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Abstract. The Tunka-Grande array is a part of unified experimental complex, which also
includes Tunka-133 and TAIGA-HiSCORE (High Sensitivity COsmic Rays and gamma
Explorer) wide-angle Cherenkov arrays, TAIGA-IACT array (Imaging Atmospheric Cherenkov
Telescope) and TAIGA-Muon scintillation array. This complex is located in the Tunka Valley
(Buryatia Republic, Russia), 50 km from Lake Baikal. It is designed to study the energy spectrum
and the mass composition of charged cosmic rays in the energy range 100 TeV—1000 PeV, to
search for diffuse gamma rays above 100 TeV and to study local sources of gamma rays
with energies above 30 TeV. This report outlines 3 key points. The first is the description of
the Tunka-Grande scintillation array. The second one presents the strategy of the search for
diffuse gamma rays based on a computer simulation of the Tunka-Grande array. The third
one is devoted to the prospects for future research in the field of gamma-ray astronomy using
simulation results.
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Annoramusa. CuMHTWUISIIMOHHAs — ycraHoBka Tunka-Grande  BXoguT B COCTaB
actpocdusnyeckoro komrekca TAIGA (Tunka Advanced Instrument for cosmic rays and
Gamma Astronomy), KOTOPBI TakKxXe BKIIOYACT B CeOS IIMPOKOYIOJbHBIC YEePEHKOBCKUE
yctaHoBku TyHka-133 m TAIGA-HiSCORE (High Sensitivity COsmic Rays and gamma
Explorer), ceTb arMmocdepHbIX yepeHKOBCKUX TeaeckonoB TAIGA-IACT (Imaging Atmospheric
Cherenkov Telescope) U cUMHTUIISILUMOHHYIO ycTaHOBKY TAIGA-Muon. JJaHHBI KOMIJIEKC
pacrnionaraetcs B TyHKMHCKOW posuHe (pecnyosuka bypsarusi, Poccust) B 50 kM oT o3epa

© Monkhoev R.D., TAIGA collaboration, 2023. Published by Peter the Great St. Petersburg Polytechnic University.

480



Astrophysi
4 srpyS|cs>

Baiikan u HalieJleH Ha U3ydyeHHe SHEPreTUYECKOro CIIEKTPa U MAaCCOBOI0 COCTaBa KOCMMYECKUX
Jnydeir B nuamnasoHe sHepruit 100 TaB - 1000 ITsB, mouck auddy3HOro ramMma-mu3iaydeHus
¢ sHeprueit Bbiie 100 T3B u wucciaegoBaHue JOKaJbHBIX MCTOYHMKOB TIaMMa-KBaHTOB C
sHeprusMu 6ojiee 30 ToB. B pabore nmpuBeaeHO onucaHWe CLUUHTUUISILUMOHHON yCTaHOBKU
Tunka-Grande n Meroma moucka auddy3HOTO TaMMa-U3JIydeHUs] Ha OCHOBE MPOBEIEHHOTO
KOMITBIOTEPHOTO MOIEIUpOoBaHUs. Takke yKa3aHBI IEPCIIEKTUBBI OyIYIIUX MCCICAOBAHUI C
KCII0/Ib30BAHUEM PE3YJIbTATOB 3TOI0 MOIEIMPOBAHUS.
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Introduction

The study of the charged cosmic rays and cosmic gamma rays of high and ultrahigh energies
has a great interest for understanding the mechanisms and nature of their origin, which is the
most important task of modern astrophysics. The investigation of such radiation is carried out
using method, based on the property of primary particles to generate a cascade of secondary parti-
cles in the Earth’s atmosphere, the so-called extensive air shower (EAS). When an EAS develops,
a large number of components arise in it. The electron-photon, hadron, and muon components,
as well as the accompanying Cherenkov, ionization, and radio emission reach the observation
level within the Earth’s atmosphere. All of these components can be used to reconstruct the prop-
erties of primary cosmic radiation. Nowadays, the simultaneous detection and the study of many
parameters of an EAS with the help of the ground base hybrid systems similar to the experimental
complex located in the Tunka Valley, is of major importance.

Astrophysical research in the Tunka Valley has begun in 1993 and for many years was aimed
at the study of charged cosmic rays, which continues to this day on the Tunka-133 array [1]. It is
known that primary charged particles are deflected by galactic and intergalactic magnetic fields,
which lead to the loss of any information about direction to the origin. In many ways, this reason
has contributed to the rapid development of experimental gamma-ray astronomy in recent years.
Indeed, since gamma rays are electrically neutral, they can be used as a pointer to the astrophys-
ical objects in which they were produced. However, since the gamma-ray flux is low compared
to the cosmic-ray flux, the problem arises, how to separate gamma quanta from the background
events caused by high-energy charged particles. To solve this non-trivial task, the work has begun
on the creation of the TAIGA-HiSCORE [2, 3], Tunka-Grande [4], TAIGA-IACT [5] and
TAIGA-Muon [6] arrays in 2012, 2013, 2017 and 2019 respectively.

