then the standard stars were replaced by other stars of
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Fig. 2. Light curves of the star DI Cep in three seasons of observations for all �l-

ters.

the �eld and the magnitude of the relatively new standard was again determined.

In conclusion, the star that gives the smallest value of the standard deviation of

the magnitude in this band was chosen as the standard. Our data for 35 indi-

vidual nights of observations showed a standard deviation from the average for

di�erent �lters, the following values for standard and control stars: σR = ±0.018
mag, σB = ±0.015 mag, σV= ± 0.021 mag In the Fig.2 is shown the light curves

of the star in all �lters for 3 observational seasons 2016-2018. As can be see from

here, mean value of brightness of the star are increased from year to year from

11.6 mag to 11.4 mag in V-band. But seasonal variations in separate �lters are

riches more than 0.3 mag in various �lters.

As can be see in Fig.2 we have observed seasonal variation in wide range. We

used a period of P = 9.24 days to test for its existence in the light variations. The

search was performed according to the data obtained for the year of observations,

as well as for the weight of the observation period. Phases was calculated on the

elements

MinV = JD2457704.2407 + PE

Our analysis showed that some times but not in all time we can clear detect the

periodical variability on the season data. In the Fig3. we have presented examples

of phase light curves for di�erent seasons. As can be seen from this �gures, in

each case we have signs of the existence of a 9 day period for all seasons.

However, on separate dates a stochastic component of brightness changes is

detected, which signi�cantly distorts the picture of a sinusoidal variation. In ad-
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Fig. 3. Phase light curves of DI Cep in V �band for di�erent seasons.

Fig. 4. Master V-light curve of the star DI Cep for nearly 50 years of observations.

Open sycles are our observations, dark points - from archive.

dition, we observed a change in the phase of the minimum and maximum of the

star's light curve.
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Fig. 5. Phase diagrams in V-band for the periods 18 and 9 days obtained on the

archive data [10].

In the Fig.3 the master light curve in V band was shown. Open cycles is

corresponding to our observations, black points the results which was obtained

from photometric data base [2, 13].

3. CONCLUSIONS

Our photometric observations showed that against the background of signif-

icant seasonal changes in brightness, 9-day cyclic changes are detected. This

con�rms our previously obtained result on the periodic change in the brightness

of the star with a period of 9.24 days.

For the period 9.24 days a phase shift is observed over di�erent seasons, which

can be explained by a change in the location (migration) of the spots on the
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surface of the star.
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To test the possible link of such a massive body and long-period comets as well

as other objects, a model Solar System that includes only the Jovian planets

and the putative perturber was integrated for 1 million years, assuming that

the mass of the highly inclined perturber is about 10 Earth masses. Besides

that, we have explored the orbital evolution of 54 comets and 44 with extreme

centaurs up to 1 million years, taking into account the gravitational in�uence

of the unknown planet. We discovered that di�erent variations of true anomaly

obtain close encounters (<5AU) between the planet and numerous small

bodies of the Solar System.

Keywords: mcomets�celestial mechanics�numerical simulations�Planet X

1. INTRODUCTION

In [7] we largely focused on an examination of the assumption about concen-

tration of the LPCs perihelion positions around some point or plane (great circle

on the celestial sphere) with the following parameters:

ip = 86.18◦, Ωp = 271.74◦ (1)

Any evidence on the existence of one of these planes may lead to reject the hy-

pothesis of a chaotic perihelia distribution. The results obtained here suggest

that two such planes on the celestial sphere may exist, i.e. locations around

which concentration of comet perihelia as well as clustering of comet aphelia take

place. One of these areas is close to the ecliptic plane and it has not been studied

here. The second one, which appears to be more crowded with comet perihelia,

* E-mail: quliyevayyub@gmail.com
** E-mail: rustamdb@gmail.com
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is however relevant to our investigation. Considering the impact of observational

bias, it might be argued that the uncovered area may have a signi�cantly higher

probability to be observed than the one close to the ecliptic plane. Thus, its exis-

tence may be considered as one of the speci�c features of the LPCs system. The

central plane of this area is almost perpendicular to the ecliptic. Focusing on the

analysis of this area instead of the region surrounding the ecliptic plane, we can

see clear patterns in the distribution of certain angular parameters. The presence

of such an area might be explained as the result of the existence of a peculiar

family of comets injected by an unseen massive planet on the distant periphery

of the Solar System having the orbital elements:

a = 339 AU, e = 0.16, ω = 57◦, Ω = 272.7◦, i = 86◦ (2)

If the planet moves along a retrograde orbit it has a set of elements:

a = 339 AU, e = 0.16, ω = 303◦, Ω = 87.3◦, i = 94◦ (3)

A putative highly-inclined trans-Neptunian planet could generate two types of

comets: some comets having aphelia in the zone of planet motion, others having

their distant nodes in the same region as the one traversed by the hypothetical

trans-Neptunian planet. We have focused on the search for such groups of comets

within the framework of our study. It turned out that there is in fact an excess of

distant nodes of comet orbits in the area (1) as well as in the range 250-400 AU,

and the same can be said about the aphelia of a considerable number of comets.

We calculated two optimal ellipses considering aphelion positions and distant

nodes of the corresponding comets. As a result, the angle between the directions

of the semi-major axes of these ellipses is about 27◦, which we interpret as an indi-

cation of the location of the orbital plane of the putative trans-Neptunian massive

perturber and can hardly be attributed to a coincidence. Similar hypotheses have

been developed in recent years by e.g. [1]

In our work we have been able to provide approximate values for �ve orbital

elements of the prospective trans-Neptunian planet. However, our approach has

not yet been able to provide neither a precise value of its mass nor the exact

location in its orbit of the hypothesized trans-Neptunian massive perturber. Nu-

merical integrations show that the orbit of such a planet should be su�ciently

stable, although it is likely that the origin of such an object does not �t within

the framework of modern cosmogonic theories of the Solar System formation, i.e.

within an eight-planets-only Solar System.
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Table 1. List of close encounters between comets and the planet (< 5 AU) regarding

to (2)

MA(deg) Comet T(yr) r(AU)MA(deg) Comet T(yr) r(AU)

0 C/1911 O1 −948 2.4 170 C/1822 N1 −88003 3.7

0 C/1822 N1 −104450 4.1 170 C/2012 L1−283705 1.7

0 C/1920 X1 −106854 2.8 180 C/2012 L1−339502 1.7

0 C/1881 K1 −142109 3.0 200 C/1914 S1 −9080 4.4

0 C/1881 K1 −154605 1.1 200 C/2012 L1 −11137 4.9

10 C/1911 O1 −1128 3.6 210 C/1911 O1 −16961 2.3

10 C/2006 CK10 −32472 3.7 220 C/1881 K1−175708 3.7

50 C/1846 B1 −163766 3.5 220 C/2016 M1−455423 3.0

70 C/1822 N1 −5694 3.0 240 C/2012 L1 −73831 1.3

70 C/1807 R1 −74163 4.6 260 C/2012 L1 −18373 1.2

70 C/2017 A3 −383182 7.2 260 C/1881 K1−232493 1.5

80 C/2011 C1 −17897 3.8 280 C/1914 S1−128579 4.7

80 C/1914 S1 −169179 0.9 290 C/2012 L1−367108 3.6

90 C/1807 R1 −105571 3.4 290 C/2004 G1−510385 2.0

110 C/2012 L1 −687599 4.9 290 C/2012 L1−597158 4.4

120 C/1911 O1 −3014 1.9 300 C/2005 N1 −530 4.6

120 C/1881 K1 −68691 0.9 300 C/1920 X1 −5831 3.0

130 C/2012 L1 −90664 4.8 310 C/1807 R1 −84451 4.4

130 C/2004 G1 −364429 4.6 310 C/1920 X1−105598 4.1

130 C/2016 M1 −442323 3.0 320 C/2012 L1 −25465 3.0

140 C/2011 C1 −56157 0.4 320 C/1881 K1−159729 3.0

150 C/1807 R1 −75243 4.8 330 C/1822 N1 −28894 4.7

160 C/2006 CK10 −3761 2.9 330 C/1822 N1 −47599 4.7

340 C/2007 M3 -9977 4.0

2. NUMERICAL SIMULATIONS

In order to check for a possible dynamical connection between the LPCs and

the hypothetical Planet X, we have selected 54 comets based on their orbital

characteristics (mainly their aphelion distances (Q), inclinations (i′) and perihe-

lion latitudes (B′)). For this purpose we have used the Bulirsch-Stoer algorithm

which is included in the MERCURY package In our numerical explorations we

have considered a model Solar System that includes the gravitational forces of the

Sun, the four Giant planets and the hypothetical trans-Neptunian highly-inclined

planet or Planet X, assuming that its mass is ∼ 10M⊕. The B�S code of theMER-

CURY 6 package may handle close encounters of minor bodies with a putative

massive body, thereby we have exploited this feature tracking the motion of any
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Table 2. List of close encounters between comets and the planet (< 5 AU) regarding

to (3)

MA(deg) Comet T(yr) r(AU)MA(deg) Comet T(yr) r(AU)

0 C/2003 L2 −850 2.0 170 C/2013 F3−330989 4.2

10 C/2003 L2 −1004 3.4 180 C/1999 K3 −70400 1.0

10 C/1999 K3−124467 4.1 180 C/2017 A3−288983 2.3

10 C/2013 F3−268806 4.4 180 C/2003 L2−481254 3.5

10 C/1999 K3−800292 4.5 190 C/2003 L2 −97275 2.2

20 C/2003 L2 −1155 1.3 200 C/2006 CK−197216 2.4

20 C/2007 M3 −18566 4.9 200 C/1999 K3−232099 2.3

20 C/2003 L2 −45033 2.5 200 C/2013 F3−338188 3.2

20 C/1980 E1 −49630 5.0 220 C/1999 K3 −58799 1.1

20 C/2003 L2−182496 3.6 220 C/1847 N1−140755 3.9

30 C/2002 K1 −84943 3.6 240 C/1999 K3 −28118 3.8

30 C/2003 L2−194956 1.6 240 C/2013 F3−159064 3.3

40 C/2003 L2 −82607 1.0 240 C/2013 F3−208856 3.7

40 C/2003 L2 −45310 3.4 250 C/2013 F3−252831 4.8

40 C/2003 L2 −82729 4.4 250 C/2013 F3−445932 4.0

40 C/1999 K3−118287 4.7 260 C/2013 F3 −16599 4.2

60 C/1999 K3−236498 4.6 260 C/2013 F3−128762 4.7

60 C/1999 K3−292597 2.9 270 C/2013 F3 −60247 3.6

70 C/2003 L2 −14495 2.3 270 C/2007 M3−103994 4.9

70 C/1822 N1−373097 1.7 270 C/2013 F3−241219 3.8

90 C/1999 K3−174410 3.8 280 C/2013 F3−254251 2.0

90 C/1999 K3−323241 3.9 280 C/2013 F3−266663 0.5

90 C/1999 K3−708167 1.8 280 C/1999 K3−391185 4.2

120 C/2003 L2 −2894 3.6 290 C/2003 L2−137155 2.7

120 C/2003 L2 −52525 1.7 290 C/1999 K3−480509 3.4

120 C/1999 K3−193291 2.0 320 C/2006 CK−520608 2.5

140 C/1999 K3−162658 3.7 320 C/2013 F3−625303 1.5

140 C/1822 N1−658262 1.6 320 C/2003 L2−655094 0.8

150 C/1999 K3−379618 4.5 330 C/2003 L2 −6595 2.3

150 C/1999 K3−404412 3.3 330 C/1847 N1 −43666 3.8

150 C/1999 K3−484881 1.7 330 C/2003 L2 −44224 2.5

160 C/1999 K3 −14210 3.5 330 C/1999 K3−412356 4.0

160 C/2005 N1−226717 3.5 330 C/2013 F3−438086 3.2

170 C/2003 L2 −16165 2.2 330 C/1999 K3−600226 3.4

comet whose orbit led it to come within 1 Hill radius of the massive perturber.

It is worth to note here that a celestial body whose mass would have a value
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like the one given above, and located at such heliocentric distance (r > 300 AU),

would have a Hill sphere radius of ∼3�7 AU. The initial orbital elements of Jo-

vian planets are obtained from the DE431 numerical theory provided by the JPL

ephemeris service1). Orbital elements of the minor bodies (integrated to the same

reference epoch JD 2456594.5 or 2013-10-29) are drawn from the same source.

The simulations were carried out for approximately 106 yr in the past; a formal

accuracy parameter set to 10−12 was applied. The non-gravitational forces are

not considered during the integrations.

Since we do not know the current location of the hypothesized planet, we

have decided to produce a series of simulations sampling its mean anomaly by

10◦, thereby shifting its position in the orbit almost equidistantly. Thus, we got

36 simulations for given mass.

Our results show that such an orbit can indeed be sustainable despite the

extreme inclination, at least for the period of integration. In addition, we have

succeeded in detection of the number of close encounters between some comets

and the planet. List of these comets will be given below.

