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ABSTRACT

Optical telecommunication networks offer a geographically pervasive infrastructure for environmental monitoring alongside
data transmission. We investigate earthquake detection through state-of-polarization (SOP) sensing on operational, buried
fiber-to-the-home (FTTH) links in Campi Flegrei, a densely populated and highly seismic area. We compare path-integrated
SOP measurements obtained with a low-complexity polarization-beam-splitter receiver against reference measurements from
coherent interferometry, distributed acoustic sensing, and a conventional seismic station. Four earthquakes recorded in
November 2025, with duration magnitudes from 1.9 to 3.3, produced SOP signatures whose timing and spectral evolution
were consistent with the available reference measurements and predicted seismic-wave arrivals. During the seismic sequence
spanning 31 July and 1 August 2026, which began with a magnitude 4.7 event, manual inspection identified SOP signatures
for 10 of the 16 catalogued events with magnitude above 2, including successive events separated by less than one minute.
Detection varied between fiber routes because of differences in cable coupling, background noise, and polarization operating
point. These results show that low-complexity SOP monitoring can provide complementary seismic observations over live
FTTH infrastructure and motivate future networks of synchronized receivers for automated detection and event localization.

Introduction

Optical fiber networks form a geographically extensive infrastructure whose primary function is data transmission, with
thousands of kilometers of deployed fiber. At the same time, optical fibers exhibit excellent performance as mechanical stress
sensors as pressure variations modify the properties of the propagating light. Because of these properties, the integrated
sensing and communications (ISAC) paradigm is gaining momentum, allowing optical fiber networks to evolve from passive
data carriers into distributed sensing platforms that combine communication and environmental monitoring within a unified
infrastructure-. In this context, information on environmental conditions can be extracted from network streaming telemetry
or from dedicated sensors that coexist with data traffic’=>. Data gathered from diverse network elements and sensors across
the network can then be processed and correlated to extract information about the surrounding environment. This enables
network-integrity monitoring functions that can protect telecommunication and urban infrastructure, as well as early-warning
systems for natural hazards such as earthquakes, floods, and landslides®'°. Seismic monitoring is a particularly relevant
application of this concept. Information obtained from the optical network can support and integrate with conventional
seismic instrumentation, providing additional observations along routes and at network locations that are already available
for telecommunications. Several fiber optic sensing approaches have been proposed, with the most established being the
distributed acoustic sensing (DAS)'!"14. DAS uses a specialized interrogator leveraging on the coherent detection of the
Rayleigh backscattered light to observe strain-rate variations from many consecutive fiber sections, providing a highly sensitive
and spatially resolved measurement. However, DAS often requires dedicated dark fibers as it is generally not compatible
with live data traffic and large deployment costs. Moreover, its reach is limited to a single fiber span as optical amplifiers
block backscattered light. Hence, while providing astonishing sensitivity and spatial resolution, all these aspects limit the



