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Abstract: Computer modeling of the outflow from Be stars is performed. In our approach, processes
of turbulence excitation and turbulent viscosity are added to the conventional model of the radiation
driven winds. The objective of our study is to reproduce from the first principles the main features
of the outflow from Be stars: a fast polar wind and a slow viscous Keplerian disk at the equator.
At sub-critical velocity of rotation up to 0.999 of the critical velocity, our model reproduces the
formation of the fast polar wind together with a slow highly turbulent outflow at the equatorial
region. This outflow, however, does not reassemble a Keplerian disk. We link this to the absence
of the angular moment transfer from the star to the disk. This process provides an increase of the
angular momentum of the disk matter with radius. We consider a star with super critical rotation as
the simplest way to supply the angular momentum to the disk. In this case, the star surface has a
higher azimuthal speed than the matter at the inner edge of the disk. The angular momentum transfer
becomes unavoidable. Already at rotation velocity 0.5% above the critical one, a quasi Keplerian
disk at the equator is formed with size ~10 stellar radius. At rotation 1% higher than the critical
speed, the disk reaches ~15 stellar radius. The main conclusion following from our work is that
the conventional model of the radiation driven winds is able to reproduce the main features of the
outflow from Be stars provided that the process of turbulence excitation and a process of angular
momentum supply of the disk from the central source are added in to this model.
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1. Introduction

The physics of Be stars remains a hot topic in astrophysics for a century since the
discovery of these objects. It is firmly established that the outflow from Be stars consists
of a fast polar wind and a Keplerian disk at the equator [1,2], but we still have no answer
for a key question of the physics of Be stars: how does it happen that powerful stellar
radiation forms fast wind in the polar region while a Keplerian disk with very low radial
velocity appears at the equator? The main reason is that our knowledge about Be stars is
rather poor. We obtain some information about the Be star outflows from observations.
However, to a large extent, the phenomenology of these sources is based on a simplified
model that can not be justified by observations. Numerical modeling of outflows from Be
stars provides a way to improve the situation, but up to now, all attempts to reproduce the
basic observational properties of the outflow from Be stars, fast polar wind and Keplerian
outflow at the equator, in one physical picture were not successful.

There is a common consent regarding physics of the polar wind. Polar outflows from
Be stars are line-driven winds, i.e., ions in the wind are accelerated by the radiation pressure
provided by absorption lines. The radiative force provides a high velocity of the wind and
a high mass loss rate in agreement with observations. The polar wind has been modeled
in many works under different assumptions [3-5]. While the key observation properties
of the polar winds, e.g., their termination speed and mass loss rate, are reproduced in

Universe 2022, 8, 591. https:/ /doi.org/10.3390 /universe8110591

https:/ /www.mdpi.com/journal/universe


https://doi.org/10.3390/universe8110591
https://doi.org/10.3390/universe8110591
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/universe
https://www.mdpi.com
https://orcid.org/0000-0002-8221-658X
https://doi.org/10.3390/universe8110591
https://www.mdpi.com/journal/universe
https://www.mdpi.com/article/10.3390/universe8110591?type=check_update&version=2

Universe 2022, 8, 591

20f16

many simulations, none has succeeded with modeling of the Keplerian disk formation.
The reason for that might be quite obvious.

Theoretical arguments [3-5] and observations [6-8] say in favor a viscous quasi Keple-
rian disk ([9-13]) (hereafter the decretion disk) around Be stars. In this disk, transport of the
angular momentum from the rotating star to the outer edge of the disk is provided by tur-
bulent viscosity, which is the key physical process in the disk. It is obvious that any model
of the plasma outflow from the Be star that neglects the process of turbulence generation
and viscosity has no chance to reproduce a viscous Keplerian decretion disk. Nevertheless,
some other processes might also be important for the disk formation. They lead to the
slower and denser flow at the equator such as bi-stability [14], wind compression [15] or
effects of finite disk size and rotation [16]. All these processes facilitate formation of the
Keplerian disks. Some of them are used in this work.

