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Awnnorarms: Results of the search for ~(10716 - 10°17.5) eV primary cosmic ray photons with the data of the Moscow State University
(MSU) Extensive Air Shower (EAS) array are reported. The full-scale reanalysis of the data with modern simulations of the installation
does not confirm previous indications of the excess of gamma-ray candidate events. Upper limits on the corresponding gamma-ray flux are
presented. The limits are among the most stringent published ones at energies ~10"17 eV.
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Aunnoramusi: We present physical motivations and advantages of the new gamma-observatory TAIGA (Tunka Advanced Instrument for
cosmic ray physics and gamma-ray astronomy). TAIGA will be located in the Tunka valley, 50 km to the west of Lake Baikal, at the same
place as the integrating air Cherenkov detector for cosmic rays Tunka-133. The TAIGA array is a complex, hybrid detector for ground-
based gamma-ray astronomy for energies from a few TeV to several PeV as well as for cosmic ray studies from 100 TeV to several EeV.
The array will consist of a wide angle Cherenkov array — TAIGA-HISCORE with 5 km2 area, a net of 16 IACT telescopes (with FOV of
about 9.72° [1 9.72°) as well as muon and other detectors.We present the current status of the array construction.
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Aunnoranusi: The new TAIGA-HISCORE non-imaging Cherenkov array aims to detect air showers induced by gamma rays above 30 TeV
and to study cosmic rays above 100 TeV. TAIGA-HISCORE is made of integrating air Cherenkov detector stations with a wide field of
view (0.6 sr), placed at a distance of about 100 m. They cover an area of initially ~0.25 km2 (prototype array), and of ~5 kmz2 at the final
phase of the experiment. Each station includes 4 PMTs with 20 or 25 cm diameter, equipped with light guides shaped as Winstone cones.
We describe the design, specifications of the read-out, DAQ and control and monitoring systems of the array. The present 28 detector
stations of the TAIGA-HISCORE engineering setup are in operation since September 2015.
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4. A comparison of the cosmic-ray energy scales of Tunka-133 and KASCADE-Grande via their radio extensions Tunka-Rex and
LOPES
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5. The Tunka radio extension (Tunka-Rex): Radio measurements of cosmic rays in Siberia
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Aunnoranusi: The Tunka observatory is located close to Lake Baikal in Siberia, Russia. Its main detector, Tunka-133, is an array of
photomultipliers measuring Cherenkov light of air showers initiated by cosmic rays in the energy range of approximately . In the last years,
several extensions have been built at the Tunka site, e.g., a scintillator array named Tunka-Grande, a sophisticated air-Cherenkov-detector
prototype named HiSCORE, and the radio extension Tunka-Rex. Tunka-Rex started operation in October 2012 and currently features 44
antennas distributed over an area of about , which measure the radio emission of the same air showers detected by Tunka-133 and Tunka-
Grande. Tunka-Rex is a technological demonstrator that the radio technique can provide an economic extension of existing air-shower
arrays. The main scientific goal is the cross-calibration with the air-Cherenkov measurements. By this cross-calibration, the precision for
the reconstruction of the energy and mass of the primary cosmic-ray particles can be determined. Finally, Tunka-Rex can be used for
cosmic-ray physics at energies close to 1 EeV, where the standard Tunka-133 analysis is limited by statistics. In contrast to the air-
Cherenkov measurements, radio measurements are not limited to dark, clear nights and can provide an order of magnitude larger exposure.
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Some discrepancies have been reported between observed and simulated muon content of extensive air showers: the number of observed
muons exceeded the expectations in HiRes-MIA, Yakutsk and Pierre Auger Observatory data. Here, we analyze the data of the Moscow
State University Extensive Air Shower (EAS-MSU) array on E, = 10 GeV muons in showers caused by ~(1017—-1018) eV primary
particles and demonstrate that they agree with simulations (QGSJET-11-04 hadronic interaction model) once the primary composition
inferred from the surface-detector data is assumed.
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Annoramusi: The TAIGA observatory addresses ground-based gamma-ray astronomy at energies from a few TeV to several PeV, as well
as cosmic ray physics from 100 TeV to several EeV . TAIGA will be located in the Tunka valley, ~ 50 km West from Lake Baikal. The
different detectors of the TAIGA will be grouped in 6 arrays to measure Cherenkov and radio emission as well as electron and muon
components of atmospheric showers. The combination of the wide angle Cherenkov detectors of the TAIGA-HISCORE array and the 4-m
Imaging Atmospheric Cherenkov Telescopes of the TAIGA-IACT array with their FoV of 10x10 degrees and underground muon detectors
offers a very cost effective way to construct a 5 km2 array for gamma-ray astronomy.
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The investigation of energy spectrum and mass composition of primary cosmic rays in the energy range 1016 —1018 eV and the search for
diffuse cosmic gamma rays are of the great interest for understanding mechanisms and nature of high-energy particle sources, the problem of
great importance in modern astrophysics. Tunka-Grande scintillator array is a part of the experimental complex TAIGA (Tunka Advanced
Instrument for Cosmic Ray and Gamma Astronomy) which is located in the Tunka Valley, about 50 km from Lake Baikal. The purpose of this
array is the study of diffuse gamma rays and cosmic rays of ultra-high energies by detecting extensive air showers. We describe the design,
specifications of the read-out, data acquisition (DAQ) and control systems of the array.
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Aunnoranus: The article presents the relevance and advantages of the new gamma observatory TAIGA (Tunka Advanced Instrument for
cosmic ray physics and Gamma Astronomy), which is being constructed in the Tunka Valley 50 km from Lake Baikal. VVarious detectors of
the six TAIGA gamma observatory arrays register the Cherenkov and radio radiation, as well as the electron and muon components of EAS.
The primary objective of the TAIGA gamma observatory is to study the high-energy part of the gamma-ray spectrum, in particular, in order to
search for Galactic PeVatrons. The energy, direction, and position of the EAS axis are reconstructed in the observatory based on the data of
the wide-angle Cherenkov detectors of the TAIGA-HISCORE experiment. Taking into account this information, the gamma quanta are
distinguished from the hadron background using the data obtained by the muon detectors and telescopes that register the EAS image in the
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Cherenkov light. In this hybrid mode of operation, the atmospheric Cherenkov telescopes can operate in the mono-mode, and the distance
between them can be increased to 800-1000 m, which makes it possible to construct an array with an area of 5 km”2 and more at relatively
low cost and in a short time. By 2019, the first stage of the gamma observatory with an area of 1 km2 will be constructed; its expected integral
sensitivity for detecting the gamma radiation with an energy of 100 TeV at observation of the source for 300 hours will be approximately
2.5%107M{-13} TeV cm™N{-2}sM{-1}.

