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Abstract: We investigate the relationship between brighten-up events, respectively light curve shape's

behavior, disc's models and polarization states in accreting compact binary stars. Indications of binary star's
activity, by employing theoretical and observational data on their main parameters and conditions are presented.
Using online data of the base accreting flow parameters, the disc’s structure models are created for two types of
stars.
We suggest some observational results, which demonstrate the existence of the brightness variability in three
binary stars with compact objects: V592 Cas (Cassiopeia), CH Cyg (Cygnus) and V471 Tau (Taurus). The
methods of polarimetry to probe the stars conditions during the active states are also applied. The results show
variations in the polarization parameters of selected binaries for the flares activity period.
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Pe3rome: B masu cmamusi Hue u3criedgame 8pb3kama Mex0y akmueHOCm Ha npoceemeaHus,
cbomeemHume opMu Ha Kpusume Ha brscbka, duckosume mModenu U Monsgpu3ayUoOHHOMO CbCMOsIHUE Ha
aKkpemupawiu KomrnakmHu obekmu 8 08olHU 38e30HU cucmemu. [lpedcmaseHu ca uHOUKayuu 3a mesu
akmueHocmu 8 dgoliHUMe 4pe3 meopemuyHu u HabnrodamernHu daHHU.

Ypes usnonssaHe Ha oHnauH 0aHHU 3a OCHOBHUME MapaMempu Ha akpemupauwjusi Momok, ca KOHCmpyupaHu
modernu Ha duckoseme 3a 0g8a murna 38e30U.

U3nonseaHu ca HabrmodameriHu GaHHU, Koumo OeMOHCcmpupam Halu4yuemo Ha eapuayuu 8 ceemumocmma 8
mpu 08oliHU 38e30u ¢ KomrnakmHu obekmu: V592 Cas (Cassiopeia), CH Cyg (Cygnus) and V471 Tau (Taurus).
lNpurnoxeHu ca u MemoOu Ha rofispuMempusama 3a udyyasaHe Ha CbCMOsIHUsIMa Ha me3u 38e30u o epeme Ha
nepuodu Ha akmueHocmu. Pe3ynmamume rokasgam eapuauyuu 6 ronspu3ayuoHHUme napamempu Ha
u3bpaHume 080UHU MO 8peme Ha nepuodume Ha rNPOMEeHU 8 ceemuMocmma.

Introduction

The main aim of this survey is to show the variations in stars’ physical conditions by
indications of different models and methods. Active states in astrophysical objects are usually
associated with the phenomena like bursts, flickerings, flares or jets (from protoplanets to active
galactic nuclei), or the scattering of radiation in highly aspherical distributions of matter. Let's first
distinguish the events “bursts”, “flares” and “flickerings”. In Cataclysmic Variable (CV) stars outbursts
can occur when the accretion rate exceeds the upper limit of the steady burning range (Mitsumoto et
al. 2005). The bursts’ brightness exceeds the value of 1 magnitude and they behave as rapid, sudden
and energetic outflows. Bisikalo et al. (2001) have detected significant brightness oscillations in CVs
with aperiodic nature in part of them, the so call “flickering”. This part is characterized by small
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magnitude and short timescale. On the other hand they have found that light curves in CVs
demonstrate periodic or quasi-periodic photometric modulations with a typical period of ~ 0.1..0.2 Py,
The flickering is stochastic light variations on timescales of a few minutes with amplitude of a few
magnitudes (0.01 + 1). This variability is observed in the three main types of binaries that contain white
dwarfs accreting material from a companion mass-donor star: cataclysmic variables, supersoft X-ray
binaries, and symbiotic stars (Sokoloski 2003).

The flares appear normally in systems with accretion discs in time scales of hours to days,
with amplitudes in a range of 1 + 3 magnitudes. On the other hand, van Paradijs et al. (1989),
performed five-colour observation and demonstrated that the flares occur throughout the whole orbital
period with the rise time ~ 100 + 200s. They found that the light curve of AE Agr (CV star) exhibits
large flares on timescales of about 10 minutes. Bruch and Grutter (1997) found that the strong flares
could be also phase dependent.