Tables 1 and 2 show the encounters of the putative planet with the selected

group of comets (54), where MA is the mean anomaly in degrees, T is the time

of close encounter in years (from the start epoch), and r is the distance in AU.

Table 1 shows comet approaches to a putative highly-inclined planet having

orbital elements given by (2), a total of 59 approaches. The comet C/1911 O1 is

of particular importance. This comet had a probable encounter with the planet

only 948�16 961 years before the integration start date.

In the case of a putative massive perturber having as orbital elements those

given by (3), the number of close encounters is even greater�70 (Table 2). We

consider the existence of this perturber as less probable, being the solution given

by (2) the one that takes precedence. Nevertheless, it is interesting to note the

abundance of encounters in the case of the comet C/2003 L2, which only 850 years

from the simulation start epoch could be within the Hill sphere of the Planet X.

These results might be of interest for predicting a more accurate location of the

hypothetical planet at the present time.

In addition to LPCs, we thought it necessary also to include other objects in

our research such as extreme TNOs (a > 250 AU, ETNOs) and extreme Centaurs.

There were currently plenty of papers describing the gravitational interactions of

an unseen massive perturber and Kuiper belt's objects ( [1�3, 8, 9]). [6] and [2]

have shown that dynamical e�ects of massive distant perturber may explain the

existence of highly inclined, large semi-major axis Centaurs. The addition of these

objects to our simulation was based on the following considerations � if these bod-

1) https://ssd.jpl.nasa.gov/
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ies are ejected out of the Solar System in a relatively short time-scale as a result

of the existence of the putative massive perturber, such a body cannot possibly

exist.

3. SUMMARY

To providing an estimate for the orbital elements of the putative trans-

Neptunian massive perturber, we have explored the orbital evolution of 54 comets,

44 ETNOs and centaurs up to 1 Myr backward in time, taking into account the

gravitational in�uence of the unknown planet. In this case, we have considered its

mass having a value of about 10M⊕. In order to explore the whole range of mean

anomaly for the hypothetical planet, we have carried out a series of simulations

varying the mean anomaly of the trans-Neptunian massive perturber by 10◦. It

turned out that some comets could have had close encounters with the prospective

planet shortly before their discovery. One weakness of our investigation is that

the comets with very short arcs and very old data sets like C/1748 K1 are studied

together with objects that have much more reliable orbit determinations.

Table 3. List of close encounters between ETNOs and the planet X (< 5 AU) regard-

ing to (2) and (3)

Regarding to (2) Regarding to (3)

MA(deg) Object T(yr) r(AU)MA(deg) Object T(yr) r(AU)

10 2013 LU28 −939183 4.8 10 2013 LU28 −946951 1.0

20 2013 LU28 −989420 3.3 20 2011 OR17 −262291 4.4

50 2013 LU28 −707737 4.6 30 2011 OR17 −81061 2.0

160 2013 LU28 −829486 2.7 70 2010 GW14 −691235 4.8

160 2013 LU28 −916442 4.3 70 2010 GW14 −740927 4.1

180 2012 KA51 −91928 2.8 170 2010 GW14 −808636 3.0

190 2012 KA51 −278237 1.7 190 2013 LU28 −922707 4.1

290 2010 GW14 −859885 3.5 230 2011 OR17 −84151 2.3

320 2017 CW32 −692077 3.0 260 2017 SN33 −882247 2.0

320 2017 CW32 −698318 3.0

330 2017 CW32 −711579 1.3

340 2012 KA51 −20347 4.2

According to our calculations, a special place is occupied by the comet C/1911

O1, since several centuries before its discovery, it could have had a close approach

with the hypothetical planet at a distance of 2�3 AU; also it is worth mentioning

that comet C/2003 L2 would have a close encounter of the same kind with a

putative highly-inclined massive perturber having as orbital elements those given
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by (3). Perhaps, this is the comet that could answer the question of where the

planet is now.
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We have studied in detail the question of the existence of glory with di�erent

parameters of scattering particles. We have found that prominent glory can

exist at more wide range of size variations, than is believed to be before.

Spherical sulphuric acid droplet having size R = 1.05 µm could produce glory

even at size variation νeff ≈ 0.34µm at wavelength 0.513 µm, as well as at

0.365 and 0.965 µm this variation is even wider. Moreover, we studied the

in�uence of shape variation on glory formation. We found that nonspherical

particles can produce glory too, and determine the range of appropriate

nonsphericity of Venusian atmosphere particles.

Keywords: Venus clouds�Phase function�Light scattering.

1. INTRODUCTION

The atmosphere of Venus consists of a large part of spherical microparticles

of highly concentrated sulfuric acid. Due to the spherical shape of the scatterers,

in the atmosphere of Venus there is optical phenomenon known as a glory (see [1]

and references therein).

A glory is an optical feature, consisting in the brightness of scattered light

increasing at small phase angles (i.e. around of the observer's shadow). As usu-

ally believed that the existence of glory itself requires implies a rather narrow

spherical particle size distribution. The measurements of the phase functions of

light, scattered by Venusian clouds, were carried out by a number of spacecrafts,

for example, by the Venus Monitoring Camera during the Venus Express mission.

The observations were carried out at three wavelengths, equal to 0.365, 0.513, and

0.965 µm [2]. The glory patterns demonstrate noticeable maximums and mini-

* E-mail: dvp@craocrimea.ru
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mums, but remain to be smooth, which points to the uniformity of the properties

of the clouds on these wavelengths.

2. GLORIES PRODUCED BY MONODISPERSE SPHERES

We have studied the existence of glory with di�erent parameters of scattering

particles. For calculations we used the fundamental theory of electromagnetic

scattering by a spherical particle, invented by Gustav Mie [3]. Glory can be char-

acterized by relative values of maximum Imax/I0 and minimum Imin/I0, where

I0 is the intensity at zero phase angle, as well as position of glory minimum αmin

and maximum αmax. Based on glories parameters of �g.1 from [2], we can for-

mulate the conditions for well-marked glory appearance: Imax > I0; Imin < Imax;

0 < αmin < αmax < 50◦.

Fig.1 shows the area of distinct glories existence at sphere radius R =1.05 µm

[2].

Three black points corresponds to parameters of observation [4]. So, we can

conclude, that glory on Venus most likely does not exist at λ > 1.4 µm.

Fig. 1. Area of distinct glory existence for monodisperse spheres (zero size variation

νeff ), having size R = 1.05 µm at di�erent wavelength and refractive indices.
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3. EFFECT OF SIZE DISTRIBUTION

Monodisperse particle are rather rare in nature. Usually particles are dis-

tributed over sizes. Here we estimate an in�uence of size distribution, suggesting

it has to be normal (Gaussian). Fig.2 shows the area of distinct glories existence

at normal size distribution with variation νeff = 0.07 µm. You can see, that

glory are becomes smaller, but still exist. Fig.2 shows size variation dependence

Fig. 2. Size variation dependence of glory parameters Imax/I0 at 0.365 µ (blue curve),

0.513 µ (green curve), and 0.965 µ (red curve).

of main glory parameter Imax/I0 at wavelengths 0.365 µm (blue curves), 0.513

µm (green curves), and 0.965 µm (red curves). Most important value Imax/I0
tends to decreasing at large enough size variation, that easy explainable: as can

be seen on Fig.1 in [2], glory is strongly dependent on the size of the scattering

particle, and when averaged over the size, the glory is �eroded� and, therefore,

becomes less distinct. Glory at a wavelength of 0.513 µm was the most sensitive

to size variations. When value of Imax/I0 becomes less than unity, and the glory

becomes indistinct. Thus, νeff = 0.34 µm is the maximum possible variation in

the particle size of sulfuric acid on Venus.

4. EFFECT OF SHAPE VARIATION

According to popular belief, only spherical particles can produce glory. How-

ever, if the shape of the scattering particle deviates from the spherical glory,

it cannot disappear instantly. To verify this, we investigated the scattering by
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spheroids. We calculated the changes in glory at di�erent ratios of the axes of the

spheroid a/b with the help of Sh-matrix method [4]. Fig.3 shows dependence of

Fig. 3. Dependence of relative value of glory maximum Imax/I0 over variations of

shape of scattering particle at 0.365 µm (blue curve), 0.513 µm (green curve), and

0.965 µm (red curve).

relative value of glory maximum Imax/I0 over changing shape of scattering par-

ticle. When a/b changed from 0.67 to 2, particle becomes consequently - prolate

spheroid, sphere, oblate spheroid. As can be seen, variations of shape have strong

in�uence on glory value. But there is some range of spheroid axes ratio, at which

glory is still exist. Because of relative value of glory maximum should be more

than 1, the glory cannot be lower than this value (dotted horizontal curve). Grey

rectangle shows the area of maximum possible shapes variations. Therefore, ratio

of two axes of scattering particles should be in the bounds of a/b = 0.94...1.07.

5. CONCLUSIONS

We investigated the e�ect of size and shape variations on the main parameters

of glory on Venus. It has been established that with a sphere size 1.05 µm, glories

can be produced mainly at wavelengths less than 1.4 µm and with refractive in-

dices less than 1.6. Maximum possible variation of particles in size is 0.34 µm, and

the maximum possible ratio of two axes of particles (non-sphericity parameter)

varies from 0.94 to 1.07.

136



AJAz: 2020, 15(2), 133-137 Glories on venus: existence conditions and...

REFERENCES

1. van de Hulst, H.C., 1981. Dover Publ., NewYork, Dover.

2. Petrova E.V. et al. Planetary and Space Science 113-114 (2015) 120�134

3. Mie G. Ann Phys., 25, 377�445 (1908).

4. Petrov D. et al. Journal of Optics. 12 (2010) C. 095701.

137



Astronomical Journal of Azerbaijan, 2020, Vol. 15, No. 2

POLARIMETRIC INVESTIGATIONS OF THE MOON

AND PLANETS AT ABASTUMANI

ASTROPHYSICAL OBSERVATORY

R. A. Chigladze a,b

a Shamakhy Astrophysical Observatory named after Nasireddin Tusi of the Azerbaijan National

Academy of Sciences

b Samtskhe-Javakheti State University

The paper gives a brief description of the instruments of polarimetric investiga-

tions of the Moon and planets at Abastumani observatory and presents some

results of the long-standing polarization observations of the Moon, Jupiter,

Saturn and Jupiter's Galilean Satellites at the observatory.
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1. INTRODUCTION

In the 1950s, the scientists at Abastumani Astrophysical Observatory started

regular electro-polarimetric observations of the Moon under the leadership of Pro-

fessor Victor Dzhapiashvili. Later, the studies were joined �rst, by Leonid Ksan-

fomaliti and then, by Otar Kvaratskhelia.

As a result of these works, the world �rst multi-tone color Moon atlas was pub-

lished under the authorship of V. Dzhapiashvili and A. Korol, which was awarded

with the Bredikhin State Prize.

Today, the polarization properties of over 190 Moon formations are studied

(O. Kvaratskhelia). Highly accurate electro-polarimetric measurements show that

the changes in the area of the Moon crater Aristarchus are still ongoing in our

epoch [1].

On the basis of the observational data obtained at Abastumani Astrophysical

Observatory, the distribution of the negative polarization minima (Pmin) on the

lunar surface is studied. It is found that in the integral light (Pmin) varies within

0.60% - 1.37% from object. The result obtained is a new one in polarimetric

investigations of the lunar surface [2] .
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In 2019, a Multiparameter Atlas of the Moon dedicated to the blessed mem-

ory of Victor Dzhapiashvili was published. The authors of the atlas are Victor

Dzhapiashvili's disciples:

O. Kvaratskhelia, R. Chighladze, G. Kimeridze, R. Ivanidze and Sh. Gigo-

lashvili [3].

Of the polarimetric parameters, the correlations between the main phase-

polarization P(α) and spectrum-polarization P(λ) parameters and their associ-

ations with other parameters of the light re�ected from the Moon surface are

studied.

Our goal is to identify the typical regions by considering the mentioned pa-

rameters and regions similar to the landing regions of �Apollo� and �Luna� series

spacecrafts and evaluate their distribution on the Moon surface. The publica-

tion of the multiparameter (Pmin, Pmax, Color Index, Albedo-In the red and blue

areas) atlas of the Moon is dedicated to these issues.

In 1964, the scientists at Abastumani Astrophysical Observatory started to

study the polarization properties of the Jupiter (O. Bolkvadze), and the study of

the Saturn started in 1972 (L. Sigua).

The distribution of polarization on the visible discs of Jupiter and Saturn is

studied in di�erent wavelengths [4].

While in1981, the scientists initiated a polarimetric study of Jupiter's Galilean

Satellites (R. Chighladze). P (Linear polarization) depending on α-phase angle,

L - orbital longitude, λ - wave length and t - observation period, or P = P (α,

L, λ, t), [5].