scalability of DAS for large-scale seismic monitoring. In addition, the amount of data produced by such spatially resolved
sensing technique should not be overlooked. To overcome these limitations, alternative sensing techniques, compatible with
data traffic by design are being recently investigated, particularly those based on the monitoring of optical phase and state of
polarization (SOP). Optical phase monitoring can be realized by means of coherent interferometry (CI) and allows detecting
seismic events by measuring the phase variations of a reference laser signal accumulated along the fiber path. CI is compatible
with data traffic and can be implemented on live networks, but it requires an expensive stable optical phase reference as the
intrinsic source laser phase noise intensity must not exceed the weak phase perturbations induced by seismic events. This
technique has been demonstrated to detect earthquakes with magnitude lower than 2'3-!7. SOP monitoring is instead based
on the measurement of the probe light signal polarization rotations accumulated by the optical field along the fiber path.
Mechanical stress, bending, and seismic strain modify the local birefringence of an optical fiber and thereby change the
polarization transformation accumulated by the propagating field> '3 1°. Moreover, SOP sensing does not require an absolute
phase reference because it measures the differential phase between two orthogonal polarization components, so optical phase
noise common to both components cancels from the polarization observable. SOP sensing can be implemented in several ways.
An optical polarimeter can record the evolution of the full Stokes vector set, although the deployment cost of multiple units can
become excessive®. The digital signal processing (DSP) stage of commercial coherent transceivers already estimates the Stokes
vectors to recover the received data symbols, and this information can be exploited to implement SOP sensing with no additional
hardware cost?*->2. However, the DSP stage is usually not accessible in commercial transceivers and the exposed available
sampling frequency is usually insufficient for many seismic applications. In this paper we employed a low-tech alternative
based on a polarization beam splitter (PBS) and direct photodetection. This PBS-based implementation allows observing only a
subset of the polarization space with a sensitivity that depends on the polarization state at the device input. However, it has a
lower component count to reduce the cost and complexity of deployment, thus enabling scalability on multiple fiber spans of a
typical optical communication system. Moreover, it enables SOP sensing using whatever intensity modulated polarized probe
signal, such as optical supervisory channel, typically terminated at each fiber span, by tapping only a small portion of their
power?3-?7. SOP monitoring has been successfully employed for seismic monitoring in undersea optical fiber cables, as in this
playground traditional seismometers network are difficult to deploy and maintain, while it has been less explored in terrestrial
optical fiber networks?%->%28-30 Indeed, the main drawback of CI and SOP sensing is that they provide the integrated fiber
response along the whole fiber length thus lacking of the spatial resolution of DAS and making the event localization a more
complex affair, although source inversion technique for integrated measurements have been proposed®*-3!. The lack of spatial
resolution is partially mitigated by an enhanced deployability of sensing devices thanks to their lower cost and complexity,
while event localization can be realized with time-delay estimation techniques or by triangulation of multiple sensing devices
deployed on different fiber spans, thus emerging from network-wide aggregation of measurements> !°. Hence, the application
of SOP and CI sensing in terrestrial networks has interest not to completely replace purpose-built seismic networks, but to
provide additional observations along routes and at network locations that are already available for telecommunications or to
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Figure 1. Architecture of the multi-technique sensing testbed. Left: the SOP and CI units installed at the Open Fiber FTTH
PoP interrogate looped-back fibers terminating at the Agnano (AGN) and Posillipo (POS) street cabinets; the acquisitions are
synchronized through an NTP server and transferred to a remote VM for storage. Upper right: in the simplified SOP receiver, a
polarization beam splitter (PBS) separates the received field Egy into the orthogonal components E and E,, which are
photodetected, amplified, and digitized to obtain /,[n] and I,[n]. Lower right: the CI receiver combines the returned probe with
a local reference derived from the source laser and digitizes the interference signal to recover the path-integrated phase @[n].
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increase coverage in less populated areas. In this context, the commercial fiber-to-the-home (FTTH) infrastructure is a perfect
candidate to implement these techniques. The FTTH network segment combine the geographical pervasiveness and availability
of candidate sensing points with shorter fiber spans which can intuitivelylimit the amount of ambient noise accumulated by a
path-integrated receiver, thus enhancing the signal-to-noise ratio of the seismic events detection. In this paper we build upon
our previous work>2*26-32 and demonstrate ISAC paradigm for seismic detection in a live FTTH network owned by the italian
telecom operator Open Fiber®? by exploiting standard data channels without disrupting existing traffic. Our approach leverages
SOP fluctuations, captured using a low-complexity PBS-based receiver. In?! Carver et al. demonstrate earthquake detection is
demonstrated in terrestrial fiber cables but using the full Stokes vector information, while Skarvang et al.”® demonstrated the
detection using a PBS-based receiver but using a coiled aerial fiber cable dedicated testbed. In this work we show seamless
detection of earthquakes using PBS-based SOP sensing device in a typical, fully buried, commercial FTTH cable in the densely
populated and highly seismic area of Campi Flegrei, achieving sensitivity down to magnitude 1.9 events. Particularly, we
show the detection of four seismic events happened during November 2025 and a broader seismic sequence spanning 31
July and 1 August 2026 with peak 4.7 magnitude. The SOP earthquake detection is benchmarked against CI technique and
independently validated through DAS and co-located conventional seismometers. The results show strong agreement across
methods, confirming the reliability of SOP-based sensing for weak seismic signals. These findings establish a scalable and
cost-effective paradigm for optical ISAC, transforming existing access networks into pervasive sensing systems. This work
paves the way for resilient, dual-use communication infrastructures capable of supporting both high-capacity data transmission
and real-time environmental monitoring. In this section we have provided the context of this work. The following section
describes the multi-technique sensing testbed and the SOP sensing technique in detail. The subsequent section presents the
seismic-event detection and validation results obtained in the live FTTH network. The final section summarizes the conclusions
and outlines future perspectives.

