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TAIGA — hybrid complex for multimessenger high-energy astronomy

© N. Budnev,! L. Kuzmichev,?> I. Astapov,® P. Bezyazeekov,! E. Bonvech,”> A. Borodin,> A. Bulan,?
A. Vaidyanathan,* N. Volkov,® P. Volchugov,"-? D. Voronin,” A. Gafarov,! A. Garmash,*? V. Grebenyuk,>°
O.A. Gress,! T.I. Gress,' E.O. Gress,! A. Grinyuk,> O. Grishin,' A. Dyachok,' D. Zhurov,"-'° A. Zagorodnikov,!
A.D. Ivanova,-'! A.L. lvanova,-* M. llyushin,' N. Kalmykov,> V. Kindin, S. Kiryukhin,! V. Kozhin,?
R. Kokoulin,* N.I. Kolosov,> K. Kompaniets,®> E. Korosteleva,® E. Kravchenko*® A. Kryukov,!?
A. Chiavassa,'> M. Lavrova,® A. Lagutin,® Yu. Lemeshev,' B.K. Lubsandorzhiev,*” N.B. Lubsandorzhiev,->
S. Malakhov,' R. Mirgazov,! R. Monkhoev,! E. Okuneva,"-? E. Osipova,> A. Pan,> A. Panov,? L. Pankov,'!
A. Pakhorukov,! A. Petrukhin,® D. Podgrudkov,> E. Popova,’> E. Postnikov,> V. Prosin,':? V. Ptuskin,'3
A. Pushnin,' R. Raikin,® A. Razumov,”> G. Rubtsov,’ E. Ryabov,' I. Satyshev,’ V. Samoliga,' L. Sveshnikova,
A. Sidorenkov,” A. Silaev,> A. Silaev (junior),> A. Skurikhin,? A. Sokolov,*? V. Tabolenko,' A. Tanaev,'
M. Ternovoy,! L. Tkachev,>® N. Ushakov,” D. Chernov,? I. Yashin®

UIrkutsk State University,
664003 Irkutsk, Russia

2Skobeltsyn Institute of Nuclear Physics, Moscow State University,

119991 Moscow, Russia

*National Research Nuclear University ,MEPhI",
115409 Moscow, Russia

“Novosibirsk State University,

630090 Novosibirsk, Russia

>Joint Institute for Nuclear Research,

141980 Moscow oblast, Dubna, Russia

SAltai State University,

656049 Barnaul, Russia

"Institute for Nuclear Research, Russian Academy of Sciences,

117312 Moscow, Russia

8Budker Institute of Nuclear Physics, Siberian Branch, Russian Academy of Sciences,

630090 Novosibirsk, Russia

°Dubna State University,

141982 Dubna, Russia

|rkutsk National Research Technical University,
664074 Irkutsk, Russia

"Moscow Institute of Physics and Technology (National Research University),

141701 Dolgoprudny, Moscow Region, Russia
2University of Torino,
Turin, ltaly

BPushkov Institute of Terrestrial Magnetism, lonosphere, and Radiowave Propagation, Russian Academy of Sciences,

108840 Troitsk, Moscow, Russia
e-mail: nbudnev@api.isu.ru

Received May 12, 2023
Revised August 29, 2023
Accepted October, 30, 2023

Hybrid complex installations TAIGA (Tunka Advanced Instrument for cosmic ray physics and Gamma
Astronomy) is designed for multi-messenger study of high energy Universe. A brief description of the TAIGA-1
pilot complex with a hybrid detector system distributed over an area of 1.1km?* and some of the results already

obtained are presented.

Keywords: TAIGA, cosmic rays, gamma astronomy, energy spectrum.

