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Modernity

The progression of technology in both space and ground-based detectors has now opened
up unprecedented opportunities for exploring astrophysical objects across a wide range of
energy bands. These include radio, infrared, optical, ultraviolet, X-ray, and y-ray bands.
Various objects are known to have non-thermal emission ranging from radio to High Energy
(HE; > 100 MeV) and/or Very High Energy (VHE) y-ray bands. Among these objects are
different types of Active Galactic Nuclei (AGNs), which are very luminous sources. The
radiation is primarily generated from a compact core that significantly dominates over the
emission from the other parts of galaxy.

Approximately 10% of AGNs are classified as radio loud, and these exhibit a narrow beam
of plasma, called a jet, that is ejected from the central region of a supermassive black hole.
These jets remain collimated and their narrow structure can extend to larger distances,
sometimes to kiloparsec or even megaparsec scales. The jet, composed of highly energetic
particles such as electrons and positrons accelerated to relativistic speeds, plays an important
role in the study and classification of AGNs. The appearance of radio-loud AGNs can vary
greatly depending on the orientation of their jets. If the jet is oriented at a small angle with
respect to the observer, the AGN is classified as a blazar.

Blazars are a subclass of AGNs that exhibit some of the most extreme properties in the
universe, making them fascinating objects for astrophysical research. They can be further
classified into two subtypes: flat-spectrum radio quasars (FSRQs) and BL Lacertae objects (BL
Lacs) depending on the emission lines. FSRQs are characterized by the strong emission lines
which are absent or very weak for BL Lacs. Blazars are known for their rapid and extreme
variability across all energy bands, ranging from radio to y-ray bands. The variability
timescales can be as short as minutes to hours, and this rapid change in flux is thought to be
related to the relativistic jets and their orientation toward the observer.

Blazars are considered the most luminous and intriguing class of AGNs due to their
unique and extreme characteristics. They are the brightest persistent sources in the universe
and are visible even at great distances. This makes them of significant interest to astronomers
and astrophysicists. Blazars at high redshifts (z > 2.5) are particularly important to study for
several reasons: 1) high redshift blazars are some of the most distant known objects in the
universe, allowing to examine the early universe and the formation of the first galaxies, 2)
the strong radiation from blazars will enable to understand the intergalactic medium,
particularly the distribution of gas in the universe, 3) studying these objects helps to
investigate the cosmological evolution of blazars and supermassive black holes, 4) large
distances to high redshift blazars can be used to constrain cosmological parameters, such as
the density of extragalactic background light (EBL), 5) can shed light on evolution of
relativistic jets across different cosmic epochs and accretion disc-jet connection. Recently,
multiwavelength observations have identified new high redshift blazars, and the availability
of a substantial amount of multiwavelength data has increased, allowing for their detailed
study. Studying these objects can provide valuable insights into various astrophysical
phenomena, such as the processes occurring near supermassive black holes, the acceleration
and interaction of relativistic particles, and the large-scale structure and evolution of the



universe. So, the broadband investigation of high redshift blazars has become one of the
interesting topics in modern high-energy astrophysics.

Research goals and tasks

The aim of the thesis is to study the multiwavelength emission properties of high redshift
blazars detected in the HE y-ray band. For this purpose, a large amount of multiwavelength
data is analyzed, and different theoretical models are applied. In particular, the main goals
are:

1. to investigate the spectral and temporal properties of 33 distant blazars (z > 2.5)
detected in the HE y-ray band by analyzing the Fermi-LAT and Swift UVOT and XRT data.

2. to study the multi-frequency spectral and temporal properties of high redshift blazar
PKS 0537-286 by analyzing data from Fermi-LAT, NuSTAR, Swift XRT, and UVOT
observations, and investigate the origin of broadband emission by applying a one-zone
leptonic scenario, assuming different locations of the emission region.

3. to investigate the y-ray flaring activities of blazar B3 1343+451 (z = 2.534) by
analyzing data accumulated between August 4, 2008, and August 4, 2018, and performing
detailed temporal analysis.

4. to study the origin of broadband emission from high redshift blazars PKS 1830-211
(z = 2.507), LQAC 247-061 (z = 2.578), 4C +41.32 (z = 2.550), PKS 2311-452 (z = 2.884),
PMN J0833-0454 (z = 3.450), PKS 2318-087 (z = 3.164), and TXS 0536+145 (z = 2.690) by
analyzing all the available multiwavelength data.

Scientific novelty

The broadband study of emission from all 33 high redshift blazars (z > 2.5) observed in
the HE y-ray band showed that in the I', — L, plane, the majority of the considered sources
occupy the narrow range of I, = 2.2 — 3.1 and L, = (0.10 — 5.54) x 10*8 erg s*, which is
more typical for the brightest blazars. However, during y-ray flares, the luminosity of
variable sources is significantly beyond this boundary, changing within 10*% — 10°%erg s™1.
The black hole mass estimated for the sources with a clear blue-bump in their Spectral nergy
Distribution (SED) is in the narrow range of (1.69 — 5.35) X 10° Mg, where the highest black
hole mass of 5.35 x 10° M, is estimated for PMN J0226+0937 which has also the highest disc
luminosity. Several periods are identified when the y-ray photon index of blazars at the high
redshift hardened; the hardest y-ray spectra of B3 1343+451, B3 0908+416B and TXS
0907+230 are with indexes of 1.73 £ 0.24, 1.84 £ 0.25,and 1.72 + 0.15, respectively, while
that of TXS 0536+145 and 4C+41.32 was I, =2.00£0.16 and [, =210 £ 0.11
respectively. In the y-ray emission of PKS 0537-286 multiple powerful y-ray flares were
observed. Starting from MJD 59170, the source was in an enhanced y-ray emission state when
the y-ray luminosity reached 6.14 x 104 erg s™1. During the considered fourteen years, the
y-ray luminosity of the source exceeded 10*° erg s™* for 61.8 days in total. The modeling of
the SED of B3 1343+451 in the quiescent state allowed to constrain the properties of the jet
when it is in the average emission state. The flares can be reproduced by changing the bulk
Lorentz factor of the emission region and slightly changing the energy distribution of the
emitting electrons, the total luminosity of the jet being constant.