Multi-Tech Experimental Testbed in Campi Flegrei

The experimental testbed in the area of Campi Flegrei (Naples, Italy) covers an area of about 7 km wide. Part of it has been
established by the Italian operator Open Fiber (OF)*? as a joint effort with the Italian National Institute of Geophysics and
Volcanology (INGV), the Italian National Institute of Metrological Research (INRiM), and the Politecnico di Torino (PoliTo)
with the aim to host multiple novel sensing technologies in a highly populated area with a high seismic risk and already equipped
with a dense network of conventional seismometers. The testbed is designed to support the development and validation of new
sensing techniques for earthquake detection and monitoring, leveraging the existing infrastructure of the FTTH network. The
experimental testbed map is reported in Figure 2, while a detailed description of the SOP and CI sensing techniques is depicted
in Figure 1. Most seismic activity in Campi Flegrei originates in the so-called Solfatara di Pozzuoli, a roughly 700 m-wide area
located at the center of the monitored region (and the epicenter of the M3.3 event reported below), although many events also
occur throughout the surrounding area, including along the seafront. While SOP and CI sensing operate over the OF FTTH
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Figure 2. Geographical layout of the Campi Flegrei multi-technique sensing testbed and selected November 2025 earthquakes.
The map shows the Open Fiber PoP, the Agnano and Posillipo street cabinets, the CSTH conventional seismic station, the AGN
fiber monitored by SOP and CI, the POS fiber monitored by SOP, and the FiberCop cable interrogated by DAS. Event symbols
indicate the catalogued epicenters and, where complementary measurements were available, the nearest DAS channel and the
nearest points on the two SOP-monitored routes. Event identifiers, magnitudes, and origin times are reported in the legend.
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infrastructure, for some events INGV also provided DAS recordings acquired over a dark fiber in a separate FTTH cable owned
by the Italian telecommunications operator FiberCop (FC). Other fibers in the same cable carry live traffic; the DAS route is
shown in red in Figure 2. DAS data is used here as a complementary reference for the SOP and CI measurements because DAS
is an established technique for seismic monitoring. The DAS cable is 22 km long and extends from the FC central office in
Bagnoli to the FC central office in Bacoli, traversing the city of Pozzuoli**. The DAS interrogator is a Febus Al operated with
a 10 m gauge length. The spatial sampling is 4.8 m, providing 4587 spatial channels. The sampling frequency is limited to
200 Hz to control the data volume while covering the frequency range relevant to the seismic signals considered here. Among
the conventional seismic stations deployed in the area, we selected CSTH, which is part of the IV INGV national seismic
network, as the reference station (marker in Figure 2).