DOL 10.61011/TP.2023.12.57738.£234-23
Introduction

Modern astrophysics is moving towards the organization
of multicomponent research, enlargement and combination
of facilities engaged in the registration of various compo-
nents of ultra-high-energy cosmic radiation. In addition to
classical optical astronomy, several channels for obtaining
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information about the Universe are being actively developed
to study the mechanisms taking place in space accelerators
inside and outside the Milky Way, and facilities are being
built to record the entire spectrum of electromagnetic
radiation, cosmic rays (charged particles), neutrinos, and
gravitational waves. Physically, this is determined by the
fact that the charged and neutral components of cosmic
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Figure 1. Relative position of the TAIGA-HiSCORE detectors
(squares) and IACT telescopes of the TAIGA-IACT (circles) of
the astrophysical complex TAIGA-1.

radiation from extraterrestrial sources are closely related, the
joint study of nuclear fluxes, gamma quanta and high-energy
neutrinos are of particular value and can provide important
information for solving many fundamental problems of
astrophysics and high-energy physics.

In 2022, the deployment of the first stage of the hybrid
complex TAIGA-1 (Fig. 1) [1] was completed in in the
Tunka Valley, 50km from Lake Baikal. It is designed
to study gamma radiation fluxes in the energy range
3—-300TeV and charged cosmic rays with energies from
100Tev to 1000PeV by recording extensive air showers
(EAS) generated by the interaction of high-energy particles
with the atmosphere. The uniqueness of the complex lies in
the combined use of detectors of different types to record
both Cherenkov radiation and charged particles of EAS.
Imaging atmospheric Cherenkov telescopes (IACTs) of the
TAIGA-IACT [2] installations, as well as wide-angle instal-
lations TAIGA-HiSCORE [3] and Tunka-133 [4] are used to
record the Cherenkov radiation of EAS. Tunka-Grande and
TAIGA-Muon [5] are used to record the charged component
of EAS, including muons.

The high density of detectors of the TAIGA-HiSCORE
array (120 optical stations in increments of 106 m on an
area of 1.1km?) makes it possible to restore the energy of
EAS with an accuracy of 10—15% and the direction of the
EAS axis with the accuracy of: 0.4—0.5° for events with
45 triggered stations, and about 0.1° for events with more
than 10 triggered stations [6,7]. The type of EAS particle
(hadron/gamma) is determined by the characteristics of the
Cherenkov image of the EAS in the IACTs chambers of the
TAIGA-IACT facility, which are capable of detecting EAS
from a distance of up to 600 m, which made it possible to
place them at a sufficiently large distance from each other.

At the moment, TAIGA — the world’s northernmost
gamma-ray observatory. The observation program includes
sources whose observation time is long enough for the
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northern location of the observatory: Crab Nebula, Dragon-
fly, Tycho Brahe supernova remnants, CTA-1, G106.3+2.7,
sources in the Sygnys Coocon nebula, blazars Mk501,
Mrk421, etc. The range of tasks of the complex includes:

1. Study of the energy spectrum of gamma quanta from
galactic sources and search for new sources of gamma
quanta with energies higher than 2 TeV.

2. Monitoring of gamma quanta flux from nearby extra-
galactic sources.

3. Search for gamma quanta of the TeV range from
gamma-ray bursts.

4. Search for gamma quanta associated with energetic
neutrinos.

5. Search for astrophysical nanosecond optical transients.

6. Investigation of the energy spectrum and mass compo-
sition of charged cosmic rays.

The main results of the study of charged cosmic rays
using the TAIGA facilities are given, for example, in the
papers [8,9]. Further there are some of the latest results in
the field of gamma-ray astronomy.

1. Gamma Quanta Detection from
Astrophysical Sources

During the two seasons 2019—2020 and 2020—-2021, a
gamma-ray source in the Crab Nebula was observed by the
first JACT in 150h. 618 events from gamma quanta in the
energy range 5—100TeV were singled out. The level of
significance of this number of events above the background
of charged cosmic rays is 120 (Fig. 2,a). To restore the
energy of gamma quanta based on the data of only one
IACT telescope, an original technique based on the results
of Monte Carlo calculations was used, its accuracy is about
30%. Also, 6 gamma quanta with energy above 100TeV
were found in the scope of a hybrid approach based on
the data of the first IACT and the first cluster of the
TAIGA-HiSCORE facility. The obtained energy spectrum
coincides well with the world data in the region above 5 TeV
(Fig. 2,b).