2. THE MAIN RESULTS OF OBSERVATIONS (FOR THE MOON)

When Con�dence Probability is 0.98

Mare Imbrium (North from Autolycus) similar to Apollo 16 landing area Bessel

� Picard

# When Con�dence Probability is 0.97 Bessel � Picard � Hooke Mare

Imbrium (North from Autolycus) - Apollo 16 landing area

# When Con�dence Probability is 0.96

Bessel � Picard � Hooke - Mare Fecunditatis

Aristillus - Apollo 17 landing area

Bullialdus � Cleomedes- Mare Imbrium (North from Autolycus) - Apollo 16

landing area Mare Nectaris �Timocharis

And so on . . . Based on laboratory measurements:

1. A conclusion is drawn that Pmin can be used as indicator of plutonic

deposits. Regarding this, their highest content is �xed in: Crater North from

Manilius, Lehmann, Crater North from Mare Serenitatis.
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And their lowest content is �xed in: Tycho, Proclus, Aristarchus.

2. A conclusion is drawn that Pmax can be used as indicator of (FeO−TiO2).

Regarding this, their highest content is �xed in: Mare Nectaris, Dzhapiashvili,

Mare Crisium.

And their lowest content is �xed in: Proclus, Tycho, Catharina.

3. A conclusion is drawn that Color index can be used as indicator of (MgO

� TiO2) Regarding this, their highest content is �xed in: Crater East from Pic-

colomini,Plato. Crater North from Plato.

And their lowest content is �xed in: Plinius, Flamsteed, Mare Tranquillitatis.

4. A conclusion is drawn that Albedo can be used as indicator of (SiO2 -

Al2O3).

Regarding this, their highest content is �xed in: Crater North-West from

Tycho, Anaxagoras, Crater South from Deslandres.

And their lowest content is �xed in: Mare Tranquillitatis, Oceanus Procel-

larum, Luna 16 landing area.

3. THE MAIN RESULTS OF OBSERVATIONS (FOR THE JUPITER'S

GALILEAN SATELLITES)

1. The magnitude of polarization degree of light re�ected from the front side

of Io during magnitude is by 0.20% less than the magnitude of polarization degree

of light re�ected from the rear side.

2. The magnitude of polarization degree of light re�ected from Europe's front

side during Magnitude is by 0.11% less than the magnitude of polarization degree

of light re�ected from the rear side.

3. The magnitude of polarization degree of light re�ected from Ganymede's

front side during magnitude is by 0.18% less than the magnitude of polarization

degree of light re�ected from the rear side.

4. The magnitude of polarization degree of light re�ected from satellite Cal-

listo's front side during magnitude is by 0.65% more than the magnitude of po-

larization degree of light re�ected from the rear side.

4. ANALYSIS

It is evident that the magnitude of polarization degree of light re�ected from

the front hemisphere of the �rst three satellites (Io, Europa, Ganymede) is less

than the magnitude of polarization degree of light re�ected from the rear hemi-

sphere, while in the case of satellite Callisto it is vice versa.

One of the possible hypotheses for explaining this phenomenon is the follow-

ing: as it is known, there is a shower of a multitude of meteorites, moving both
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on circular and elliptic orbits. Showers of meteors moving on elliptic orbits in the

direction coinciding with the satellites' direction must be the reason of the above

mentioned exposed di�erence. These showers are falling asymmetrically upon the

satellites' front and rear hemispheres.

In order to facilitate our calculations, let us review meteor showers, the peri-

center of which is ∼6RJ close to the satellites' (speci�cally Io's) orbit, located

near the planet, and the apocenter ≈ 26RJ close to satellite Callisto's orbit.

In such case, as it is well-known from celestial mechanics, velocity of a body's

movement in perocenter and apocenter is calculated using the following formulae:

V 2 = V 2c(1 + e)/(1 − e) (in pericenter), V 2 = V 2c(1 − e)/(1 + e) (in apocen-

ter), where Vc is main velocity of an object, moving on orbit, and e - orbit's

excentricity.

On the one hand, it may be easily obtained that the velocity of meteoric bodies

having the above mentioned properties will equal V = 22.50 km/sec in pericenter

and V = 5.04 km/sec in apocenter. On the other hand, optimum velocities of

Galilean satellites moving on circular orbits are: for Io: 16.94 km/sec, Europa:

13.43 km/sec, Ganymede: 10.63 km/sec and Callisto: 8.01 km/sec.

Evidently, the indicated meteoric bodies are falling upon Io from the rear side

(VFlow > VIo), while in the case of Gallisto (VCal > VFlow) we have an opposite

picture. Callisto is gathering on and overtaking meteor showers, which bombard

it from the front side due to the fact that the majority of meteoric bodies are

dark (have less albedo and a high polarization degree).

We have a similar case for Saturn's moons Dione and Iapetus. In case of Dione,

the speed is 10 km/sec, and the speed of Japet is 3 km/sec. Meteor speed �ow

rates both in the pericenter and in the apocenter are 19 km/sec and 2 km/sec.
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In the present work, it is proposed to use the DOS (Dark Object Subtraction)

method to calculate the spatial distribution of the spectral brightness coe�cient

(SBC) on the surface of Mars using satellite images. This method is used to

account for the e�ect of atmospheric haze on the surface of the planet SBC.

1. INTRODUCTION

Since the end of the 20th century, interplanetary stations have greatly ex-

panded our knowledge about the planet of Mars. Currently, the study of Mars is

an important part of space research programs [1].

The purpose of this research is to collect scienti�c data on the current condi-

tions of Mars. Studies of the red planet are necessary for a better understanding

of the past and possible future of the Earth [1, 2].

In the last decade a number of arti�cial satellites conducted multispectral

shooting the surface of Mars [1, 3]. They were repeatedly measured passive re-

�ected solar radiation from the surface of Mars.

An important informative parameter for remote sensing (RS) of the planet's

surface is its SBK [2, 4]. Currently, the DOS method is being successfully used

to estimate the SBK of the earth's surface from satellites. Dark object substrac-

tion is a radiometric correction technique for satellite imagery. The dark object

subtraction model (DOS) developed by Chavez 1998 [5] is applied for the earth's

atmospheric correction of the satellite data.

The objectives of this work were to examine the applicability of the DOS

method to estimate the distribution of SBC surface of Mars using satellite im-

* E-mail: isfazil@yandex.ru
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ages. This method is one of the most common radio metric correction techniques

used for remotely sensed data of earth's surface. In accordance with this method,

it is assumed that some of the atmospheric e�ects such as re�ection can be re-

moved by �nding the darkest pixels in an image and subtracting their values from

all other pixels.

2. DETERMINATION OF SBC BY DOS METHOD

The relationship between the at-satellite radiance and the surface re�ectance

for lambertian surface re�ectance approximation, can be described as [4, 6]:

Lsat = Lhaze + F ↓Tρ0/π (1)

where sat is the at-satellite radiance (in W· m−2 · sr−1 · mkm(−1), is the path

radiance (in W· m−2 · sr−1 ·mkm−1), is the irradiance received at the surface (in

W· m−2 · mkm−1), T is the atmospheric transmittance from the target toward

the sensor of satellite and ρ0 is the surface re�ectance.

The incoming irradiance at the Earth surface

F ↓ = E + Edown (2)

where Edown is the downwelling di�use irradiance and E is the beam irradiance,

E = E0µ0Tθ, where Tθ the atmospheric transmittance in the illumination direc-

tion, µ0 = cos(θ0)and θ0 is the solar zenith angle, E0 = µ0 · Esan/π · r2 is the

exoatmospheric solar constant; Esan is the mean solar exoatmospheric irradiances,

r is the mean distance of Mars from the Sun in astronomical units.

From Eq. (1), we get for SBC

ρ = π(Lsat − Lhaze)/T (E0µ0Tθ + Edown) (3)

Due to the atmospheric scattering e�ects, the dark object is not absolutely dark.

Assuming 1% surface re�ectance for the dark objects. In accordance with DOS,

the Lhaze radiation in (1) can be written as [5]:

Lhaze = Lmin − L1% (4)

where Lmin is the radiance value of the identi�ed darkest within-scene object

(spectral radiation for a 1% dark object), L1% is a re�ection of a dark object, it

is assumed that it has a re�ection coe�cient of 0.01.

Conversion of luminance valuesEstimates of Lsat in (1) and, accordingly,

the estimates of ρin (3) are determined by the conversion of the original (raw DN)

pixel brightness values into radiation values in absolute units [5, 6].

Lsat =
Lmax − Lmin

Qcal max −Qcal min
(DNcal −Qcal min) + Lmin (5)
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where: Lsat - spectral radiation, which came on the satellite sensor;DNcal - pixel

brightness values of raw geoimage; Qcal min - the minimum possible pixel value of

image; Qcal max- the maximum possible pixel value geoimage; Lmin- the minimum

value of the spectral radiation for a particular satellite sensor for a particular im-

age; Lmax - the maximum value of the spectral radiation for a particular satellite

sensor for a particular image.

3. RESULTS AND DISCUSSION

Currently, various modi�cations of the DOS method are used for remotely

Earth remote investigation. For the application of this method in the exploration

of Mars, we use DOS2(COST) technique.

Examples of the results of calculations of the SBC distributions from images

of the surface of Mars in Fig.1 and 2 and the shooting parameters in the table

are shown in �g.3 and 4. In the calculations used matlab software package [8]. In

Table 1. Parameters of shooting images in �g. 1 and 2, [3, 7].

Parameters

Lλmin,W ·m−2·Lλmax,W ·m−2·Qcal minQcal max Eλsan µ0 r, a.u. (at the minimum

sr−1 ·mkm−1 sr−1 ·mkm−1 W ·m−2 mkm-1 approximation distance)

-5.0 95.4 256 1 1969.000 0 1.38

�g.1 and �g.3 the images from NASA's Mars Odyssey shows part of Arena Colles

(�g.1) and polar ise of Mars (�g.3).

Fig. 1. 1.Image of mars. Mission: from NASA's Mars Odyssey (2001), Addition Date

for 2019-07-15, Instrument: THEMIS.
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Fig. 2. The distribution of the SBC of the underlying surface, calculated from the

satellite image from �g. 1.

Figure 1 clearly seen sharp outlines of light and shadows on the surface of

Mars. Accordingly, as can be seen from Fig. 2, this leads to a strong di�erence

in the distribution of SBC in the gorges, lowlands, shadow and illuminated parts

of the surface of Mars.

The value of SBC is the smallest in the gorges and the greatest in the lighted

part of the mountain peaks. This distinction occurs more than 5 times.

In �g. 3 lighter areas result in high SBC distributions (�g. 4). And here we

see a strong contrast of SBC distributions.

Fig. 3. Image of mars. Mission: from NASA's Mars Odyssey (2001), Addition Date

for 9-03-15,Instrument: THEMIS.

This can be caused by the polluting action of strong dust storms occurring on

the surface of Mars. On the example of Figures 2 and 4, it can be seen that the

SBC calculations using the DOS method make it possible to clearly distinguish

the di�erence in the re�ecting properties of the Mars surface.

145



F. I. Ismailov AJAz: 2020, 15(2), 142-146

Fig. 4. The distribution of the SBC of the underlying surface, calculated from the

satellite image from �g. 4.
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The results of long-term (2011-2014) spectral observations of the supergiant
star HD 199478, performed on the 2 m ShAO telescope, are presented. In this
work, we are analyzed the data of photospheric absorption lines HeI λ 4921,
5876 Å, Si II λ 6347, 6371 C, C II λ 6578, 6583 Å. A signi�cant change in
radial velocities (RV) and equivalent widths (EW) were found according to
the data of 2011 and 2014. According to the 2011 data, smooth contraction
of the star with a characteristic time of di�erent lines from 43 to 59 days was
revealed, while the radius of the star is reduced about 15-18%. As we have
shown earlier, simultaneously with the contraction of the star, the HVA e�ect
is observed when a high-velocity shift on the blue wing of the Hα and Hβ lines
is detected. The 2014 data indicate a synchronous change in the photosphere
and the outer gas shell of the star. In general, photospheric lines show the
complex nature of variability in di�erent lines.

Keywords: mStars: atmospheres � stars: mass-loss � stars: supergiants �
stars: winds, out�ows � stars: circumstellar matter � stars: variability.

1. INTRODUCTION

Late B- and early A-type supergiants (BA SGs) are hot stars with an e�ective
temperature near 10,000 K and a high emergent �ux resulting in a partially-
ionized atmosphere and a line-driven wind [1]. While these stars have long been
known to show considerable variability in optical spectroscopic and photometric
observations [2], the physical mechanisms underlying this variability are often not
well understood. Late B and early A bright supergiants is separated group of
stars which has the following properties: these stars exhibited variability of the

* E-mail: ismailovnshao@gmail.com
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stellar wind on a time scale from several days to several weeks; various observing
campaigns carried out in recent years have shown that such stellar wind variabil-
ity is often associated with active changes at the photosphere level; variability in
the BA SGs spectral line parameters and pro�les is characterized by the absence
of clear periodicities [4, 5, 7�9]

One of the main interesting features of these objects is a sudden appearance
and disappearance of strong, blue-shifted high-velocity absorptions, indicating
that these stars may experience di�erent wind regimes [4, 5]. There are only a
few stars with unusually broad absorption in the blue wing of the Hα line, with
a maximum shift of up to -1200 km/s (high velocity absorption � HVA).

