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The detection of Extraterrestrial Very High Energy
Neutrinos by atmospheric Cherenkov Telescopic System
SHALON is discussed. The analysis of results of
observation of extensive air showers at height of 3338 m
above the sea level by means of gamma-telescope
SHALON at the zenith angles 72°, 76°, 84°, 97° are
presented. The observation results are compared with the
data of detection of showers according to the direction
into the zenith. The observation has been carried out at
Tien -Shan station with SHALON gamma-telescope.
The SHALON telescopic system has mirror with area of
11.2 m? and 144 PMT matrix with 0.1° angular
resolution, that has the most in the world field of view -
>8°. It allows to control the background of cosmic ray
particle emission and the atmospheric transparency
continuously with observation that means the increasing
of observation efficiency. So it is the telescope
characteristics that permit to start the search of local
neutrino sources with energy 1012 - 10%%eV on EAS
generating in mountain-range located at some 6 and
more kilometers from gamma-telescope (in Russian the
SHALON abbreviation means - the Extensive Air
Showers from Neutrino).
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A neutrino telescope detects the Cherenkov radiation generated in water or ice by passage of
relativistic charged particles produced by neutrino collisions with nucleons in the detector
volume. Because of weakness of neutrino interaction the very large detector volume is
required. Some alternative approaches have been proposed. One of them is using a earth matter
or mountain as a target volume for conversion neutrinos to leptons which then initiate
extensive air shower (EAS) in the atmosphere, then showers can be detected by Cherenkov
telescope. Observations of neutrino initiated EAS at the mountain shadow seems attractive
because of mountain valley screened from background showers of cosmic rays and the only
particles that can survive are neutrinos with energies > 10% eV came under the horizon. The
cascades with energy > 1012 eV are generated by neutrino in the ground of mountain on the
thickness <300 g/cm?. The Cherenkov radiation of the hadron cascades will be observed along
the direction of neutrino by gamma-telescope placed on the distance about 7 kms from a
mountain slope in area of more than 7x10°m2. So, UHE neutrinos may be searched in
observations at large zenith angle.
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The telescope is calibrated according to the
observations of EAS of cosmic ray at 0° -
1) zenith angle. The cosmic ray shower image
— 0%  detected in the SHALON telescope, generally
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The analysis of the observations allows one to

v(¥) make the following conclusion. At first, a night
star sky doesn't produce any background events,
preventing the observations of electron-photon
cascades coming from under the earth surface.
Secondary, the observation of Cherenkov bursts
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The observations of Cherenkov bursts under the 97 deg zenith angle
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Observations at 97° zenith angle have been done in cloudless nights in absence of
artificial lights and dry air. During 324 hours of observation 323 short-range bursts
were recorded. The picture of 318 of these is flash that chaotically or smoothly
spread along whole the matrix or its part. These events may be interpreted as a
reflection of EAS Cherenkov burst from a snow mountain slope or as a ionisation
luminescence of the atmosphere if vertical EAS transits within field of view. But 5
events have form characteristics similar to those observed at 0° zenith angle. These
cascades look like the usual extensive air showers generated in atmosphere with
narrow light shape. The shower energies are in the range of 6 - 17.5 TeV. The
background for this events can be some reflections of cosmic ray EAS in the
mountain slope. First of all it could be a reflection of showers initiated by particles
born in interaction of very high energy cosmic rays and rock matter nucleons. The
energy of detected showers is more than 6 TeV. There is no albedo particles of
such high energies. One more source of particles with high transverse energy is jet
production. The probability of hadronic jet production with energy of observed
showers is ten orders of magnitude less than one for detection of shower generated
by secondary particles of UHE neutrino interaction. The estimated neutrino event
rate is one shower per 100 hours for neutrino of all flavours and fluxes expected by
models. It corresponds to rate of ~ 101> cm2 s that is comparable to fluxes of
weak gamma-quantum sources presently observed by SHALON.

e

2
4
6
8

10

A search for upward UHE neutrinos with SHALON atmospheric Cherenkov telescope o

Code = 1023
E =109 TeV

1 C()lic =615

6

8§ 10 12

Code = 2100
E =18.1TeV




Nikolsky S. I., Sinitsyna V. G., VANT Ser. TFE. 1331, (1987) 30

Sinitsyna V. G., Toward a Major Atmospheric Cherenkov Detector -II, ed. Lamb R. C. (lowa State
University) (1993) 91.

Sinitsyna V. G., Nuovo Cimento 19C(6) (1996) 965.

Sinitsyna V. G., Nikolsky S. I., et.al., Nucl. Phys. B (Proc. Suppl.) 75A (1999) 352; 97, (2001) 215, 219
Nikolsky S. I. and Sinitsyna V. G., Physics of Atomic Nuclei 67(10) (2004) 1900.

Klapdor-Kliengrothaus H.V., Zuber K., in Teilchenastrophysik, ed. Teubner B.G. (GmbH, Stuttgart, 2000).
Resvanis L.K., Nucl. Phys. B (Proc. Suppl.) 122, (2003) 24.

Degrange B., Toward a Major Atmospheric Cherenkov Detector-1, ed. Fleury P., Vacanti G. (Frontieres)
(1992) 171.

Bugaev E.V. and Shlepin Yu. V., Nucl. Phys. B (Proc. Suppl.) 122, (2003) 341.
Fargion D., et. al., ApJ 613, (2004) 1285.
Berezinsky V.S., Gazaev A.Z., JETP lett 25(5) (1977) 276.

Zatsepin G.T. and Berezinsky V.S., Neutrono Astrophysic Problems 2 (INR, Russian Academy of Science,
1980) 172.

Waxman E., and Bahcall J., Phys. Rev.Letters 78, (1997) 2292
Stecker J. and Salamon M., Space Sci. Rev.75, (1996) 341




