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INTERNATIONAL ORGANIZING COMMITTEE
Sergei Kilin (Belarus), Malcolm Longair (United King-

The Forth Zeldovich Meeting ) S G oo B (1. o).
An international conference in honor of Sy @ v
Ya. B. Zeldovich in Minsk
National Academy of Sciences of Belarus

20 - 24 April 2020

ovichd

(BRFFR), Sergei Kilin (NASB, Kurochkin
(vice-Chair, IoP NASB), Irina Nikonchuk (IoP NASB),
Viadimir Podkopaev (NASB), Mikalai Prakapenia (ICRANet-
Minsk), Yauhen Safronau (IoP NASB), Dzmitry Shoukavy
(IoP NASB), Ivan Sintsou (ICRANet-Minsk),

efanov (IoP NASB), Sergrei Tihomirov (NASB)

MI0730H 2020424 H 1H , W] Ll DLT s 2o i 2
https://uploader.icranet.org/zeld4/.
VI B iE & 5 N A AL d
— Abhay Ashtekar, Institute for Gravitation & the Cosmos, Penn State University, USA;
— Rong-Gen Cai, Institute of Theoretical Physics, Chinese Academy of Sciences, China;

— Jens Chluba, Jodrell Bank Centre for Astrophysics, University of Manchester, UK
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— Alexander Dolgov, Novosibirsk State University and ITEP, Russia;

— Jaan Einasto, Tartu Observatory, Estonia;

— Stefan Gillessen, Max Planck Institute for Extraterrestrial Physics, Germany;

— Claus Lammerzahl, ZARM, Germany;

— Vladimir Lipunov, Moscow State University, Russia;

— Felix Mirabel, CEA Saclay, France;

- Slava Mukhanov, Ludwig-Maximilians-Universitit Miinchen, Germany;

— Konstantin Postnov, Sternberg Astronomical Institute of the Moscow State University, Russia;
— Piero Rosati, University of Ferrara, Italy;

— Jorge Rueda, ICRANEt, Italy;

— Remo Ruffini, ICRANet, Italy;

— Nikolay Shakura, Sternberg Astronomical Institute of the Moscow State University, Russia;
— Dmitry Sokoloff, Moscow State University, Russia;

— Alexey Starobinsky, Landau institute for theoretical physics, RAS, Russia.
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14. 5236 1 HH iy

Sahakyan, N., Investigation of the Gamma-ray Spectrum of CTA 102 During the Exceptional Flaring
State in 2016-2017 (2016-2017F 55 BRIEIRAS T ctal 0241 B 51 2% 4 45), accepted for publication in
Astronomy & Astrophysics, November 2019.

The flat spectrum radio quasar CTA 102 entered an extended period of activity from 2016 to 2017 during
which several strong yy-ray flares were observed. Using Fermi large area telescope data a detailed
investigation of \gray spectra of CTA 102 during the flaring period is performed. In several periods the \gray
spectrum is not consistent with a simple power-law, having a hard photon index with an index
of ~(1.8-2.0)~(1.8—2.0) that shows a spectral cutoff around an observed photon energy
of ~(9—16)~(9—16) GeV. The internal yy-ray absorption via photon-photon pair production on the broad line-
region-reflected photons cannot account for the observed cut-off/break even if the emitting region is very
close to the central source. This cut-off/break is likely due to a similar intrinsic break in the energy
distribution of emitting particles. The origin of the spectral break is investigated through the multiwavelength
modeling of the spectral energy distribution, considering a different location for the emitting region. The
observed X-ray and yy-ray data is modeled as inverse Compton scattering of synchrotron and/or external
photons on the electron population that produce the radio-to-optical emission which allowed to constrain the
power-law index and cut-off energy in the electron energy distribution. The obtained results are discussed in
the context of a diffusive acceleration of electrons in the CTA 102 jet.

Link: https://ui.adsabs.harvard.edu/abs/2019arXiv191112087S/abstract

Acciari, V. A., et al. Monitoring of the radio galaxy M 87 during a low emission state from 2012 to 2015

with MAGIC (FE20124EZ 2015 WREIHIRE R, FAMAGICKNIm875 5 &), published in
Monthly Notices of the Royal Astronomical Society, January 2020.

