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Abstract. In this work, we present a compact transmitter array based on the
parametric acoustic sources effect able to reproduce the acoustic signature of an
Ultra-High Energy neutrino interaction in water. We also propose to use direc-
tive transducers employing the parametric technique for the characterization of
piezo-ceramic sensors contained in the KM3NeT Digital Optical Modules. This
technique can minimize the need for tests in an anechoic tank.

1 Introduction

This paper describes two applications of the parametric effect useful for neutrino telescopes.
The first one is related to the development of a compact array [1, 2] able to reproduce the
Ultra-High Energy (UHE) neutrino’s acoustic signature underwater [3]. The second one is
for the characterization of the acoustic sensors on a tank of moderate dimensions.

2 Generation of the acoustic signature of a UHE neutrino with a
parametric array

The UHE neutrino’s acoustic signature is very peculiar because it is very directive (∼ 1◦

at 1 km distance) although it is composed by relatively low frequencies, between 2 to
50 kHz [3]. So, to mimic this signature is not trivial. There are two ways of trying to
reproduce this signature with acoustic emitters. One possibility is to use a long linear
array, such as the attempt of using 8 elements in a total length of 8 m to generate a
bipolar acoustic pulse at about 23 kHz. The second one is by means of a compact array
using parametric acoustic sources effect. Roughly speaking, this technique employs the
emission of two intense waves of nearly the same high frequency (1st beam) creating
combinations of these two frequencies (secondary beams) in water or ice. Specifically,
the parametric effect is used to get low frequency beams (the frequency difference, 2nd
beam) with a pronounced directivity [2]. So far, none of the attempts have been fully
successful due to difficulties of operation for the long arrays and for the low efficiency
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achieved in the compact arrays. To address the latter point, a new compact calibrator is
being developed using as unit element a sensor composed by the piezo-ceramic UCE-534541,
and Polyurethane EL242F and aluminum as matching and backing materials, respectively [4].

Figure 1. Experimental data (4 meters) and 
simulations to array.

Once the single element has been efficiently
tested for this application in terms of para-
metric emission, waveform shape and direc-
tivity [4], the vdevelopment of the array has
been initiated, both in simulations and exper-
imentally. For instance, in Fig.1 the directiv-
ity results obtained of a first prototype with
a array of 85 cm length with 3 elements mea-
sured at 4 m are presented and compared to
the predictions at 1 km distance from simu-
lations for a 5-element array with 14 cm op-
timum distance between elements, indicating
that an opening of about 1◦ is feasible. Simu-
lations of an array with 5 elements reduced a
directivity of 3◦ Full Width Half Maximum.

3 Calibration of the KM3NeT acoustic sensors using the parametric
technique

Each Digital Optical Module (DOM) of KM3NeT has a piezo-ceramic sensor installed in the
bottom part. To calibrate this acoustic sensor properly, an anechoic pool is usually needed [5].
Here, we present an alternative to the use of this expensive installations by using moderate
size pools with parametric emitters. To test this, an experiment in a small tank of water
(110×85×80 cm3) has been conducted using a commercial transducer, RESON TC3027 of
1 MHz resonance frequency. The receiver was set to 50 cm, i.e., in the far field (Rayleigh
distance was 47 cm). The signal used was a 10 to 50 kHz sine sweep modulated with a
tone of 1 MHz with 1 ms duration, so to produce a frequency difference from 20 to 100 kHz
parametrically. The spectrogram of the received signal is shown in Fig. 2, where both beams
can be observed, as well as the reflections in the tank. The properties of the parametric signal
have also been studied and are be summarized in Fig. (??).
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Figure 2. Spectrogram of a measure in the 
tank.

The problem of using a small tank is that the
first reflection can overlay the direct signal if
its time duration is large, but according to
simulations using a small pool (e.g. 3×4×2
m3) the first reflection with this parametric
emitter appears 1.5 ms later than the direct
signal, hence allowing for an easy discrimina-
tion in the time domain and, thus, for a clean
calibration.
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Figure 3. Attenuation (left), voltage variation (center) and directional (right) measures.

Moreover, the parametric technique has also been applied to directional acoustic 
communi-cations [6], and could also be implemented in neutrino telescopes.

4 Conclusions
Two applications of the parametric sources technique for neutrino telescopes have been de-
scribed. In the first one, it has been shown that it is possible to mimic the acoustic signature
of a UHE neutrino with a compact array validated with prototypes and tests. Simulations of
an array with 5 elements present a directivity of 3◦ Full Width Half Maximum (σ=1.3◦). In
the second one, it has been shown that the use of parametric emitters simplifies the facilities
for the calibration of sensors, such as the acoustic sensor of the KM3NeT DOM that could
be calibrated in water tanks of moderate size.
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