Bxuag Actpodusuueckoro komiuiekca MI'Y-UI'Y B nocTnkeHrne HAyqHOTO pe3yibTaTa - ONpe eSO
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TAIGA experiment. In the present paper this technique was performed to distinguish between different mass groups of cosmic rays in the
energy range 200 TeV — 500 TeV. The study was based on simulation data of TAIGA prototype and included analysis of geometrical form
of images produced by different nuclei in the IACT simulation as well as shower core parameters reconstructed using timing array
simulation. We show that the hybrid method can be sufficiently effective to precisely distinguish between mass groups of cosmic rays.
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Aunnoranusi: A combined approach to distinguishing extensive atmospheric showers (EASes) from gamma rays, based on analyzing
Imaging Atmospheric Cherenkov Telescope (IACT) images and shower parameters reconstructed using data from a nonimaging (timing)
array, is investigated. The study is conducted with simulated data on the registration of Cherenkov radiation from an EAS. The optimum
set of combined parameters, the efficiency of the multivariate approach, and the dependence of the background suppression factor on
energy and distance are determined. The findings are compared to those from the operation of an isolated IACT. It is shown that in the >50
TeV range of energies, the background can be suppressed by a factor of 100 even at distances of up to 450 m from an IACT telescope.
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Annoranusi: The Tunka Radio Extention (Tunka-Rex) is an array of radio antennas located at the TAIGA (Tunka Advanced Instrument
for Cosmic Ray Physics and Gamma Astronomy) facility. The array occupies an area of approximately 3 km2 and contains 63 antennas.
The results from the first two seasons of TunkaRex operation (2012—-2014) and antenna array modernization (2015-2016) are presented.
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Aunnoranus: The design for the TAIGA-HISCORE array, a part of the TAIGA Gamma Ray Observatory, is considered. The observatory
is being constructed in the Tunka Valley, 50 km from Lake Baikal. Preliminary results obtained using the first 28 optical stations of the
array are presented.
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Annoranusi: The Tunka-Grande scintillation array is described. The first results from its operation are presented. The prospects for
studying primary cosmic rays in the energy range of 10716 to 10"18 eV during simultaneous registration of the Cherenkov and charged
particle components along with radio emissions from extensive air showers are discussed.