This work is additionally motivated by discovery of transient radiation from binary
systems containing a massive Be star and a pulsar or a black hole [17]. Binary system
PSR1259-63/LS2883 is one of the representatives of such objects. It consists of a pulsar
and massive O-type companion ([18-20]). Interaction of the pulsar wind with the outflow
from the Be star leads to radiation in the range from radio to hard gamma rays with photon
energy at least 10 TeV ([21-29]). GeV flares 30-60 days after the passage of the periastron in
2010 [30], 2014 [29], 2017 [31,32] and in 2021 [33] are one of the most spectacular phenomena
in this system. The luminosity of the system during these flares is comparable with the total
rotational losses of the pulsar PSR 1259-63. So far, the physics of the flares is not clear [34-36].
However, its repetitive nature suggests that the hydrodynamics of the pulsar-stellar winds
interaction plays a key role in understanding this phenomenon. This clearly shows how
much we need a reliable model of the outflow from Be stars that could be able to reproduce
simultaneously so different structures: fast polar wind and the decretion disk.

We have started a series of works in which we study the disk formation with computa-
tional models that include the process of generation of the hydrodynamic turbulence [37,38].
We also include the numerical model conventional processes: gravity, thermal pressure,
rotation of the star, oblateness of the stellar surface due to rotation, acceleration of the wind
due to scattering of the stellar radiation in lines of ions and impact of the finite size of the
star on the radiative force.

This work is a direct continuation of our previous studies, in which we presented the
results of the numerical simulation of the turbulent outflow from a fast rotating star neglect-
ing the radiative acceleration [37] and taking into account the radiative acceleration [38].
It was found that a turbulent slow disk-like flow is formed at the equator at the typical
velocity of rotation of the star close to 80% of the critical one. However, in contrast to our
expectations, the properties of the revealed flow are quite different from the Keplerian disk.
In particular, the angular momentum of gas elements is conserved, i.e., there is no angular
momentum transport through the flow. The objective of the present work is to determine
conditions or mechanisms that should be added to the model to provide formation of the
Keplerian viscous disk. In this work, we modify the model as follows:

*  The radiative force was corrected taking into account the finite size of the star. This
correction is crucially important for the radiative winds. Without this correction the
steady state solution crossing all the critical points [39] does not exist for rapidly
rotating stars [16,40]. According to [16,40,41], adding a correction factor Dy to the
radiative force produces new solutions and allows the flow to pass though the new
critical points.

* A mechanism of the angular momentum transport from the star to the outflow has
been incorporated into the model. To force enabling the angular momentum transport,
we adopt the stellar rotation speed slightly above the critical value. In this case, the
surface of the star rotates slightly faster than the matter at the Kepler orbit. Angular
momentum transfer from the star to the matter becomes unavoidable.
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2. Methods

The numerical model was described in [37,38]. In comparison with the previous model,
we modified the radiative force taking into account the finite size of the star. For details, we
refer the reader to the mentioned works. Here, we discuss only new elements introduced
into the model.

2.1. Radiative Acceleration

The line force is taken in the following simple form [16,41,42]:

¢ _ korpL.x 1 dog \ 1% (10" n, (SD )
L™ "47cR3 | p(r)vgor \ 9R W fr

where k, &, and ¢ are force multiplier coefficients. As typical parameters for Be star L52883,
we adopt k ~ 0.15, « ~ 0.64 and & ~ 0.08 [41]. Modeling is performed only for this set of
values. Other sets of parameter values, typically considered as feasible for Be stars, will be
considered after developing the final version of the computer model.

We note that « can be variable [43,44]. In this version of the model, we neglect this
additional freedom of the solution. However, the computer model allows us to take this
property into account in the future. W(R) is the dilution factor defined as [42]
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As 6 < 1 in this work, we set the factor (LW”“) to 1. However, we took into

account correction of the radiative force due to finite radius R of the star. In the limit of
the spherically symmetric star, the dependence reduces to the additional correction factor
Dy in the radiative force, which has the following form under our approximations [16]:
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In our work, R, is replaced by the star radius at the pole Ry,

Oblateness of the star and gravity darkening also modify the radiative force [3]. This
modification leads to the formation of a faster wind at the pole and slower at the equator.
We neglect this effect on the obvious reason. The radiative force is determined basically
by derivative dvg /dR. See Equation (1). In the viscous Keplerian disk, vy is very low
compared even with the thermal velocity. The derivative duvg /dR is correspondingly very
small as well. The radiative force appears small compared with all other forces in the disk.
This explains why the Keplerian disk survive in the very luminous field of radiation of the
star. The radiation goes through the disk without interaction with the matter. Therefore,
it does not matter for the dynamics of the Keplerian disk if radiation field appears smaller
at the equatorial region due to gravity darkening.