For events recorded by two or more IACTs, new methods
were used to isolate events from gamma quanta and
new approaches to reconstructing the direction of arrival
and energy of the event, which improve gamma-hadron
separation compared to detection by a single telescope.
The approaches developed on the basis of Monte Carlo
calculations were applied to the events recorded by the
two telescopes during the 2020—2021 season. For 36h
observations, a signal with a significance of 50 was obtained
and the energy spectrum was restored, which is in good
agreement with the results of the HAWC and LHAASO
high-altitude installations.

2. Observation of Gamma-ray Bursts

One of the important tasks for the TAIGA-1 complex
is the search for the high-energy part of gamma-ray burst
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Figure 2. a — distribution by parameter ©* (© — angle between the direction of the source and the direction of arrival of this event;
b — gamma-ray spectrum from the Crab Nebula from one IACT data per 150h observations.

radiation. The software for controlling the telescopes of the
TAIGA-IACT [10] is implemented using the EPICS (Ex-
perimental Physics and Industrial Control System) package.
Sources are observed in the wobble [11] mode, which makes
it possible to estimate the flux of gamma quanta from the
source and the background of cosmic rays using the same
data set. In December 2022, a scheduler function was
added to the telescope control software, which allows you to
automatically perform the tasks of scheduled observation of
sources and observations by alerts from NASA’s General
Coordinates Network (GCN) [12]. At this stage, the
program automatically receives, analyzes and adds to the
database information on gamma-ray bursts registered by the
SWIFT and FERMI spacecraft. In future, it is planned
to include messages from neutrino detectors IceCube,
Baikal-GVD, ground-based gamma-ray observatories, etc.
When an alert is received, the corresponding telescope
pointing task is automatically added to the scheduler with an
increased priority and automatically started to execute with
a stop for scheduled observations. Based on the test results,
the maximum time to re-aim to a gamma-ray burst (if the
telescope needs to perform a full rotation in azimuth) from
the time of receiving an alert from the GCN to the start
of the data set is 160s. Currently work is underway to
improve this rate and create programs to handle alerts from
other experiments.

After December 21, 2022, 5 pointings to real gamma-
ray burst sources were performed using the IACTs of
the TAIGA-IACT facility, including: the radio galaxy
NGC 1275, long gamma-ray bursts GRB 221226A,
GRB 230321B and GRB230116575, the binary pulsar
Be/X-ray LS V +44 17. The obtained experimental data
are being processed.

Conclusion

The first results obtained with the help of the TAIGA-1
complex confirm the effectiveness of the hybrid approach

for studying the flux of ultra-high-energy gamma quanta
and solving problems of multi-messenger astronomy astron-
omy. The possibility of extracting gamma quanta with an
energy above 100TeV using an IACT and a wide-angle
TAIGA-HiSCORE facility has been experimentally proved.
The effective area of the complex TAIGA-1 in the scope
of the hybrid approach is a value of the order of 1km?,
which is at least an order of magnitude larger than that of
other Cherenkov gamma-ray telescopes (H.E.S.S, VERITAS,
MAGIC) and is 1.5 times larger than effecive area of the
LHAASO facility. Sensitivity of the complex TAIGA-1
for the detection of gamma quanta with the energy of
30—300TeV from local sources — 2.5- 10713 TeV/cm? s
for 300h observations. This result is important, among
other things, for the preparation of the design of the future
TAIGA-10 facility with a hybrid detector system on an area
of 10km?, which will make it possible to study gamma
quanta fluxes from local sources to PeV-energies. In the
coming years, the TAIGA-1 complex will be supplemented
by two more IACT.

Acknowledgments

The work was carried out at the USU ,Astrophysical
Complex of Moscow State University—ISU“ (agreement No.
EB-075-15-2021-675).