PBS-based SOP Sensing Configuration

The SOP sensing technique is deployed in a loop-back configuration over two OF FTTH cable segments that depart in opposite
directions from the OF FTTH point of presence (PoP) (circle marker in Figure 2). One cable is 4.25 km long and terminates at
a street cabinet in Agnano (AGN) (blue cable in Figure 2). The second cable is 7.25 km long and terminates at a street cabinet
in Posillipo (POS) (green cable in Figure 2). Both cables cross densely populated areas and are buried underground, thus
being subject to anthropogenic noise. The sensing-system configuration is shown in the left panel of Figure 1. The device
was designed and produced jointly by the telecommunications vendor SM-Optics and Politecnico di Torino. It is hosted at the
OF FTTH PoP together with the signal source. The device is installed in a typical 19-inch rack for telecom equipment as it is
derived from an add-drop multiplexer card, thus simplifying installation in telecom buildings. The SOP source is a commercial
1.25 Gbps intensity-modulated direct-detection (IMDD) transceiver in an SFP+ form factor, of the type commonly used for
optical supervisory channels in telecommunications networks. Because the IMDD signal is polarized, and the observable
depends on the differential phase between orthogonal polarization components, a phase-stabilized optical source is not required.
The source output is split and launched into the AGN and POS cables with a transmitted power of —2dBm in each fiber.
The signal propagates along each fiber and is looped back to the OF FTTH PoP at the corresponding street cabinet. During
propagation, external mechanical disturbances, including seismic waves, perturb its polarization. Back at the PoP, a small
fraction of the returned signal from each fiber is tapped and sent to the SOP monitoring device, while the remaining power can
be used by an IMDD data receiver, thereby enabling coexistence with data services. Open Fiber has not experienced any service
disruption during the SOP monitoring experiments, confirming that the sensing system is compatible with live traffic. The
SOP monitoring device operates with input powers down to —20 dBm. A close-up of the PBS-based SOP receiver is shown in
the upper-right panel of Figure 1. The PBS separates the tapped input field Egy into the orthogonal components E, and E,.
Each component is detected by a photodiode, producing the photocurrents I, and 1y, and is then converted to a voltage by a
transimpedance amplifier (TTA). A 12-bit analog-to-digital converter (ADC) samples the two voltages at 100 Hz to obtain the
time series /I [n] and I,[n]. Each sample is timestamped and stored in the internal device memory. Absolute timing is provided
by synchronizing the device clock to a remote Network Time Protocol (NTP) server hosted on a virtual machine (VM) in the
OF network. Acquisitions are organized into 12 h sessions, which are transferred daily to the remote VM for storage. The X
and Y components contain both SOP-dependent variations and common-mode intensity fluctuations. We therefore normalize
their difference by the total received power, I,[n] + I, [n], to suppress common-mode noise and emphasize SOP variations. The
SOP observable used throughout this paper is thus given by the following equation:

e
Ln] +

]

I~

La[n] ey

)

O~

The metric in Eq. 1 is dimensionless, bounded within [—1, 1], and coincides with the normalized Stokes parameter S 133 in the
receiver device polarization frame. Although this scheme reduces the complexity and cost of SOP monitoring, it observes only
one component of the polarization state and therefore does not capture the full Poincaré sphere: variations along S, and S5 are
not measured. Consequently, the detection sensitivity depends on the average SOP at the receiver input. When Egy is nearly
aligned with either PBS axis, the orthogonal component approaches zero and the observable approaches an extreme of the
[—1, 1] range, reducing sensitivity to small variations. However, slow changes in the average SOP, including those induced by
daily temperature variations, can move the receiver away from such low-sensitivity operating points.

Coherent Interferometry Sensing Configuration

The CI system is installed at the OF PoP and operates as a complementary phase-sensitive reference for the SOP measurements.
The CI device monitors only the 4.25 km AGN cable segment. The optical probe is propagated from the OF FTTH PoP to
the Agnano street cabinet and looped back to the PoP through a second fiber in the same cable. The probe is generated by a
commercial compact narrow-linewidth laser, whose phase stability enables the weak phase perturbations induced by seismic
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strain to be resolved!>- 10, At the receiver, the returned optical field is mixed with a local reference derived from the same source
laser. The resulting interference signal is detected by a photodiode and digitized by an ADC, from which the temporal evolution
of the optical phase is recovered. External disturbances modify both the length and refractive index of the fiber and therefore
the phase accumulated along the round-trip optical path, thus providing a path-integrated observable with not provide spatial
resolution. While the CI acquisitions are originally sampled up to 4 kHz, in this paper we will employ data downsampled to
100 Hz, which is sufficient for the seismic analysis considered here. Data is timestamped using the same remote NTP reference
employed by the SOP system and is transferred daily to the remote VM for storage.