Bxutag Actpodusuueckoro kommuiekca MI'Y-UTI'Y B nocTrkeHre HayqHOTO pe3yiIbTara - ONpeAesomni.

15. Results and perspectives of cosmic ray mass composition studies with EAS arrays in the Tunka Valley


https://www.scopus.com/inward/record.uri?partnerID=HzOxMe3b&scp=85020032262&origin=inward
https://istina.msu.ru/workers/5128419/
https://istina.msu.ru/workers/385211/
https://istina.msu.ru/workers/5139197/
https://istina.msu.ru/workers/1967306/
https://istina.msu.ru/workers/578435/
https://istina.msu.ru/workers/1415138/
https://istina.msu.ru/workers/577406/
https://istina.msu.ru/workers/3023142/
https://istina.msu.ru/workers/3023142/
https://istina.msu.ru/workers/3023142/
https://istina.msu.ru/workers/581963/
https://istina.msu.ru/workers/7501951/
https://istina.msu.ru/workers/539823/
https://istina.msu.ru/workers/11970924/
https://istina.msu.ru/workers/10911274/
https://istina.msu.ru/workers/2034221/
https://istina.msu.ru/workers/2034221/
https://istina.msu.ru/workers/2034221/
https://istina.msu.ru/workers/92355648/
https://istina.msu.ru/workers/509524/
https://istina.msu.ru/workers/7530421/
https://istina.msu.ru/workers/3023145/
https://istina.msu.ru/workers/5192477/
https://istina.msu.ru/workers/1967309/
https://istina.msu.ru/workers/10911275/
https://istina.msu.ru/workers/615577/
https://istina.msu.ru/workers/615577/
https://istina.msu.ru/workers/615577/
https://istina.msu.ru/workers/5861571/
https://istina.msu.ru/workers/540593/
https://istina.msu.ru/workers/577418/
https://istina.msu.ru/workers/49770301/
https://istina.msu.ru/workers/1449416/
https://istina.msu.ru/workers/541444/
https://istina.msu.ru/workers/855108/
https://istina.msu.ru/workers/5861572/
https://istina.msu.ru/workers/19694145/
https://istina.msu.ru/workers/577427/
https://istina.msu.ru/workers/535166/
https://istina.msu.ru/workers/1118530/
https://istina.msu.ru/workers/2737525/
https://istina.msu.ru/workers/465511/
https://istina.msu.ru/workers/1118533/
https://istina.msu.ru/workers/10911278/
https://istina.msu.ru/workers/10911278/
https://istina.msu.ru/workers/10911278/
https://istina.msu.ru/workers/9452890/
https://istina.msu.ru/workers/1118534/
https://istina.msu.ru/workers/581949/
https://istina.msu.ru/workers/6756107/
https://istina.msu.ru/journals/56190/
https://istina.msu.ru/publishers/48537/
http://dx.doi.org/10.3103/s1062873817040311

@ Unpopmayus o yumuposanuu cmamou noxyuena uz SCopus, Web of Science

Cmamows onyoaukosaua 6 sxcypuane uz cnucka Web of Science u/unu Scopus
Astopsr: Prosin V.V., Budnev N.M., Chiavassa A., Dyachok A.N.,Epimakhov S.N., Fenu F., Fomin Yu A., Gress O.A., Gress
T.1., Kalmykov N.I., Karpov N.N., Korosteleva E.E., Kozhin V.A., Kuzmichev L.A.,Lubsandorzhiev B.K., Lubsandorzhiev
N.B., Mirgazov R.R., Monhoev R.D.,Osipova E.A., Panasyuk M.l., Pankov V.U., Popova E.G., Ptuskin V.S.,Semeney Yu A., Silaev
A.A., Skurikhin A.V., Spiering C., Sulakov V.P.,Sveshnikova L.G., Zagorodnikov A.V.
Kypnaun: Journal of Physics: Conference Series
Journal of Physics: Conference Series ISSN 17426588, 17426596 xpantiis sxyprana - Q3, mpoUeHTHIb KypHaia - 23%,
BAK - mer, PUHII - na
Tom: 718
I'ox u3nanus: 2016
MspareancrBo: Institute of Physics
Mecromnoao:kenne u3nareabcersa: United Kingdom
IlepBasi crpanuna: 052031
DOI: 10.1088/1742-6596/718/5/052031
Aunnoranusi: The study of the cosmic ray mass composition in the energy range 1016 — 1018 eV is one of the main aims of Tunka-133.
This EAS Cherenkov array started data acquisition in the Tunka Valley (50 km from Lake Baikal) in autumn 2009. Tunka-133 provides a
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Aunnortanusi: The physical motivations and advantages of the new gamma-observatory TAIGA (Tunka Advanced Instrument for cosmic
ray physics and Gamma Astronomy) is presented. The TAIGA array is a complex, hybrid detector for ground-based gamma-ray astronomy
for energies from a few TeV to several PeV as well as for cosmic ray studies from 100 TeV to several EeV. The TAIGA will include the
wide angle Cherenkov array TAIGA-HISCORE with ~5 km2 area, a net of 16 IACT telescopes (with FOV of about 10x10 degree), muon
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Aunnoranusi: 20 detector to improve the rejection of background EAS protons and nuclei and a network of imaging atmospheric
Cherenkov telescopes for gamma radiation detection. We discuss the goals and objectives of the complex features of each detector and the
results obtained in the first stage of the HISCORE installation— 1000 TeV and charged cosmic rays with energies of 100 TeV —The TAIGA
project is aimed at solving the fundamental problems of gamma-ray astronomy and physics of ultrahigh energy cosmic rays with the help
of the complex of detectors, located in the Tunka valley (Siberia, Russia). TAIGA includes a wide-angle large area Tunka-HiSCORE array,
designed to detect gamma-rays of ultrahigh energies in the range 100 PeV, large area muon
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18 Primary gamma ray selection in a hybrid timing/imaging Cherenkov array

