Open Access Online Journal on Astronomy and Astrophysics

Acta Astrophysica Taurica

www.astrophysicatauricum.org

Acta Astrophys. Tau. 3(1), 35-38 (2022)

doi:10.31059/aat.vol3.iss1.pp35-38

Studies of active galactic nuclei in Kazakhstan

1. Izmailova

Fesenkov Astrophysical Institute, Observatory 23, Almaty 050020, Kazakhstan

e-mail: izmailova@aphi.kz

Submitted on October 31, 2021

ABSTRACT

This article presents an overview of some works on the study of active galactic nuclei in Kazakhstan. Since the number
of works carried out is large and it is not possible to review them in one article, the author limited herself to a review of
the one object studies (Mrk 1095 = Ark 120) and a short description of the theoretical model of active galactic nuclei

(AGN) developed at FAIL

Spectral studies of Mrk 1095 revealed the presence of three emission objects near the galactic nucleus. This made
it possible to determine the orbits of these objects and to calculate the mass of the central body. In addition, from the
observational data a possibility of the binary nature of the central body was established.

At the end of the past century, scientists from FAI improved the unified AGN model. The theories put forward for
this purpose made it possible to explain the presence of broad absorption lines (BAL) in the spectra of active galaxies.
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1 Beginning of AGN observations at Fesenkov
Astrophysical Institute

Fesenkov Astrophysical Institute (FAI) is located in Almaty,
Kazakhstan. The institute owns three observation bases: Ka-
menskoye Plateau Observatory, Assy-Turgen Observatory,
and Tien Shan Astronomical Observatory (TSHAO).

Observations of Markaryan galaxies at FAI began af-
ter the publication of the first list (Markaryan, 1967) and
the results of their research (Vidman, Hachikyan, 1968a, b).
Then it was decided to investigate 20 galaxies in the spec-
tra of which no emission lines were detected. As a result of
observations, emission lines were still found for 14 objects
(Denissyuk, 2013). All observations were carried out at AZT-
8 (D =700 mm, Fy,qin = 2800 mm, Feagsegrain = 11000
mm) with a high-power spectrograph. In 1967-68, on the
basis of the image intensifier, Denissyuk (2003) developed
and assembled a spectrograph of the original design in the
workshops of FAIL

Following the first result of Denissyuk (2000), the detec-
tion of emission lines was confirmed by subsequent studies
with the 6-meter telescope of the Special Astrophysical Ob-
servatory (SAO, Nizhny Arkhyz, Russia). From that moment,
FAI began to conduct regular observations of galaxies from
the Markaryan list and publish the results in the Astronomical
Circular (Denissyuk, 1971a, b, ¢, 1973, 1974a, b, c).

These publications prompted B.E. Markaryan to pro-
pose FAI to conduct observations of galaxies found by
his method. After that, Markaryan’s permanent co-author
V.A. Lipovetsky and the employee of SAO V.L. Afanasyev
came to Alma-Ata to conduct a joint research. Since 1980,
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Fig. 1. Share of the first spectral studies of Markaryan galaxies in
Union and foreign observatories (Denissyuk, 2000; Denissyuk et
al., 2015). Here the abreviations denote: SAO — Special Astrophys-
ical Observatory, FAI — Fesenkov Astrophysical Institute, GAISh —
Sternberg Astronomical Institute, USA — United States of America,
CrAO - Crimean Astrophysical Observatory, H-V — observations
performed by E.E. Hachikyan and D.V. Vidman.

most of the galaxies from Markaryan’s list have been ob-
served at SAO with the 6-meter telescope. Such a telescope
enables to collect 72 times more light than AZT-8. In total,
according to Denissyuk (2000) and Denissyuk et al. (2015),
the first spectral studies of 28% of Markaryan galaxies were
conducted at FAI (Figure 1).
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Fig. 2. The radial velocities of three emission objects in the spectrum of SG Mrk 1095: A (blue markers), B (green markers), C (red markers).

The data for plotting the graph was taken from (Denissyuk et al., 2015).

For a deeper study of the variability found in the spectra
of 43 galaxies more than 3500 spectrograms were obtained
(Shomshekova, 2009). Part of these spectrograms were ob-
tained with ST-7 CCD-camera, which substituted the image
intensifier in 2000.