Researches of Corliss et al. (2015) showed that HVA events in the supergiant
HR 1040 were preceded by photosphere activity. Kaufer et al. (1996a) noted that
investigations of these supergiants were relatively rare in comparison to those of
O and early B-type stars and set forth four issues needing further study:

(1) the availability of observational data on photospheric and wind variability
over a wide range of time and resolution;

(2) the nature, timescale, and cause of variability in Hα line pro�les;
(3) the connection between radial and nonradial pulsations and photospheric

variability;
(4) the relationship between photospheric variability and wind variability and

mass loss. The literature on these stars continues to be sparse, with the many
unanswered aspects of these questions o�ering opportunities for new research.

In our previous work, we analyzed the time variation in the Hα and Hβ hy-
drogen lines. Our observations have shown that the pro�les of the spectral lines
under consideration can remain unchanged during the period of 18-24 days. The
most probable characteristic time of variability revealed in the hydrogen line pa-
rameters is 22 ± 2 days, which may be due to the axial rotation period of the
star.

During the observing season of 2011, we discovered high velocity absorption
(HVA) event with a maximal shift of -510 km/s that continued at least 13 days.
High velocity absorption was also detected in the Hβ line for the �rst time, which
was observed simultaneously with that of the Hα line.

The broad emission in the Hα line with a maximal shift of ±300 km s-1 was
observed in both blue and red wings, irrespective of the central Hα emission.

The quasi-cyclic smooth variability of the Hα and Hβ spectral parameters was
discovered, with a maximum full cycle of 90-100 days.

The equivalent widths of the Hα emission core and Hβ absorption vary in
counter-phase, which indicates that the emission contributes to the Hβ absorp-
tion line. The observed variability in the star's atmosphere is probably related to
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the axial rotation and the inhomogeneous structure of the atmosphere, its activity
probably maintained by a magnetic �eld [11].

Our data set (2011-2015) is suitable for an application of time-series statis-
tical to study the physical processes in this star and how they change over time
intervals ranging from a few days up to several years. In this report, we present
the results of studies of the photosphere absorption lines and their relationship
with changes in the emission lines of hydrogen. This would allow studying the
mechanism of activity in atmosphere of the star.

2. OBSERVATIONS AND RESULTS

The spectral observations were carried out in 2011 and 2013-2015 in the
Cassegrain focus of the 2-m telescope of Shamakhy Astrophysical Observatory of
Azerbaijan National Academy of Sciences. An echelle spectrometer constructed
on the base of the UAGS spectrograph [12] was used together with the 530x580
CCD. Observations of the program star HD 199478 were performed in the spec-
tral range λ 4700-6700 Å. The description of the observing facilities, observational
conditions and data proceeding may be found in more detail in Mikailov et al.
(2005) and Ismailov et al. (2013).

The spectral resolution is R = 14000. The mean signal-to-noise level is S/N
= 200-300 in the region of the Hα line, and S/N = 100 in the region of the Hβ
line. The procession of images, their conversion into the standard format and fur-
ther measurement of spectrograms were performed using the DECH20T software
developed at the Special Astrophysical Observatory of the Russian Academy of
Science (SAO RAS) (Galazutdinov 1992).

The spectrograms of the standard stars HR7300 (G8II-III) and HR 7794
(G8III-IV) obtained under the same conditions showed that, of 14 nights of obser-
vations, the standard deviations of the EW values varied between 12 per cent and
3.5 per cent for the lines with mean EWs ranging from 0.05 Åto 0.5 Å, respectively.
So our measurements have shown that the measurement uncertainty in EW for
the central emission in the Hα line does not exceed 5 per cent. Measurements
of RVs for standard stars showed a high degree of coincidence of the measured
RV values with the catalog data within the measurement errors of ±3 km/s. No
systematic di�erences were revealed in our RV measurements for standard stars
within the measurement errors [13].

Results in 2011. In the Figure 1a was shown a time variation in radial
velocities of the absorption lines D1, D2 NaI, SiII λ6347, 6371 Å, He I λ4921,
5876 ÅCII λ 6578, 6583 Å. All lines showed a redshift with certain amplitude.
For the He I and SiII lines, the RV change occurs with a characteristic time of 43
days with amplitude of 8-10 km/s. And for the D Na I and CII lines, the cycle
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Fig. 1. Variations in time of the radial velocities of lines D NaI, SiII, HeI and CII in
2011.

ends in about 59 days, but with smaller amplitude - 5 km/s. As can be seen from
Fig. 1a that for CII lines, the radial velocity changes slightly o�set in time. It
must be said that, just when the star's contraction cycle in the absorption lines is
observed, we detected the appearance of the high-speed absorption e�ect of the
Hα and Hβ hydrogen lines on the blue wing [11]

In the Figure 2 was shown diagrams of time variation in the equivalent widths
of the same absorption lines D NaI, SiII, HeI, and CII. In these �gures, it can be
seen that synchronously with the contraction of the star (with increasing redshift),
an increase in the values of equivalent widths is observed. For di�erent lines, the
change in EW occurs from 10 to 40% with a characteristic time of 22-23 days.

3. RESULTS IN 2014.

In other seasons of observation, we did not detect an e�ect. Moreover, in
di�erent years, the obtained change in the spectral parameters of the absorption
lines di�ers signi�cantly from the data obtained in 2011.

For example, according to 2013 and 2015. a noticeable change in the pa-
rameters of RV and EW for absorption lines were not detected. The longest
observations in 2014 showed that the absorption lines this season show signi�cant
changes. In the Figure 2a was shown the results of time variability of RV for
absorption lines on the data 2014. As can be seen, a certain cycle of changes that
we observed for the Hα emission line and for the absorption of Hβ [11] is clearly
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Fig. 2. Variation in time of the EW for the lines D NaI, SiII, HeI and CII in 2011

distinguished here. For absorption lines in the interval JD 2456860-2456900, all
absorption lines have a smooth shift to the red part of the line and its gradual
return. This cycle lasts about 40 days, and the maximum amplitude of changes in
radial velocities for di�erent absorption lines is 10-12 km/s. Recall that according
to our data, the change in RV emission in the Hα line had an amplitude of about
70-75 km/s. Our data show that the variation in the RV of absorption lines occurs
simultaneously with the variation in the emission component of Hα.

Fig. 3. The same as in �g.1a for the data 2014.
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Fig. 4. The same as in �g.1a for the data 2014.

4. CONCLUSION

Our results of studies of absorption lines showed that, in separate lines, like
the hydrogen lines Hα and Hβ, a wave-like change in the star's photosphere is
observed, with characteristic times of 90-100 days. However, in di�erent seasons,
the standard deviation of radial velocities from the average is 1.5 -5 km/s. Most
often, the variability is observed in the lines He I, D Na I. The lines Si II and C
II are more stable and the average radial velocities are in good agreement with
the velocity of the center of mass of the system -12 km/s.

In individual seasons, it is possible to observe a synchronous variation in the
equivalent widths and radial velocities of the absorption lines. But such variations
are not observed in all seasons.

The photospheric lines showed a signi�cant change in spectral parameters dur-
ing the HVA e�ect, which we discovered according to 2011 data. We have shown
that a maximum displacement of up to 5 km/s, as well as an increase in FWHM
and equivalent width, is observed for the D NaI, SiII, HeI lines. At the same time,
with CII lines, when the equivalent widths increase, from peak to peak, up to 5
km/s range a blue shift is observed. Other photospheric lines showed that during
the HVA event the star is contracted. The lines C II is showed di�erent character
in variation, relatively other absorption lines.

According to 2014 data, the Hα line shows a maximum displacement of -85
km/s, and the average radial velocity of the absorption lines is -12-15 km/s. If you
subtract the speed of the center of mass of the system, then the maximum speed
in the Hα line will be -68 km/s. This change in RV from peak to peak occurs
in approximately 26 days of observation. Then the acceleration with the ejected
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mass falls on the surface of the star is only -3.4 cm /s2. In this case, the distance
crossed by the matter at about 0.45 AU can be calculated. From this estimate it
is clear that the movement of matter by stellar wind can rise to this distance from
the surface of the star and then return to the surface of the star. The process
can occur locally, and depending on the orientation of the axis of rotation to the
observer, di�erent pro�les of hydrogen emission lines can be obtained.

This work was supported by the Science Development Foundation under the
President of Azerbaijan � Grant No EIF-BGM-4-RFTF-1/2017-21/07/1.
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Photometric observations of CH Cyg symbiotic star have been carried out at the

Zeiss 600 telescope at the Shamakhy Astrophysical Observatory in the interval

of 06.07.2018-16.09.2018 during 17 nights using the V-�lter. The light curve

for this star was set on the basis of our observations and AAVSO databases.

Our results are completely in line with the AAVSO results. The star's light has

increased during the observation period up to 2 stars size � from 8.5 to 6.5.

Continuous observations have shown that short-term scintillations of the star

occur during the night up to 0.2-0.45 magnitude. We suppose that the cause

of these scintillations is the increase in the �ow rate of matter from the red

giant star to the surface of the white dwarf in the period close to the periastron.

Keywords: CH Cyg�Symbiotic star��ickering�CDD Photometry.

1. INTRODUCTION

Symbiotic stars are interacting binary systems surrounded by cover. They con-

sist of advanced red giant and hot component � white dwarf. The material source

of the cloud is red giant which loses its substance by star wind and pulsation, the

energy source is the hot white dwarf.

CH Cyg (HD 182917) is the brightest and closest one among the symbiotic

stars. The distance to this symbiotic star is about 244 parsec according to data

of Hippacros [1]. Its visual star size increased up to V = 5.5m on 1982-1983 and

decreased down to minimum of V = 10.5m in 1996. The brightness of the start

in a still condition is mainly 7m. Photometric observation of CH Cyg for more

than 130 years is available, and it was studied comprehensively [2]. For long time

CH Cyg was known as a single giant start pulsating in 100 days period in a little
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amplitude. No any spectral changes, even in Morgan � Kinan's system it was

accepted as M6III standard star. Only in 1963 after activation strong emission

lines of blue continuum and hydrogen were seen. Since that time CH Cyg was

accepted as a symbiotic star � binary of M7 cold giant and accreting white dwarf

[6, 3]. Since the recognizing this star as a symbiotic star various lasting and var-

ious type of �ickering have been observed, in 1967-1970, 1977-1983, 1992-1994,

1998-1999, 2011-2012 and 2017-2018.

CH Cyg is one of the rare symbiotics �ashing in minute time scale [4]. Flick-

ering disappears, blue continuum gets stronger and radiation lines are getting

larger when jets are observed. Flickering re�ect large spectral stochastic changes

of brightness in several minutes time scale up to 0.01m to 1m magnitude. Flicker-

ing activity has been observed only in 10 symbiotic stars: RS Oph, T GrB, MWC

560, V2116 Oph, CH Cyg, RT Cru, o Cet, V407 Cyg, V648 Car and EF Aql.

5-20 minutes of �ickering has been observed in the spectrum of the symbi-

otic star of CH Cyg in the optical region pro�les of emission lines and in the

spectrophotometric parameters [5, 6].

Our aim is to provide information about results of high velocity photometrics

symbiotic star of CH Cyg during july - september 2018 and �ickering occurred in

individual nights.

2. OBSERVATIONS AND RESULTS

Observations of CH Cyg star have been carried out in ZEISS-600 telescope

of Shamakhy Astrophysics Observatory during 72 days between 06.07.2018 � 16-

09-2018 and 17 nights. The telescope was �tted with CCD photo receiver of

4096 × 4096 pixel (1 pix= 9mic) size and with 17 arcmin of e�cient visual area

of photometer [7]. TYC 3551-1725-1 was chosen a comparison star, V2365 Cyg

(SAO 31628) as a check star. For study of the character of faster changes contin-

uous observations with high time resolution have been conducted during several

nights and in only one �lter (V).

Processing of the observation material has been conducted in MaxIm DL pro-

gram following the standard procedures of aperture photometry. 3, sometimes 5

screenshots have been merged in order to increase the metric accuracy and clean-

ing of screenshots from the prints of space senses. Some comparison stars, as well

as SAO 31628 binary start were used as a check star [8].

In the table 1 observation list is given. Observation date, number of screen-

shots and exposition period, lasting period of the observation, middle, maximum

and minimum values of brightness and maximum changes have been given.

Observations have been conducted continuously within several nights. The

most lasting observations have been conducted in 19-07-2018 � 148 minutes, 06-
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08-2018 � 79 minutes and 16-09-2018 � 87 and 79 minutes. Continuity of observa-

tions in the other nights have been: 10 minutes in 10/11-07-2018 and 22-08-2018,

13-14 minutes in 18-07-2018 and 15-09-2018, 20 minutes in 07-08-2018, 37 and 42

minutes in 16-08-2018.