Seismic event detection in live FTTH networks

In this section we review the seismic events detected by the SOP sensing system during the field trial in Campi Flegrei. The
SOP records are compared with the available CI, DAS, and CSTH measurements to validate the seismic origin of the observed
transients. The analysis focuses on two periods: a set of four isolated events in November 2025 and a sequence of events
spanning 31 July and 1 August 2026. The November 2025 events provide a complete multi-technique comparison, including
estimated arrival times of seismic waves P and S phases for SOP, CI and DAS, independently calculated. The July 2026 events
are part instead of a seismic sequence started with the M4.7 event on July 31st and followed by several smaller events. For this
sequence, only SOP and CSTH data is reported as other techniques were temporarily not available. The earthquake search
was based on the event list provided by the INGV - Osservatorio Vesuviano GOSSIP catalog®®. For each catalogued event
occurring during an SOP acquisition session, a time window of about +30 seconds around each event was inspected manually
to determine whether a corresponding transient was visible in either of the two SOP records. This procedure is intended here as
an observational assessment of the available data, rather than as an automated event-detection algorithm. The CSTH vertical-
component seismogram is reported for every selected event as the principal reference measurement. The CSTH instrument
response is removed using the ObsPy tool®’. CI and DAS records are included when available to provide complementary
comparisons with the path-integrated SOP response and the spatially-resolved measurements. All the waveforms have been
resampled to 100 Hz and the linear trend has been removed, no further filtering has been applied thus showing all the available
content up to 50 Hz. All the spectrogram have been computed on detrended time traces using the Short Time Fourier Transform
using a window length of 128 samples (1.28 seconds) and 70% overlap, resulting in a frequency resolution of 0.78 Hz and a time
resolution of 0.38 seconds. The time waveform has been normalized to unitary energy prior to the spectrogram computation, in

Visible Event Signature Epicentral Distance to Nearest Point (km)
Nearest DAS

Event ID Origin time (UTC) M; SOP CI DAS CSTH ChannelID DAS SOP.AGN SOP.POS
November 2025 Events
50334 2025-11-22 14:04:46 2.2 v n.a. na. v n.a. n.a. n.a. n.a.
50337 2025-11-2217:54:59 1.9 v na. Vv v 572 0.72 1.55 2.82
50339 2025-11-22 17:55:10 3.0 v na. Vv v 572 0.68 1.51 2.82
50407 2025-11-2522:21:54 33 v v vV v 1057 0.35 2.05 4.55
MA4.7 31 July 2026 Sequence
53787 2026-07-31 17:46:43 4.7 Vv n.a. na. v n.a. n.a. n.a. n.a.
53883 2026-07-31 20:00:09 3.8 ' n.a. na. v n.a. n.a. n.a. n.a.
53925 2026-07-31 21:34:47 2.7 Vv n.a. na. v n.a. n.a. n.a. n.a.
53926 2026-07-31 21:35:39 3.1 v n.a. na. v n.a. n.a. n.a. n.a.
54002 2026-07-31 23:20:13 3.1 v n.a. na. v n.a. n.a. n.a. n.a.
54017 2026-08-01 00:07:23 2.3 Vv n.a. na. v n.a. n.a. n.a. n.a.
54025 2026-08-01 00:07:31 2.5 Vv n.a. n.a. v n.a. n.a. n.a. n.a.
54085 2026-08-01 03:47:12 3.1 v n.a. na. v n.a. n.a. n.a. n.a.
54088 2026-08-01 03:49:26 3.0 v n.a. n.a. v n.a. n.a. n.a. n.a.
54136 2026-08-01 05:45:19 2.5 Vv n.a. na. v n.a. n.a. n.a. n.a.