2.2. System of Equations

Gravity, rotation of the star, pressure gradients, turbulence and line acceleration
are taken into account. Acceleration in continuum is neglected because it is reduced to
renormalization of the gravity by a few percents. The problem is solved in the rotating
coordinate system. The system of equations is as follows:
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These are continuity equation, Navier-Stokes equation [45] and equation for intensity of
turbulence k and the rate of the turbulence dissipation ¢ in the simplest k — ¢ model of
hydrodynamical turbulence [46,47]. Here, ut is an eddy dynamical viscosity, and p and p
are the pressure and density. ¢ is the effective potential

o — _GM+ GM B w?r?
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including the gravitational and centrifugal potentials. Here, w is the angular velocity of
the star, R and r are the polar and cylindrical radius, R, is the radius of the star at the
aZJ,' a‘Uk avi
Oxg | Ox; ) Oxy

pole, M, is the mass of the star, G is the gravitational constant, p;, = yT( En

2 . . -
%g%’; (37/‘T3% —|—pk), Ur = Cyp% is the turbulent viscosity C,,Ce,, Ce,, 0y, 0 are model

constants [46,47]. We assume that gas is isothermal with the equation of state in the form
p = pC?, where C is the constant sound velocity, which is connected with the effective

kBTeff
m

temperature of the star T,y as follows C? = , where kg is the Boltzmann constant, m,,

is mass of the particles of the wind.

2.3. Dimensionless Variables

As in our previous work [38], we consider the problem in dimensionless variables.
Velocities are expressed in Vx—XKepler velocity at the pole of the star, the distance is
measured in radius of the star at the pole R, density is measured in units of typical
density of Be stars at the photosphere p,;, and dimensionless mass flow rate 7 of the wind
is defined as

it = M/ (4700, VKR, ). (11)

where M is the rate of mass loss.

Parameters of Be star in the binary system PSR1259-63/L52883 are given in [20,48]
and [49] in a rather wide range. For definiteness, we use the following dimensionless
squared sound velocity v? = 5.5 x 10~* and i1 = 2.3 x 1073 [38].

It is convenient to represent the line radiative force in dimensionless form as well.
According to [50], radially expanding cold wind driven only by radiation and gravitation
has the following relationship between mass flow rate MO and luminosity of the star L,:

keroL. [ 1 1*  GM My \* 12)
e |ogor|  a*(1—a)l-2\4nGM )

In [38], we introduced a dimensionless mass flow rate as g = M/ (47rpphVKRfml o)
The physical sense of 7 is evident. This is the dimensionless mass loss rate that a non-
rotating star of a given mass and luminosity could create under assumption of a point
source of radiation and neglecting thermal pressure. Then, the line radiative force in

dimensionless variables can be rewritten as
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The critical rotation speed of the star w,, is determined by the condition when the
stellar surface at the equator moves with the Keplerian speed. Taking into account the

. . 2
oblateness of the star due to rotation, one finds that w¢ = (%)3/ [2].

2.4. Boundary Conditions

The system of Equations (6)-(9) is solved under axisymmetric approximation in a two-
dimensional plane (r,z). The computational domain includes only the upper hemisphere.
The oblateness of the star [2] has been taken into account. The star surface coincides with
one of the lines where the effective potential ¢ is constant. At the surface of the star, we
specify only the dimensionless density equal to 1. Taking into account that the star surface
cannot coincide exactly with the line of the constant potential ¢, we specify a more general
condition at the star surface in the form

p= exp(—(p/Cz). (14)

We set the effective potential to be 0 at the pole. Temperature is defined by constant v;.
We do not fix the velocity of plasma at the stellar surface. The value and direction of the
plasma velocity are determined in the process of solution. The density of the mass flux
from every point of the stellar surface is determined by the solution.

The outer boundary of the computational domain is a sphere with radius 30 polar stel-
lar radii, which greatly exceeds the radius of the critical points [39] in the flow. The velocity
at this boundary has been determined at the simulation.

3. Results
3.1. Motivation of Consideration of the Supercritical Rotation

At the very beginning of our study, we assumed that introduction of the turbulence
into the conventional model of radiation driven winds will automatically give us a viscous
Keplerian disk. However, reality appeared more complicated.