Practicality of the research

In this thesis, novel analysis methods were applied to develop a tool for the automatic
analysis of y-ray data observed by Fermi-LAT. As the amount of data observed by Fermi-LAT
continuously increases, its automated analysis is crucial for performing both spectral and
temporal analyses. The light curves and SEDs in different periods obtained from the
multiwavelength study of high redshift blazars are important for further investigating these
powerful objects. The parameters estimated from the theoretical modeling of SEDs for a large
sample of high redshift blazars can be used to study the evolution of blazar jets (plasma,
magnetic field, etc.) in the early epoch of the universe. The results from theoretical modeling
of PKS 0537-286 SEDs in quiescent and flaring periods are significant for investigating where
the energy dissipation of the jet occurs. The temporal analysis of the y-ray light curve of B3
1343+451 is crucial for understanding the size of the emitting region and can be used in
further modeling of blazar SEDs.

Key points presented to defend

1. It is shown that the considered 33 high redshift blazars have soft time-averaged y-ray
spectra (I}, = 2.2) whereas those that have been observed in the X-ray band have hard
X-ray spectra (Iy = 1.01 — 1.86). The y-ray flux of high redshift blazars ranges from
4.84 x 10719 10 1.50 x 1077 photon cm™2?s™'and the luminosity is within (0.10 —
5.54) x 10*®ergs™" which during the y-ray flares increases up to (0.1 —1)x
10°% erg s™L. In the X-ray band, only the emission of PKS 0438-43, B2 0743+25, and
TXS 0222+185 varies in different Swift XRT observations whereas y-ray emission is
variable for fourteen sources (e.g., the flux of B3 1343+451 and PKS 0537-286 changes
in sub-day scales, that of PKS 0347-211 and PKS 0451-28 in day scales). From the fitting
broadband SEDs, the emission region size is found to be < 0.05 pc and the magnetic
field and the Doppler factor are correspondingly within 0.10 — 1.74 G and 10.0 — 27.4
while the central black hole masses and accretion disc luminosities are within
(1.69 — 5.35) x 10° Mg and Lg = (1.09 — 10.94) x 10*6 erg s~*, respectively.

2. The time averaged y-ray spectrum of PKS 0537-286 is relatively soft (indicating the HIE
emission peak is below the GeV range) but several prominent flares were observed when
the spectrum hardened and the luminosity increased above 10*° ergs™1. The X-ray
emission of the source varies in different observations and is characterized by a hard
spectrum < 1.38 with a luminosity of > 10*’ergs . By comparing the model
parameters from the modeling the broadband SEDs during the quiescent and flaring
periods, it is shown that the most optimistic scenario is when the jet energy dissipation
occurs within the broad-line region and the flaring activities are most likely caused by
the hardening of the emitting electron spectral index and shifting of the cut-off energy
to higher values.

3. The y-ray emission from B3 1343+451 was flaring on 05 December 2011 and on 13
December 2009 when the flux increased up to (8.78 1 0.83) x 10~ photon cm™2s™1,
The hardest photon indexT' = 1.73 £ 0.24 has been observed on MJD 58089 which is
not common for FSRQs. In 2014 the X-ray flux of the source increased ~2 times as



compared to 2009, but in both periods the X-ray emission is characterized by a hard
photon index of Ix_ray = 1.2 — 1.3. The shortest flux halving timescale was estimated
to be ~2.34 days, implying the emission had been produced in a very compact region,
R €8xcxt/(1+2z)=2343x10%cm (when § = 20).

4. Ttis found several flaring periods with significant increases in flux and hardening of the
photon index in the HE y-ray band for PKS 1830-211, LQAC 247-061, TXS 0536+145,
and 4C+41.32. PKS 1830-211 was in an extraordinarily bright state on MJD 58596.49
when the 3-day averaged flux increased up to (1.74 + 0.04) X 1075 photon cm™2s™1.
The X-ray emission of PKS 1830-211 is also strongly variable and is characterized by a
hard photon index in the range of 0.34 — 0.94.

Approbation of the work

The results of the thesis were presented in Sixteenth Marcel Grossmann Meeting MG16
(Virtual Meeting - July 5-10, 2021) as well as frequently presented and discussed at the
seminars of ICRANet Armenia center I0.

Publications

Four articles and one proceeding are published on the topic of the thesis.

Structure of the thesis

The thesis consists of Introduction, five chapters, conclusion and References. The thesis

contains 120 pages, including 23 figures and 12 tables.
Content

In the Introduction, an overview of blazar properties is provided, followed by an outline
of the scientific novelty of the thesis. Additionally, a brief summary of each chapter is given.

In chapter 1 the primary steps for analyzing y-ray data observed by the Fermi-LAT is
presented. It includes a detailed explanation of the automatic tool designed for data analysis,
as well as a brief overview of the emission processes occurring within blazar jets.

In chapter 2 the multiwavelength emission properties of all the thirty-three known y-
ray blazars beyond redshift 2.5 was investigated. A small fraction (1.18%) of blazar in the
fourth catalog of AGNs detected by Fermi-LAT are distant blazars z > 2.5(~ 20.7 Gpc ),
including 26 FSRQs, two BL Lacs and five blazars of uncertain type (BCU). The
multiwavelength propertis of these distant blazars was investigated by performing detailed
spectral and temporal analysis of Fermi-LAT y-ray data accumulated during 2008-2018 and
by analyzing both Swift X-ray Telescope (XRT) and Ultraviolet/Optical Telescope (UVOT)
data accumulated in the previous fifteen years.

The y-ray properties of the selected sources were investigated by analyzing Fermi-LAT
data accumulated during the first 10 yr of operation, from 2008 August 4 to 2018 August 4.

The PASS 8 events from a circular region with a radius of 12° around each source in the



energy range from 100 MeV to 500 GeV were downloaded and analyzed with the Fermi Tools
(1.2.1) using P8R3 instrument response functions. The y-ray light curves are calculated using
the unbinned likelihood analysis method implemented in the gtlike tool. Initially, in order
to study the variability, the y-ray light curves with 30-day binning are calculated for all
sources, considering the 0.1 —300 GeV range. Additionaly light curves with short periods
(days or aweek) were computed for the statistically significant (> 5« y-ray emitting periods
identified in the monthly light curves. Next, the y-ray variability is studied further using the

Figure 1. The y-ray flux (> 100 MeV) and luminosity of considered sources versus the photon index are
shown in the upper panels. BL lacs, FSRQs and BCUs are shown with triangles, circles, and squares,
respectively. Lower left panel: The X-ray flux (0.3-10 keV) versus the photon index. Lower right panel:
Comparison ofy-ray and X-ray (ifavailable) fluxes.

Swift is a multi-frequency space observatory, designed to study the sources in optical/UV
and X-ray bands. Twenty-nine sources from considered sources (except MRSS 291081526,
CRATES J233930+024420, MG1 J154930+1708 and B3 1624+414) were at least once observed
by Swift. There are available data from multiple observations of some sources; e.g., B2
0743+25, PKS 0438-43, TXS 0222+185, TXS 1448+093, PMN J0226+0937, TXS 1616+517 and
PKS 2107-105 had been observed more than ten times. The Swift XRT data analysis was
possible to apply only for twenty-two sources and twenty-six were detected in at least one of
the optical-UV Swift-UVOT filters.