Table 1. Earthquakes identified by manual inspection of the SOP acquisitions and availability of complementary
measurements. Event identifiers, origin times, and magnitudes M, are taken from the INGV-OV GOSSIP catalog. A check
mark indicates that an event signature is visible in the corresponding record. In the measurement columns, “n.a.” denotes that
no record from that technique was available for the comparison; in the spatial columns, it denotes a value that has not been
calculated. The final four columns report the DAS channel nearest to each epicenter and the epicentral distances to the nearest
points on the DAS, SOP AGN, and SOP POS routes.
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order to compare events’ frequency distribution among different techniques. Then the spectrogram have been clipped down to
-90 dB to enhance the visibility of the main spectral content. The large number of events reported in the area illustrates the
demanding seismic context of the field trial: between 22 November 2025 and 1 August 2026, the GOSSIP catalog lists 2170
localized events in Campi Flegrei*®. Among them, 1898 have reported magnitude M, < 2 and 67 have reported M; > 2. No
evident trace of smaller magnitude events has been identified in the SOP records, at least by the manual inspection performed
in this work. Table 1 summarizes the events selected for the comparisons below and the techniques in which a corresponding
signature was identified. Each event is identified by its GOSSIP catalog ID. A check mark denotes a visible event signature,
whereas “n.a.” indicates that the technique was not available due to maintenance or possible temporary outage.

Detection of the November 2025 Events

The November 2025 observations provide the most complete multi-technique comparison in our dataset up to date. The
available systems shared a common absolute time reference within the accuracy permitted by the NTP protocol. SOP and CI
shared a common time synchronized from the same NTP server, whereas DAS and CSTH were synchronized to different time
sources. The epicenter locations of the four selected events relative to the monitored fiber routes and the CSTH station are
shown in Figure 2. In particular, while events 50334, 50337 and 50339 occurred in the seafront area, event 50407 occurred
in the Solfatara di Pozzuoli area, which is the epicenter of most seismic activity in Campi Flegrei. Each subplot in Figure 3
reports the recorded signals’ comparison. Detection of events 50337, 50339, and 50407 has been already presented in3?, all
the other events in this paper constitute novelty. The first column of shows the time-domain traces, while the second column
shows the corresponding time-frequency spectrogram. When DAS data is available, the reported traces are from the DAS
channel closest to the epicenter of the event, while the full spatially-resolved DAS record is reported in the second column in
place of the spectrogram. In the time-domain traces, the vertical markers indicate the predicted P- and S-wave arrival times
at the corresponding measurement locations. For the reference INGV CSTH reference station waveform, the arrival markers
are those available in the GOSSIP catalog, while for the other techniques the arrival times were computed independently
using the NonLinLoc method® with the Campi Flegrei velocity model®® choosing the nearest point to the event epicenter
on the SOP/CI/DAS fibers. The nearest points and arrival times have not yet been calculated for event 50334; the available
nearest-point distances and DAS channel identifiers for the other November events are reported in Table 1. A small transient in
the AGN SOP record at a time consistent with the CSTH reference for the event 50334is visible in Figure 3(a), while the POS
SOP trace does not show a clear signature. Looking at the traces in the frequency domain however reveals more details: a clear
spectral decay compatible with the CSTH reference is visible in the AGN SOP trace, while the POS SOP spectrogram shows a
weak trace of the earthquake spectral content. This difference is expected for path-integrated polarization measurements because
the response depends on the route-dependent coupling of ground motion to the cable and on the instantaneous polarization
operating point of each receiver. As mentioned in the previous section, due to urban placement of the SOP cables and the
nature of the sensing technique and device, both SOP traces show more intense background noise with respect to CSTH. Both
SOP AGN and POS traces show a constant frequency component throughout the whole time windows at around 20 Hz and
30 Hz, respectively. Their nature is yet to be fully understood and deserve deeper investigations. Similar spectral content
is also visible during the other events, except in the AGN trace of event 50407. We believe that these components are not
related to the earthquakes, as they are present also in the time windows before and after the events while they must be related to
some intermittent source of noise throughout the cable or located in the OF FTTH PoP, such as a network device or a power
supply. Although the relative amplitude differs between the AGN and POS measurements, both records exhibit an increase in
fluctuations around the seismic arrival. Events 50337 (M; = 1.9) and 50339 (M,; = 3.0) occurred only approximately 11 s apart
and are shown together in Figure3(b). Here, the estimated arrival time at nearest point of the SOP cables to the earthquake
epicenter is perfectly compatible with the waveform perturbations caused by the seismic event. In particular, the S wave arrival
on the POS cable is slightly delayed with respect to the others, in accordance with the larger nearest impact point distance from
the epicenter. Both the events spectral signatures are here strongly visible in the SOP traces, with the larger event producing a
more intense and longer-lasting perturbation and the M,; = 1.9 event setting the lowest magnitude event seen with this technique
to date. Their decay is compatible with the CSTH reference. Interestingly, the 20 Hz constant frequency in the AGN cable
show a strong resonance during the seismic events. The CI system was offline during these events, so the comparison is limited
to SOP, DAS, and CSTH. Finally, event 50407 (M; = 3.3) (Figure3(c)) provides the only example for which synchronized
SOP, CI, DAS, and CSTH data are all available. The earthquake produces a clear response in the SOP AGN branch, whilst
still being visible in the POS branch, and the onset and subsequent higher-amplitude motion are temporally consistent with
the CI phase, DAS strain-rate, and CSTH displacement records. The longer decay of the SOP AGN cable is consistent with
the CSTH reference and the CI trace running on the same cable, although CI shows a much cleaner signal. The agreement
among the predicted arrivals and the independently measured transients supports the seismic origin of the SOP perturbation.
The waveform amplitudes should not, however, be compared directly across techniques because SOP, accumulated optical
phase, local strain rate, and ground displacement are different physical observables and are reported in different units.
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Detection of the July 2026 Seismic Sequence