Experimental set-up

The Tunka-Grande is designed to detect the charged component of an EAS and is presented
as an array of scintillation counters combined in 19 stations on an area of 0.5 km?. Each of them
consists of two parts: surface and underground. The first detects all an EAS charged particles
at the level of the array and consists of 12 counters covering an area of about 8 m?, while the
second, consisting of 8 counters with a total area of about 5 m?, is located under a layer of soil
~1.5 m thick and is designed to detect the muon EAS component. Both parts are near to each
other. The scintillation counter [7] has the form of a truncated pyramid whose inner surface is
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covered by a thin diffusely reflecting layer of white enamel. Inside the case there is the NE102A
plastic scintillator in the form of a flat plate 800 mm X 800 mm X 40 mm in size and the Philips
XP-3462 photomultiplier tube (PMT). Two counters at each station have additional PMTs whose
amplification factor is 10 times lower than the standard one, ensuring a wide range of linearity
in the measured signals. It should be noted that this type of counters is also currently used in
the NEVOD-EAS [8] experiment and has previously been successfully used in the KASCADE-
Grande [9] and EAS-TOP [10] experiments.

The electronics of the Tunka-Grande array [11] largely coincide with the electronics of the
Tunka-133 array. The stations can send experimental information to central data acquisition sys-
tem when both the external trigger signal arrives from the nearest cluster of the Tunka-133 array
and when the signal arrives from the local trigger of the surface part. The local trigger generation
condition of each station is the signal from two relativistic particles at the input of measuring
channels of electronics. The count rate of one station in the external trigger mode is about 0.1 Hz
and in the local trigger mode is about 10 Hz.

The aim of the Tunka-Grande array is the studying of the energy spectrum and mass composi-
tion of charged cosmic rays in the energy range of 10 - 1000 PeV, as well as to search for diffuse
gamma rays about in the same energy range.

>

Strategy of the search for diffuse gamma rays

Despite more than half a century of work on the search for high-energy diffuse gamma rays, no
astrophysical photons with energies above 10 PeV have been detected, and at present only upper
limits on their fluxes have been established experimentally. A great contribution to such research
in the energy range 10—1000 PeV was made by the EAS-MSU [12] and KASCADE-Grande [13]
arrays. According to the experimental data of the Tunka-Grande array, preliminary results were
also obtained [14].

Nowadays one of the most promising approaches to separate events from primary gamma
rays from the charged cosmic rays background is the studying the muon EAS component, since
the number of muons in a shower generated by a gamma quantum is an order of magnitude less
than in the hadronic shower. This in turn requires Monte Carlo simulation of EASes, along with
selecting and comparing experimental data. For more accurately assess the promise of the Tunka-
Grande array in this direction compared to earlier investigating [14], a new two-step computer
simulation of the detectors operation was done. At first, the development of an EAS is simulated,
second, the detectors response to passage of elementary particles is simulated as well. To solve
these tasks, the CORSIKA (Version 7.7401) [15] and Geant4 [16, 17] packages were chosen as
the software. EASes were generated from various primary particles (gamma quanta, protons, and
iron nuclei) for the energy range 16.5 < lg(E/eV) < 17.5 and for an interval of the zenith angle
0—45°. Hadron interactions at low energies were calculated using the GHEISHA model [18],
high-energy interactions were processed with the QGSJET-11-04 model [19]. Simulation of the
detectors response using the Geant4 package is described in the report [20].
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Fig. 1. Simulated distributions of the muon number
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The distributions of the muon number versus the energy of primary particles are shown in
Fig. 1. The figure presents the sum of detected particles for underground parts of all 19 stations for
each EAS initiated by a gamma quantum (green points), proton (black points) and iron nucleus

(blue points). The events without any detected muons are plotted with /g(Nu) = —1 to be visible
at the logarithmic axis. The distributions are approximated by function:
lg(Np) = p0 + pl - [g(E/eV). (1)

It follows from Fig. 1 that, according to the Tunka-Grande experimental data, it is possible to
separate gamma-ray candidates from the charged cosmic rays background with an efficiency of
no worse than 50%.

Prospects for the search for diffuse gamma rays

The EAS-MSU and KASCADE-Grande arrays are completed experiments. The Tunka-
Grande array is an active experiment and operates around the clock in the data collection regime
for almost the entire calendar year over a relatively large total area. Currently, ~240000 EASes
with energies of primary particles above 10 PeV and ~2000 EASes with energies above 100 PeV
have been detected over ~8900 hours (5 years of operation). The potential of the experiment
based on these data will make it possible to detect gamma quanta or to set upper limits no worse
than existing in the world.

Conclusion

The Tunka-Grande array has great prospects for investigating diffuse gamma rays with energies
above 10 PeV. Currently, there are experimental data for 5 years of operation of the array. This,
together with the use of new computer simulation, will improve existing knowledge in the field of
gamma-ray astronomy in the near future
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