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Abstract. Hydro-acoustic detection of ultra-high((>eV) Neutrino telescopes with a KM3 target mass scale have
and extremely highx 10'3eV) energy cosmic neutrinos in also been proposed for studies of the upper boundary of the
the world’s oceans, employing existing hardware is consid-energy spectrum of cosmic neutrinos. For example, if el-
ered. ementary particles of unification scale (even Planck scale)
The results of simulations of acoustic signals emitted bymassesl0?*~2*eV do exist, their interactions and decays
neutrino induced cascades with enerdie®—2'eV, with re- could produce neutrinos (and other particles) of super-high
alistic signal propagation in the ocean, are presented. Wéextremely-high) energies (SHE, EHE) up 10%*~%eV
have demonstrated that it is possible to develop a hydro{Markov and Zheleznykh, 1980, 1986).
acoustic detector of0*°~2'eV neutrinos (for example topo-  Speculations upon the unknown sources of the observed
logical defect neutrinos) with an effective detection volume highest energy cosmic rays with energies above the GZK-
of tens of cubic kilometers using an existing array of 2400 |imit have led to the appearance of several current models
hydrophones in the Pacific Ocean near the Kamchatka Peninwhich include significant or even dominant neutrino fluxes.
sula. For example, in the framework of some GUT models with
We further discuss the prospects of using a convertedX-particle masses of0?3eV, and in topological defect (TD)
portable hydro-acoustic station of 132 hydrophones as a bamodels, calculations of cosmic neutrino fluxes with energies
sic module for a deep-water acoustic neutrino telescope inip to10%3eV have been performed (Sigl 2000; Kuzmin 2000;
the Mediterranean Sea, or elsewhere. Such a device can haead references therein).

arelatively low detection energy threshold-ofl0'°eV, en- Since the mid-1970’s deep underwater acoustic neutrino
abling a search for AGN and GRB neutrinos. detection (Askaryan and Dolgoshein, 1976; Bowen, 1977,
Learned, 1979) has been discussed and developed as an al-
ternative method to optical DUMAND-type experiments for
studying UHE cosmic neutrino fluxes. The energy thresh-
olds for acoustic detection are a few orders of magnitude
rc_;reater than th@0 — 50 GeV threshold typical for the deep
underwater (Baikal, NESTOR, ANTARES) and under-ice
(AMANDA) optical detectors. However the target mass
] ; . 27 scale of acoustic detectors can be (affordably) a few or-
(GUal_ILIlEc’tig}\Ioulje?Ykgﬁgozzﬁsgzlmﬁztggz SB%l:;?:S (G'A‘Igg\;eders of magnitude greater than that of optical detectors, be-
' cause distances of tens of kilometers characterize the sound

for example), sites of the most energetic processes (accelezrittenuation—length in the water. Moreover the hardware and

ators) in the Universe, neutrino telescopes of effective detec: . . . : .
. P techniques for ocean acoustics are relatively inexpensive and
tion volumes of a cubic kilometer or more (KM3) are neces-

sary (Learned, 1993; Learned and Mannheim, 2000). wel dev_eloped. ) ] ) )
The bipolar acoustic pulse production arises from the rapid

Correspondence td: M. Zheleznykh expansion of the region of material traversed by the neutrino

(zhelezny@minus.inr.ac.ru) induced particle cascade, which ionizes and slightly heats the

1 Introduction

During recent years the target mass scale of the unde
ground neutrino telescopes has grown t0*tons (Super-
Kamiokande). However to search for ultra-high energy
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Fig. 2. Acoustic pulses at an equivalent distance of 1 m from

Fig. 1. Acoustic pulse amplitudes at an equivalent distance of 1 Mihe102leV electron-photon cascade core, for several displacements
from a102%eV electron-hadron cascade axis. Various offsets fromfrom shower maximum.

shower maximum are indicated.

(edrl) dv

medium. An acoustic signal is emitted by a neutrino-induced

cascade mainly in the direction perpendicular to the cascadtan. .
o ) A is effect the longitudinal development of electron-photon
axis in arather narrow solid angle. The initial spectrum peaks