Whereas the November measurements mainly concern isolated events or a short two-event pair, the observations in Figure 5
demonstrate the response of the SOP system during an extended seismic sequence compared to the CSTH reference. Figure 4
shows the epicenters of the detected events and their locations relative to the AGN and POS fiber routes. The sequence began
with event 53787 at 17:46:43 UTC on 31 July 2026, which had a catalogued magnitude of 4.7, and continued for several hours
across midnight. Within the interval from this main event to event 54136 at 05:45:19 UTC on 1 August, GOSSIP reports 16
events with M, > 23°. A distinguishable signature was identified manually in the SOP acquisitions for 10 of these 16 events, as
listed in Table 1, thus reporting a 62.5% detection rate for this sequence. The remaining six catalogued events did not produce a
feature that could be identified confidently above the SOP background in the present manual assessment. During this period,
neither CI nor DAS acquisitions were available. A malfunction of the NTP server caused the SOP timestamps to differ from
UTC by an unknown, constant offset of around 20 seconds. The absolute SOP timing could therefore not be reconstructed
with sufficient accuracy to compare the P- and S-wave arrival times with those recorded at CSTH. Nevertheless, the strength
and number of earthquakes occurring within a relatively short interval produced a distinctive succession of transients. A
common time shift was consequently determined post-hoc by aligning the complete sequence of SOP features with the CSTH
record. This alignment permits association of the SOP transients with individual catalogued events, but it does not constitute
an independent validation of absolute SOP timing or seismic-phase arrival times. After applying this common shift, the
M, = 4.7 event produces the largest and most persistent SOP response in the sequence and the largest magnitude event verified
from the start of the acquisitions, with a clear onset in both the AGN and POS records and an evolution corresponding to
the CSTH waveform. Clear SOP transients are also observed for the later M; = 3.8 event 53883 and the M; = 3.1 events
53926, 54002, 54085, and 54088. The two closely spaced pairs, events 53925-53926 and 54017-54025, show that successive
earthquakes separated by less than one minute, and in the latter case by approximately 8 s, can leave distinguishable features in
the continuously acquired SOP traces. Events 54136 and 54017-54025 are affected by a larger background noise, making their
identification less immediate than that of the higher-amplitude events. Looking at the spectral representation, the SOP AGN
traces of events 53787 and 53883 seem to show even slight traces of the delayed replicas of the main event clearly visible on
CSTH. Overall, events M; > 3.0 show a substantial improvement in their signal-to-noise ratio as the event stands out clearly
from the background noise without moving the SOP receiver to a low sensitivity working point. Even lower magnitude events
such as 54088 and 54136 which seem to be buried in noise in the time domain in the POS branch are definitely more visible in
the frequency domain, showing a clear spectral decay compatible with the CSTH reference. Similarly to the November events,
it’s interesting to observe the presence of even multiple constant frequency components between 20 Hz and 45 Hz during
almost all events. In particular, events 53787 and 53883 show a change of the constant frequency value after a few second
from the start of the chose time window. This sudden change may suggest that they are originated by devices fans changing
their rotation speed, although this requires further investigation. Overall, the relative responses of the AGN and POS links vary
throughout the sequence. Some events are prominent in both traces, whereas others are substantially clearer on one branch.
This observation is consistent with the two links sampling different cable routes and with the state-dependent sensitivity of
the simplified PBS receiver; it also shows why detection performance cannot be inferred from earthquake magnitude alone.
Moreover, the successful detection of this sequence of events started with an event of relatively large intensity constitutes a
stress test for the SOP sensing detection capability: while such rapid succession of many powerful events may have altered
substantially the average polarization state at the receiver input bringing the SOP device to operate to a low sensitivity working
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Figure 4. Epicenter locations of the selected events, shown relative to the AGN and POS FTTH fiber routes, the OF PoP, and
the two street cabinets. Event identifiers, magnitudes, and catalogued origin times are reported in the legend.
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Figure 5. Selected SOP detections. Each panel compares SOP traces acquired on the AGN and POS links with the
vertical-component displacement recorded at CSTH. Due to an NTP-server malfunction, the comparison therefore supports