In Figure 1 The y-ray photon index versus flux (estimated from power-law fitting) is
shown in the upper left panel, where the FSRQs are circles, BL Lacs triangles and BCUs
squares. The photon index (~ E~rt) estimated in the 0.1-500 GeV range ranges from 1.71 to



3.05 with a mean of 2.54. The soft y-ray spectra of the considered sources (except 87 GB
214302.1+095227 and MG1 J154930+1708) indicate that the peak of the HE component in
their SEDs is in the MeV range. The flux of considered sources ranges from 4.84 X 1071 to
1.50 x 1077 photoncm™2s~1., The two BL Lacs detected beyond z =25, 87GB
214302.1+095227 and MG J154930+1708, have the lowest flux, (4.84 % 1.37) X
107 %hoton cm™2s™! and (1.66 + 0.79) x 107° photon cm™2s™1, respectively, but they
have a harder y-ray spectrum. The y-ray flux of BCUs included in the sample ranges from
2.19 x 107° photon cm™2?s~* to 1.46 x 1078 photon cm™2s~* with I, within 2.20 — 2.84.
The FSRQs occupy the region of high flux > 3.89 x 107 photon cm~%s~*and I, = 2.2 with
a mean F, = 2.11 x 1078 photon cm™?s~". The highest y-ray flux of (1.50 £ 0.02) x
1077 photon cm™2s™! was observed from the bright FSRQ B3 1343+451.

The flux, which is a function of the distance, is compared for each source in Figure 1
(upper left panel). Even though it is informative, the total energy released from each source
cannot be investigated. Next, using the observed flux (Fv) and photon index (FY), the

luminosity of each source is computed as:
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where Epni, = 100 MeV and E;,; = 500 GeV. Figure 1 (upper right panel) shows the
distribution of the considered sources in the Iy —L, plane. The y-ray luminosity of
considered sources ranges from 1.01 x 10*” ergs™! to 5.54 x 10*® ergs™1. The lowest
luminosity of (1.01 £ 0.38) X 10*” erg s~ 1 has been estimated for CRATES J105433+392803
which is of the same order with that of the two BL Lacs included in the sample;
(1.42 £ 0.98) x 10*” erg s~! for 87GB 214302.1+095227 and (1.24 £ 0.59) x 10*7 ergs™?!
for MG1 J154930+1708. The y-ray luminosity of only PKS 0347-211, PKS 0451-28, PKS 0537-
286 and B3 1343+451 exceeds 10*®ergs™! with the highest y-ray luminosity of
(5.54 1 0.06) x 10*® erg s™1, estimated for B3 1343+451. The X-ray flux is plotted versus the
photon index in the lower left panel of Figure 1. For several sources, the number of detected
counts was not high enough, so the flux and photon index were estimated with large
uncertainties. The X-ray photon index of considered sources is < 2.0, implying the X-ray
spectra have a rising shape in the vFv ~ v2~Tx representation, which is natural as LSP blazars
are considered. B3 0908+416B has the hardest X-ray spectrum with I'y = 1.01 + 0.46. In the
Fx —I'x plane, PKS 0451-28, TXS 0222+185, PKS 0834-20, PKS 0537-286, TXS 0800+618, B2
0743+25 and PKS 0438-43 are detached from the other sources because they have a

2571, In the lower right panel of

comparably high X-ray flux, Fx_,, >2.13 X 107'? erg cm~
Figure 1 the y-ray and X-ray (if available) fluxes of the considered sources are compared.
Interestingly, the bright y-ray sources PKS 0537-286 and PKS 0451-28 appear to be also

bright X-ray emitters. The other bright y-ray blazars (e.g., B3 1343+451, PKS 0451-28) do not



have any distinguishable feature in the X-ray band, having a flux and photon index similar
to those of the other considered sources. The bright X-ray sources TXS 0222+185, B2
0743+25, TXS 0800+618, and PKS 0834-20 appear with a similar flux in the y-ray band, F,, =
(1.72 — 2.23) x 1078 photon cm™?s~1,

To understand the origin of the broadband emission of the considered sources, a simple
one-zone leptonic model was used. In this model, the emission region is assumed to be a
spherical blob of radius of R moving in the blazar jet with a bulk Lorentz factor of [j at a
viewing angle of 8. The emitting region is filled with a uniformly tangled magnetic field B
and with a homogeneous population of relativistic electrons (and positrons), the nonthermal
energy distribution of which is described by a power-law with an exponential cut-off at

higher energies as:

- Y
N ~r~exp (=== ¥ > Vin @
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where vy is the Lorentz factor of electrons in the blob rest frame, and « is the power-law
indeX. Ymin and Y. are the Lorentz factors corresponding to the minimum and cutoff energy
of the electron distribution in the emission region.

In the modeling it is assumed that the low-energy peak (from radio to optical/UV) is due
to synchrotron emission from ultra-relativistic electrons in the jet with an energy
distribution as given by Eq.2. Instead, the HE peak is due to the IC scattering of internal (SSC)
or external photons (EIC). The IC scattering of external photons is considered, since the SEDs
of FSRQs are better explained by EIC, as shown by the previous studies and the CD is evident
in the SEDs of the considered sources. Here we assume that the emitting region is outside the
broad-line region (BLR) where the dominant photon field is the IR emission from the dusty
torus. The IR radiation from the dusty torus is assumed to have a blackbody spectrum with a
luminosity of Lig = 0.6Lg;sc Where Ly;, is the accretion disk luminosity, which fills a volume
that is approximated as a spherical shell with a radius of Rjg = 2.5 X 10'8(L4/10%%)%/2 cm.

Some of the SEDs modeling results are presented in Figure 2. The applied model reproduces
the multiwavelength data relatively well for almost all the sources. The electron power-law
index is defined by the X-ray data (through a = 2I'x — 1 relation) and depending on whether
the SSC or EIC component is dominating in the X-ray band, different values for a are
obtained. When the X-ray spectrum is hard and the SSC component is dominating, the
energy distribution of the emitting electrons has a hard spectrum as well. For example, for
GB 1508+5714, PKS 0537-286, B2 0743+25, TXS 0222+185 and B3 0908+416B, a = 1.17 +
0.07, 1.33+£0.07, 1.13 £0.19, 1.62+ 0.05 and 1.31 £ 0.25 were estimated which shows
that the emission is due to newly accelerated electrons. On the contrary, when the emission
in the X-ray and y-ray bands is only defined by the EIC component then a > 2.2; e.g., o =
2.75 + 0.04 and 2.70 + 0.06 are correspondingly estimated for TXS 0800+618 and PKS 0834-
20. Correspondingly, Ymin and Y., are in the range of 2.58 —93.28 and (1.01 — 15.73) X
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Figure 2. Modeling of the broadband SEDs of some sources. The Swift UVOT, XRT and Fermi-LAT data
obtained here are shown with cyan, red and blue, respectively, while the archival data are in gray.