Funding

The work was supported by the Russian Science Foun-
dation — grant No. 23-72-00019 (section ,,Detection
of gamma quanta from astrophysical sources) and the
Ministry of Education and Science of the Russian Federation
(FZZE-2023-0004, FZZE-2020-0024).

Conflict of interest

The authors declare that they have no conflict of interest.

Technical Physics, 2023, Vol. 68, No. 12



International Conference of PhysicA.SPb 23—27 October, 2023

1669

References

(1

N. Budnev, 1. Astapov, P. Bezyazeekov, E. Bonech,
A. Borodin, A. Bulan, A. Chiavassa, D. Chernov, A. Dyacok,
A. Gafarov, A. Garmash, V. Grebenyuk, O. Gress, E. Gress,
T. Gress, A. Grinyuk, O. Grishin, A.D. Ivanova, A.L. Ivanova,
N. Kalmykov, I. Yashin. Nucl. Instrum. Meth. A, 1039,
167047 (2022). DOL 10.1016/j.nima.2022.167047

N. Budnev, 1. Astapov, P. Bezyazeekov, E. Bonvech,
V. Boreyko, A. Borodin, M. Briickner, A. Bulan, D. Cher-
nov, D. Chernykh, A. Chiavassa, A. Dyachok, O. Fe-
dorov, A. Gafarov, A. Garmash, V. Grebenyuk, O. Gress,
T. Gress, A. Grinyuk, O. Grishin, D. Horns, A. Ivanova,
N. Kalmykov, Y. Kazarina, V. Kindin, S. Kiryuhinl, R. Kok-
oulin, K. Kompaniets, D. Kostunin, E. Korosteleva, V. Kozhin,
E. Kravchenko, A. Kryukov, L. Kuzmichev, A. Lagutin,
Yu. Lemeshev, B. Lubsandorzhiev, N. Lubsandorzhiev,
R. Mirgazov, R. Mirzoyan, R. Monkhoev, E. Osipova,
A. Pakhorukov, A. Pan, M. Panasyuk, L. Pankov, D. Pod-
grudkov, V. Poleschuk, M. Popesku, E. Popova, A. Porelli,
E. Postnikov, V. Prosin, V. Ptuskin, A. Petrukhin, A. Pushnin,
R. Raikin, E. Rjabov, G. Rubtsov, Y. Sagan, V. Samoliga,
A. Sidorenkov, A. Silaev, A. Silaev (junior), A. Skurikhin,
M. Slunecka, A. Sokolov, L. Sveshnikova, Y. Suvorkin,
V. Tabolenko, A. Tanaev, B. Tarashansky, L.M.Ternovoy,
A. Tkachenko, L. Tkachev, M. Tluczykont, N. Ushakov,
A. Vaidyanathan, P. Volchugov, D. Voronin, R. Wischnewski,
I. Yashin, A. Zagorodnikov, D. Zhurov. J. Instrum., 15 (9),
C09031 (2020). DOL: 10.1088/1748-0221/15/09/C09031

O. Gress, I. Astapov, N. Budnev, P. Bezyazeekov, A. Bog-
danov, V. Boreyko, M. Briickner, A.Chiavassa, O. Chvalaev,
A. Dyachok, T. Gress, S. Epimakhov, E. Fedoseev, A. Ga-
farov, N. Gorbunov, V. Grebenyuk, A. Grinuk, O. Grishin,
D. Horns, A. Ivanova, A. Kalinin, N. Karpov, N. Kalmykov,
Yu. Kazarina, N. Kirichkov, S. Kiryuhin, R. Kokoulin,
K. Komponiest, E. Korosteleva, V. Kozhin, M. Kunnas,
L. Kuzmichev, V. Lenok, B. Lubsandorzhiev, N. Lub-
sandorzhiev, R. Mirgazov, R. Mirzoyan, R. Monkhoeyv,
R. Nachtigall, A. Pakhorukov, M. Panasyuk, L. Pankov,
A. Petrukhin, V. Platonov, V. Poleschuk, E. Popova, A. Porelli,
V. Prosin, G. Rubtsov, A. Pushnin, V. Samoliga, A. Saunkin,
Yu. Semeney, B. Shaibonov(ju), A. Silaev, A. Silaev(ju),
A. Skurikhin, V. Slucka, C. Spiering, L. Sveshnikova,
V. Tabolenko, B. Tarashchansky, A. Tkachenko, L. Tkacheyv,
M. Tluczykont, D. Voronin, R. Wischnewski, A. Zagorod-
nikov, V. Zurbanov, I.Yashin. Nucl. Instrum. Methods A, 845,
367 (2017). DOL: 10.1016/j.nima.2016.08.031