event association but not analysis of absolute P- or S-wave arrival times. Event identifiers and magnitudes are reported above
each panel; catalogued origin times are listed in Table 1. CI and DAS records were not available for this sequence.
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point, the SOP technique has shown robustness and the ability to detect a substantial amount of events.

Conclusions

We deployed a multi-technique fiber-sensing testbed in Campi Flegrei, a densely populated and highly seismic area, to
investigate earthquake sensing over operational telecommunication infrastructure. The central contribution is the use of a
simplified polarization-beam-splitter receiver to monitor SOP variations on two buried FTTH routes in coexistence with data
traffic. CI, DAS and the CSTH seismic station provided complementary measurements with which to evaluate the seismic
origin of the SOP perturbations under realistic urban-network conditions and to compare the responses of the different sensing
techniques. The principal results are the SOP detection of four November 2025 events, including an event with My = 1.9, and
the observation of the extended sequence spanning 31 July and 1 August 2026. In the November dataset, SOP timing and
spectral evolution were consistent with the available CI, DAS, CSTH, and predicted-arrival information. During the M4.7
sequence, SOP signatures were identified by manual inspection for 10 of the 16 catalogued events with M, > 2, including
the M; = 4.7 event and pairs separated by less than one minute. The persistence of identifiable SOP signatures throughout
this rapid succession of seismic perturbations provides evidence of the robustness of the simplified sensing technique, despite
possible changes in the polarization operating point induced by the stronger events. The different responses of the AGN and
POS links also show that SOP detectability depends not only on earthquake magnitude, but on cable route, seismic coupling and
background noise. These findings show that low-complexity SOP receivers can add seismic-observation capability to live FTTH
infrastructure and can complement established seismic instruments and more specialized fiber-sensing systems. The present
analysis remains observational: event identification was performed manually, absolute timing was unavailable for the M4.7
sequence, and localization was not demonstrated. Future work will address robust time synchronization, characterization and
mitigation of urban noise, automated event detection, and quantitative assessment of sensitivity under different event and link
conditions. Deploying multiple accurately synchronized SOP receivers on distinct FTTH routes will also enable investigation
of network-level event localization.
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