M 87 is one of the closest (z=0.00436) extragalactic sources emitting at very-high-energies (VHE, E > 100
GeV). The aim of this work is to locate the region of the VHE gamma-ray emission and to describe the
observed broadband spectral energy distribution (SED) during the low VHE gamma-ray state. The data from
M 87 collected between 2012 and 2015 as part of a MAGIC monitoring programme are analysed and
combined with multi-wavelength data from Fermi-LAT, Chandra, HST, EVN, VLBA and the Liverpool
Telescope. The averaged VHE gamma-ray spectrum can be fitted from 100 GeV to 10 TeV with a simple
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power law with a photon index of ( - 2.41 £ 0.07), while the integral flux above 300 GeV is (1.44 + 0.13) x
10-12 ¢cm-2 s-1, During the campaign between 2012 and 2015, M 87 is generally found in a low emission state
at all observed wavelengths. The VHE gamma-ray flux from the present 2012-2015 M 87 campaign is
consistent with a constant flux with some hint of variability (3 ¢) on a daily timescale in 2013. The low-state
gamma-ray emission likely originates from the same region as the flare-state emission. Given the broadband
SED, both a leptonic synchrotron self Compton and a hybrid photo-hadronic model reproduce the available
data well, even if the latter is preferred. We note, however, that the energy stored in the magnetic field in the
leptonic scenario is very low suggesting a matter dominated emission region.

Link: https://doi.org/10.1093/mnras/staa014

MAGIC Collaboration; Acciari, V. A. et al., Testing emission models on the extreme blazar 2WHSP
J073326.7+515354 detected at very high energies with the MAGIC telescopes (FlMAGICH 5 AEH FR Y

blazar 2WHSP J073326.7+515354_ LR K SPAERY, $RM S04 =i i AER), published in Monthly Notices
of the Royal Astronomical Society, Volume 490, Issue 2, p.2284-2299.

Extreme high-energy-peaked BL Lac objects (EHBLs) are an emerging class of blazars. Their typical two-
hump-structured spectral energy distribution (SED) peaks at higher energies with respect to conventional
blazars. Multiwavelength (MWL) observations constrain their synchrotron peak in the medium to hard X-ray
band. Their gamma-ray SED peaks above the GeV band, and in some objects it extends up to several TeV.
Up to now, only a few EHBLs have been detected in the TeV gamma-ray range. In this paper, we report the
detection of the EHBL 2WHSP J073326.7+515354, observed and detected during 2018 in TeV gamma rays
with the MAGIC telescopes. The broad-band SED is studied within an MWL context, including an analysis
of the Fermi-LAT data over 10 yr of observation and with simultaneous Swift-XRT, Swift-UVOT, and KVA
data. Our analysis results in a set of spectral parameters that confirms the classification of the source as an
EHBL. In order to investigate the physical nature of this extreme emission, different theoretical frameworks
were tested to model the broad-band SED. The hard TeV spectrum of 2WHSP J073326.7+515354 sets the
SED far from the energy equipartition regime in the standard one-zone leptonic scenario of blazar emission.
Conversely, more complex models of the jet, represented by either a two-zone spine-layer model or a
hadronic emission model, better represent the broad-band SED.

Link: https://doi.org/10.1093/mnras/stz2725

MAGIC Collaboration; Acciari, V. A., et al., Observation of inverse Compton emission from a long y-ray
burst (i1 2 F W22 3 16 BE 5 145 51), published in Nature, Volume 575, Issue 7783, p.459-463.

Long-duration y-ray bursts (GRBs) originate from ultra-relativistic jets launched from the collapsing cores of
dying massive stars. They are characterized by an initial phase of bright and highly variable radiation in the
kiloelectronvolt-to-megaelectronvolt band, which is probably produced within the jet and lasts from
milliseconds to minutes, known as the prompt emission. Subsequently, the interaction of the jet with the
surrounding medium generates shock waves that are responsible for the afterglow emission, which lasts from
days to months and occurs over a broad energy range from the radio to the gigaelectronvolt bands. The
afterglow emission is generally well explained as synchrotron radiation emitted by electrons accelerated by
the external shock. Recently, intense long-lasting emission between 0.2 and 1 teraelectronvolts was observed
from GRB 190114C. Here we report multi-frequency observations of GRB 190114C, and study the evolution
in time of the GRB emission across 17 orders of magnitude in energy, from 5 x 10-6 to 1012 electronvolts. We
find that the broadband spectral energy distribution is double-peaked, with the teraelectronvolt emission
constituting a distinct spectral component with power comparable to the synchrotron component. This
component is associated with the afterglow and is satisfactorily explained by inverse Compton up-scattering
of synchrotron photons by high-energy electrons. We find that the conditions required to account for the
observed teraclectronvolt component are typical for GRBs, supporting the possibility that inverse Compton
emission is commonly produced in GRBs.