103 (excluding TXS 1448+093). As expected, lower values of ymjn are estimated when the X-
rays are produced only by the EIC component: e.g., ymjn = 2.68 + 0.36 and 2.58 + 0.15 are
correspondingly estimated for PKS 1351-018 and OD 166. The HE tails of both synchrotron
and IC components are well defined by the optical/UV and y-ray data, respectively, allowing
precise estimation of yaut = (1.01 —15.73) x 103. yaut is in a strong dependence on a, and
its highest value, (15.73 + 1.60) x 103 was estimated when a = 2.80 + 0.04. Meanwhile,
when a = 2.2 —2.5, the highest yaut is (8.67 + 0.48) x 103 for B3 1343+451. The modeling
shows that the magnetic field in the emitting region is within 0.10 —1.74 G. The estimated
Doppler factor is from 8 = 10.00 to 8 = 27.42 with a mean of S = 19.09. Although, these
are higher than the average values estimated for FSRQs, they are well within the range of
physically realistic values. The emitting region size is within R = (0.70 —9.48) x 1016 cm
except for TXS 0800+618 and S4 2015+65 for which R = 1.55 x 1017 cmand 1.35 x 1017 cm,
respectively. The values estimated for R are consistent with the y-ray flux variation in a day
or several day scales and suggest that the multiwavelength emission is produced in the sub-
parsec scale regions of the jet.

In chapter 3 the broad band study of one of the brightest high redshift blazars PKS 0537-
286; at z = 3.10 is performed. The y-ray data collected between 2008 August 4 and 2022
September 9 (MET=239557417-686130659) were analyzed. In order to investigate the
variability pattern of the source, the light curves were computed with 5-day bins as well as
with the help of adaptive binning method. The adaptively binned light curve (>
Eopt =168.19 MeV) is shown in Figure 3 upper panel. Up to MJD 57740 the y-ray flux was
in its average level of (1 —3) x 10 8photon cm"2s1 with no significant changes, while
then, in several occasions, the y-ray flux increased substantially. The light curve with 5-day
(> 100 MeV) and adaptive bins (> EOpt = 168.19 MeV) for the period when the source was
active in the y-ray band are shown correspondingly in Figure 3 panels (a) and (b). The first
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Figure 3. Multiwavelength light curve of PKS 0537-286. Top panel shows the long-term adaptively
binned y-ray light curve above 168.19 MeV. The other panels show the light curves after MJD 57800 (16
February 2017) when the source was active in the Y-ray band.

flaring period was between MJD 57876-57883 when the flux increased with a maximum of
(5.26 + 1.13) x 10 7photon cm"2s1 . Starting from MJD 59170, the source entered an
active emission state with several bright flaring periods between MJD 59204-59233, MID
59301-59411 and MJD 59721-59738. The maximum  Y-ray flux of the source,
(6.32 + 1.11) x 10 7photon cm“2s1 was also observed in these Y-ray flaring periods.
Figure 3 panel (c) shows the Y-ray photon index estimated for the adaptively binned periods;
it varies in time as well. In the non-flaring periods, the Y-ray spectrum is characterised by a
soft spectrum with a mean of r —2.83 but the photon index hardens during the bright
periods as can be seen from Figure 3 panel (c). For example, during the first flare between
MJD 57876-57883 the hardest index of 2.49 + 0.23 was observed on MJD 57879.9 or during
the second flare between MJD 59204-59233 the hardest index was 2.25 + 0.21 when the
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source was in an active state with a flux of (6.12 + 1.22) x 10 7photon cm"2s1 . During
the hardest y-ray emission period, 2.23 + 0.18 was detected on MJD 59322 which is unusual
for this source.

All the XRT observations were processed with Swift_xrtproc tool applying standard
analysis procedure. The 2-10 keV X-ray flux variation is shown in Figure 3 panel (d). The X-
ray emission of the source in the 2.0-10 keV band was at the level ~ 3.0 x
10 12ergcm-2s-1 but during the bright periods it is > 5.0x 10 12ergcm-2s-1. The
highest X-ray flux of (8.34 + 3.59) x 10 12 erg cm-2s-1 was observed on MJD 59213.18.
The X-ray spectrum of the source is hard (Figure 3 panel (e)) and during all the observations
rx-ray S 1.38.

The analyzed data allows to build the SEDs of PKS 0537-286 in different periods. The
SED/light curve animation is available here https://youtu.be/4UPqf-
C7EWcvoutube.com/4UPqf-C7EWTc. In order to understand the origin of emission processes,
the SEDs from following periods were considered for modeling:

(i) between MJD 55150-55330 when the source was in the quiescent state.

(ii) between MJD 59208-59212 when the source was bright in the y-ray and X-ray bands.

The broadband SEDs were modeled using a one-zone leptonic scenario. In order to have
a general view we consider three different scenarios: i) the broadband emission from PKS
0537-286 is entirely due to synchrotron/SSC radiation, ii) the jet dissipation region is close to
the central black hole, and SSC, EIC-disk and EIC-BLR are contributing to the HE component
and iii) the emission region is beyond the BLR and the HE component is due to EIC-torus. It
is assumed that BLR is a spherical shell with lower and upper boundaries of 0.9 x RBIR and
1.2 x RBIR, respectively. RBIRis assumed to scale as RBIR = 1017 Ldfsc.4scm where Ldisc,4S =
1jff erg s-1 is the accretion disk luminosity. Similarly, we assume that the distance of dusty
torus is 2 x 1018 L’dfsc4S which emits n = 0.5 fraction of disk luminosity in the IR range for
which we adopted Ttorus = 103 K effective temperature. The disk luminosity and effective
temperature are correspondingly 8.7 x 1046 erg s-1 and Tdisk = 1.9 x 104 K estimated by
fitting the thermal blue-bump component in the SED with a black-body component. Figure
4 panels (a) and (b) show the results of the modeling when the entire emission is due to
synchrotron/SSC emission from a compact region of the jet when the source is in a quiescent
and flaring state, respectively. In the quiescent state the spectral slope of the emitting particle
distribution is 1.8 + 0.1 and their distribution extends up to (1.2 + 0.1) x 104. The
strength of the magnetic field is found to be (9.3 + 0.8) x 10-3 G. The emission region size
is (2.0 £ 0.1) x 1017 cm, which is consistent with the flux variability of tvar =
(1 + z)xR6 » 18.7 days. The Doppler boosting factor is 16.8 + 1.2. In the flaring period