N.M. Budnev, A. Chiavassa, O.A. Gress, TI. Gress,
AN. Dyachok, N.I. Karpov, N.N. Kalmykov, E.E. Ko-
rosteleva, V.A. Kozhin, L.A. Kuzmichev, B.K. Lubsan-
dorzhiev, N.B. Lubsandorzhiev, R.R. Mirgazov, E.A. Osipova,
M. Panasyuk, L.V. Pankov, E.G. Popova, V.V. Prosin,
VS. Ptuskin, YuA. Semeney, A.A. Silaev, A.A. Silaev
(junior), A.V. Skurikhin, C. Spiering, L.G. Sveshnikova,
A.V. Zagorodnikov. Astroparticle Phys., 117, 102406 (2020).
DOLI: 10.1016/j.astropartphys.2019.102406

A. Ivanova, N. Budnev, A. Chiavassa, A. Dyachok, A. Ga-
farov, A. Garmash, V. Grebenyuk, O. Gress, T. Gress,
O. Grishin, A. Grinyuk, D. Horns, N. Kalmykov, V. Kindin,
S. Kiryuhin, R. Kokoulin, K. Kompaniets, E. Korosteleva,
I. Kotovschikov, V. Kozhin, E. Kravchenko, A. Krykov,
L. Kuzmichev, A. Lagutin, Y. Lemeshev, B. Lubsandorzhiev,

Technical Physics, 2023, Vol. 68, No. 12

[6]

7]

8]

N. Lubsandorzhiev, R. Mirgazov, R. Mirzoyan, R. Monkhoeyv,
E. Osipova, A. Pakhorukov, A. Pan, M. Panasyuk, L. Pankov,
A. Petrukhin, V. Poleschuk, E. Popova, A. Porellil, E. Post-
nikov, V. Prosin, V. Ptuskin, A. Pushnin, R. Raikin,
G. Rubtsov, E. Rybov, Y. Sagan, V. Samoliga, A. Silaev,
A. Silaev Jr, A. Sidorenkov, A. Skurikhin, C. Slunecka,
A. Sokolov, Y. Suvorkin, L. Sveshnikova, V. Tabolenko,
A. Tanaev, B. Tarashansky, M. Ternovoy, L. Tkachev,
M. Tluczykont, R. Togoo, N. Ushakov, A. Vaidyanathan,
P. Volchugov, D. Voronin, R. Wischnevski, A. Zagorodnikov,
D. Zhurov, 1. Yashin. J. Phys.: Conf. Series, 1690, 012014
(2020). DOL: 10.1088/1742-6596/1690/1/012014