In our previous study, we modeled the turbulent outflow from Be star at the angular
velocity close to 70-90% of the critical angular velocity. We have obtained relatively slow
turbulent outflow at the equator while the fast polar wind is formed in the polar region.
The flow at the equatorial region was not steady state. It was variable with a small time
scale. In this study, we take into account correction of the radiative force due to the finite
size of the star. After that the solution becomes a steady state. However, in all cases,
the equatorial flow does not converge to the Keplerian disk as we expected to obtain.
Even in the limiting case, when we set the stellar angular speed to 0.999 of the critical
one, the outflow at the equatorial plane remains non-Keplerian. Figure 1 demonstrates
a poloidal cut of the velocity distribution in such a flow. The flow consists of two parts:
fast polar wind accelerated by the radiation and the slow wind at the equatorial plane.
Figure 2 shows density distribution in the poloidal plane. Density at the equator evidently
essentially exceeds the density in the polar region. The disk-like outflow at the equator
looks like a viscous disk. Nevertheless, this is not a Keplerian disk. The flow at the equator
occurs with practically constant angular momentum along flow lines. It follows from
Figure 3 that close to the star the angular momentum even slightly decreases.

Thus, adding turbulence alone to the conventional model of the radiation driven winds
does not result in the formation of a Keplerian disk. Our analysis has shown why this
happens. The Keplerian decretion disk can exist only if the angular momentum from the
central star is permanently transported due to turbulent viscosity to the outer edge of the
disk [9]. Although turbulence is excited in the equatorial region, the angular momentum
transfer from the star to the outflowing plasma is absent because the star that rotates slower
than the inner edge of the disk is not able to transfer its angular momentum to the matter
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rotating on Keplerian orbit faster than the star. To create a viscous Keplerian disk, it is
necessary incorporate into the model a physical mechanism that provides a transfer of the
angular momentum from the star to the outflowing matter. The nature of this mechanism is
not important for characteristics of disks. They are determined only by one parameter—the
angular momentum that every particle of the outflow carries out from the star. This value
also determines the size of the disk [9].

Poloidal Velocity
6.33e+00

4.74e+00

3.16e+00

1.58e+00

[N i T
0 r 30

Figure 1. The field of velocity in the poloidal plane at w = 0.999. Thick black solid line at the star
surface—sound line for the poloidal velocity.

30

Density
1.97e+00
6.63e-01
2.24e-01
7.54e-02
2.54e-02
8.57e-03
2.89e-03
9.75e-04
3.29e-04
1.11e-04
3.74e-05
1.26e-05
4.25e-06
1.43e-06

Figure 2. The density at w = 0.999.
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Figure 3. Distribution of the angular momentum of the flow at the equatorial plane (solid line).
Dashed line—angular momentum at the Keplerian rotation, and dashed-dotted line—angular mo-
mentum at the rigid rotation. The equatorial flow at w = 0.999 remains non-Keplerian.

We expect that the most realistic mechanism for the process of the angular momentum
transfer is the magnetic field. We already mentioned that a relatively weak chaotic magnetic
field ~ 10-20 G can provide the mechanism for corotation of the plasma together with the
star up to the distance where the toroidal velocity will reach or even exceed the Keplerian
velocity. This magnetic field should be rather weak [38]. It is well below the typical upper
limits on the magnetic field at the surface of Be stars [51,52]. This assumption does not
contradict the observations.

At present, we have not in our hand a numerical code for simulation of the process of
corotation of the outflowing plasma due to the magnetic field. However, we can verify our
assumption by another way. We can consider a case when the star rotates slightly faster
than the critical speed. If our assumption is correct, then the angular momentum transfer
should allow the formation of a viscous Keplerian disk. Below, we consider two cases of
the supercritical rotation assuming the shape of the star corresponding to the star rotating
with angular velocity w = 1.