Currently, spectral observations of AGN at FAI are car-
ried out with AZT-8 (Kamenskoye Plateau Observatory) and
Zeiss-1000 (TSHAO). The receivers at the spectrograph exit
are the CCD cameras SBIG ST-3200 (2184 x 1472, 6.8u).

2 AGN study at FAI

2.1 Spectral research of Mrk 1095 (Ark 120)

Mrk 1095 = Ark 120 is a bright Seyfert galaxy of Syl
type with equatorial coordinates (2000) = 05"13™37.87°,
8(2000) = —00°12’15.12”, and redshift z = 0.03230".

In the very first spectra of Mrk 1095, an emission detail
was detected in the red wing of the H,, line. Later, two more
details were detected (Denissyuk et al., 2015).

Spectral observations of Mrk 1095 have been carried out
at FAI since 1976. In the course of the research, Denissyuk
et al. (2015) calculated the radial velocities of emission ob-
jects, their orbits, and the mass of the central body. Since the
emission details often do not have pronounced maxima, it
was decided to build a smooth artificial spectrum (the spec-
trum of the subtracted wing) and subtract it from the real
one. To construct an artificial spectrum, the blue wing of
the H, line was used, having been obtained from a high-
quality multilayer spectrogram provided by B. Peterson. The

U http://simbad.u-strasbg fr/simbad/sim-basic?Ident=ark+120&
submit=SIMBAD-+search

red wing was obtained by reflecting the blue one. As a result
of this subtraction, only the details necessary for the analysis
remain.

As aresult, the following velocity values were calculated:

— object A: Va(inir) ~ 2000 km s7!,
— object B: Va(max) ~ 3800 km s7!,

— object C: Ve (iniry  1000km s™! — Ve ~ 2500km s~1.

The velocity distribution of emission objects for the pe-
riod 1976-2012 is shown in Figure 2. Orbits were calculated
from the obtained radial velocities. For this purpose, a pro-
gram was written that allows one to build orbits in the plane
of the motion of emission objects in a recurrent way. The cen-
ter of the selected coordinate system was the CB, the X-axis
is the line of intersection of the orbit plane with the picture
plane, the Y-axis is the direction to the observer. To determine
the position of the object in the plane, the polar coordinates
r and ¢ were used. The velocity was determined using the
velocity modulus V and the angle y between the velocity vec-
tor and the Y-axis, taking into account the angle ¢ between
the visual beam and the orbital plane. The starting point was
determined using the following parameters: r, ¢, v, the ra-
dial velocity V;., the initial moment of time ¢, the difference
between the distances CB-observer and CB-object-observer
expressed in units of time in terms of the speed of light 7 and
the mass of the CB.

To determine the position of an object in the plane, the
inclination of the orbit to the visual beam is calculated:

ey

The absolute velocity modulus V' at the initial moment ¢:
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After that, for the next time moment 7+dt, the new coordi-
nates of the object and the velocity vector V are recalculated.
To calculate the velocity vector, it is necessary to take into
account the acceleration along the radius vector:

o= McsG 3)
r2

As a result, the authors concluded that objects A and C
were initially removed from the center and their orbits are not
closed. Therefore, it does not make sense to calculate the ro-
tation periods or the distance to the apocenter. Nevertheless,
an important result of this study is the estimate of the mass
of the central body, which was a common parameter for all
three objects: M ~ (1.675 + 0.028) x 108 M.

According to Li et al. (2019), there is a high probabil-
ity that the core of the Seyfert galaxy Mrk 1095 is a binary
system. The authors collected the archival data from 1974,
including an archive of FAI spectrograms. Based on all the
collected data, it was revealed that the Hg line has two peaks
in the galaxy’s spectrum, which vary greatly in time and
merge into one peak during some epochs. These changes are
probably periodic. However, only two estimated periods were
recorded during the entire observation period. Therefore, fur-
ther observations are required to test this hypothesis.

2.2 Theoretical research of AGN

The main components of the spectra are known to be formed
in the central AGN regions. However, since the sizes of these
regions are small as compared to the distances to the objects,
they are not resolvable by either ground-based or space tele-
scopes. For this reason, the calculation and construction of
theoretical models are extremely important for studying the
physics of the central zones.