(Figure 4 panel (b)), the SED modeling shows that the emitting electrons have a harder
spectrum with p = 1.6 + 0.03. The electrons are accelerated up toycut = (1.1 £ 0.1) x 104
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Figure 4. The broad-band SEDs of PKS 0537 -286 in the quiescent (left-hand panels) and flaring (right-hand
panels) states.

which is not significantly different from that in the quiescent state. In the flaring state, the
magnetic field also increased, B = (1.7 £ 0.1) x 10 2 G, which is caused by the increase of
the synchrotron flux. Also, the Doppler boosting factor increased from 16.8 + 1.2 to 24.9
1.1 in order to explain the slight shift of the HE peak towards higher energies.

Figure 4 panels (c) and (d) show the SED modeling assuming the jet dissipation occurred
close to the central source. The thermal emission from the accretion disk, modeled as a black
body, is shown with a pink dashed line. The distribution of the electrons is narrower with
p=23+02and ycut = (0.3 + 0.1) x 103 , because the average energy of the external
photons is larger than that of the synchrotron one. The Doppler boosting factoris8 = 13.4 +
1.3 but the magnetic field is significantly larger, B = 3.5 £ 0.4 G. The emission is produced
in a more compact region with a radius of (0.2 £ 0.02) x 1017 cm, smaller than Rbilr =
9.3 x 1017cm. During the flaring period (Figure 4 panel (d)) the electron distribution is
nearly flat with p = 2.2 + 0.1 and extends up to (2.5 + 0.2) x 103. The increase of the
energy up to which the electrons are effectively accelerated (ycut) resulted in the shift of the
synchrotron component to higher frequencies and domination over the disk thermal
emission. The Doppler boosting is 8 = 11.4 + 0.7, the magnetic field is B = 3.0 £ 0.2 Gand
the emission region radius is (0.1 £ 0.01) x 1017cm.

Figure 4 panels (e) and (f) show PKS 0537-286 SED modeling assuming the emission
region is beyond the BLR. In the quiescent state, the HE component is entirely dominated by
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EIC-torus (yellow dot-dot- dashed line in Figure 4 panel €) and SSC contributing in the soft
X-ray band (orange dot-dashed line in Figure 4 panel e). The model parameters show that in
the quiescent and flaring states the electron distribution has a similar power-law index p —
2.4, but in the flaring state the cut-off energy is larger, ycut = (6.7 + 0.7) x 103 as
compared to ycut = (1.3 + 0.1) x 103. Also, the modeling shows that the Doppler boosting
and magnetic field do not substantially change, correspondingly being 8 = 15.3 + 0.7 and
B=02+001Gand 8= 142+ 1.0 and B= 0.2 + 0.02 G for the flaring and quiescent
states.

The parameters estimated during the modeling are used to compute the jet luminosity.
The jet power carried by the electrons, calculated as Le = ncRb2r 2Ue, and by magnetic field,
calculated as Lv = ncRb2r 2UB. When the emit- ting region is within the BLR, a lower jet
luminosity is required, Le + Lv = 6.3 x 104Sergs land Le+ Lv = 25x 104Sergs 1 for
the quiescent and flaring states, respectively, and the system is close to equipartition with
Le/LB = 0.5 and Le/Lv = 3.7 for the quiescent and flaring states, respectively.

Figure 5. The evolution of y-ray flux and spectral index of B3 1343+451 in time
computed using 3-day bins.

In the chapter 4 the y-ray properties of B3 1343+451 are investigated by analyzing the
data set collected during the first ten years of Fermi-LAT operation, from August 4, 2008, to
August 4, 2018 (MET 239557417-555033605). The light curve of the source is shown in
Figure 5. Several bright y-ray emission states of the source can be identified, namely from
MJD 55083 to 55116, from 55839 to 55965, from 56160 to 56235 and from 57021 to 57126.
Interestingly, during the prolonged y-ray active period from MJD 55720 to 57230, not only
two major flares from the source were observed but also the flux increased from its average
level and remained so for nearly 500 days. The peak flux of (8.78 + 0.83) x
10 * photon cm ~ 1with aphotonindexof r = 2.02 + 0.07 was observed on MJD 56175
within three days with a detection significance of 25.1 a. Another substantial increase of the
y-ray flux has been observed on MJD 55893 when the flux was (8.73 + 0.85) x
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10 7photon cm"2s1 with r = 2.10 + 0.08 photon index and with 24.0 a detection
significance. The y-ray photon index variation in time computed for three-day bins is shown
in the middle panel of Figure 5. Most of the time, the photon index varies around its averaged
value reported in 4FGL (2.14 from the log-parabolic fit), but in some periods hardening and
softening are evident. The hardest photon index of r = 1.73 + 0.24 has been observed on
MJD 58089 with 6.2 a while the softest one 3.13 + 0.31 was observed on MJD 57675.

During the three outbursts in the y-ray band (the first three peaks in Figure 5 upper
panel) the rising and decaying shapes of the flares can be well constrained by the data. The
temporal evolution of each flare has been studied separately. For this purpose, a time profile
fitting of these flares is performed by a sum of exponentials which gives the rise and decay
times of each peak,

F(t) = Fc+ “exp (t%- )+ exp(— 0)j 3)

where FO is the flux at t0 representing the approximate flare amplitude, Fc is the quiescent

flux, tr and t,j are the rise and decay times of the flare, respectively. The light curve was fitted
with the nonlinear optimization python package Imfit (https://Imfit.github.io/Imfit-py/).

The corresponding fit is shown in Figure 6. The two flares are fitted together with the
same constant level of the flux to reduce the number of free parameters. These flares reach
the peaks within 11.34 + 2.85 and 9.21 + 2.43 days, respectively, then the second one
quickly drops to its average level within 3.64 + 1.24 days while the decay of the other flare
is relatively slow, 7.66 + 2.19. The time peak of the flares are at MJD 55899.5 and MJD 56
17598  with  amplitudes of (13.41+ 2.67)x 10 7 and (11.85 + 2.00) x
10 7photon cm~2s1 , respectively. The shortest flux doubling or halving timescales,
computed by trd x In2, is ~2.34 days.