Light curve in V �lter has been given in the �gure-1 based on our observations

and AAVSO database. As it is re�ected in the �gure, our results accord with the

AAVSO results. CH Cyg star was active during observation period and increased

its brightness from 7.56m to 6.47m.

Flickering. Photometric �ickering of CH Cyg was identi�ed by Wallerstein

and Cester for the �rst time [9,10] and then have been comprehensively studied

by various authors [11,12,13,14]. Flickering was not observed in 2010-2013, was

observed again starting from 2014 [14].

Our observations also coincided to �ickering time of the star. Nigh observa-

tions showed that several minutes lasting little amplitude of �ickering occurs in

the symbiotic star of CH Cyg. Light curves of several nights re�ecting �ickering

in V �lter of CH Cyg star are given in the �gure 2. As it is re�ected in the �gure

2, character and amplitude of �ickering was di�erent from night to night.

Maximum change of brightness was 0.16m for 7 minutes in 10-07-2018, 0.12m

for 5 minutes in 11-07-2018, 0.22m for 10 minutes in 18-07-2018, 0.3m for 35 min-

utes in 19-07-2018, 0.3m for 39 minutes in 06-08-2018, 0.21m for 17 minutes in

16-08-2018, in the �rst half of observation, 0.27m for 39 minutes in the second

half of observation, the amplitude of �ickering during the night was 0.36m. It

was 0.14m for 03 minutes in 22-08-2018, 0.14m for 24 minutes in the �rst half

of observation in 06 − 09 − 2018m, 0.16m for 26 minutes in the second half of

the observation, amplitude of �ickering was 0.45m during the night. 0.22m for 3

minutes in the �rst half of observation in 15-09-2018, 0.26m for 8 minutes in the

second half of observation, 0.14m for 17 minutes in 16-09-2018 for the �rst half

and maximum amplitude of �ickering was 0.25m.

Thus, changes in V brightness of CH Cyg symbiotic star with 0.1m − 0.45m

amplitude in 1-30 minutes interval and 0.05m − 0.06m amplitude of changes hap-

pened in 10-30 seconds interval.

Periodicity. It is di�cult to investigate the periodicity of �ickering in CH

Cyg symbiotic star because our observations didn't cover the extended period

of time except some nights. But as it is clear from the �gure 2 some periodic

changes occur in some nights. For exploring the periodicity within a minute time

scale we applied spectral furje analysis by using Scargle method in results of all

our observations. As example power spectrum are introduced for value of V in

06-08-2018, 16-08-2018 and 07-09-2018 in the �gure 3.

In the �gure 4 phase diagrams of brightness in V �lter for the dates of 06-08-

2018, 16-08-2018 and 07-09-2018 are given. Short time changes in brightness of
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CH Cyg star in V �lter in dates of 06-08-2018 (79 minutes of observation) and

16-08-2018 (200 minutes) demonstrated close periodic values � 67 minutes and 65

minutes. Period of �ickering was 12 minutes in 07-09-2018.

3. DISCUSSION.

Red Giants are stars which gained the required temperature for synthesis of

helium in their nucleus. White Dwarfs are the stars approaching their end of life

time and highly compressed ones. Those stars are so dense that they are nearly

in the Sun's weight however their size equals nearly to Earth size. Because being

200000 times heavier than Earth, they have very strong gravitation. For that

reason, they can gather bulk amount of substance of cold giant and in the most

symbiotic systems white disc is generated around the white dwarf [15]. This hap-

pens due to rotation of binary system. As a result of rotation of binary system,

the substance which is �owing out of the red giant bends down to white dwarf

due to high gravitation of it. Rotation of the binary causes rotation of the white

substance as well and it creates white disc around it. White dwarfs have such

a powerful gravitation �eld that they can pull the substance of the other star of

symbiotic system to itself. Mechanism of that process is called Roche Lobe Over-

�ow. It means that, a star enlarges up to such grade that its ability of owning the

outer layer decreases and the size of star increases beyond the Roche limit. When

this happens, the excessive substance �ows onto the binary and a disc emerges.

Sometimes this accretion leads to generation of ionized gas cloud around the hot

component.

Source of �ickering in optical region in symbiotic stars are known to be a disc

[16]. Researchers consider that �ickering disappears when accretion disc destroyed

[12] or magnetic propeller gets activated [11]. Faster changes were observed dur-

ing �ickering of stars. Changes in �uxes in U �lter were 10-30% within several

minutes. CH Cyg is unique changing star and demonstrates complex alterations

of di�erent character in the brightness graph and large diapason of spectrum.

Observed long lasting alterations (variating in 10 years) are caused by orbital

movements or increasement of the dust cover. Several alterations of 100 days are

related to pulsation of the giant. Short term �ickering activity relates to accretion

disc. Increasement of activity of �ickering since 2014 can be related to accelera-

tion of processes in the disc as a result of increasement in amount of substance

absorbed from the red giant while white dwarf moves through periastron in CH

Cyg symbiotic system.
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4. CONCLUSION.

Following results have been obtained from analysis of the observation of CH

Cyg symbiotic star during 17 nights in the interval of 06-07-2018 � 16-09-2018 (72

days): 1. During the period of observation, the star increased its brightness in

about 2 stars size and raised up to 8.5 � 6.5.

2. Continuous nigh observations showed that short term �ickering of 0.2-0.45

size occurs in the star. It is estimated that the cause of �ickering is increasement

of the amount of substance �owing onto white dwarf from the red giant in the

period when the white dwarf is close to periastron.

3. 67, 65 and 12 minutes of periodic alterations have been identi�ed for �ick-

ering in various nights.
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HD 94264 is one of the stars that less studied thoroughly in the literature. The
atmospheric parameters and abundances of 26 elements (C, N, O, Na, Al, Si,
Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Y, Zr, Mo, Ba, La, Ce, Pr and
Nd) are determined for the star using LTE analysis approach. Abundances of 8
elements (C, N, Cu, Zn, Mo, Ba, Ce and Pr) are determined for the �rst time for
this star. The 12C/13C isotope ratio of the star is also determined. Abundance
of carbon is studied using the C2 Swan band at 5086 . The wavelength interval
7980 � 8130 that contains strong 12C14N and 13C14N molecular features,
allowed us to determine the nitrogen abundance and 12C/13C isotope ratio as
well. E�ects of the hyper�ne structure is also taken into account for Sc, V,
Mn, Co, Cu, La, Ba and Pr.
The spectra of the star is taken by Russian Turkish Telescope (RTT150)
which is operated at TÜB�TAK National Observatory. The high resolution
(R=40000) and high S/N (>100) spectra are analysed using mixed approach
of �ne analysis and spectrum synthesis techniques.

Keywords: stars: abundances � stars: fundamental parameters � stars: atmo-
spheres � stars: individual HD 94264

1. INTRODUCTION

Stars go through di�erent evolutionary stages during their lifetime with dif-
ferent thermonuclear reactions occurring in their inner regions. These stages are
directly depends on the mass of the stars. Low mass stars climb the red giant
branch (RGB) with a degenerate He core. At the beginning of the ascent along
the giant branch, the outer convective envelope expand to the interior part where
thermonuclear reactions occur and transports the processed metarial up to the
atmosphere. This stage called as the `�rst dredge-up' and changes the chemical
structure of the atmosphere. The changes in Li, C, N element abundances and
the isotope ratio of 12C/13C are highly depends on the mass and metallicity of
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the star. After the He-�ash phase, the degeneracy is removed and the star begins
quiescent He-core burning. All the low-mass stars have similar core masses at the
beginning of He- burning. Hence they have similar luminosities and thus their
absolute magnitudes are nearly constant. Due to this fact, the red giants at this
evolutionary stage exihibit a speci�c feature in the color - magnitude diagram
called `red clump'. This region occupy with the stars that are ascending for the
�rst time to the RGB and returning back from the Helium Flash phase and it
is very di�cult to distinguish between stars of these two di�erent evolutionary
stages without spectroscopic abundances analysis [1].

HD 94264 (46 LMi) (Vmag = 3.83m, K0 III-IV) [2] is a red clump canditate
star that selected from Tycho-2 Red Clump Candidate Catalog [3]. The star is
one of the less studied stars for complete abundance analysis.

2. OBSERVATION AND DATA REDUCTION

The star was observed with RTT 150 telescope of TÜB�TAK National Ob-
servatory using the Coudé spectrograph on March 30-31^th, 2012. The resolving
power of the spectra is 40000 and the S/N ≥ 100. Wavelength range is 3800 Å�
10000 Å. The prelimanary reduction of the spectra (bias and dark subtractions,
�at- �elding) were carried out with MAXIM DL [4] and the DECH 20 [5] program
is used for the continuum normalization.

3. ATMOSPHERIC PARAMETERS

The initial e�ective temperature is determined via the line depth ratios method
[6]. For this purpose, we used line depth ratio of λ6251.83 ÅVI and λ6252.56
ÅFeI lines which are non-blended, temperature sensitive and widely used for this
method. The e�ective temperature is obtained as 4736◦K.

The initial surface gravitiy is obtained from the standart equation:

logg∗ = 0.4(Mv∗ +BC −MBol�) + logg� + 4log(Teff∗/Teff�) + log(M∗/M�)

The resulting log g is 2.98
Using the initial atmospheric parameters, an initial stellar atmosphere model

was computed with ATLAS9 code [7][8]. Then the temperature of the model was
changed until the abundance values obtained from the Fe I lines were independent
of the excitation potential and minimum scatter around the mean value. The log
g value of the model was changed until the abundances from FeI and FeII lines
become equal, i.e. ionization balance. The value of microturbulence velocity is
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determined from a condition that abundance of the iron lines are independent of
equivalent widths.

The �nal atmospheric parameters are;

Teff = 4770◦K, logg = 2.55Vmic = 1.31km/s

4. DETERMINATION OF CHEMICAL ABUNDANCES

Two methods were used for abundance analysis. equivalent witdh analysis has
been done using ABUNDANCE [9] routine and spectrum synthesis has been done
using SPECTRUM package [9].

Because of the star is a K type giant, it's spectrum has numerous molecular
bands. Many metal lines are blend with molecular bands. This situation makes
the equivalent measurements very di�cult. For line identi�cation and line selec-
tion, an unbroadened synthetic spectrum has been prepared with SPECTRUM
code, then the line list extracted from VALD database [10] and SPECTRUM's
own line list mapped on the synthetic spectrum. The SPECTRUM's native line
list also includes molecular lines. In this manner the positions of molecular bands
and other signi�cant contaminants were determined. The position of the telluric
lines have been determined from Solar Flux Atlas of Wallace et. al. [11]. For
equivalent width measurements IRAF's [12] spectool package was used and the
equivalent widths were measured using Gaussian �ts.

Especially for during the spectrum synthesis, all log gf values were checked on
the solar spectrum.

Abundances of Si, Ca, Ti, Cr, Fe and Ni elements were determined with equiv-
alent witdh analysis. C, N, O, Na, Al, Sc, V, Mn, Co, Cu, Zn, Sr, Y, Zr, Mo, Ba,
La, Ce, Pr and Nd were analyzed with spectrum synthesis method. For the odd
atomic numbered elements the hyper�ne splitting is taken into account. Also for
barium element isotopic shifting and hyper�ne structure were taken into account.

Carbon abundance is determined from Swan band at 5086 Åand nitrogen
abundance is determined from CN band at 7980 � 8130 Åwavelength interval.
The wavelength interval 8002 � 8007 Åwith strong CN lines was analysed in order
to determine 12C/13C isotope ratio. Molecular data and log gf values were taken
from [13],[14]

Estimated abundances can be seen from Table 1.

5. CONCLUSION

The atmospheric parameters and abundances of 26 elements (C, N, O, Na,
Al, Si, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Y, Zr, Mo, Ba, La, Ce,
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Pr and Nd) are determined for HD 94264 (46LMi) using LTE analysis approach.
Abundances of 8 elements (C, N, Cu, Zn, Mo, Ba, Ce and Pr) are determined for
the �rst time for this star. 12C/13C isotope ratio is found to be 19. This result
is in good agrement with Tomkin's result of 22±4 [15] which is the only value
given in literature. Standart evolution predictions suggest that 12C/13C = 20 -
30 is typical for Red Giant Branch stars [16]. So that, according to our 12C/13C
isotope value, we may conclude that HD 94264 (46LMi) is a RGB star.
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Previously well studied Am star 15 Vul (HD 189849) is re-analysed as a part
of a series of papers that will be published by Turkish and Russian scientists
collaboration.
The data is taken by Russian Turkish Telescope (RTT150) which is operated
at TÜB�TAK National Observatory. The high resolution (R=40000) and high
S/N (>100) spectra are analysed using mixed approach of the equivalent
width analysis and the spectrum synthesis techniques. The synthetic spectrum
approach is used in cases of the lines of an element are few for reliable
statistics and/or special atomic physics is required to take into account, such
as hyper�ne structure. Whenever the line is available, the oscillator strengths
are tested on the solar spectrum, The analysis is based only on the LTE
approach.