At FAI, the research on the development of models was
conducted in two directions:

1. the matter outflow models in the radiation field of AGN;

2. the multicomponent evolutionary model of AGN taking
into account the interaction of three components in the
~1 pc region: a stellar cluster, a gas medium, and a su-
permassive black hole.

Calculations in the first direction made it possible to inter-
pret broad absorption lines (BAL) in the spectra of quasars.
According to Vilkoviskij et al. (2004), the presence of such
lines in the spectrum is associated with the escape of matter
with velocities of an order of 600-2000 km/s in SG nuclei
and 10° km/s in quasars. Broad absorption lines are observed
in the UV part of the spectrum in ~12% of quasars and 50%
of SG (Vilkoviskij, 2001).

In the 80-90s, the unified models were proposed (An-
tonucci R., 1993), which assumed objects of spectral types
Sy1 and Sy?2 as the same. The differences in the obtained data
were explained by the fact that the object is observed in one
case along the axis of the gas-dust “absorbing torus” (AT), in
the other — near the equatorial plane of this torus. However,
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there was no model that would explain the presence of BAL
in the spectrum.

In 1999, E.Y. Vilkovisky and his colleagues proposed
a model for objects with BAL. A mathematical description
of the spectra and model is given in Vilkoviskij, Karpova
(1996); Vilkoviskij et al. (1996, 1999).

The advantage of this model is the certainty of the source
of absorbing matter. The absorbing matter is believed to be
formed from gas-dust clouds of the inner surface of the AT.
In addition, the results of spectral observations of the po-
larization of BAL are explained. A schematic view of the
AGN structure, according to the unified model, is shown in
Figure 3.
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Fig. 3. Unified AGN model. The figure is adopted from Vilkoviskij
et al. (2004). Here the abreviations denote: BAL AGN — active
galactic nuclei with broad absorption lines, AGN 1 —active galactic
nuclei of type 1, AGN 2 — active galactic nuclei of type 2, BAL
QSO - quasars with broad absorption lines, BAL SyG — Seyfert
galaxies with broad absorption lines, BLR — broad line region.

Figure 3 shows a black hole with an accretion disk in the
center. The gas-dust absorbing torus is shown by hatching
in the form of a cross-section. The directions of the hot
gas flows are drawn with arrows, and the clouds are shown
as dots/ellipses. The captions indicate the observed spectral
types of the object, depending on the viewing angle.

This theory is based on the solution of the system of
equations of radiation gas dynamics in two-phase media (cold
clouds in hot gas), radiation transfer equations both in spectral
lines and in the continuum, as well as photoionization balance
equations. It allows us to obtain both the dynamics of the
absorbing flow and the resultant absorption spectrum.

Vilkoviskij et al. (2005) assumed that three systems inter-
actin each AGN: a massive black hole (MBH), a compact star
cluster (CSC), and a gas subsystem (an accretion disk (AD),
a gas-dust torus (GDT), hot gas and cold clouds). The system
evolves according to the following scenario. The hot gas flows
out along the polar axis of the AD and CSC and contacts the
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GDT. A layer is formed at the point of contact. Inside the
layer the cold clouds are captured by hot gas, thereby form-
ing a two-phase medium. Thus, it turns out that, depending
on the viewing angle, different types of AGN are observed:
near the torus axis — Sy, near the torus equator — Sy2, and
at intermediate angles the outflow of matter is observed. This
scheme is also valid for quasars.

According to Vilkoviskij (2001), a possible explanation
of the different properties of BAL in quasars and SG in
the framework of the above model is that the temperature,
velocity, and mass flows of hot gas in SG are less than in
quasars.

The theory explains the absorption spectra in the UV
range of both quasars and SG, supporting the universal uni-
fied model of SG with BAL as an intermediate type between
Syl and Sy2.

3 Current studies

Studies of AGN are continuing at FAI: observations and
the recalculation of the recorded relative fluxes of AGN into
absolute ones for the entire observation time are being carried
out.

During the period from 1967 to 2000, a large library
of 3527 analog frames was collected. As part of the FAI
program, it is planned to digitize them for storage, further
simplified access, and combining with modern data for joint
long-term analysis needs. Moreover, it is planned to create
a Virtual Observatory (VO), which will store both digitized
frames and modern observations. All data in the VO will be
systematized and stored with convenient access for everyone,
including educational institutions.
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