
shocks and waves of compression and rarefac-
tion in the turbulent environment of young mas-
sive star clusters (YMSCs) is an alternative to
the standard paradigm of Galactic cosmic rays
acceleration on supernova shocks. In recent
years, the topic is of great interest due to the
fact that modern gamma- and X-ray observa-
tories are detecting the radiation from YMSCs
(e.g. Westerlund 1, 2), which indicates on parti-
cle acceleration processes in these objects. We
study propagation and acceleration of particles
in a YMSC with the help of 3D magnetohy-
drodynamic (MHD) modeling using PLUTO,
an open source code based on the numerical
solution of MHD equations with the Godunov
scheme[5]. The code allows modeling of the
turbulent environment of YMSCs and obtaining
crucial for particle acceleration values of veloc-
ity, density and magnetic field inside the clus-
ter core[6]. The particle module implemented in
PLUTO allows solving the equations of motion
for test charged particles together with MHD
equations for the medium. We obtained that
protons acceleration up to hundreds of TeV
takes place in the cluster core near the termi-
nation shocks of O-stars, which are surrounded
by shocks of their neighbour stars. The parti-
cle spectra and spatial distribution are discussed.

Neutrino production in the central
dark-matter spikes of active galaxies

Polina Kivokurtseva

MSU & INR RAS

Recent multi-messenger observations suggest
that high-energy neutrinos may be produced
close to central black holes in active galax-
ies. These regions may host dark-matter
(DM) spikes, where the concentration of
DM particles is very high. Here we ex-
plore the contribution of the DM annihila-
tion to the target photons for the neutrino
production, proton-photon interactions, esti-
mate the associated neutrino spectrum and fig-
ure out possible future tests of this scenario.

Anomalous cosmic-ray correlations
of the TA arrival directions with BL Lacs

Maria Kudenko
MSU & INR RAS

Stereoscopic fluorescent observations by the
High Resolution Fly’s Eye detector revealed
correlations between arrival directions of ultra-
high-energy cosmic rays and positions of dis-
tant BL Lac type objects (Gorbunov et al.
2004, Abbasi et al. 2005). They im-
plied the existence of non-deflected particles
travelling for cosmological distances, hard to
explain within standard physics and astro-
physics. These correlations have not been con-
clusively tested with independent data. Here,
we present the results of such testing per-
formed with the Telescope Array data set.

Search for two-neutrino double electron
capture on Ar-36 with DarkSide-50 detector

M. Gromov, F. Karpeshin, Olga Lychagina,
and O. Smirnov

JINR

Two-neutrino double electron capture is a rare
nuclear decay where two electrons are simul-
taneously captured from the atomic shells and
two neutrinos are carried away. The measure-
ments of the energies of the emitted particles
and the half-life of the 2EC2ν decay to the
ground state are of great interest to nuclear
physics. The model predictions for 2EC2ν half-
life are based on the evaluation of form the
main source of NME. The NME calculations
are complicated and have large uncertainties.
Therefore, if retrieved from experiment, half-
life values can serve as a test for nuclear theory.
In the one model framework some constraints
on the 2EC0ν NME can be derived using sup-
posed values of the 2EC2ν NME, so the esti-
mation of 2EC2ν half-life could help to study
physics beyond the Standard Model. The nov-
elty of this work is in the fact that such pro-
cesses have not previously been studied on the
argon isotope 36Ar. In this work, a search is
made for two-neutrino double electron capture
in the KK and KL shells of 36Ar, using ex-
position of about 12 ton-day of data from the

[5]A. Mignone et al. “PLUTO: A Numerical Code for Computational Astrophysics”. In: The Astrophysical Journal Supple-
ment Series 170.1 (May 2007), pp. 228–242. ISSN: 1538-4365. DOI: 10.1086/513316. URL: http://dx.doi.org/10.
1086/513316.