The SED of B3 1343+451 during the quiescent (low), and flaring (F1 and F4) periods are
shown in Figure 7. Initially, the SED in the quiescent state is modeled (Figure 7 left panel) to
estimate the baseline energy of the jet as well as the radiating particle energy distributions.
In this case, the X-ray to y-ray data is interpreted as IC up-scattering of synchrotron (dot-
dashed line in Figure 7 right panel) and torus (dashed line in Figure 7 right panel) photons.

The absence of high-quality X-ray data hardens the precise estimation of the power-law
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Figure 7. Modeling ofthe broadband SEDs of B3 1343+451 during the quiescent (left panel) and flaring states
(F1 and F4 right panel).

index of the electrons and p = 2.39 is defined by SSC fitting to X-ray data. When ymin =
62.78, Ycut = 4683.34 and Ymax = 1.04 x 104, the EIC component peaks around GeV
energies, explaining the Y-ray data. In the emitting region, the magnetic field is B = 0.18 G
with a density lower than that of electrons Ue/LIB = 74.6 which implies that even if the
system is not perfect in equipartition (Ue/Uv = 1), there is no large deviation between
electron and magnetic field energy densities. The multiwavelength SEDs during the flaring
states are shown in Figure 7 (right panel).

During the fit, all the parameters describing the source (e.g., the luminosity of the torus,
its radius, temperature, etc.) are fixed to the values obtained during the fit of the averaged
state, while the parameters of the magnetic field and emitting electrons are left free to vary.
X-ray to Y-ray data are again interpreted by the sum of SSC and EIC components (for the
clarity only the sum of these components is depicted in Figure 7 right panel) and the X-ray
spectra can be explained when p = 2.08 and p = 2.38 for the flares F1 and F4, respectively.
As the Y-ray spectrum during F4 is characterized by a harder photon index which extends to
higher energies, larger Ycut = 12095.01 is estimated as compared with F1 (Ycut = 4884.00).
In order to account the increase on the Y-ray flux, higher energy densities of electrons are
estimated which results in lower magnetic field (0.04 and 0.10 for F1 and F4, respectively)
to keep the flux of the lower component at the same level since the synchrotron emission
depends on the total energy of electrons and magnetic field. During the flaring states, the jet
of B3 1343+451 becomes more particle dominated with Ue/Uv > 900, which is natural
considering the ratio of IC to synchrotron luminosity increases.

In the chapter 5 the properties of additional 7 high redshift blazar from Fermi-LAT
catalogue based on 12 years of data have been investigated. The Y-ray properties of PKS 1830-
211, LQAC 247-061, 4C +41.32, PKS 2311-452, PMN J0833-0454, PKS 2318-087, TXS
0536+145 were investigated by analyzing Fermi-LAT data accumulated between 2008 August
04 to 2022 December 04 (MET 239557417-691804805). After analyzing the data from the
entire period, the Y-ray variability of the selected sources was investigated. Initially, the
whole time period was divided into short equal periods or was constrained using adaptive
binning method and the unbinned likelihood analysis was applied to estimate the flux and
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the photon index. The y-ray light curves of selected sources are shown in Figure 8. For each
source, when the light curve generated with adaptively binning method is with a reasonable
time bins, the light curves generated with fixed bins (circle) and with adaptive bins are
shown. The light curves for PKS 1830-211 and LQAC 247-061 were downloaded from the
Fermi-LAT Light Curve Repository!, as the ROI around these sources contain a lot of objects
making difficult the analysis. The most variable source in the sample is PKS 1830-211 (see
panel a in Figure 8) which shows high amplitude flux changes in 3-day binned light curve.
The y-ray emission of this source increases time to time but the largest flare was observed
during MJD 58572-58605 when the flux increased up to (1.74£0.04) X
107° photon cm™?s™! on MJD 58596.49. It should be noted that average flux of y-ray

2571 g0 the flux increases

emission from this source is (1.01 &+ 0.19) x 10~ photon cm™2s
~17.22 times. The time averaged y-ray spectrum of PKS 1830-211 is well explained with the
index of I', = 2.66 £ 0.34 but during the brightening the hardest index of I, = 2.22 £ 0.03
was observed on MJD 58596.49. The y-ray light curve of LQAC 247-061 with 7-day bins
shows (panel b in Figure 8) several flaring periods although with smaller amplitudes as
compared to PKS 1830-211: the maximum weekly flux of this source was (5.87 £ 1.34) X
1077 photon cm™2s™! observed on MJD 59222.42. The adaptively binned light curve of TXS
0536+145 above 285.38 MeV (panel c Figure 8) shows that the source was in active emission
state between MJD 55872-56138 when the flux above 285.38 MeV increased up to
(1.81 £ 0.39) x 1077 photon cm™2s™1 on MJD 55945.22. On average the y-ray spectral
index of this source is around I\, = 2.68 but during the flares occasionally it hardens, for
example on MJD 56014.81 the index was I, = 2.00 £ 0.16. Among the considered sources,
the light curve generated with the help of adaptive binning method shows also 4C+41.32 has
variable y-ray emission (panel d in Figure 8); the averaged y-ray flux of the source was
(3.24 £ 0.94) x 1072 photon cm™2s~!  which increases up to (5.751+0.12) X
107? photon cm™~2s~Yon MJD 56177.66. It should be noted that during this bright period the
photon index hardened being I, = 2.10 £ 0.11. For the other remaining three sources (PKS
2311-452, PKS 2318-087 and PMN J0833-0454) no flux changes were observed in long- and
short-time scales.

Among the considered sources, TXS 0536+145, PMN J0833-0454, LQAC 247-061 and PKS
1830-211 were at least once observed by Swift satellite. All these available data from XRT
and UVOT observations were downloaded and analyzed. The XRT data were all processed
using the Swift_xrtproc automatic tool. The 2.0-10 keV X-ray flux of PMN J0833-0454 is at
the level of 1.86 X 10™erg cm™2s™1 | instead, the spectral index is Ix = 1.90 + 0.53 and
I'x = 2.17 £ 0.47 which is unusually soft for FSRQs. Similarly, the 2.0-10 keV X-ray flux of

' https://fermi.gsfc.nasa.gov/ssc/data/access/lat/LightCurveRepository/
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Figure 8. The Y-ray light curve of selected sources.

TXS 0536+145 and LQAC 247-061 is (0.91 —2.28) x 10 2ergcm ~ 1 and (1.00 —
1.79) x 10 12ergcmT2s1 ,respectively, and their indexes are 1.45 —1.88 and 1.05 —1.39,

respectively. PKS 1830-211 is the most variable source in the X-ray band. Thighest flux of
(2.41 + 0.44) x 10 1lergcm~2s1 was observed on MJD 58583.10. The spectral index in

the X-ray band is relatively hard, changing from 0.34 + 0.14 to 0.94 + 0.25, so it defines the

rising spectrum of the HE component.