In this survey we investigate the features of polarization modeling on the emission properties
of flares and bursts in binary stars. Churazov et al. (2002) have suggested that a repeated variability in
the brightness could affect to the degree of polarization. They proposed X-ray polarization as a
mechanism to probe the flarings and the resulting, reprocessed X-ray should be polarized. The result,
applicable to this paper’s case, is that synchrotrons produce coherent, circularly polarized radiation.
Very little polarization in nearby stars was found by Piirola (1977), Tinbergen (1982) and Leroy
(1993a,b, 1999). The mean measured polarization degree of the stars is less than 2 x 10°. As an
example, the polarization level of BS 7001 (Vega) has a value of ~17 x 10" ° and it is most likely in the
result of scattering in its dust disc. We apply the observational data of V592 Cas (Cassiopeia), CH Cyg
(Cygnus) and V471 Tau. To create the light curves and indicate the existence of flares we used the
data from AAVSO (American Association of Variable Star Observers) and SWIFT generator, as well
as for their energy spectrum production. The polarization data are taken from PolarBase (A DataBase
of high resolution spectropolarimetric stellar observations) (Petit et al. 2014).

Disc’s models and basic parameters

We investigate a disc's configuration around the primary star after the mass transfer being
started and as a result of interacting processes between the close components. In this case, it is
necessary to include physical essence of the flow dynamics. The nature of this interaction allows
employment of gas-dynamics equations presented in their applicable vector form, in (Boneva & Filipov
2012, Boneva & Kaygorodov 2016). The equations are as follows: equation of mass conservation; the
existence of viscous processes in the accretion flow, as well as influence of forces and rotation could
be performed by the following Navier-Stokes equations; energy balance equation for a viscous non-
ideal fluid and equation of state for compressible flow.
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Fig. 1. Disc models for cool objects with values of Teff ~ 4000K and Rygie (INner radius of the disc). The plots show:
Disc’s model and parameters v/s variations in radius (Fig. 1a); changes in values of temperature, surface density,
heights, ratios of heights over radius and the Rosseland mean opacity with variations of disc radius. Spectral
Energy Distribution (Fig. 1b); the model flux in ergs/cm2/51 against wavelength in micron in thin black line; the
model flux for the central star in dashed red line; It illustrates the emission from the star.
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To define the conditions for further modeling, it is necessary to create discs structure models
for the different stars type. Based on the models of D’Alessio et al. (2004) and Merin B. et al. (2004)
we generate sets for K and B types, with different parameters. They are shown at the Figures (1a,b
and 2a,b).
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Fig. 2. Disc models for objects with values of Tet ~ 10000K and Rneie (Inner radius of the disc). The plots show:
Disc’s model and parameters v/s variations in radius (Fig. 2a); changes in values of temperature, surface density,
heights, ratios of heights over radius and the Rosseland mean opacity with variations of disc radius. Spectral
Energy Distribution (Fig. 2b); the model flux in ergs/cm2/31 against wavelength in micron in thin black line; the
model flux for the central star in dashed red line; It illustrates the emission from the star.

In the cool stars (K type) model we have a different temperature range and density values,
compared to the models of B stars, and how it is seen at the Figures 1 and 2. This difference in the
flow’s parameters has an influence on the physical models of burst activity development (Boneva et al.
2009), as well as of flickerings and flares, suggested in (Boneva & Kaygarodov 2016, Boneva 2016).
In the next section we can see the variations in brightness, expressed in the light curves shape
behavior, obtained by the observation data of the studied binaries.

Results of observational data and their indications of active states

In this section, the observational exhibition of active states of three binary stars is presented.
With the aim of comparing the results between objects, they are chose to be of different classes or
types: CV star, Be star and a cool binary star. Let’s first give short basic description for each of the
targets.

e V592 Cas (Cassiopeia): This OB spectral type CV star is suitable for our recent study, because of
its observed flares activity and accretion discs existence, discovered by Greenstein et al. (1970). It
behaves as a typical accreting nova like CV, exhibiting a single-peaked Ha emission line (Kafka et al.
2009). The low inclination angle (Huber et al. 1998) makes possible to take the real emissions from
the object.

