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Emerging optoacoustic sensing technologies offer a promising pathway for advancing the acoustic
detection of ultra—high energy (UHE) neutrinos in the deep sea. Distributed Fiber Optic Sensing
(DFOS), and in particular Distributed Acoustic Sensing (DAS), enables the transformation of
standard submarine telecommunication fibers into dense arrays of virtual hydrophones, with
measurement points spaced at the meter scale along tens of kilometres. Recent developments
in DFOS on subsea telecom cables have demonstrated the capability to monitor acoustic fields
over basin scale distances, providing continuous, wide aperture coverage well suited for detecting
impulsive pressure waves expected from neutrino induced thermoacoustic cascades. Within this
context, the INFN cabled seabed network installed offshore Capo Passero (South-East Sicily)
serving the KM3NeT neutrino telescope may represent an ideal testbed for next generation neutrino
acoustic detection. A DAS system is already operating using the 100 km long main electro optical
cable to monitoring underwater soundscape up to 500 Hz. Novel DFOS based devices connected
to short cable trunks could provide a wide area, continuously operating, and scalable acoustic
observatory for the exploration of the highest energy neutrinos. Leveraging the unique features of
the INFN seafloor network, we discuss the scientific potential and technical prospects of applying

advanced optoacoustic sensing to neutrino astrophysics in the Mediterranean Sea.
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1. Introduction

The acoustic detection of ultra-high-energy neutrinos exploits the thermoacoustic response
of the propagation medium. A neutrino-induced particle cascade deposits energy over a compact
volume, producing rapid local heating and a bipolar pressure transient. In seawater, the signal is
emitted preferentially in a thin disk perpendicular to the cascade axis and carries substantial spectral
content in the kilohertz-to-tens-of-kilohertz range [1]. Because sound can propagate over long
distances in the deep ocean, an acoustic channel is attractive for surveying target volumes beyond
those economically accessible with dense optical instrumentation.

Most acoustic-neutrino concepts have therefore considered sparse arrays of dedicated hy-
drophones. Distributed Fiber Optic Sensing (DFOS) suggests a complementary architecture: optical
fibers already present on the seabed can be interrogated as spatially extended sensors. In Distributed
Acoustic Sensing (DAS), coherent optical interrogation converts local changes of optical path
length into a time series of axial strain at many positions along the fiber. Subsea deployments have
demonstrated continuous measurements over long apertures and have established DAS as a tool for
geophysics, ambient-noise studies, source tracking, and bioacoustics [2].

The central question is not whether a submarine cable can detect underwater sound, but whether
a DFOS architecture can provide the temporal bandwidth, spatial response, and sensitivity required
for short thermoacoustic pulses. This contribution examines that question in the context of the INFN
cabled seabed network offshore Capo Passero, which serves the KM3NeT neutrino telescope together
with several multidisciplinary projects. We distinguish the present long-range DAS installation,
optimized for the low-frequency soundscape, from prospective high-frequency devices operating on
much shorter cable trunks.

2. The Capo Passero cabled seabed infrastructure

The INFN infrastructure offshore south-eastern Sicily connects the deep-sea site to shore
through an electro-optical backbone approximately 100 km long. The network supports fixed seabed
nodes and the KM3NeT/ARCA detector, whose flexible detection units carry optical modules for the
observation of Cherenkov light. Junction boxes and shorter interlink cables distribute power and
communications between the principal network elements.

The site already hosts conventional seabed hydrophones as well as piezoelectric acoustic
sensors integrated into the digital optical modules (DOMs). These complementary receiver systems
are used for acoustic positioning and also support environmental monitoring. Their coexistence
with accurately timed detector electronics and extensive optical cabling provides a particularly
useful environment for validating optoacoustic measurements. The existing hydrophones and
DOM-integrated piezoelectric sensors can act as reference instruments for coincident event studies,
calibration signals, directional-response measurements, and long-term comparisons of detector
stability [3].

A DAS interrogator is already operated on the main electro-optical cable. For the roughly
100 km sensing length, the present system monitors the underwater soundscape up to about 500 Hz.
This configuration provides a wide aperture and meter-scale sampling over basin-scale distances,
but its bandwidth is not intended for the short pulses expected from neutrino-induced cascades. It



Distributed Fiber Optic Sensing for Acoustic UHE Neutrino Detection Salvatore Viola

should therefore be viewed as an operational demonstration of large-scale cable sensing and as a
source of environmental information, rather than as a direct UHE-neutrino acoustic detector.

3. DAS response and the high-frequency constraint

Coherent DAS generally relies on Rayleigh backscattering from the fiber. A propagating optical
pulse returns a distributed backscatter signal whose phase changes when external disturbances
modify the optical path length. After demodulation, the measured phase difference is related to
strain averaged over a gauge length. Unlike a hydrophone, which is designed to measure pressure at
a point, DAS measures the component of dynamic strain projected along the fiber axis. The response
therefore depends on cable construction and seabed coupling, acoustic incidence angle, and the
relation between acoustic wavelength and the spatial averaging window [2].

Gauge-length averaging is especially important for the neutrino case. Taking a representative
sound speed of 1500 ms~!, wavelengths at 10, 20, 30, and 40 kHz are approximately 15, 7.5, 5,
and 3.75 cm, respectively. These scales are far below the 1-10 m gauge lengths commonly used by
long-range commercial systems. When the strain field changes sign within the gauge length, spatial
averaging suppresses the response. Thus, a high electronic sampling rate alone does not recover
the signal: the optical interrogation and spatial response must also resolve centimetric acoustic
wavelengths.

