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Abstract: In April 2006 a4-channel acoustic antenna has been put in long-term ope@tiLake Baikal.
The detector was installed at a depth of abt@ m on the instrumentation string of Baikal Neutrino
Telescope NT200+. This detector may be regarded as a ppetatfysubunit for a future underwater
acoustic neutrino telescope. We describe the design okticaletector and present first results obtained
from data analysis.

Introduction acoustic pulses can be detected from consider:
larger distances than Cherenkov radiation, ¢

The large scale neutrino telescopes currently the acoustic method appears to be attractive

under operation (NT200+ in Lake Baikal,
AMANDA/IceCube at the South Pole and
ANTARES in the Mediterranean) detect the

the detection of ultra high-energy neutrinos [«
However, the technology of acoustic detection
high-energy physics is much worse developed tl

Cherenkov light emitted in water or ice by rela- optical methods. Since several years, howe'
tivistic charged particles produced via neutrino an increasing number of feasibility studies !
interactions with matter. Back in 1957, G.A. acoustic particle detection are performed [4].

Askaryan has shown that a high-energy particle |n order to test the possibility of acoustic dete
cascade in water should also produce an acoustiction of high-energy neutrinos in Lake Baikal, tt
signal [1]. The absorption length for acoustic Baikal collaboration started with an in-situ stuc
waves with a frequency about 30 kHz (the peak of acoustic noise which constitutes the backgrot
frequency of acoustic signals from a shower) in sea for the acoustic neutrino detection in the lake. F
water is at least an order of magnitude larger than the purpose of noise measurement, an autonon
that of Cherenkov radiation, in the fresh Baikal hydro-acoustic recorder with two input channe

water this ratio is even close to 100 [2]. Therefore has been developed. We have performed a s¢
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Figure 1. Schematic view of underwater 4-channel digitalcefor detection of acoustic signals from hig
energy neutrinos.

of hydro-acoustic measurements in Lake Baikal in 30-50 psec duration. Most of the acoustic sigr
order to investigate the the background properties energy is concentrated within a disk which’s a
[5, 6]. It turned out that at stationary and homoge- coincides with the cascade direction [7, 8, 9]. Di
neous meteorological conditions the integral noise shape and bipolarity are therefore the basic sig
power in the frequency ran@®-50 kHz can reach  turesto search for. Extraction of small signals frc
levels as low as about mPa. At the same time, background requires an antenna consisting of &
short acoustic pulses with different amplitudes and of hydrophones. The optimum distance betwe
shapes including bipolar ones have been observedthe hydrophones is defined by the condition tha
The latter should be considered as a backgroundmust safely exceed several wave-lengths of the
for acoustic neutrino detection. However, the over- pected signal but, on the other hand, should no
whelming majority of the short pulses have prob- too large in order to minimise the number of bac
ably been generated by quasi-local sources or areground impulses captured within the coincider
due to interference of noise sound waves coming time window. We have constructed a digital hydt
from a layer near the surface. acoustic device with four input channels shown

Taking into account these properties of the noise, Fig- 1 [10].

we conclude that the most promising way to de- The module was designed for common operat
tect acoustic particle signals is to deploy a net with the Baikal Neutrino Telescope NT200+ at
of rather compact acoustic antennas at relatively has been installed in April 2006 at one of the mo
shallow depths (for example aboli0—200 m for ings of NT200+. To suppress the amount of ri
Lake Baikal) and monitoring the water volume top- information to be transferred to the shore stati
down. Itis also necessary to suppress signals fromdata are pre-processed at the deep site using a
the surface by caps made of a sound-absorbing ma-gorithm described in [11].

terial and mounted on top of the antennas. There are three regimes of operation of the inst
ment:
Device for the detection of acoustic sig- 1. Transmitting of a one-second sample of d.

nals from high energy neutrinos from all hydrophones to the shore compu

centre, after a trigger signal from NT200+
Cascades generated by neutrino interactions in wa-

ter should produce bipolar acoustic impulses with
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Figure 2: Sample of detected bipolar pulse.

2. Online search for short acoustic pulses,
which can be interpreted as signals from dis-
tant quasi-local sources.

3. An autonomous analysis of acoustic back-
ground statistics.

The joined operation with NT200+ might give us

an opportunity to identify the properties of acoustic
emission from cascades and provide an energy cal-
ibration (assuming that signal strength and flux are
high enough and the energy threshold low enough

to collect a usable number of true coincidences).

Results

The off-line analysis includes the following steps:

1. All data have been arranged in time frames,
one per hydrophone, in a way that all data

Number of bipolar impulses
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Figure 3: The distribution of bipolar pulses vers
zenith angle.

3. Neighboured segments with amplitus
larger thank x o and opposite sign ar
combined, with the additional conditio
that the interval between these segme
is shorter than the added length of bc
segments.

. Pulse form classification according to tl
number of combined segments into bipol
3-polar etc. pulses.

Pulse duration cuty < 100usec for this
analysis.

Test of pulse forms to be described by
function F'(x) that approximates the bipc
lar pulses expected from a high-ener

shower. Data approximation criteriot
S L(Ft) — A(t)? < N, N = 151n
this paper.

which may belong to a common candidate Fig. 2 presents an example of a bipolar pul

event are covered by all four time frames.

selected by this procedure. Fig. 3 shows i

The frames start at the same time and have zenith angle distribution of bipolar pulses reg

a minimum length of 2r.,.,ss, Wherer,,oss
is the maximum duration for a plane wave
front to cross the antenna volume.

amplitude exceeds the dispersienof the

acoustic noise in the corresponding time

frame by a factok. For this analysiss=2.5.
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. Search for segments, in which the signal

tered in April-May 2006. Most pulses are locat:
in the vicinity of the horizontal plane. Sources
pulses coming from just below horizon are like
located also in the near-surface zone. They
pear to come from below horizon due to refracti
which is caused by the growth in sound veloc
with depth. From the regioft45° around the op-
posite zenith, no event with bipolar pulse form h
been observed.
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