Link: https://ui.adsabs.harvard.edu/abs/2019Natur.575..459M/abstract

MAGIC Collaboration; Acciari, V. A. et al., Teraelectronvolt emission from the y-ray burst GRB

190114C (GRB 190114C WjTeV#E5t), published in Nature, Volume 575, Issue 7783, p.455-458.
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Long-duration y-ray bursts (GRBs) are the most luminous sources of electromagnetic radiation known in the
Universe. They arise from outflows of plasma with velocities near the speed of light that are ejected by
newly formed neutron stars or black holes (of stellar mass) at cosmological distances. Prompt flashes of
megaelectronvolt-energy y-rays are followed by a longer-lasting afterglow emission in a wide range of
energies (from radio waves to gigaelectronvolt y-rays), which originates from synchrotron radiation
generated by energetic electrons in the accompanying shock waves. Although emission of y-rays at even
higher (teraelectronvolt) energies by other radiation mechanisms has been theoretically predicted, it has not
been previously detected. Here we report observations of teraelectronvolt emission from the y-ray burst GRB
190114C. y-rays were observed in the energy range 0.2-1 teraelectronvolt from about one minute after the
burst (at more than 50 standard deviations in the first 20 minutes), revealing a distinct emission component
of the afterglow with power comparable to that of the synchrotron component. The observed similarity in the
radiated power and temporal behaviour of the teraelectronvolt and X-ray bands points to processes such as
inverse Compton upscattering as the mechanism of the teraelectronvolt emission. By contrast, processes such
as synchrotron emission by ultrahigh-energy protons are not favoured because of their low radiative
efficiency. These results are anticipated to be a step towards a deeper understanding of the physics of GRBs
and relativistic shock waves.

Link: https://ui.adsabs.harvard.edu/abs/2019Natur.575..455M/abstract

Ruffini, R.; Moradi, R.; Rueda, J. A.; Becerra, L.; Bianco, C. L.; Cherubini, C.; Filippi, S.; Chen, Y.
C.; Karlica, M.; Sahakyan, N.; Wang, Y.; Xue, S. S., On the GeV Emission of the Type I BAHN GRB

1304274 (BdHN 5% 130427AW)GeVig5t), published in the Astrophysical Journal, Volume 886,
Issue 2, article id. 82, 13 pp. (2019) on November 22, 2019.

We propose that the inner engine of a type I binary-driven hypernova (BdHN) is composed of Kerr black
hole (BH) in a non-stationary state, embedded in a uniform magnetic field B ¢ aligned with the BH rotation
axis and surrounded by an ionized plasma of extremely low density of 10-14 g cm™3. Using GRB 130427A as
a prototype, we show that this inner engine acts in a sequence of elementary impulses. Electrons accelerate
to ultrarelativistic energy near the BH horizon, propagating along the polar axis, § = 0, where they can reach
energies of ~1018 eV, partially contributing to ultrahigh-energy cosmic rays. When propagating
with # = (I through the magnetic field Bo, they produce GeV and TeV radiation through synchroton emission.
The mass of BH, M = 2.31M o, its spin, a = 0.47, and the value of magnetic field B o = 3.48 x 1010 G, are
determined self consistently to fulfill the energetic and the transparency requirement. The repetition time of

each elementary impulse of energy € ~ 1077 erg is ~10-14 s at the beginning of the process, then slowly
increases with time evolution. In principle, this "inner engine" can operate in a gamma-ray burst (GRB) for
thousands of years. By scaling the BH mass and the magnetic field, the same inner engine can describe
active galactic nuclei.