3.2. Rotation on 0.5% Faster Than Critical One

In Figures 4 and 5, the field of velocity and density are shown for the rotation with
w = 1.005. All the rest of parameters are the same like in the previous section. At first
glance, there is no crucial difference in compare with the flow with w = 0.999. Only the
slow turbulent region at the equator occupies larger cone and the zone of subsonic flow
at the equator extends to a larger distance. However, inspection of Figure 6 shows that in
this case, the flow becomes Keplerian up to the distance ~ 10 polar radius of the star. Our
assumption is fully confirmed. Even exceeding the critical speeding by 0.5% activates the
mechanism of the angular momentum transfer. After that, the turbulent viscosity provides
transport of the angular momentum along the flow to the outer parts of the outflow.
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30 Poloidal velocity
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Figure 4. The field of velocity in the poloidal plane at w = 1.005. Thick black solid line—sound line

for the poloidal velocity.
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Figure 5. The density in the poloidal plane at w = 1.005.
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Figure 6. Distribution of the angular momentum of the flow at the equatorial plane (solid line).
Dashed line—angular momentum at the Keplerian rotation and dashed-dotted line—angular mo-
mentum at the rigid rotation. The equatorial flow at w = 1.005 becomes Keplerian.

It follows from Figure 7 that in the polar region, we have fast polar wind accelerated
by radiation. Very slow radial flow in the quasi-Keplerian disk takes place at the equator.

10
1 1
0.1 [ —
x I //
> —
0.01
0.001 ||

0.0001

0 5 10 15 20 25 30

Polar radius, R

Figure 7. Dependence of the poloidal velocity on the polar radius R at the equator (solid line) and at

the axis of rotation (dashed line), w = 1.005.

3.3. Rotation on 1% Faster Than Critical One

An increase of the rotation velocity by additional 0.5% makes the picture more inter-
esting. In Figures 8 and 9, the field of velocity and density are shown for the rotation with
w = 1.01. The cone of the slow turbulent flow at the equator increases even more with
sudden expansion at ~15 stellar radius. According to Figure 10, the radius of the viscous
Kepler disk reaches 15-20 stellar radius. The size of the Keplerian disk evidently increases.
According to Figure 11, the radial velocity of the flow at the equator is much smaller than at
the pole. The radial velocity is even smaller than the same velocity in the case of w = 1.005.
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30 Poloidal velocity

6.49

4.87

3.25

1.62

0.00

Figure 8. The field of velocity in the poloidal plane at w = 1.01. Thick black solid line—sound line
for the poloidal velocity.
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Figure 9. The density at w = 1.01.
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Figure 10. Distribution of the angular momentum of the flow at the equatorial plane (solid line).
Dashed line—angular momentum at the Keplerian rotation, and dashed-dotted line—angular mo-
mentum at the rigid rotation. The equatorial flow at w = 1.01 is Keplerian up to 15 stellar radius.

10
1 b
0.1 ——
—
3 I —
> —
0.01 e

0.001
0.0001

5 10 15 20 25 30

Polar radius, R

Figure 11. Dependence of the poloidal velocity on the polar radius R at the equator (solid line) and
at the axis of rotation (dashed line), w = 1.01.

The new feature of the flow at w = 1.01 is the sudden expansion of the equatorial flow
at r > 15. Figure 12 shows density distributions along lines perpendicular to the equator
located at different distances from the star: 2, 10 and 20 radius of the star. They are shown
in Figure 9 by thin vertical lines. The disk survives at least up to the distance of 20 stellar
radii. This is a very thin and dense structure. In all cases, the density falls down with
the height above the equatorial plane on a few orders of magnitude. In contrast, at larger
distances, the distributions have rather wide wings, especially at distance 20. In the last
case, the wing is produced by the wind from the disk. Formation of the wind from the disk

supports the basic idea of the work [53].
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Density
=)

Figure 12. Distribution of density across the disk at distance 2 (solid line), 10 (dashed line) and 20
stellar radius (dashed-dotted line) at w = 1.01.

An unusual property of the disk is high density of the disk at the stellar surface. Recall
that the boundary condition at the star specified a constant density equal to 1. For sub-
critical rotation speed, Equation (14) provides this condition. However, at a supercritical
rotation Equation (14) leads to a huge density on the surface of the star at the equator.
Figure 13 explains why this happens. Thick lines show the surface of the star for w = 1.
Thin lines show the contours of the efficient potential ¢. For clarity, the efficient potential
is presented at w = 1.1. At a sub-critical rotation the surface of the star coincides with
one of the contours of ¢. At the supercritical rotation, the contour lines from the internal
part of the star (where the density is high) cross the star surface at the equatorial region.
Taking into account that c? < 1 this leads to the exponentially large growth of the density
at the equator.

25

R

Figure 13. The shape of the star surface at w = 1 (thick solid line) and lines of the constant values of
the effective potential ¢ (thin lines) at w = 1.1.