Keywords: stars:chemically peculiar � stars:abundances � stars: atmospheres
� stars: individual: HD189849

1. INTRODUCTION

An Am star spectrum is de�ned as a spectrum that showing the following prop-
erties: 1) Heavy � element spectral lines are stronger than those of non-metallic
line A stars of the same hydrogen strengths, 2) The metallic lines indicate late A
and early F type whereas Sc II and Ca II lines are too weak and corresponds to
early A type, 3) H lines indicate somewhat earlier type than metalic lines [1].

Abundance analysis of the Am stars is an impotant e�ort to test the com-
peting theories about their peculiarities. Because of that, in an homogenius way
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and carefully performed analyses of these stars are important. Due to this fact,
sometime ago we have started to re-analyse a group of selected Am stars. 15 Vul
is a well known Am star which is previously studied by di�erent authors (see for
example [2] and the references therein) and the �rst star in our analyses.

2. OBSERVATIONAL DATA AND REDUCTION

The spectra are taken with Coudé echelle spectrograph mounted on 1.5 meter
�Russian - Turkish Telescope� (RTT-150), operating at TÜB�TAK National Ob-
servatory in Türkiye. Resolving power of the spectra is 40000 and signal to noise
ratio is equal to or over 100, in the ∼3800 � 10000 ÅÅwavelength range. Standart
Preliminary reduction (bias and dark reduction, �at �elding and CCD's back il-
lumination correction) of the spectra is performed with MaximDL [3] and DECH
[4] softwares. Continium �tting is achieved with IRAF's [5] spectool package by
�tting mathematical curves to each echelle order.

3. ANALYSIS

The spectra are analysed using mixed approach of the equivalent width anal-
ysis and the spectrum synthesis techniques. The synthetic spectrum approach is
used in cases of the lines of an element are few for reliable statistics and/or special
atomic physics is required to take into account, such as hyper�ne structure.

For the model calculation, initial e�ective temperature and surface gravity
are calculated using di�erent methods. The computer program of Napiwotzki et.
al. [6] and uvbybeta photometry of Hauck and Mermilliod [7] give the e�ective
temperature is 7870 K and the surface gravity as log g= 3.62 while IRFM temper-
ature calibration for b-y and B-V colors [8] gives a mean Te�= 7620 K. A model
independent calculation of surface gravity using Hipparcos parallax and standart
formula for log g

logg = 4logTeff + 0.4Mbol + log(M/M�)− 12.51

gives log g= 3.5.
Spectroscopically consistent e�ective temperature and surface gravitiy deter-

mination is required to get excitation and ionization balance for iron lines. The
NLTE corrections for iron lines are negligible for the calcuated initial e�ective
temperatures and surface gravities (Sitnova T., private communication) and one
can expect to achieve ionization balance for the iron lines. To do this one needs
to perform abundance analysis for iron starting from the initial atmospheric pa-
rameters .
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Line selection for the analysis has been performed preparing an unblended
synthetic spectrum with the initial Te� and log g. For this purpose (as well as
rest of the analysis), model atmosphere calculations has been done using Kurucz's
ATLAS9 model atmosphere code [9] [10] and synthetic spectra are calculated with
SPECTRUM [11] code. Then, observed spectrum, SPECTRUM's native line list
and VALD [12] line list that extracted for the initial stellar parameters, has been
mapped on the synthetic spectrum. The telluric line spectrum extracted from the
Solar Flux Atlas of Wallace et. al. [13] is reduced to our resolution and also added
to the plot. Figure 1. shows a portion of the plot. Hence, we were able to see
that how much a line is blended with the other lines or whether it is contamined
by tellurics or not.

Equivalent widths are measured with IRAF package and if required deblend-
ing has been performed. An example of such a measurement is shown in Figure
2. Abundances from the equivalent widths are calculated using ABUNDANCE
[11] routine.

Figure 3a shows the analysis of Fe I lines for calculation of iron abundance
using equivalent width method. Starting with the initial atmospheric parameters
we have iteratively calculated a series of model atmospheres untill the excitation
potentials of Fe I lines are independent of abundance with a least scatter around
the mean, and reduced equivalent widths are independent of abundance around
the mean, simultenously.

While the former requirement �xes the e�ective temperature the latter one
provides microturbulance velocity. Meanwhile, changing the log g value of the
model such that the Fe abundance from the Fe II lines is equal to abundance
from Fe I lines gives the surface gravitiy of the model (see �gure 3b). Hence, the
�nal model has Teff=7685 K, log g=3.09 and ξ=1.95 km/s. These values are
close to earlier work of Bolcal et. al [14], except microturbulance velocity.

4. CONCLUTIONS

As the preliminary results, abundances of 28 element has been determined.
Comparison of our results with the most recent analyses ( [2] [15]) of the star (see
�gure 5.) shows that most of the elements up to iron are less abundant than solar
ones and represents almost constant value of underabundance around 0.2 dex.
This is not the case in previous studies and that might be due to improper line
selection/identi�cation, telluric line contamination and hyper�ne structure that
is not taken into account. Remaining abundances shows more or less same patern
in all studies.
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We will re-analyze the archived data of NGC 7793 P13 obtained with the

ESO-VLT telescope in 2009-2011. The spectra contain a bright HeII λ4686

emission line, the nature of the variability of which indicates that it is formed

in a supercritical accretion disk. We are constructing a radial velocity curve of

this line, an analysis of which, together with data from the literature, allowed

us to obtain the following system parameters: the semi-amplitude of the radial

velocity of the accretor is 48 ± 10kms−1, the donor mass function is 0.738

M�, and the orbit inclination is 20.3± 1◦.

Keywords: ULX-pulsar � X-ray binaries � Radial velocity � Accretion � NGC

7793 P13

1. INTRODUCTION

The optical component of NGC 7793 P13 is a supergiant of spectral class B9Ia
[5] with mass 18-23M�. [6] determined optical and ultraviolet photometric period
equal to ∼ 64 days, which is also involved in the radial velocity of HeII. Fürst
et al. (2018) performed a timing analysis of multiple observations XMM-Newton
and NuSTAR of the ultra-luminous pulsar NGC 7793 P13, covered by the entire
period of its variables of 65 days. Using the measured periods of pulsations to
determine the ephemeris orbit, the authors were con�rmed by the duration of the
orbital period Porb = 63.9

(+0.5)
(−0.6) days and an eccentricity e ≤ 0.15 was found.

* E-mail: evgeny.nikolaeva@gmail.com
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Fig. 1. Radial velocity curves of the HeII emission line

2. OBSERVATIONS

This work presents archival optical spectra of NGC 7793 P13 obtained on ESO-
VLT (FORS2 spectrograph, 1200B Grism, λλ 3730-5190 ÅÅ, resolution 1800 per
4000 Å for 1� slit) in 2009-2011. The spectra were processed in a universal package
astronomical data reduction and analysis software IRAF. The radial velocities of
HeII λ4686 and Hβ were measured by cross-correlation method. A total of 41
spectra were processed; spectra with a low signal-to-noise ratio were excluded
from the analysis. The radial velocity values are not absolute, it is obtained
accurate to the constant responsible for the instrumental correction, which was
measured from the Hβ lines of the emission nebula, because atmospheric telluric
lines are absent. The accuracy of measuring radial velocities is better than 10 km
s−1.

3. RESULTS

The resulting radial velocity curve is shown in Fig. 1. The following orbital
parameters were obtained: the semi-amplitude of the radial velocity curve is 48
± 10 km s−1, mass function is 0.738 M�, period is 63.9 ± 1 d. Previously [6]
received a relativistic object mass of more than 3.45 M�. However, pulsed X-ray
signals were detected in this object [1], which suggests that the object is a real
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Fig. 2. Spectral variability of the HeII and λ4686 and Hβ emission lines in 2011. The

time interval between obtaining spectra is 2-3 days

pulsar. Then, if we assume that the line HeII indicate the velocity �eld of the
neutron star, then taking the canonical value of the mass of the neutron star equal
to 1.4 and the mass of the optical star 18-23 M�, we obtain the inclination angle
of the system 20.3 ± 1◦. The found inclination is close to obtained from the X-ray
light curves by Fürst et al. (2018), equal around 30◦.

[3] examined all the ULXs (a little less than 10) for which spectral data were
obtained by 2015. They showed that sources demonstrate fast (over an interval
of several days) changes in the parameters of emission lines, which can most nat-
urally be explained by the phenomena in the winds of supercritical disks in these
objects. The spectral variability of the lines from night to night in NGC 7793 P13
have the same behavior (Fig.2). This fact can serve as an another con�rmation
that the line HeII is formed in the super-Eddington accretion disk around the
neutron star. Equivalent widths and FWHM are given in table 1. Mean EW HeII
λ4686 = 1.7 ± 0.1, mean EW Hβ = 2.7 ± 0.2.

The spectrum of NGC 7793 P13 indicating a B9Ia supergiant companion,
which itself can not produce the HeII emission line. It is known that NGC 7793
P13 is a supercritical disk with a neutron star [2]. Therefore, the HeII line ob-
served in NGC 7793 P13 must be formed in the second companion, namely, in a
photoionized wind from the accretion disc [3].
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Table 1. EW and FWHM of the HeII λ4686 and Hβ emission lines

EW of FWHM

HJD HeII of HeII EW Hβ FWHM Hβ

λ4686 Å λ4686 Å

2455174.54630101 1.2 4.3 3.4 3.4

2455397.77179284 1.4 6.1 2.4 10.5

2455497.53612086 1.0 6.6 3.5 5.1

2455504.60394795 1.3 4.7 3.0 4.8

2455508.58838370 2.0 4.9 3.0 6.8

2455529.66018682 1.1 4.0 2.3 4.8

2455533.57651187 1.5 5.8 2.0 3.5

2455538.59743700 1.9 4.8 3.9 5.5

2455556.58197444 1.3 6.4 5.2 6.0

2455560.54188057 0.8 3.0 3.6 6.1

2455766.72186000 2.9 5.5 3.1 4.3

2455769.75889995 2.3 4.9 2.8 4.5

2455771.83248619 1.4 3.6 2.3 3.8

2455775.83682458 0.9 3.4 1.6 3.9

2455777.77416309 0.9 3.1 0.7 2.9

2455782.89898229 1.4 4.1 2.2 6.6

2455784.72214442 1.7 4.4 2.8 3.1

2455789.84889746 2.2 3.3 - -

2455822.73375230 1.9 3.3 - -

2455825.76307340 2.4 4.5 - -

2455828.68433989 1.9 3.9 - -

2455832.65638535 3.3 5.5 2.4 9.7

2455835.64745885 2.3 5.4 1.6 2.7

2455837.52440651 1.6 5.1 1.4 2.9
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The article discusses the dependences of the photometric parameters of the

short-period comet 2P/Encke and the activity of the Sun. It turned out that

the absolute magnitude of comets is completely independent of the Wolf

number. The correlation coe�cient for comet 2P/Encke is 0.88 ± 0.03. Most

likely, other processes a�ect the activity of the comet's nucleus. Although the

absolute magnitude has fallen by more than 3m, the comet is still active.

Keywords: comet 2P/Encke�absolute magnitude�photometric parameter�

solar activity�correlation coe�cient.

1. INTRODUCTION

The evolutionary processes in comets are determined mainly by the chemical

composition, structure and properties of their nuclei and the in�ux of solar energy

into the comet's nucleus. The comet nucleus consists mainly of water ice and re-

fractory substances [1]. One of the most likely such variants of the evolution of the

nucleus is considered to be radiation from the sun. Since basically the observation

of comets comes from the surface of the Earth, the nucleus of the comet itself is

very di�cult to observe. The Earth observer always determines the photometric

size of the nuclei. Therefore, the evolution of the photometric parameters of the

comet nucleus is still relevant. It is known that there are families of short-period

comets in the planets of the giants of the solar system. A study of the evolution

of the photometric parameters of some short-period comets allows one to discover

the inverse dependence of the velocity of fall of the absolute brightness of comets

on the perihelion distance of their orbit [2]. The aim of this work is to study the

evolution of the photometric parameters of the short-period comet 2P / Encke

and the activity of the Sun.
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2. THE MAIN PART

Comet 2P/Encke is considered the shortest-period comet, its period averages

3.3 years around the Sun. From the time of the discovery of the comet 2P/Encke,

it has so far 71 times returned to the Sun, including in eight, no comet has been

observed. The perihelion distances of the cometary orbit from the time of the �rst

detection in 1786 to the last observation in 2017 �uctuate at 0.013579 AU. Such

a change is found in some parameters of the orbits with time. The inclination of

the orbit from the moment of discovery (13.7◦) began to decrease until the last

observation (11.7◦). The eccentricity of the orbit and the period of rotation of

the comet around the Sun also �uctuate.

The photometric parameters of comet 2P/Encke were studied by many sci-

entists, including Dobrovolsky et al. [3]. In comet 2P/Encke, the nuclei several

times split into several parts. In the comet's atmosphere, gas and dust jets, shells

are observed and anomalous tail was observed in several appearances [4, 5].