L. Kuzmichev, 1. Astapov, P. Bezyazeekov, V. Boreyko,
A. Borodin, M. Briickner, N. Budnev, A. Chiavassa, O. Gress,
T. Gress, O. Grishin, A. Dyachok, S. Epimakhov, O. Fedorov,
A. Gafarov, V. Grebenyuk, A. Grinyuk, A. Haungs, D. Horns,
T. Huege, A. Ivanova, D. Jurov, N. Kalmykov, Y. Kaza-
rina, V. Kindin, V. Kiryuhin, R. Kokoulin, K. Kompaniets,
E. Korosteleva, D. Kostunin, V. Kozhin, E. Kravchenko,
M. Kunnas, V. Lenok, B. Lubsandorzhiev, N. Lubsandorzhiev,
R. Mirgazov, R. Mirzoyan, R. Monkhoev, R. Nachtiga, E. Os-
ipova, A. Pakharukov, M. Panasyuk, L. Pankov, A. Petrukhin,
V. Poleschuk, M. Popesku, E. Popova, A. Porelli, E. Postnikov,
V. Prosin, V. Ptuskin, A. Pushnin, G. Rubtsov, E. Ryabov,
Y. Sagan, V. Samoliga, F.G. Schroder, Yu. Semeney, A. Silaev,
A. Silaev (junior), A. Sidorenko, A. Skurikhin, V. Slu-
necka, A. Sokolov, C. Spiering, L. Sveshnikova, V. Sulakov,
V. Tabolenko, B. Tarashansky, A. Tkachenko, L. Tkachev,
M. Tluczykont, R. Wischnewski, A. Zagorodnikov, V. Zur-
banov, L. Yashin. EPJ Web Conf, 145, 01001 (2017). DOL:
10.1051/epjcont/201614501001

M. Tluczykont, LI. Astapov, A.K. Awad, P.A. Bezyazeekov,
M. Blank, E.A. Bonvech, AN. Borodin, A.V. Bulan,
M. Briickner, N.M. Budnev, A. Chiavassa, D.V. Cher-
nov, AN. Dyachok, A.R. Gafarov, A.Yu. Garmash,
V.M. Grebenyuk, O.A. Gress, E. Gress, TI. Gress, O.G. Gr-
ishin, A.A. Grinyuk, D. Horns, A.L. Ivanova, N.N. Kalmykov,
V.V. Kindin, SN. Kiryuhin, RP. Kokoulin, K.G. Kom-
paniets, E.E. Korosteleva, V.A. Kozhin, E.A. Kravchenko,
AP. Kryukov, L.A. Kuzmichev, A.A. Lagutin, M.Lavrova,
Yu.E. Lemeshev, B.K. Lubsandorzhiev, N.B. Lubsandorzhieyv,
A.D. Lukanov, D.S. Lukyantsev, R.R. Mirgazov, R.Mirzoyan,
R.D. Monkhoev, E.A. Osipova, A.L. Pakhorukov, A.Pan,
L.A. Panasenko, L.V. Pankov, A.D. Panov, A.A. Petrukhin,
D.A. Podgrudkov, V.A. Poleschuk, E.G. Popova, A Porelli,
E.B. Postnikov, V.V. Prosin, V.S. Ptuskin, A.A. Pushnin,
RI. Raikin, AY. Razumov, GI Rubtsov, E.V. Ryabov,
YI Sagan, VS. Samoliga, Yu.A. Semeney, A.A. Silaev,
AA. Silaev Jr, AYu. Sidorenkov, A.V. Skurikhin, M. Slu-
necka, A.V. Sokolov, Y. Suvorkin, L.G. Sveshnikova,
V.A. Tabolenko, A.B. Tanaev, B.A. Tarashansky, M. Ter-
novoy, L.G. Tkachev, N. Ushakov, A. Vaidyanathan,
P.A. Volchugov, N.V. Volkov, D. Voronin, R. Wischnewski,
LI Yashin, A.V. Zagorodnikov, D.P. Zhurov, (TAIGA Col-
laboration). Phys. At. Nucl, 84 (6), 1045 (2021). DOL
10.1134/S1063778821130378

LL Astapov, P.A. Bezyazeekov, M. Blank, E.A. Bonvech,
AN. Borodin, M. Briickner, N.M. Budnev, A.\V. Bu-
lan, A. Vaidyanathan, R. Vishnevsky, N.V. Volkov,
P. A. Volchugov, D.M. Voronin, AR. Gafarov, O.A. Gress,
TIL Gress, O.G. Grishin, A.Yu. Garmash, V.M. Grebenyuk,



