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A prototype device for acoustic neutrino detection in Lake Baikal
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Abstract: In April 2006 a4-channel acoustic antenna has been put in long-term operation on LakeBaikal.
The detector was installed at a depth of about100 m on the instrumentation string of Baikal Neutrino
Telescope NT200+. This detector may be regarded as a prototype of subunit for a future underwater
acoustic neutrino telescope. We describe the design of acoustic detector and present first results obtained
from data analysis.

Introduction

The large scale neutrino telescopes currently
under operation (NT200+ in Lake Baikal,
AMANDA/IceCube at the South Pole and
ANTARES in the Mediterranean) detect the
Cherenkov light emitted in water or ice by rela-
tivistic charged particles produced via neutrino
interactions with matter. Back in 1957, G.A.
Askaryan has shown that a high-energy particle
cascade in water should also produce an acoustic
signal [1]. The absorption length for acoustic
waves with a frequency about 30 kHz (the peak
frequency of acoustic signals from a shower) in sea
water is at least an order of magnitude larger than
that of Cherenkov radiation, in the fresh Baikal
water this ratio is even close to 100 [2]. Therefore

acoustic pulses can be detected from considerably
larger distances than Cherenkov radiation, and
the acoustic method appears to be attractive for
the detection of ultra high-energy neutrinos [3].
However, the technology of acoustic detection in
high-energy physics is much worse developed than
optical methods. Since several years, however,
an increasing number of feasibility studies on
acoustic particle detection are performed [4].

In order to test the possibility of acoustic detec-
tion of high-energy neutrinos in Lake Baikal, the
Baikal collaboration started with an in-situ study
of acoustic noise which constitutes the background
for the acoustic neutrino detection in the lake. For
the purpose of noise measurement, an autonomous
hydro-acoustic recorder with two input channels
has been developed. We have performed a series
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Figure 1: Schematic view of underwater 4-channel digital device for detection of acoustic signals from high
energy neutrinos.

of hydro-acoustic measurements in Lake Baikal in
order to investigate the the background properties
[5, 6]. It turned out that at stationary and homoge-
neous meteorological conditions the integral noise
power in the frequency range20-50 kHz can reach
levels as low as about1 mPa. At the same time,
short acoustic pulses with different amplitudes and
shapes including bipolar ones have been observed.
The latter should be considered as a background
for acoustic neutrino detection. However, the over-
whelming majority of the short pulses have prob-
ably been generated by quasi-local sources or are
due to interference of noise sound waves coming
from a layer near the surface.

Taking into account these properties of the noise,
we conclude that the most promising way to de-
tect acoustic particle signals is to deploy a net
of rather compact acoustic antennas at relatively
shallow depths (for example about100–200 m for
Lake Baikal) and monitoring the water volume top-
down. It is also necessary to suppress signals from
the surface by caps made of a sound-absorbing ma-
terial and mounted on top of the antennas.

Device for the detection of acoustic sig-
nals from high energy neutrinos

Cascades generated by neutrino interactions in wa-
ter should produce bipolar acoustic impulses with
30–50 µsec duration. Most of the acoustic signal

energy is concentrated within a disk which’s axis
coincides with the cascade direction [7, 8, 9]. Disk
shape and bipolarity are therefore the basic signa-
tures to search for. Extraction of small signals from
background requires an antenna consisting of a set
of hydrophones. The optimum distance between
the hydrophones is defined by the condition that it
must safely exceed several wave-lengths of the ex-
pected signal but, on the other hand, should not be
too large in order to minimise the number of back-
ground impulses captured within the coincidence
time window. We have constructed a digital hydro-
acoustic device with four input channels shown in
Fig. 1 [10].

The module was designed for common operation
with the Baikal Neutrino Telescope NT200+ and
has been installed in April 2006 at one of the moor-
ings of NT200+. To suppress the amount of raw
information to be transferred to the shore station,
data are pre-processed at the deep site using an al-
gorithm described in [11].

There are three regimes of operation of the instru-
ment:

1. Transmitting of a one-second sample of data
from all hydrophones to the shore computer
centre, after a trigger signal from NT200+.

2. Online search for short acoustic pulses,
which can be interpreted as signals from dis-
tant quasi-local sources.
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Figure 2: Sample of detected bipolar pulse.

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
which may belong to a common candidate
event are covered by all four time frames.
The frames start at the same time and have
a minimum length of 2τcross, whereτcross

is the maximum duration for a plane wave
front to cross the antenna volume.

2. Search for segments, in which the signal
amplitude exceeds the dispersionσ of the
acoustic noise in the corresponding time
frame by a factork. For this analysis,k=2.5.

3. Neighboured segments with amplitude
larger thank × σ and opposite sign are
combined, with the additional condition
that the interval between these segments
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Figure 3: The distribution of bipolar pulses versus
zenith angle.

is shorter than the added length of both
segments.

4. Pulse form classification according to the
number of combined segments into bipolar,
3-polar etc. pulses.

5. Pulse duration cut,τ < 100µsec for this
analysis.

6. Test of pulse forms to be described by a
function F (x) that approximates the bipo-
lar pulses expected from a high-energy
shower. Data approximation criterion:∑

m

i=1
(F (ti) − A(ti))

2 < N , N = 1.5 in
this paper.

Fig. 2 presents an example of a bipolar pulse,
selected by this procedure. Fig. 3 shows the
zenith angle distribution of bipolar pulses regis-
tered in April-May 2006. Most pulses are located
in the vicinity of the horizontal plane. Sources of
pulses coming from just below horizon are likely
located also in the near-surface zone. They ap-
pear to come from below horizon due to refraction
which is caused by the growth in sound velocity
with depth. From the region±45o around the op-
posite zenith, no event with bipolar pulse form has
been observed.

Fig. 4 presents a comparison between amplitudes
calculated using the formula from [7, 12, 13] for
distances100 and 1000 m in Mediterranean Sea
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Figure 4: Dependence of expected acoustic signals
amplitude generated by high-energy showers ver-
sus shower energy.

and in Lake Baikal. Taking into account that the
high-frequency noise level in Lake Baikal can be as
low as∼ 1 mPa (horizontal line at Fig. 4), it is pos-
sible to register showers of energy higher than1018

eV from a distance of100 m, and higher than1019

eV from 1000 m. At distances much larger than1
km, signal amplitudes of showers in Baikal water
are similar or higher than in the Mediterranean due
to lower sound absorption in freshwater.

Summary and Outlook

The results of the experiment have demonstrated
the feasibility of the proposed acoustic pulse detec-
tion technique in searching signals from cascade
showers. Although the Baikal water temperature
is close to the temperature of its maximal density,
the absence of strong acoustic noise sources in the
lake’s deep zone, and the very low absorption of
sound in freshwater may result in neutrino detec-
tion in Lake Baikal with a threshold as low as1018

– 1019 eV.

This motivates further activities towards a large-
scale acoustic neutrino detector in Lake Baikal.
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