For accurate determination of the correlation coe�cient between the photo-

metric parameter, the absolute magnitude with the activity of the Sun, there is

such a relationship [5]:

and its standard is equal

where NmW - is the number of intervals with maximums W and m, NW - is

the number of intervals with maximums W, but without maximum m, N is the

number of intervals without maximums m, N - is the number of intervals without

maximum W, but with maximum m, NW - is the total number intervals with

maxima , NW - the number of intervals without maxima W, Nm - the number of

intervals without maxima m and n - the total number of intervals

The coe�cient r is a numerical measure of the relationship between events.

For intermediate values of r, the connection can be considered static proven if

the absolute value of r exceeds the standard σ more than three times. For comet

2P/Encke, the correlation coe�cient is r = 0.88 and its standard is σ= 0.03.

3. CONCLUSION

Comet 2P / Encke is a short-period comet of the Jupiter family. Elements

of the comet's orbit change over time due to the perturbation of the planets, in

particular the planet Jupiter. It turned out that in only a few cases the abso-

lute brightness of the comet coincides with the maxima of the Wolf numbers. In

other cases, there is an inverse relationship. The correlation coe�cient for comet

2P/Enke is 0.88±0.03. Although the absolute magnitude does not completely

depend on the activity of the Sun, in comets there are often separate �ashes of

brightness. This may be due to the meteoroid swarm complex, which is consid-
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ered to be the comet Encke by the ancestor and bombards the comet's nucleus

at the time the intersection of their orbits. Since comet 2P/Encke, from 1924

to 1951, anomalous tail was observed on each appearance, and the moment of

the formation of the anomalous tail always occurred before the perihelion of the

comet's orbit passed.
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The inverse problem of the polydisperse light scattering of the Jovian Planets

stratospheric aerosol layer is gradually considered. An analytical and numerical

solution of this problem is given. The microstructure parameters of the

optically active aerosol particles for the vertical column of a single-section

aerosol layer are restored.

1. INTRODUCTION

The Jovian Planets (sometimes called giant planets) are Jupiter, Saturn,

Uranus, and Neptune. Jovian planets are gas giants and do not have a solid

surface, so they have powerful atmospheres. The study of the atmosphere of the

Jovian Planets is of great interest for comparative planetology, as an atmosphere

in extreme conditions [1, 2].

The chemistry of the giant planet atmospheres is driven by both the con-

vective processes that loft disequilibrium species from the deep atmosphere into

the stratosphere and the interaction between stratospheric materials and ultra-

violet sunlight [2�4]. As a result, powerful cloud formations are formed in the

Jovian Planets stratosphere. The data of long-term photometric observations of

Jovian Planets suggest that these cloud formations signi�cantly a�ect the appar-

ent brightness of these planets. It can be assumed that these clouds form an

aerosol layer, which by nature are �ne aerosol particles formed in situ (due to

gas-phase photochemical reactions [2,5], and not coarse dust particles introduced

into the atmosphere of Jovian Planets from the outside (entry of dust from the

Jovian Planets ring system, [6]).

* E-mail: atai51@mail.ru
** E-mail: isfazil@yandex.ru
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In this paper, we solve the inverse problem of atmospheric optics of an aerosol

in order to restore the polydisperse composition of the Jovian Planets strato-

spheric aerosol layer. For a comparative analysis of the fractional composition

of aerosols, we use a power-law and log-normal particle size distribution. As the

input data, real estimated values of the optical backscattering thickness of the

aerosol layer were used, which is the most informative parameter of the spatial

structure of the �eld of concentration of aerosol particles and most fully charac-

terizes the di�use re�ection of light radiation in the region of the aerosol cloud.

Estimates of the optical thickness of the aerosol layer were carried out accord-

ing to long-term measurements of the geometric albedo of the Jovian Planets

stratosphere in the visible spectral region during the confrontation of the planet

2. CALCULATION METHOD

Analytical Aerosol Model. The main characteristic of an aerosol is their

polydisperse structure [7, 8]. In order to characterize the backscattering of sun-

light, we will consider the polydisperse structure of aerosol particles in the vertical

column of the aerosol layer. To describe the polydisperse composition of optically

active aerosol particles, we will use the asymmetric log-normal distribution func-

tion of the number of aerosol particles N(r) over the radius of r in the atmospheric

column of a single section:

f(r) =
1√
2πν

exp

[
− 1

2ν2
ln2

r

rm

]
(1)

where rm is the modal particle radius, ν is the half width (standard deviation) of

the particle size distribution.

Restoration of the aerosol microstructure. To restore the parameters of the

microstructure of aerosols (spectrum of sizes, modal sizes, particle concentrations)

we will be based on the inversion of the polydisperse integral

τλ = π

∫ r2

r1

r2Q(r, λ)n(r)dr (2)

Here τ is the aerosol optical thickness, Q(r,λ) is the factor of the e�ciency of

scattering of light by particles, which characterizes the optical section of parti-

cles, di�erent from their geometric section due to the wave nature of light [8, 9],

n(r) = Nf(r) is the density of the numerical particle size distribution, where N is

the concentration of particles in the vertical volume of the aerosol layer of a unit

cross section of dimension L−2.
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In (2), to calculate the Q(r,λ) - scattering e�ciency factor, we use the Van de

Hulst approximation:

Q(r, λ) = 2− 4

Ψ
sinΨ +

4

Ψ2
(1− cosΨ) (3)

where Ψ2ρ(n− 1); ρ2πr/λis the Mie parameter, n is the actual refractive index.

To reverse the integral (2) we write this integral in the form:

τλi = SQ̄(λi) = S

∫ r2

r1

Q(r, λi)fs(r)dr (4)

where τλi is the optical density of the aerosol layer of the working wavelength λi,

is the polydisperse scattering e�ciency factor, S= N is the total (full) geometric

cross section of particles in the atmospheric column of a single section; fS ¯(r) is

the distribution of cross sections of particle size r, which can be associated with

the distribution of the number of particles f(r) by the ratio in the form:

fS(r) = r2f(r)/

∫ r2

r1

r2f(r)dr (5)

The inversion (4) is carried out by the method of optimal parameterization from

the following minimization condition at various wavelengths λi [7]:

where λmaxmax corresponds to the largest value of optical thickness, τλi is

the measured and is the model values of optical thickness. It is obvious that the

magnitude of the residual (6) does not depend on S, but is only a function of rm.

The value of S is then estimated by the formula amount of discrepancy

S =
n∑
i=1

τλiQ(r•m, λi)/
n∑
i=1

Q2(r•m, λi) (6)

Estimation of the optical thickness of the aerosol layer. We will consider the re-

verse scattering of the aerosol layer during the confrontation of the planet. We

assume that the brightness coe�cient of the aerosol layer is averaged during the

observation, then this value for the re�ected light radiation equals the geometric

albedo of the planet. The calculations below are carried out for the angle of in-

cidence of the sun's rays 75◦ near the polar region of the planet. In this case, it

is believed that a single re�ection of light is e�ective. Accordingly, for a single

re�ection [10], the brightness coe�cient can be represented as

ρλ =
γ(π)

8µ0
[1− exp(−2τλ/µ0)] (7)

Here, ρλ is the brightness coe�cient generated as a result of pure backscattering

of light radiation, τλ is the optical thickness of pure scattering, γ(π) is the nor-

malized backscattering indicatrix, arccos µ0 is the angle of incidence of sunlight.
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3. CALCULATION RESULTS

The initial measured data of the geometric albedo of the giant planets is given

in Table 1 These data are given for the visible region of re�ected sunlight. In

this area, aerosol scattering plays a signi�cant role in the formation of the visible

brightness of the planet. In accordance with the results of the work [5, 12, 13],

Table 1. Geometric albedo of the planets of the Jovian Planets.

λ

mkm

ρλ

Jupiter

[11]

λ

mkm

ρλ λ

mkm

ρλ

Uranus

[13]

Uranus

[4]

Saturn

[11]

Neptune

[11]

0.4200 0.4040 0.5430 0.240 0.255 0.400 0.2255 0.5691

0.4600 0.4490 0.5760 0.335 0.325 0.4500 0.3466 0.5902

0.5000 0.4830 0.5970 0.350 0.330 0.500 0.4278 0.5828

0.6300 0.5470 0.6190 0.110 0.115 0.550 0.4871 0.5522

0.7300 0.4150 0.6670 0.160 0.190 0.600 0.5434 0.3507

0.8600 0.3050 0.7020 0.105 0.145 0.6500 0.5649 0.2718

Fig. 1. The spectral dependence of the optical thickness of Jovian Planets according

to:1- [11], 2- [13], 3- [4], 4- [11], 5- [11].

we assume that in (3) the index n = 1.5 and the standard deviation in the distri-

bution (1) ν= 0.30. When calculating τλi , the value of the scattering indicatrix

180



AJAz: 2020, 15(2), 177-183 Study of the polidispers structure...

γπfor sbm - particles is assumed to be 1.3 [7, 8]. For the visible spectral region,

where aerosol scattering is signi�cant, the data of τλvalues calculated by formula

(8) are shown in �gure 1.

As can be seen from this �gure, the maximum value of τλfrom the aerosol cloud

falls in the middle of the visible region of sunlight. This con�rms the signi�cance

of the aerosol cloud in the formation of the brilliance of the planet.

According to the data of a �gure 1 in eable 2 ,using the the distribution (1,)the

calculated values of the microstructure parameters of aerosol particles are given.

Table 2. Parameters of the aerosol microstructure over log-normal particle size dis-

tribution

� λmax, mkm λi mkm rm, mkmr̄2 , mkm N, sm−2 S

[11]. 0.630 0.42,0.46, 0.50 0.314 0.3434 4.4892e+070.1663

0.73, 0.86

[13] 0.6670 0.5430, 0.5760 0.090 0.0985 2.1181e+080.0645

0.5970, 0.6190,

0.6670, 0.7020

[4] 0.10 0.1094 1.7186e+080.0646

[11] 0.650 0.400, 0.4500, 0.050 0.0547 1.5882e+090.1493

0.500, 0.550

0.600, 0.6500

[11] 0.500 0.080 0.0875 1.1337e+090.2729

The numerical values of the main characteristics of the rm and N distribution (1)

in Table. 2, obtained as a result of inversion of the polydisperse integral (2) are

consistent in order of magnitude with the results of other works (Atreya, Sushil

K., et all, 2005; Shalygina O. S., 2009, Morozhenko A. V., Yanovitskii E. G.,

1973). For the distribution dN(r)/lnr, as well as for the distribution dS(r)/lnr

in �g. 2, constructed according to the data of this table, is characterized by the

narrowness of particle size distributions. This is due to the small value of the

half-width of the distributions ν=0.30, indicating the constancy of the shape of

the distributions in Fig. 2 and, respectively, on the strong dependence of the

shape of the distributions on the average climatic conditions of the stratospheric

aerosol cloud of the planets. The values of the numerical values of the aerosol

distributions in Fig. 2, which determine its optical activity, depend on a nar-

row range of sbm - particles in a narrow neighborhood of their modal sizes and

nominal concentrations of N, S, whose estimates are given in table. 2.
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Fig. 2. Lognormal distribution of particle size according to table 2: a is the numerical

concentration, b is the geometric section of particles in the atmospheric column of a

single section according to: 1- [11], 2- [13], 3- [4], 4- [11], 5- [11].

As can be seen from �gure 2, the modal size of aerosol dispersive particles

falls within the range of sbm particles. This phenomenon is typical for all atmo-

spheres of Jovian Planets. In the �gure, relatively large particles correspond to the

stratospheric cloud of Jupiter and Saturn, while the smallest particles correspond

to Neptune.

4. CONCLUSION

1 The method of solving the inverse problem of light scattering on aerosol

particles is given for the conditions of the aerosol cloud in the Jovian Planets

stratosphere. The solution of the problem is carried out in the representation of

a lognormal distribution of particle sizes.

2 The optical backscattering thickness of the aerosol layer was estimated from

photometric measurements of the planet's geometric albedo in recent years.

3 The modal sizes, numerical concentrations and total geometric section of

particles in the column of a stratospheric aerosol layer of a single section, Jovian

Planets, were estimated. It is shown that the optically active aerosol particles

form a narrow-band asymmetric sbm-mode.
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This paper is devoted to the application of the Wigner method of constructing

representations of the quantum-mechanical Poincaré group ISO(3.1) using the

small group method and its application in the theory of elementary particles.

Explicit formulas are given for the angles of rotation of the spin during Lorentz

turns, and geometric interpretations of the results of Wigner's theory in terms

of spherical and hyperbolic geometries are given. The results admit a direct

generalization to the cosmological groups SO(4, 1) and SO(3, 2).

Keywords: Poincarè group ISO(3, 1)� spherical geometry� hyperbolic

geometry�unitary ray representations�small group�Wigner's operator.

1. INTRODUCTION

In this paper, we consider the Wigner spin rotation under Lorentz transfor-

mations. Full details of the article are in the review [1].