1670

International Conference of PhysicA.SPb 23—27 October, 2023

(10]

AA. Grinyuk, AN. Dyachok, D.P. Zhurov, A.V. Zagorod-
nikov, A.L. Ivanova, NN. Kalmykov, V.V. Kindin,
SNN. Kiryukhin, R.P. Kokoulin, K.G. Kompaniets, E.E. Ko-
rosteleva, V.A. Kozhin, E.A. Kravchenko, A.P. Kryukov,
L.A. Kuzmichev, A. Chiavassa, A.A. Lagutin, M.V. Lavrova,
Yu.E. Lemeshev, B.K. Lubsandorzhiev, N.B. Lubsandorzhiev,
R.R. Mirgazov, R. Mirzoyan, R.D. Monkhoev, E.A. Osipova,
AL. Pakhorukov, A. Pan, M. Panasyuk, L.V. Pankov,
A.A. Petrukhin, D.A. Podgrudkov, V.A. Poleshchuk,
E.G. Popova, A. Porelli E.B. Postnikov, V.V. Prosin,
VS. Ptuskin, A.A. Pushnin, A.V. Razumov, R.. Raikin,
GI Rubtsov, E.V. Ryabov, Yal. Sagan, V.S. Samoliga,
I. Satyshev, A.A. Silaev, A.A. Silayev Jr, A.Yu. Sidorenkov,
A.V. Skurikhin, A.V. Sokolov, L.G. Sveshnikova, Ya.V. Su-
vorkin, V.A. Tabolenko, A.B. Tanaev, B.A. Tarashchansky,
M.Yu. Ternovoi, L.G. Tkachev, M. Tluczykont, N.A. Ushakov,
D. Horns, D.V. Chernov, L1. Yashin. J. Exp.Theor. Phys., 134
(4), 469 (2022). DOIL: 10.1134/S1063776122040136

AL. Ivanova, R. Monkhoev, 1. Astapov, P. Bezyazeekov,
M. Blank, E. Bonvech, A. Borodin, M. Briickner, N. Budney,
A. Bulan, D. Chernov, A. Chiavassa, A. Dyachok, A. Gafarov,
A. Garmash, V. Grebenyuk, E. Gress, O. Gress, T. Gress,
A. Grinyuk, O. Grishin, D. Horns, A.D. Ivanova, N. Kalmykov,
V. Kindin, S. Kiryuhin, R. Kokoulin, K. Kompaniets,
E. Korosteleva, V. Kozhin, E. Kravchenko, A. Kryukov,
L. Kuzmichev, A. Lagutin, M. Lavrova, Y. Lemeshev, B. Lub-
sandorzhiev, N. Lubsandorzhiev, A. Lukanov, D. Lukyant-
sev, S. Malakhov, R. Mirgazov, R Mirzoyan, E. Osipova,
A. Pakhorukov, L. Pankov, A. Pan, A. Panov, A. Petrukhin,
1. Poddubnyi, D. Podgrudkov, V. Poleschuk, V. Ponomareva,
E. Popova, A. Porelli, E. Postnikov, V. Prosin, V. Ptuskin,
A Pushnin, R. Raikin, A. Razumov, G. Rubtsov, E. Ryabov,
Y. Sagan, V. Samoliga, A. Satyshev, A. Silaev, A. Silaev junior,
A. Sidorenkov, S. Sinegovsky, A. Skurikhin, A. Sokolov,
V. Sulakov, L. Sveshnikova, V. Tabolenko, B. Tarashchansky,
L. Tkachev, M. Tluczykont, A. Tanaev, M. Ternovoy, R. To-
goo, N. Ushakov, A. Vaidyanathan, P. Volchugov, N. Volkov,
D. Voronin, R. Wischnewski, A. Zagorodnikov, A. Zhaglova,
D. Zhurov, 1. Yashin. J. Phys.: Conf. Series, 2156, 012196
(2022). DOL: 10.1088/1742-6596/2156/1/012196