Its WD is about 0.75 Mxx with a temperature of 45,000K (Hoard et al. 2009) and a mass accretion rate
around 1x10™® Myt yr'1 (Taylor et al. 1998; Hoard et al. 2009). We choose this object from the Simbad
Astronomical database.

e The next binary is CH Cyg (Cygnus), which is of M7lllab+Be spectral type. CH Cyg behaves as a
Semi-regular variable (SR) star. Those types are usually giants or supergiants of intermediate and late
spectral types showing perceivable periodicity in their light changes, accompanied by various
irregularities. Periods are in the range from 20 to even more than 2000 days, while the shapes of the
light curves are rather different and variable, and the amplitudes may be from several hundredths to
several magnitudes (usually 1-2 mag. in V (Visual)). The combined brightness displays irregular
variations with amplitudes up to 4 mag. in V.
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e V471 Tau is a binary pre-cataclysmic system consisting of a cool white dwarf and main sequence
star with an orbital period of 0.52 days. This is an eclipsing binary system and the change in
brightness takes only 55 seconds (Hric 2011). The light curves of V471Tau show the typical flares
behavior.

Using data from the on-line light curve generators of AAVSO and SWIFT, we created the light
curves and received the energy spectrum to detect the existence of flares of those three binaries (see
Figures 3-5). The energy spectrum is in pc (photon counter) mode: since the high count rate of the
photon flux is necessary for the better polarization sensitivity in the calculations. The indications of
active states are presented as follows.
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Fig. 3. Active states of the CV star V592 Cas. Indications of flare-ups in V592 Cas light curve (AAVSO data
generator)(Fig.3a). Energy spectrum, in PC mode, shows the most active part of the energy range (Fig. 3b).
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Fig. 4. Indications of active states in CH Cyg. Light curve of CH Cyg shows variations in brightness with amplitude
in a range of 1 to 2 magnitudes (VBR observations) and time scales of ~ 10 days. (AAVSO light curve generator).
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Fig. 5. Light curve of binary with cool white dwarf V471 Tau (Fig. 5a). It is seen flares activity at the time of
observations. Fig. 5b shows the count rates in the energy spectrum, in PC and WT modes, are active for the most
part at low ranges. (Swift-XRT generator, Evans et al. 2009)

In these three classes of binaries the different behavior of the brighten-up effects is detected.
The difference could be caused by physical properties of the accreting flow, as well as by the
dominating mechanism or their orbital periods.

The higher luminosity rate, in the result of flares could affect on the polarization degree. The
next step is to find any relation between brightness variability and polarization parameters. We reduce
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the data from PolarBase for our two binaries and we apply them in the calculation of the polarization
degree and to create the emission polarization profile. This measurement is in a relation with radial
velocity and wavelength in wide broad-bands. The next figures (Figures 6-7) present the polarization
profiles of CH Cyg and V592 Cas (Boneva & Filipov 2016, Boneva 2016).

Polarization profile: V 592 Cas |
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Fig. 6. Polarizations states variations of V592 Cas in a relation to the wavelength. V592 Cas can exhibit variations

in rates of polarization degree during the flares periods and at different wavelengths.
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Fig. 7. Polarization profile of CH Cyg for different wavelengths. The figures show variations in values of the V

Stokes parameter. The data are taken from PolarBase.

The data of V471 Tau are limited and at the same time, in our calculations, it shows very weak

polarization activity to create the meaningful polarization profile. We calculated the polarization profile
of CH Cyg in accordance to the observational periods as is used in its energy spectrum (Figure 5b)
and the light curve (Figure 5a) that indicates variations in brightness in this binary. This way, to show
the relation between the brightness variability and polarization states is possible.

Conclusion

According to the light curves profiles, the presence of brightness variability and active states
are detected at the above three binary stars with compact objects

We obtained the polarization profiles of those stars against radial velocity and wavelength by
applying the data from PolarBase data center. The results show an existence of variations in
polarization parameters during the time of outflows activity.

We know that: The state of polarization of the emitted light in general provides information on
various spatial anisotropies of the excited system. After analyzing the polarization parameters
and its wavelength dependence we could have an information about the basic properties and
structures of the flares material, and the size of the scatterers.
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