Due to this, we obtain in our model extremely dense Keplerian disks.
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4. Discussion

In our previous work [38], we have obtained fast polar wind and slow equatorial flow
considering subcritical rotation of the star, at w = 0.8-0.9. The revealed equatorial flow
appeared to be quite turbulent. The turbulence is excited at the equator due to stresses
arising in the flow. According to the present work, this equatorial flow also remains non-
Keplerian for very fast subcritical rotations, up to w = 0.999. The matter in the flow at the
equator moves with the constant angular momentum. This shows that adding turbulence
alone to the model of radiation driven winds does not lead to formation of the Keplerian
decretion disk. We present the results obtained with the simplest k — ¢ model of turbulence.
However, we tested another two parameter models of turbulence. The results are similar.

It is well known that Keplerian decretion disks can exist only if the angular momen-
tum from the central source is transported along the disk to its outer edge [9,54]. We
have turbulent viscosity in the model to transport the angular momentum along the disk.
However, the mechanism of the angular momentum transfer from the central source to
the inner edge of the disk is absent. There is no source of the angular momentum. The star
rotating at 80-90% of the critical velocity is not able to transfer the angular momentum to
the matter rotating at the Kepler orbit faster than the surface of the star. Thus, for formation
of the disk, we need to add this mechanism.

The mechanisms of the angular momentum transfer by waves [55] or by magnetic
field [56,57] were already considered. We also assume that the best candidate for this is a
magnetic field, chaotic or regular. A magnetic field provides conventional mechanism for
the angular momentum loss for a wide range of astrophysical objects starting with young
stars and finishing by rotation powered pulsars. It would be natural if, in Be stars, magnetic
fields allow angular momentum transfer as well. Magnetic fields are not conventionally
detected at the surface of Be stars. Observations give only the upper limit on the magnetic
field of the order of ~100 G [51,52]. According to our estimates, the value of the magnetic
field necessary to provide corotation of the plasma in the disk with the star at the distance
~1.5is close to 10 G [38]. In this case, our assumption does not contradict to observations.
Detailed discussion of these estimates is outside the scope of our present work and will be
given elsewhere.

It is worth mentioning that in a number of works, the impact of the regular magnetic
field on the radiation driven wind has been considered [58-60]. The impact of the dipole
magnetic field on the Keplerian disk has been considered in [61]. It is interesting that in
the last work a ~10 G magnetic field appears marginal. This field still does not destroy the
disk, but its influence on the disk dynamics becomes noticeable.

The assumption about the impact of a weak magnetic field on the angular momentum
transfer from the star to the disk deserves a special analysis in the future. At the present
status of our understanding of the physics of the decretion disk formation, we have to
ask the following questions. Will it be sufficient to add to the model a mechanism of the
angular momentum transfer from the star to disk to obtain the Keplerian disk? Did we not
again oversee something critical?

To answer on these questions it is necessary to perform modeling of the outflow from
the rotating star with an enabled mechanism of the angular momentum supply. The nature
of this mechanism is not so important. This mechanism has to provide a relatively large
angular momentum per particle in the equatorial flow. If so, we can consider any physically
reasonable (even if only theoretically) mechanism that can supply the disk with the angular
momentum. As a temporal measure, we use here supercritical rotation of the star as such a
mechanism. The idea is simple. The star inevitably has to transfer the angular momentum
to the outflowing matter if it rotates slightly faster than the critical velocity of rotation. Our
modeling of the plasma outflow at the supercritical rotation demonstrates the formation of
the Keplerian disk at the equatorial plane already at 0.5% excess above the critical velocity.
It is the first case when in one model taking into account all main physical processes we
have obtained the fast polar wind and viscous Keplerian disk at the equator. This is the
main result of our work. Now we know how the same physical processes can lead to the
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formation of so different outflows as the radiation driven wind at the pole and viscous
Keplerian disk at the equator.

We explored the supercritical rotation to provide the angular momentum supply to the
disk only as a “quick fix”. This does not mean that the Keplerian decretion disks are formed
only at the supercritical rotation of Be stars. This evidently contradicts to observations
and incorrect from the theoretical point of view. This means that search and investigation
of the physically reasonable mechanism of the angular momentum supply of the disk
by the central star is the key problem for understanding the mechanism of the Be star
disk formation.
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