Wigner rotation is determined from the following formula:

Ã(p̊, A) = h−1(p ′)Ah(p ). (1)

Here A ∈ SL(2, C) and h(p ∈ SL(2, C) are the Lorentz transform and the Wigner

operator ("boost"), respectively; SL(2, C) is the group of complex second-order

unimodular matrices, which is the universally covering group of the Lorentz group

SO(3, 1). The matrix Ã(p̊, A) de�nes the rotation of the rest coordinate system:

Ã(p̊, A) ≡ R(η1, ω, η2) = e−i
1
2
σ3η1e−i

1
2
σ2ωe−i

1
2
σ3η2 . (2)

Here η1, ω, η2 are Euler angles (in this case Wigner angles!) of rotation R.

We will consider 3 di�erent cases of the matrix A since all other cases are a

combination of them.

1. Let A be the rotation around the y axis: A = e−i
1
2
σ2ψ.

* E-mail: balaali.rajabov@mail.ru
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Fig. 1.

The rotation of the rest coordinate system is given by the formulas:

cos η =
cosψ − cosϑ cosϑ′

sinϑ sinϑ′
; ω = 0. (3)

The expression(3) has a simple geometric interpretation (see Fig.1).

cosC ≡ cosψ = cosϑ cosϑ′ + sinϑ sinϑ′ cos η.

In this case, we have the cosine theorem of spherical geometry.

2. Let A be a rotation around the axis z: A = e−i
1
2
σ3ψ.

In this case, the Wigner angles are zero: η1 = η2 = ω = 0.

3. Let A represent the Lorentz transformation in the positive direction of the

z-axis:

A = e
1
2
σ3α.

In this case, the Wigner angles are given by the following formulas:

cosω =
coshβ coshβ′ − coshα

sinhβ sinhβ′
; η1 = η2 = 0. (4)

coshβ =
p0
m
, sinhβ =

|p|
m

; coshβ′ =
p

′
0

m
, sinhβ′ =

|p′ |
m

(5)

It can be shown that the expression (4) has an geometric interpretation. We

introduce 4-speeds:

uµ =
pµ
m

=
(p0
m
,− p

m

)
,

uµu
µ =

pµp
µ

m2
= 1
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Fig. 2.

Fig. 3.

The last equality means that in the 4-velocity space the ends of the 4-vectors lie

on the surface of the hyperboloid (the point (1, 0, 0, 0) is the vertex of the hyper-

boloid). Obviously, the end of the vector
◦
u = (1, 0, 0, 0) will be at the vertex of

the hyperboloid. Consider a triangle formed by vertices at the points
◦
u, u, u′ (Fig.

3).

uµ
◦
uµ =

◦
u = coshβ; u

′µ ◦uµ = coshβ′; uµu
′
µ ≡ coshα. (6)

If we apply the cosine theorem of hyperbolic geometry for this triangle, we get:

coshα ≡ uµu′
µ = coshβ coshβ′ − sinhβ sinhβ′(nn

′
).

On the other hand, the angle between n
′
and n is the angle of rotation around

the axis y0:

(nn
′
) = cosω

Finally, we get:

coshα = coshβ coshβ′ − sinhβ sinhβ′ cosω (7)

It should be noted that the above applies to the case of massive particles:

m2 > 0.

REFERENCES

1. Rajabov B.A., Spin rotation under Lorentz transformations and its geometric in-

terpretations, 14(2), 2019. (to be printed)

186



Astronomical Journal of Azerbaijan, 2020, Vol. 15, No. 2

THE REMARKABLE POST-MAXIMUM BEHAVIOR

OF THE CHANGING LOOK SEYFERT GALAXY NGC

2617

N. A. Huseynov a*, V. L. Oknyansky b, Kh. M. Mikailov a,

V. M. Lipunov b, V. I. Metlov b, N. I. Taghiyeva a

a Shamakhy Astrophysical Observatory named after Nasireddin Tusi of the Azerbaijan National

Academy of Sciences

b Sternberg Astronomical Institute, M. V. Lomonosov Moscow State University, Universitetsky

pr., 13, 119234 Moscow, Russian Federation

.Optical and near-infrared photometry, optical spectroscopy, and soft X-ray

and UV monitoring of the changing-look active galactic nucleus NGC 2617

show that it continues to have the appearance of a type-1 Seyfert galaxy. An

optical light curve for 2010�2016 indicates that the change of type probably

occurred between 2010 October and 2012 February and was not related to the

brightening in 2013. In 2016, NGC 2617 brightened again to a level of activity

close to that in 2013 April. We �nd variations in all pass bands and in both

the intensities and pro�les of the broad Balmer lines. A new displaced emission

peak has appeared in Hβ. X-ray variations are well correlated with UV�optical

variability and possibly lead by 2�3 d. The K band lags the J band by about

21.5 ± 2.5 d and lags the combined B + J �lters by 25 d. J lags B by about

3 d. This could be because J-band variability arises from the outer part of

the accretion disc, while K-band variability comes from thermal re-emission by

dust. We propose that spectral-type changes are a result of increasing central

luminosity causing sublimation of the innermost dust in the hollow bi-conical

out�ow. We brie�y discuss various other possible reasons that might explain

the dramatic changes in NGC 2617.

Keywords: line: pro�les � galaxies�active � galaxies� individual�NGC 2617 �

galaxies�Seyfert � infrared�galaxies � X-rays: galaxies.

PACS: 98.54.Cm, 98.35.Df, 98.35.Jk (all)
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1. INTRODUCTION

In the uni�ed model, two main types of AGN, broad-line (or type I) and
narrow-line (type II) are postulated to be the same sort of object, whose appear-
ance depends on the viewer's line of sight. The two types are so-named because
of the characteristic emission lines in their spectra � type I AGN have very broad
emission lines and a higher level of continuum emission, while type II AGN lack the
broad-line signatures and instead feature very narrow emission lines and weaker
continua. The idea behind the uni�cation scheme is that the central black hole is
surrounded by an �obscuring torus� of gas and dust. Thus, if the broad emission
lines are produced in a region close to the central black hole, while the narrow-line
features are created at a more distant radius outside the torus, it is possible for
the broad lines to be hidden, depending on the angle at which the AGN is seen.
The best evidence for this scenario comes from spectropolarimetry observations
of some type II AGN in which broad emission lines are seen in polarized light, as
would happen if the broad-line region truly were hidden, and the light were being
re�ected o� the torus and into the viewer's line of sight.

For decades, astronomers wondered why we see internal regions in some ac-
tive galactic nuclei, but not in others. The most popular explanation is a di�erent
viewing angle: if the AGN is located �at relative to the observer from the Earth,
then a hot gas falling in a spiral into its black hole can be considered, and if it is
tilted to the line of sight, only slow moving gas clouds will be visible light year
distance or more from the black hole. However, there are AGNS that do not �t
into these representations: they can either open the inner region of the nucleus
or hide it, in other words, changing look their type.

Active galactic nuclei (AGNs) can be classi�ed on the basis of their optical
spectra into `type-1' AGNs (Sy1), showing prominent broad Balmer lines, and
`type-2' AGNs (Sy2), lacking obvious broad Balmer lines. Designations such as
`Seyfert 1.8' are used for intermediate cases [1]. Rare cases of so-called `changing-
look' AGNs (CL AGNs) � AGNs that show extreme changes of spectral type �
pro-vide important tests of theories of the Sy1/Sy2 dichotomy. The �rst detailed
investigations of changes from type 2 to type 1 and back to type 2 were for Mrk
6 [2] and for NGC 4151 [3�5]. Recent reviews by Shappee et al. [6] and Koay et
al. [7] give lists of objects and references.

CL AGNs such as NGC 2617 are rare. There are currently only some tens
of cases known. However, the small number of known CL AGNs is comparable
to the number of AGNs that have had many years of spectral monitoring. It is
therefore reasonable to suspect that perhaps each strongly variable AGN could be
found to be a CL AGN if observed long enough. This assumption is supported by
recent results of Runco et al. [8] that about 38 per cent of 102 Seyferts changed
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the type, and about 3 per cent of the objects have disappearing Hβ on time-scales
of 3�9 yr. Also, MacLeod et al. [9] estimate that >15 per cent of strongly variable
luminous quasars exhibit a changing-look behaviour on rest-frame time-scales of
3000�4000 d.

2. OBSERVATIONS

We commenced the spectroscopic and photometric monitoring of NGC 2617
in 2016 January to see if it still appeared to be a type-1 AGN three years after
the intensive 2013 monitoring campaign of Shappee et al. [6]. Our observations
included IR (JHK) and optical (BVRcIc) photometry and spectroscopy. Addition-
ally, we have used un�ltered optical monitoring by the MASTER robotic network
from 2010 to 2016. We found that the nucleus of NGC 2617 remains in a high
state and can still be classi�ed as a type-1 AGN [10]. The optical photometry
and IR photometry show that the activity of NGC 2617 is continuing and that
it underwent another series of outbursts in 2016 April�June. These outbursts are
comparable, in level, to those when NGC 2617 was observed by Shappee et al. [6]
in 2013 May [11,12]. We subsequently applied for soft X-ray and UV observations
with the Swift/XRT. These began on 2016 May 17 and continued till 2016 June
23.

3. OPTICAL SPECTROSCOPY

We obtained optical spectra covering 4100�7000 Åwith the 2 × 2 prism spec-
trograph and a 4K CCD (spectral resolution 3�7 Å) on the 2-m Zeiss telescope
of the Shamakhy Astrophysical Observatory (ShAO) on the four nights of 2016
February 3 and 4, March 4 and April 9. Examples of mean spectra of the Hβ
region for three of the nights can be seen in Fig.1 together with a spectrum from
Shappee et al. [6]. It can be seen from all our 2016 spectra that NGC 2617 can
be classi�ed without any doubt as a type-1 AGN.

In our spectra, one can see a displaced emission component in the red wing
of Hβ at a relative velocity of +2500 km s−1, which was not apparent in spectra
obtained in 2013. We could not verify that this new component is also present
in the Hα pro�le because of the inferior resolution of the prism spectrograph at
long wavelengths. The emission component cannot be identi�ed con�dently in
the pro�le of Hγ as there is strong [O III] λ4363 emission.
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Fig. 1. Top panel: our mean spectra for four dates normalized to the continuum and

o�set for clarity. Bottom panel: comparison between the Shappee et al. [6] Apache

Point Observatory 2013 April 25 spectrum of the Hβ region of NGC 2617 and our

spectra from 2016 February 4 (1), March 4 (2) and April 9 (3). Spectra have been

normalized to the continuum level, and then relative calibration has been performed

by assuming a constant �ux in [O III] λ5007 and λ4959. Spectra are o�set for clar-

ity. The arrows show the locations of the displaced emission peak in the red wing of

Hβ.

4. OPTICAL BVRCIC OBSERVATIONS

We obtained optical BVRcIc CCD data with the AZT-5 (a Maksutov 50-cm
meniscus telescope equipped with an Apogee Alta U8300 CCD camera) at the
MSU Crimean Observatory and with the Zeiss-600 using a 4K CCD at ShAO on
17 nights in 2016 March�May. The data were calibrated using SDSS stars within
1.5 arcmin of NGC 2617 and transformed into the Johnson�Cousins magnitude
system in the same manner as Shappee et al. [6]. We measured the background
within an annulus of radii 35�45 arcsec.

The BVRI light curves are shown in Fig.2. The magnitudes are for an aper-
ture of 5 arcsec radius. NGC 2617 can be seen to have brightened by about 0.3
mag in B during March and then decreased by 0.1 mag in the middle of April.
At the end of April, it began to brighten again and reached a maximum of 14.6
in B on May 19. One more maximum of the similar magnitude was reached near
June 15. The amplitude of variations in V was about half the amplitude in B.
Variations in Rc and Ic were synchronized with B-band variations but still with
smaller amplitudes.
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Fig. 2. Near-IR (bottom panel), optical (middle panel) and UV�X-ray (top panel)

photometric observations of NGC 2617 over the 5-month period from 2016 January

30 to June 29. The solid circles in the middle panel are BVRcIc data obtained with

AZT-5, while the open circles are observations with the Zeiss-600. Open boxes are

�ltered BV data obtained by the MASTER network, and solid squares (Bw) are from

un�ltered MASTER data reduced to the B system. In the top panel, the solid circles

are the combined Swift UV photometry reduced to the UVW1 system, whilst the

X-ray �ux is shown by the open triangles. Error bars are shown, but they are generally

smaller than the plotting symbols. The dates of the optical spectra are indicated.

5. RESULTS

We determined the lag time in the K band (2.2 µm) relative to the optical
variability in NGC 2617 in 2016 was about 25 days, which coincides with the
estimate of the radius at which dust should be sublimated. For NGC2617, lags
between variability at di�erent wavelengths are de�ned. These results partially
con�rmed the previously obtained results, which are partly new and original; in
particular the determination of the lag time of �ow variations in the �lter K, the
relative optical variability is the �rst reliable result for this object.

We �rstly discovered the presence of a variable emission component in the Hβ

line pro�le in the Seyfert galaxy NGC 2617 and noted that similar features are
characteristic of other galaxies that changed their spectral type.
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