Journal link: https://iopscience.iop.org/article/10.3847/1538-4357/ab4ce6
arXiv link: https://arxiv.org/abs/1812.00354

De Lima, Rafael C. R.; Coelho, Jaziel G.; Pereira, Jonas P.; Rodrigues, Claudia V.; Rueda, J. A.,
Evidence for a multipolar magnetic Field in SGR J1745-2900 from X-ray light-curve analysis (x5}2 56 il

LI MrEBISGR J1745-2900 0 1748 2k 3%), accepted for publication in The Astrophysical Journal;
in press.

SGR J1745-2900 was detected from its outburst activity in April 2013 and it was the first soft gamma
repeater (SGR) detected near the center of the Galaxy (Sagittarius A*). We use 3.5-year Chandra X-ray light-
curve data to constrain some neutron star (NS) geometric parameters. We assume that the flux modulation
comes from hot spots on the stellar surface. Our model includes the NS mass, radius, a maximum of three
spots of any size, temperature and positions, and general relativistic effects. We find that the light-curve of
SGR J1745-2900 could be described by either two or three hot spots. The ambiguity is due to the small
amount of data, but our analysis suggests that one should not disregard the possibility of multi-spots (due to
a multipolar magnetic field) in highly magnetized stars. For the case of three hot spots, we find that they
should be large and have angular semi-apertures ranging from 16-67 degrees. The large size found for the
spots points to a magnetic field with a nontrivial poloidal and toroidal structure (in accordance with
magnetohydrodynamics investigations and NICER's recent findings for PSR J0030+0451) and is consistent
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with the small characteristic age of the star. Finally, we also discuss possible constraints on the mass and
radius of SGR J1745-2900 and briefly envisage possible scenarios accounting for the 3.5-year evolution of
SGR J1745-2900 hot spots.

arXiv link: https://arxiv.org/abs/1912.12336

Ruiz-Baier R.,Gizzi A., Loppini A., Cherubini C. and Filippi S., Modelling Thermo-Electro-Mechanical

Effects in Orthotropic Cardiac Tissue (FHLHZN AL M OIHATEINH), published in
Commun. Comput. Phys. Vol.27, No. 1, pp. 87-115 (January 2020).

In this paper we introduce a new mathematical model for the active contraction of cardiac muscle, featuring
different thermo-electric and nonlinear conductivity properties. The passive hyperelastic response of the
tissue is described by an orthotropic exponential model, whereas the ionic activity dictates active contraction
incorporated through the concept of orthotropic active strain. We use a fully incompressible formulation, and
the generated strain modifies directly the conductivity mechanisms in the medium through the pull-back
transformation. We also investigate the influence of thermo-electric effects in the onset of multiphysics
emergent spatiotemporal dynamics, using nonlinear diffusion. It turns out that these ingredients have a key
role in reproducing pathological chaotic dynamics such as ventricular fibrillation during inflammatory
events, for instance. The specific structure of the governing equations suggests to cast the problem in mixed-
primal form and we write it in terms of Kirchhoff stress, displacements, solid pressure, dimensionless
electric potential, activation generation, and ionic variables. We also advance a new mixed-primal finite
element method for its numerical approximation, and we use it to explore the properties of the model and to
assess the importance of coupling terms, by means of a few computational experiments in 3D.

Link: 10.4208/cicp.OA-2018-0253

M. A. Prakapenia and G. V. Vereshchagin, Bose-Einstein condensation in relativistic plasma (Fg%} 81t

2t 7 e 3 46 -3 L T EHEESR), published in Europhysics Letters, Volume 128, Number 5 (2019)
50002 on 30 of January 2020.

The phenomenon of Bose-Einstein condensation is traditionally associated with and experimentally verified
at low temperatures: either of the nano-Kelvin scale for alkali atoms, or room temperatures for quasi-
particles or photons in two dimensions. Here we demonstrate out of first principles that for certain initial
conditions nonequilibrium plasma at relativistic temperatures of billions of Kelvin undergoes condensation,
as predicted by Zeldovich and Levich in their seminal work. We determine the necessary conditions for the
onset of condensation and discuss the possibilities to observe such a phenomenon in laboratory and
astrophysical conditions.

Link: https://iopscience.iop.org/article/10.1209/0295-5075/128/50002
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