In order to investigate the origin of broadband emission from the considered sources, the data
analyzed here were combined with the archival data retrieved using VOU-blazar tool. The

SEDs composed with data retrieved from VOU-blazar tool and analyzed here, are shown in

Figure 9. All the considered sources show the characteristic double peaked structure which

is modeled within a leptonic one-zone scenario. The SEDs modeled with the

synchrotron/SSC plus external Compton scattering of BLR photons is shown in Figure 9. The
presented SEDs have sufficient data spanning from radio (archival) to HE Y-ray bands
(analyzed here), which allows for shaping of both low and high energy peaks. The model

utilized is able to effectively explain the multiwavelength data for nearly all of the sources.

The modeling shows that multi wavelength data of PKS 1830-211, LQAC 247-061 and

4C+41.32 can be explained when the power-law index of emitting electrons is relatively hard,

1.79 £ 0.08, 1.97 £ 0.08, 1.74 + 0.21 respectively. Whereas soft index of 2.96 + 0.06 and

2.49 + 0.07, respectively, are required to explain the data of TXS 0536+145 and PMN J0833-
0454. Because of this soft index, the fit resulted to higher value for the cut-offenergy for
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Figure 9. The modeling of multiwavelength SEDs of considered sources.

those two sources, (12.94 + 1.82) x 103 and (8.57 £ 0.76) x 103 respectively.The cut-off
energy is estimated to be (5.99 £ 0.41) x 103, (2.75 £ 0.27) x 103and (1.62 + 0.14) x 103
for PKS 1830-211, LQAC 247-061 and 4C+41.32 respectively. The modeling shows that the
magnetic field in the emitting region is within 0.1 —15.8 Gwhere the lowest magnetic field
of 0.1 + 0.01 G is estimated for PKS 1830-211 while maximum of 15.82 + 1.74 for LQAC
247-061. For the considered sources, the Doppler boosting factor varies in a small range of
12.28 - 14.58 which is typical value usually estimated for the FSRQs. The modeling allowed
to estimate also variability time or the size of the emitting region. The variability time is
order to sub-day scales for all the considered except for 4C +41.31 for which tvar = 3.73 days
which corresponds to R = 3.37 x 1016 cm considering its redshift of z = 2.55.

For all the considered sources, the jet is particle dominated with Le/LB > 1. The highest
total luminosity of Ltot = Le+ Lv = 3.17 x 1046 ergs 1isestimate for PKS 1830-211 while
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PMN J0833-0454 has the lowest luminosity of 5.52 X 10** erg s™*. The modeling allows to
put un upper limit on the disk luminosity requiring that it does not overproduce the
synchrotron component. The disc luminosity varies in the range of (0.01—9) X
10% ergs1,
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Ulwnhy qujuljpnhluljui dhenitjubkpp (GQU-ubpp) ny obipluyght Lwnwquypdundp
hqnp wyppniplibp bo HEjnpudugihuulwi wybluph nge whpnypnud: Cun UQU-
ubph  dhuwubwlwi  mbunipjul, popp UU-ubptt okl hwdwidwbh  Whppht
Junnigwsdp, npnig phinnnquijuwi hwnlnppniitiinh wwppbpoipnip jupjws |
wnpymiph ghuinpph Wwindundp niibgud ghpphg: Ophtwy, kpp UQU-ukph ohpl
ngnjus L phwyh phungp, wyw gpuip qpuuwlupgdnud Bo npuybiu pruquap:
Pluquplibph  dwnwquypnuip  tjwpwqupynud £ jupd  dudwbwljwhwngusnid
Swnwquypdul fupnil] hnthnjuwljuingpjudp fEupudwgithuuluwh vybnph popnp
nhpnypbbpnul, pwpdp pruwnynipjundp, nughn b oywmpljuljul mhpnypttipnid
Swnwquypdul  phbpwgquénipjudp b wyjic: Uks nruwunynipjuin wyuwmdwnny
pruqupibpp huynbwpbpdly Bu inyguhuly kS hbpwnpnipiniuiiph dpw, ntunh
npuilg nuunulbwuppnudp wpwbidtwhwinndl] hbwwppppnipnit £ ubkpluyughnud:
Uwnbkbwhnunmpjui hhdbwljwi tyuwwnwljip £ ntunadiwuhply pupdp Eukpghwibph
quidw whpnypod gpuingdus Uks Yupuhp obnnuing pjuqupibiph puqluwhpuyhe
mhpnypnd  dwnwgquypdwh  dkjupwihquubpp: Unbtwpimunipiniip juqudws &
ubkpwdnipiniithg, hhiq qnihutiiphg, Yhpewpwithg b hnniulubph guiilhg:

Unwowpwinud ukphuyugdus b phdughtt wnbisyny ghunwljuit gpujuinipyui
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hwdwnnn wljtiwnl, phdugh wpphwlwingeniip b ghnwljub inpnypep:

Unwohtt qunid hwhhpd ubpluyugyty b Fermi-LAT phwwlny gqpubgwsd
ujuitbiph dpwljful hhliwlwh ayqpnibiplitipp, hiswbu tul’ pruqupbibph shpbpouot
hhdtwljut Lwnuguypduih Ukjuwithquithpp:

Bpypnpn giunid puliuplyby L pupdn Bubipghwitibiph quuiw whpnipginud qpubigdus
33 hhnwynp pjuqupubph (z > 2.5) fwnwquypdubt uyblnpu) b dudwbwluwgh
hwnlmpnibibpp Jbhpnsting  Fermi-LAT b Swift phuwljubipnd  qpubigqus
uyu ebipp:

Oppnpy qunud wbpljujugws £ PKS 0537-286 (z =3.1) pjwmquph 2hphg
Swnwquypldui Ubjwihquittph hwdwwwpthwl) ntunudiwuhpniegniiip: Ugpmniph
puquuhwdwhiughtt uybljpnph Eubipghwlwi pwohidudnipniin dnplijudnpyly &
hwbighun b wlnpy Jhdwlubpnud’ Ukl nhpnyphg (kywnniughi dnglih opewbwlynud,
ghwthwwnyby ki ohpp Wwpugnnn hhubwljwi wuwpudbupbpp:

Onppnpn qilunud nunudtwuhpdl) B dbd hinwdnppeijuudp B3 1343+451 puquiph
Swnwquypnudp  puquuuwhpughlt  whpnypoul:  dbipehtt  wwphubphtt  quuidw
mhpnypnud wnpipp bnkp B wljnh] dwnwquypdwt Jh&wlnul: Ppujubwughbing
quidw  nhpmpnd guuiiguws ufpuyitiph dudwbwljughtt  Ybpnusnipind,
ghwhuwinybly L funuquypuwis whpnyph swtp:

Zphtghipnpy gpunud phiplydly B Uk hhnwdnpnipjualp (z > 2.5) 7 ppuqupbbkph
shpbpnud wnbnh niibgnn ns-obipduyhtt wpnghultbpp: Unpnipitinh fwnwquypdwi
uyklwnptipp dngljwdnpyt) Bu dkly mhpnyphg (kyunnbught mkunipjub opgwtiuljnid
huljuwnupd Yndyunbpui gpiwb hwdwp, hwdh webbng b uhippnunpniughi, U
wpuwphlt nnnbughtt quonbpp: Fuwhwindl) b dwnwquypenny  dwubhljibpp
jwpugpny wuwpuwdbkupbpp b 2hph (pruwugniggniin:

Pesiome

AxTuBHble saApa TamakTuk (ASD) SBIAIOTCS MCTOYHHKAMM MOIIHOTO HETEeIJIOBOTO
M3TydYeHMs BO BCeM [IMANA30He 3IEKTPOMATHUTHOTO cmekTpa. COIJIacHO eIMHOM TeopHu
AT, Bce ASIT' MMeIOT CXOXYIO BHYTPEHHIOIO CTPYKTYDY, a pasiuyue B HaOMOJATEeTbHBIX
CBOMCTBAX 3ABMCUT OT IOJOXKEHMs HMCTOYHHMKA OTHOCHTeNbHO Habmiofgarens. Hampumep,
xorga crpys Afl mampammena Ha HaGmofaress, OHH KIACCHPUIIMPYIOTCS KaK Onasapsl.
Wanyuenne 671a3apoB XapaKTepU3yeTCs Pe3kol M3MEeHYHMBOCTHIO M3TYUeHHs 33 KOPOTKHUil
IIPOMEXYTOK BpeMeHM BO BCeX JUAIA30HAX IEKTPOMATHHTHOTO CIEKTpa, BBICOKOM
CBETUMOCTBIO, TIOJIIpH3alnMeil M3TyueHMs B PaguO M ONTHYECKOM [HMAMA30HAX M JIP.
Braromapst BbICOKOM SIPKOCTU 671a3aphl OOHAPY>KUBAIOTCA Jake Ha GOJBIINX PACCTOSHUAX,

CIe10BaTeJabHO M3yYeHHe DTUX 0OBEKTOB IpencTaBadeT 0COOBIH HUHTEpeC. OcHosHOHU LIEJIBIO
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[AvccepTauum SBASETCA MHOrOBO/IHOBME WCCNefoBaHWe MeXaHW3MOB W3nyyveHus 6na3apos
3aperncTpMpoBaHHbIX B y-A4ManasoHe BbICOKUX 3HEPTU € BO/bLUMM KPACHbIM CMELLEHMEM.

Jwncceptaumsa cocTOUT U3 BBEAEHWUSA, MATW N8B, 3aK/IOYEHUSA U CNUCKA NUTepatypbl.
Bo BBEAEHUM Mpon3BeaeH 0630p HayUYHOW MTepaTypbl, KacatoLencs gaHHOM TeMbl, a Takxe
N3M0XEHbI aKTYanbHOCTb U LeNn uccnefoBaHus.

B rnase 1 KpaTko npeAcTaBneHbl OCHOBHble MPUHUWMAbLI 06paboTKM  AaHHbIX
3aperncTpMpoBaHHbIX ¢ MoOMOLWblo Fermi-LAT a Tak)Xe OCHOBHble MeXaHWU3Mbl U3y4YeHUs B
CTpyax 6n1a3apos.

B rnase 2 paccMOTpeHbl CMeKTpasbHO-BPEMEHHbIE CBOWCTBA WM3NyyYeHUA 33 Janekunx
6nasapoB (z > 2.5), 3aperncTpupoBaHHbIX B BbICOKO3HEPreTUYECKOM Yy-AunanasoHe, MyTem
aHanm3a faHHbIX, 3aperncTpUpoBaHHbIX C MOMOLLbI0 Teneckonos Fermi-LAT un Swift.

B rnase 3 npefcTaBNeHO BCECTOPOHHEE MUCCE0BAHME MEXaHU3MOB U3TyHEHUSA U3 CTPYU
6nasapa PKS 0537-286(z = 3.1). B paMmkax 04HO30HHOW NENTOHHOM MOAeNN CMOLENNPOBAHO
MHOFOBO/THOBOE CMeKTpasibHOe pacnpefefieHne 3Heprum WCTOYHMKA B CMOKOWMHOM U
aKTMBHOM COCTOSIHMAX W OLEHEHbI OCHOBHbIE NapameTpbl, ONMCbIBatOLLMEe CTPYM 6nasapa.

B rnase 4 nccnegosaHo mM3nyyveHwe fdanbHero 6nasapa B3 1343+451 B MHOroBO/THOBOM
[vana3oHe. B nocnefHue rofbl UCTOYHUK HaXOAUTCA B COCTOAHUWN aKTUBHOIO U3NTyYeHUA B
y-AnanasoHe. MyTemM NpoBefeHNsA BPEMEHHOMO aHan3a faHHbIX, 3apPermcTPpMpPOoBaHHbIX B Y-
[vana3soHe, 6bl1 OLEHEeH pasMep Msny4arolleii obnactu.

B rnase 5 06Cy>/eHbl HeTena0Bble MPOLECChl, NPOUCXOAALLNE B CTPYAX 7 6/1a3apoB Ha
60nbLWOM paccTossHUM (z > 2.5). CneKTpbl U3NYYEeHUA NCTOUHMKOB BblI MOAENNPOBaHbI B
paMKax OfHO30HHOI NeNTOHHOM Modenun, npeanonaras, YTo U3NyvyeHne BO3HWMKAET 3a CYeT
CUHXPOTPOHHbLIX (POTOHOB M 06PATHOr0 KOMMTOHOBCKOIO PaccesiHus Kak CUHXPOTPOHHBIX,
TaK M BHeWHMX (oTOHOB. OLEHEeHbI NapameTpbl, ONUCLIBAIOLWME U3yYaloLWme YacTULbl 1
CBETMMOCTb CTPYM.

Gevorg Harutyunyan/ / TeBopr ApyTHOHSIH.
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