@ Ungdhopmayus o yumuposanuu cmamovu nonyyeHa uz SCOpUS

Cmamws onyoaukosana 6 sxcypuane uz cnucka Web of Science u/unu Scopus
AsTopsri: Postnikov E.B., Grinyuk A.A., Kuzmichev L.A., Sveshnikova L.G.
Kypunan: EPJ Web of Conferences  ISSN 2100014X kBauTHIIb )ypHasa -Q4, nporeHTIs xypHaia - 14%, Punn - na, BAK - et
Tom: 145
Tox m3panus: 2017
IlepBas crpannua: 19005
MecTomnoJio:xkeHue uzaarenbersa: Opanus
DOI: 10.1051/epjconf/201614519005
Aunnoranusi: This work is a methodical study on hybrid reconstruction techniques for hybrid imaging/timing Cherenkov observations.
This type of hybrid array is to be realized at the gamma-observatory TAIGA intended for very high energy gamma-ray astronomy (>
30 TeV). It aims at combining the cost-effective timing-array technique with imaging telescopes. Hybrid operation of both of these
techniques can lead to a relatively cheap way of development of a large area array. The joint approach of gamma event selection was
investigated on both types of simulated data: the image parameters from the telescopes, and the shower parameters reconstructed from the
timing array. The optimal set of imaging parameters and shower parameters to be combined is revealed. The cosmic ray background
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suppression factor depending on distance and energy is calculated. The optimal selection technique leads to cosmic ray background
suppression of about 2 orders of magnitude on distances up to 450 m for energies greater than 50 TeV.
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Annoranusi: Observations of gamma rays up to several 100 TeV are particularly important to spectrally resolve the cutoff regime of the
long-sought Pevatrons, the cosmic-ray PeV accelerators. One component of the TAIGA hybrid detector is the TAIGA-HiISCORE timing
array, which currently consists of 28 wide angle (0.6 sr) air Cherenkov timing stations distributed on an area of 0.25 km2. The HISCORE
concept is based on (non-imaging) air shower front sampling with Cherenkov light. First results are presented.
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20. Towards a cosmic-ray mass-composition study at Tunka Radio Extension
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Aunnoranusi: The Tunka Radio Extension (Tunka-Rex) is a radio detector at the TAIGA facility located in Siberia nearby the southern tip
of Lake Baikal. Tunka-Rex measures air-showers induced by high-energy cosmic rays, in particular, the lateral distribution of the radio
pulses. The depth of the air-shower maximum, statistically depends on the mass of the primary particle, is determined from the slope of the
lateral distribution function (LDF). Using a model-independent approach, we have studied possible features of the one-dimensional slope
method and tried to find improvements for the reconstruction of primary mass. To study the systematic uncertainties given by different
primary particles, we have performed simulations using the CONEX and CoREAS software packages of the recently released CORSIKA
v7.5 including the modern high-energy hadronic models QGSJet-11.04 and EPOS-LHC. The simulations have shown that the largest
systematic uncertainty in the energy deposit is due to the unknown primary particle. Finally, we studied the relation between the
polarization and the asymmetry of the LDF.
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