D. Zhurov, O. Gress, D. Sidorov, 1. Astapov, P. Bezyazeekov,
V. Boreyko, A. Borodin, N. Budnev, M. Brueckner, A. Chi-
avassa, A. Dyachok, O. Fedorov, A. Gafarov, A. Garmash,
N. Gorbunov, V. Grebenyuk, T. Gress, O. Grishin, A. Grinyuk,
D. Horns, A. Ivanova, N. Kalmykov, Y. Kazarina, V. Kindin,
P. Kirilenko, S. Kiryuhin, R. Kokoulin, K. Kompaniets,
E. Korosteleva, V. Kozhin, E. Kravchenko, M. Kunnas,
L. Kuzmichev, Yu. Lemeshev, V. Lenok, B. Lubsandorzhieyv,
N. Lubsandorzhiev, R. Mirgazov, R. Mirzoyan, R. Monkhoeyv,
R. Nachtigall, E. Osipova, A. Pakhorukov, M. Panasyuk,
L. Pankov, A. Petrukhin, V. Poleschuk, M. Popescu,
E. Popova, A. Porelli, E. Postnikov, V. Prosin, V. Ptuskin,
E. Rjabov, G. Rubtsov, A. Pushnin, Y. Sagan, B. Sabirov,
V. Samoliga, Yu. Semeney, A. Silaev, A. Silaev junior,
A. Sidorenkov, A. Skurikhin, V. Slunecka, A. Sokolov,
C. Spiering, L. Sveshnikova, V. Tabolenko, B. Tarashansky,
A. Tkachenko, L. Tkachev, M. Tluczykont, R. Wischnewski,
A. Zagorodnikov, V. Zurbanov, I. Yashin. J. Phys: Conf.
Series, 1181 (1),

6596/1181/1/012045

012045 (2019). DOI 10.1088/1742-

[11]

[12]

D. Zhurov, O.A. Gress, I Astapov, P. Bezyazeekov,
V. Boreyko, A. Borodin, M. Brueckner, N.M. Budnev,
A. Chiavassa, A.N. Dyachok, O. Fedorov, A. Gafarov, A. Gar-
mash, N. Gorbunov, V. Grebenyuk, TI. Gress, O. Grishin,
A. Grinyuk, D. Horns, A. Ivanova, N. Kalmykov, Y. Kaza-
rina, V. Kindin, P. Kirilenko, S. Kiryuhin, R. Kokoulin,
K. Kompaniets, E. Korosteleva, V.V. Kozhin, E. Kravchenko,
M. Kunnas, L. Kuzmichev, Y. Lemeshev, V. Lenok, B. Lub-
sandorzhiev, N. Lubsandorzhiev, R. Mirgazov, R. Mir-
zoyan, R. Monkhoev, R. Nachtigall, E. Osipova, A. Pakho-
rukov, M.I. Panasyuk, L. Pankov, A. Petrukhin, V. Po-
leschuk, E. Popescu, E. Popova, A. Porelli, E. Postnikov,
V. Prosin, V. Ptuskin, E.V. Rjabov, G. Rubtsov, A. Pushnin,
Y. Sagan, B. Sabirov, V. Samoliga, Y. Semeney, A. Silaev,
A. Silaev(junior), A. Sidorenkov, A.V. Skurihin, V. Slunecka,
A.V. Sokolov, C. Spiering, L. Sveshnikova, V.A. Tabolenko,
B. Tarashansky, A. Tkachenko, L. Tkachev, M. Tluczykont,
R. Wischnewski, A. Zagorodnikov, V. Zurbanov, I. Yashin.
PoS ICRC2017, 785 (2018). DOI: 10.22323/1.301.0785

L. Singer, J. Racusin. Bull. American Astronom. Society, 55
(2), (2023). https://baas.aas.org/pub/2023n2i108p02/release/1

Translated by 123

Technical Physics, 2023, Vol. 68, No. 12