at a few tens of kHz cascades in water increases b){ factors pf tens or even hun-
' dreds compared to cascades with energies lesslihideV.
At a cascade energy af)?’eV the cascade length increases
2 Acoustic Pulses Produced by EHE Neutrinosin Water 10 500 m; at energy0°!eV to 1-1.5 km. Counterbalanc-
ing this, the density of deposited energy is decreased by 100
The results of calculations of the UHE neutrino induced times compared to the Bethe-Heitler showers. The advantage
acoustic pulses in water were given in a series of articlef greater length however is larger near-field volume.
(Dedenko, et al, 1995; Dedenko, et al., 1997; Butkevich, et
al., 1999). In this paper we present the results of new and Fig. 2 shows acoustic pulses caused by the electron-
improved calculations of acoustic signals emitted by EHEphoton cascades with energy0®'eV in seawater and
electron-hadron and electron-photon cascades. 14 degC temperature, scaled to a distance of 1 meter from
Fig. 1 shows the results of calculations of acoustic pulseghe cascade core. Calculations were performed for different
caused by an electron-hadron cascade with an energy afeviations from the shower maximum along the cascade axis.
102%eV in seawater 1(4 degC temperature, deep Mediter-
ranean), scaled (r?) to a reference distance of 1 meter from  The reference amplitude of the acoustic signal at this dis-
the cascade core. Calculations were performed for differentance can be as much as 5 Pa. Strong acoustic emission is
deviations from the shower maximum along the cascade axidocalized in a divergent disk of 200 m thickness, which is
At super-high energies the Landau - Pomeranchuk -perpendicular to the cascade axis. In contrast, the density of
Migdal effect (decreasing cross sections for pair productiondeposited energy in a hadron cascade would be about 50 Pa
and brems-strahlung) should be taken into account. Due t@s its length is of a few tens meters.
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Table 1. Acoustic detection volumes estimates in cubic kilometers 1.6 meters dlamgter and 1 mgter he'ght' The_ array contains
for cascade energies@?’eV)/(3.16 x 102°eV)/(10*'eV), and vari- 132 hydroacoustic sensors directed in a vertical plane on a

ous false alarm rates and summer season wind velocties, employingylindrical surface. The mass of the array is about 1200 kg
the Kamchatka array . ("-” denotes not calculated). and it is designed for depths up to 500 meters. The frequency
band is (4-25) kHz. The sensitivity is about 170 (V/Pa). This

False Alarm Rate 1/Day 1/Week 1/Month - . .
Summer Wind Vel. array practically matches the parameters desired of a basic
2 misec. calm 11/-/- 9.5/-/- 6.6/-I- module of an acoustic neutrino detector with a "low” energy
5.5 misec 3.9/5381  2.2/4-  13/2.2/- detection threshold of 10'"eV. .

10.2 m/sec 0.98/1.3/24 0.73/1.4/- 0.56/0.98/- Measurements of the hydro-acoustic background are

planned in the Mediterranean Sea at several potential deploy-
ment sites for an acoustic neutrino telescope. An acoustic
3 Kamchatka Array as a KM3 Detector of EHE Neutri- array of 6 high-sensitivity hydrophones for deep-water mea-
nos surements of noise in the frequency banhd 50 kHz with
threshold sensitivity aboud > Pa/+/H = has been designed
One of the goals of our SADCO (Sea-based Acoustic Detecand constructed.
tor of Cosmic Objects) collaboration is to consider the use
of already existing stationary sonar facilities, such as thos
placed in the Kamchatka region, as an acoustic detector o

Qeutrlr;]o\:,k(Karllk et atl.,”1397;hDedelnko etl al, 19h97)' dTh'S We have considered the possibilities of acoustic neutrino de-
.athASO ?] s(;)narhlns a a_l_'ﬁn asalarge p”andar phase a;]r | ection in the deep ocean using two existing sonar arrays with
wit ydrophones. The array I installed on a sea shelf, o ¢ amplification 1500: a fixed Kamchatka hydro-acoustic
and.con_nected with on-shore equmept by cable. T.he sectq rray for long waves (frequencies less tharl.5 kHz), and
of VIEW IS 120 d?g' The angular r(_esolutlon in the horizontal a compact portable military surplus system with frequency
plane is0.8 deg n each of 150 .(V|rtual) parallel fgn-shaped band of 5-15 kHz. Neutrino telescopes based upon such sys-
beam_s. ;Etlgovetrtllc‘:la(t)loaﬂgular width7sleg. The gain of this tems can make competitive searches for neutrinos of extreme
array s a Z energies. The further advantages of this approach are that

Evaluations of the effective detection volume of the Kam- y o3¢ of experience have resulted in high reliability acoustic

chaztoka array were perfor2rl1ed for three cascade energieyyqtams, and the necessary expenses for modern electronics
(10<%eV, 3.16 x 10<"eV, 10< eV), for realistic ocean noise

are not large compared to design and construction of new

conditions and for different probabilities of false alarm (false hydro-acoustic systems or to the costs for optical Cherenkov
impulse signal). It is seen from the Table 1 that in SUMMer;n<truments with similar sensitive volumes

time and under calm wind conditions, the Kamchatka array

can have a significant detection volume (tens of cubic km) forAcknowledgementsThese investigations are supported by the
seeking acoustic signals frond?'eV cascades. Employing RFBR-INTAS grant IR-97-2184 and the RFBR grant 00-15-96632.
the Kamchatka array, it is possible to develop special soft-

ware to search for electron-hadron cascades induced by EHE
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