A second limitation follows from the round-trip propagation time of the interrogation pulse.
The pulse-repetition frequency must remain compatible with the monitored fiber length to avoid
range ambiguity. Consequently, long apertures and high temporal bandwidth compete for the same
timing budget. For the 100 km backbone, this trade-off is consistent with the present approximately
500 Hz operational bandwidth. The 10-40 kHz band of primary interest requires a substantially
shorter sensing reach or an interrogation architecture that does not acquire all positions through a
conventional sequential round trip.

4. Candidate high-frequency DFOS approaches

4.1 Chirped-pulse DAS

In standard phase-sensitive optical time-domain reflectometry, spatial resolution is linked to the
duration of the launched pulse. Shortening the gauge length by using very short pulses reduces pulse
energy and introduces demanding peak-power and nonlinear-propagation constraints. Chirped-pulse
DAS separates pulse duration from effective spatial resolution: a frequency-modulated pulse can
retain useful energy while pulse compression sets the resolved length through the modulation
bandwidth [2].

For the neutrino application, the design targets inferred from the acoustic wavelength are
demanding: a gauge length below approximately 10 cm, a sensing reach below roughly 1 km,
radio-frequency bandwidth approaching the gigahertz regime, multi-GS/s digitization, and high-
throughput real-time correlation. These values describe a prospective instrument rather than the
capabilities of the existing 100 km system. They also shift the principal engineering burden toward
power-efficient electronics, clock distribution, data reduction, and in-situ reliability.
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4.2 Quasi-distributed acoustic sensing

Quasi-distributed acoustic sensing (Q-DAS) replaces random Rayleigh scatter with engineered
reflective elements, commonly weak fiber Bragg gratings. The reflector positions and spectral
properties are controlled during fabrication, yielding stronger and more reproducible returns. Array-
matched interrogation and coded array-matched interrogation can sample many sensing sections
within a short acquisition window and use coding gain to improve signal-to-noise ratio.

An FBG-based array has demonstrated distributed underwater ultrasound sensing with mea-
surements extending to approximately 100 kHz [4]. This result is directly relevant to the required
frequency range, although the demonstrated sensor architecture should not be conflated with a
ready-to-deploy neutrino telescope. Deep-sea qualification must address pressure, temperature
stability, cable packaging, reflector uniformity, long-term mechanical coupling, array calibration,
and the radiopurity and reliability constraints of seafloor electronics.

5. A hybrid optoacoustic testbed

The most promising deployment path is to retain the long backbone for communications and
low-frequency environmental sensing while instrumenting selected short trunks with high-frequency
DFOS. Interlink cables of order 100-500 m are compatible with a much higher pulse-repetition
frequency than the 100 km backbone. In the proposed configuration, a multichannel chirped-DAS or
Q-DAS interrogator would be integrated into the junction-box infrastructure and optically coupled,
directly or through an optical switch, to several short interlink cables. Each addressed segment
would then operate as a distributed acoustic receiver alongside the existing seabed hydrophones and
the piezoelectric sensors integrated into the DOMs (figure 1).
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Figure 1: Concept for integrating high-frequency DFOS with an underwater neutrino-telescope seabed
infrastructure. The long electro-optical cable links the shore station to the fixed platform, while a junction-box
interrogator addresses short interlink cables associated with the detection units.
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A staged validation programme would use the acoustic sensors already available at Capo Passero.
The first stage would characterize the transfer function from acoustic pressure to measured fiber strain
for representative cable types, burial or free-lay conditions, incidence angles, and gauge lengths.
Controlled acoustic transmitters would then be recorded simultaneously by the DFOS segments, the
seabed hydrophones, and the DOM-integrated piezoelectric sensors to establish timing consistency,
sensitivity, frequency response, and directional response. Finally, naturally occurring impulsive
sources would be used to test pulse-detection and direction-reconstruction methods and to quantify
false-trigger rates under realistic soundscape and data-throughput conditions.

Detector performance must ultimately be expressed in neutrino-relevant quantities: pressure or
energy threshold versus direction and range, effective instrumented volume, localization accuracy,
dead time, and detection efficiency at a specified false-alarm probability. Those metrics require an
end-to-end model that includes the thermoacoustic source, seawater propagation, cable coupling,
interrogator noise, spatial response, trigger logic, and site backgrounds. The immediate value of
Capo Passero is that several of these elements can be measured in situ and cross-validated with
established sensors.

6. Conclusions

DFOS provides a credible route toward acoustic observatories that are spatially dense, continu-
ously operating, and scalable across existing deep-sea infrastructure. The operational DAS system on
the approximately 100 km Capo Passero backbone already demonstrates large-aperture monitoring
of the underwater soundscape. Its approximately 500 Hz bandwidth, however, is incompatible with
direct observation of the principal 10—40 kHz content expected from neutrino-induced thermoacoustic
pulses.

The relevant opportunity lies in a different regime: centimetric spatial response and short sensing
segments addressed by chirped-pulse DAS or quasi-distributed arrays. Recent underwater-ultrasound
results from engineered FBG arrays support the technical plausibility of high-frequency fiber sensing,
while the INFN network supplies short cable trunks, seabed power and communications, junction
boxes, and calibrated acoustic references. Together, these features make Capo Passero a strong
testbed for determining whether high-frequency DFOS can progress from a sensing concept to a
quantitatively characterized component of a hybrid UHE-neutrino observatory.
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