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• Statement of research interests:

1. Ultra High Energy Cosmic Rays.
The problem of explanation of the UHECR spectrum is one of the most pop-
ular and sophisticated problems of today’s high energy physics. It includes
theoretical estimates of the primary cosmic ray composition and spectra as well
as source identifications based on cosmic ray experiments data as well as the
existing limits on diffuse gamma-ray and neutrino fluxes. With the numerical
code, which I have developed, the detailed analysis of general properties of the
models with UHE nuclei, proton, photon and neutrino sources has been done.
This investigation was the main point in my PhD thesis.

The two largest today’s cosmic ray experiments are Pierre Auger Observatory
(PAO) and Telescope Array (TA). As a member PAO and later member of TA
collaboration I was involved in the analysis of the energy spectrum and arrival
directions of the cosmic rays.

Currently existence of cosmic ray flux cutoff is confirmed experimentally, al-
though it’s nature is not yet well understood. Still there is no agreement on the
cosmic rays composition at the highest energies. The main observable used for
composition study is the depth of the shower maximum Xmax.

I have performed the detailed simulations of cosmic ray spectrum and Xmax

from various astrophysical sources in attempt to fit either PAO or TA data,
showing that while TA spectrum and Xmax measurements can by explained by
conventional sources emitting mostly protons, the spectrum and Xmax observed
in PAO require very special kind of astrophysical sources rich with intermediate
elements such as silicon and nitrogen.

I have considered the toy model of the population of numerous non-identical
extragalactic sources of ultra-high-energy cosmic rays. In the model, cosmic-
ray particles are accelerated in magnetospheres of supermassive black holes in
galactic nuclei, the key parameter of acceleration being the black-hole mass.

In future I plan to investigate possible influence of new physics on the obser-
vational results. The new particles in the non-standard models as candidates
for UHECRs can be considered. Another interesting point of investigation is
influence of statistical distribution of sources on UHECR spectra characteristics
such as small scale flux fluctuations and anisotropy.

2.Propagation of Ultra High Energy Cosmic Rays.
Propagation of UHECR through universal backgrounds was considered theo-
retically long time ago, but until recent years the complete simulation of this
process hasn’t been done. Due to growing interest in this area this task has
become very important and so I have developed the numerical code for detailed
simulation of the UHECR propagation. The simulation is based on Transport



Equations written in the expanding Universe. The code simulates the prop-
agation of nucleons, stable leptons and photons using the standard dominant
processes. The propagation of nucleons and electron-photon cascades is cal-
culated self-consistently. Namely, secondary (and higher generation) particles
arising in all reactions are propagated alongside with the primaries. The code
also simulates several models of UHECR sources including astrophysical sources
as well as heavy relic particles and topological defect models.

In the future I plan to investigate both particle propagation and deflection in
regular and random magnetic fields. For this purpose I am developing the Monte
Carlo code. Currently the part of the code describing electron-photon cascade
is completed and successfully tested.

3. High energy neutrino astrophysics.
Detection of ultra-high energy cosmic rays (UHECR) with energies up to 1020

eV and above give a chance to detect secondary neutrinos from UHECR protons
in the neutrino telescopes and UHECR detectors like IceCube, Pierre Auger Ob-
servatory, Telescope Array. Based on my transport code I reconsidered neutrino
flux predictions and especially their maxima consistent with all cosmic ray and
photon data, for cosmogenic neutrinos produced through pion production of
UHECRs during propagation, and for the more speculative Z-burst scenario
and top-down scenarios. I have shown that one can easily exceed the Waxman-
Bahcall bound and, in the most optimistic cases, even the Mannheim-Protheroe-
Rachen bound for cosmogenic neutrinos in scenarios with hard enough cosmic
ray injection spectra, and redshift evolution typical for quasars, or stronger. I
also have shown that for non-shock AGN acceleration models the AGN neu-
trino fluxes can reach the photon bound around 1016 eV which represents the
ultimate limit for all scenarios of photon and neutrino production involving pion
production.

4. Large scale jets in the AGN.
The radiative cooling of electrons responsible for the nonthermal synchrotron
emission of large scale jets of radiogalaxies and quasars requires almost con-
tinuous (in time and space) production of relativistic electrons throughout the
jets over the scales exceeding 100 kpc. While in the standard paradigm of large
scale jets this implies acceleration of electrons, I have considered a principally
different “non-acceleration” origin of these electrons, assuming that they are
implemented all over the length of the jet through effective development of
electromagnetic cascades initiated by extremely high energy photons injected
into the jet from the central object. Development of such cascades is an at-
tractive mechanism for production of ultra-relativistic electrons (with almost
100 percent efficiency) which can be responsible for the observed radio-to-X-ray
spectra of jets. This scenario provides a natural and very economic way to
power the jets up to distances of 100 kpc and beyond.

5. Active galactic nuclei (AGN) can produce both gamma rays and cosmic rays.



I have shown that under certain conditions the observed high-energy gamma-
ray signals from distant blazars may be dominated by secondary gamma rays
produced along the line of sight by the interactions of cosmic-ray protons with
background photons. This explains the surprisingly low attenuation observed
for distant blazars, because the production of secondary gamma rays occurs,
on average, much closer to Earth than the distance to the source. Thus the
observed spectrum in the TeV range does not depend on the intrinsic gamma-
ray spectrum, while it depends on the output of the source in cosmic rays.
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