[6]D V Badmaev, A M Bykov, and M E Kalyashova. “Inside the core of a young massive star cluster: 3D MHD simula-
tions”. In: Monthly Notices of the Royal Astronomical Society 517.2 (Sept. 2022), pp. 2818–2830. ISSN: 1365-2966. DOI:
10.1093/mnras/stac2738. URL: http://dx.doi.org/10.1093/mnras/stac2738.
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DarkSide-50 dark matter detector. As a prelim-
inary result of the analysis, no significant ex-
cess above background was found, which al-
lowed us to estimate that the half-life limits
with CL=90%. An estimate of the sensitivity
of the DarkSide-20k experiment, which will be
launched in the next few years, is also given.

Search for photon-induced air showers at
the Carpet-3 experiment

Nikita Pozdnukhov and G. Rubtsov

INR RAS

We report our results on the new technique for
searching for photon-induced EAS events at the
Carpet-3 experiment. To search for photon-like
events, we employ a neural network, trained
on Monte-Carlo simulations of the experi-
ment. On Monte-Carlo simulations our method
achieves considerably higher background rejec-
tion efficiency than traditional methods, par-
ticularly for EAS events with high muon con-
tent. We also report on the 300 TeV gamma
ray event associated with GRB 221009A.

Application of machine learning in lattice
quantum theory

V. Chistiakov and Dmitry Salnikov

INR RAS

The numerical calculation of observables in
quantum theory is reduced to the sampling from
a set of random variables with a joint distribu-
tion density defined analytically on the basis of
physical theory. This problem is solved by var-
ious modifications of the Metropolis method,
but it requires significant computational costs
with a large sample size and the number of
random variables describing the physical sys-
tem. An alternative approach based on gen-
erative machine learning models is being con-
sidered. The features of the problem, such as
translational symmetry, are analyzed in the con-
text of building the most optimal architecture.

Hypothetical Lorentz invariance violation
and the muon content of EASs

Andrey Sharofeev

MSU & INR RAS

Extensive air showers (EASs), produced by cos-
mic rays in the atmosphere, serve as probes of
particle interactions, providing access to ener-
gies and kinematical regimes beyond the reach
of laboratory experiments. Measurements from
multiple cosmic-ray detectors indicate a sig-
nificant, yet unexplained, discrepancy between
the observed muon content in EAS and that
predicted by state-of-the-art interaction models,
suggesting a need for refinements in our un-
derstanding of fundamental physics. Here we
show that a tiny, experimentally allowed, vio-
lation of the Lorentz invariance (LIV) may re-
sult in the suppression of the number of elec-
trons in EAS, leaving the muon number in-
tact and explaining both the ”muon excess”
and its energy dependence. On the other
hand, we use the lack of a much stronger dis-
crepancy between EAS data and simulations
to obtain strict constraints on the LIV scale.

Absorption of a twisted photon by an
electron in strong magnetic field

Alexander Shchepkin

ITMO University

The work investigates absorption of a twisted
photon, which possesses quantized total angu-
lar momentum (AM), by an electron in a strong
magnetic field up to the Schwinger limit, Hc =
4.4 ·1013 G. The absorption cross sections (CSs)
and their dependence on the parameters of the
incident photon and the initial Landau electron
are examined. It is found that the total absorp-
tion CSs decrease as AM of the incident photon
increases and increase as AM of the initial elec-
tron grows. It is also found that the processes
without an electron spin flip dominate and, on
top of that, the asymmetry in the “spin-down”
→ “spin-up” and the “spin-up”→ “spin-down”
transitions is observed. Specifically, the CSs
for the “spin-down”→ “spin-up” transition are
larger, which can be interpreted as an analogy of
the Sokolov-Ternov effect for photon emission.
Our findings can help to improve the under-
standing of the QED processes in critical fields,
typical for astrophysical environments such as
neutron stars. The work was carried out with
the support of the Russian Science Foundation
Grant No. 23-62-10026.
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