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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‖)
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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,
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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.
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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
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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
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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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(B8 IB)
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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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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.

49



A. Kholtygin et al. AJAz: 2020, 15(2), 48-52

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
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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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ċ�
�M

⊙
yr

−⊙
�

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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SPECTRAL MONITORING OF THE HERBIG AE
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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,

66



AJAz: 2020, 15(2), 59-70 Spectral monitoring of the Herbig Ae star HD 179218

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).
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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 H� , H� , 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 H � 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 H� 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 H � is observed inverse P Cyg pro�le,
the structure of the pro�le of H � changed a little and this line displaced to longer
wavelength. It is interesting that when the H� is observed inverse P Cyg, the
pro�le of He I � 5876 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 H � and H� 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 H� line P Cyg-pro�le of the star HD21389.

2. CONCLUSIONS

1. The absorption pro�le of the H� 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 H� 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 H� 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 H� and H� 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 H� ,H
 , H� and He I� 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

* E-mail: mikailov.kh@gmail.com
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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 = �= � � = 28000, spectral diapason 3800-8000Å, Chip 4096x4096, pixel
size15� 15�m:

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 H � H
 , H� Fig. 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 H� to H� ). 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� � 2500km/s from the spectrum to spectrum. Absorption com-
ponents are better visible in H� line. But visibility of absorption components in
H
 and H� gets more di�cult due to overlap of the emission spectrum with ab-
sorption components. For example 4320, 4306 and 4313 lines of [FeII] in H
 line,
4068 and 4076 lines of [SII] in H� line.

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 H� line (see table 2). Equivalent width, deepness and ray
velocities of high velocity absorption components of H� , H
 , H� 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 H� , H
 , H� 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- H� , H
 ,
H� regions, b � HeI 5876 Åregion.

In Fig.1 pro�les of absorption components of H� 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 H� and HeI 5876 Ålines are very similar in the other 4
nights' spectra except08th of July. But their deepness are very di�erent. Deep-
ness of the H� lines 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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