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Abstract

Distributed Acoustic Sensing (DAS) has emerged as an innovative technology in seismology, sensing
seismic waves along fiber optic cables and, thus, increasing ten-folds the spatial density of seismic
measurements. However DAS potential in seismic monitoring is still under investigation. In this study,
we assess the differences in seismic event detection and localization when using DAS, conventional
seismometers, and combination of both, by analyzing a dataset acquired during a field experiment
in Megolo di Mezzo (Northern Italy). A ~1 km buried fiber optic cable was deployed with an almost
L-shape configuration. Seismic data were continuously recorded from November 2023 to February 2024
and compared with simultaneous observations from the local seismic network (DIVEnet). Several local
earthquakes were detected, including microseismic events not listed in the official catalog. P-wave
arrival times were extracted from DAS recordings using different picking algorithms and compared
to manual picks from seismometers. Event localization was performed through a Bayesian Monte
Carlo approach applied separately to DAS and seismometer data, and jointly. Results demonstrate
that DAS shows considerable potential in earthquake detection, particularly for low-magnitude events
and those occurring close to the fiber optic cable, as potentially expected during anthropic activities
underground. The joint inversion of DAS and seismometer datasets reduced localization uncertainties
and produced solutions consistent with the official INGV catalog. However, differences of up to ~2 km
between DAS - and seismometer — based epicenters highlight the limitations of simplified velocity
models and the impact of network geometry. These findings confirm the complementarity of DAS
and traditional networks and underline the potential of hybrid monitoring strategies for advancing
earthquake detection and characterization in complex geological environments.

Keywords: Distributed acoustic sensing; Seismic event localization; Fiber optic; Bayesian McMC
inversion; Passive seismic monitoring

1. Introduction

Seismology, traditionally relying on discrete seismometer networks, has made significant strides in understanding
Earth’s dynamics and in the detection and localization of seismic events. However, the spatial coverage of such
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networks is often constrained by the need for point installations and the associated logistical complexities. In recent
years, an innovative technology, Distributed Acoustic Sensing (DAS), has revolutionized the field of seismology by
offering a solution for seismic monitoring with unprecedented spatial density and enabling to reach unreachable
areas (e.g. the sea floor). DAS transforms a standard fiber optic (FO) cable into thousands of virtual acoustic
sensors, detecting strain variations induced by the passage of seismic waves along the entire length of the cable
(Piana Agostinetti et al., 2022). This approach enables the acquisition of seismic data at meter-scale resolution
over distances that can extend for tens of kilometers, opening new perspectives for subsurface characterization
and seismic monitoring.

The application of DAS to the recording and localization of seismic events has demonstrated notable advantages
and some drawbacks. One of its primary strengths lies in its high spatial sampling density. Unlike traditional
seismometers, which provide point-wise measurements, DAS offers an almost continuous view of the seismic wavefield
along the cable, allowing for a more detailed reconstruction of seismic phases and potentially greater precision in event
localization, even for low-magnitude or out-of-network events (Li and Zhan, 2018; Lellouch et al., 2021). For instance,
studies have shown that DAS can outperform geophones for source spectra and full-waveform source mechanism
inversion, and that 2D DAS array geometries can be utilized as a multi-component sensor capable of measuring
shear-wave splitting (Hudson et al., 2021). This is particularly relevant in complex environments such as geothermal
fields, glacial areas, or volcanic regions, where the installation of each single and isolated conventional seismometers
can be arduous or expensive (Li and Zhan, 2018; Walter et al., 2020; Nishimura et al., 2021). Walter et al. (2020)
demonstrated how DAS can bridge critical observational gaps in seismogenic processes in Alpine terrain, precisely
locating glacial stick-slip events (within 20-40 m). Similarly, Nishimura et al. (2021) employed DAS to determine the
hypocenters of shallow volcanic earthquakes, highlighting the system’s suitability for remote volcanic monitoring.

Despite its promising advantages, the use of DAS for seismology is not without challenges and limitations.
One of the main concerns is signal sensitivity and the signal-to-noise ratio (SNR). Commercial optical fibers not
optimized for DAS may exhibit complex spatial patterns in P-wave arrival times and a lower SNR compared to
dedicated seismometers, requiring advanced processing algorithms to extract weak signals (Bozzi et al., 2024a, 2024b).
The directionality of the measurement is another aspect to consider: DAS measures strain along the axis of the cable,
which can make the detection of certain wave polarizations less efficient than with three-component seismometers.
Verdon et al. (2020) developed a methodology for microseismic monitoring using an “L”-shaped fiber optic array
which, although engineered to reduce noise, requires a manual localization workflow and an indirect approach for
P-wave detection on the “broadside” part of the cable. Furthermore, calibration and medium modeling are crucial
for translating strain measurements into meaningful seismological quantities and for achieving precise event
localizations (Piana Agostinetti et al., 2022). Finally, although 2D DAS arrays can improve localization capabilities,
their large-scale implementation and/or integration into hybrid networks with traditional seismometers remain
essential for accurate microseismic detection and localization (Hudson et al., 2021). Hudson et al. (2025) emphasize
the difficulty of fully leveraging the potential of DAS for earthquake detection with accurate phase picking and
associated localization, due to the limitations of single-channel algorithms and the geological specificity of machine
learning and semblance-based methods.

In this context, the present study contributes to the growing body of research on DAS applications by presenting
results from a field experiment conducted at Megolo di Mezzo, in proximity to one of the DIVE (Drilling the Ivrea-Verbano
zonE) drilling sites named 5071 1 A (Miintener, 2024; Greenwood et al., 2024, 2025). The well obtained with
this drilling is more than 900 m long, with a dip of ~20° from the vertical toward NW, to cross perpendicularly the
lithologies under study. The aim of that experiment is to investigate the Ivrea-Verbano Zone (IVZ), located in the
Southern Alps of northwestern Italy, which represents one of the most complete and accessible sections of lower
continental crust and upper mantle worldwide (Zingg, 1983; Handy et al., 2010). This geological domain consists of
high-grade metamorphic rocks, extensive mafic intrusive complexes, and ultramafic mantle peridotites, providing an
exceptional natural laboratory for investigating deep crustal processes and crust-mantle interactions (Henk et al.,
1997; Quick et al., 1995).

From a geophysical perspective, the IVZ is distinguished by high seismic velocities and elevated density contrasts,
reflecting the predominance of mafic and ultramafic lithologies (Sinigoi et al., 1996). Gravimetric and seismic studies
consistently identify a large high-density body beneath the region, commonly interpreted as an exhumed section of
the fossil Moho or as an uplifted wedge of upper mantle emplaced during Alpine tectonics (Handy et al., 2010). These
physical characteristics make the IVZ a key reference region for linking petrological observations with geophysical
signatures typical of continental lower crust and mantle transition zones.
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The DAS data acquisition was made within the framework of the UNLOCK project, funded by INGV, and it took
place in conjunction with the activities of the DIVE project, which aimed to drill and collect lower crust to mantle
rocks at a depth of approximately 1000 m. The experiment included the deployment of about 1 km Fiber Optic
cable (FO) radially from the drilling site and recording continuously for a few months. During the experiment,
we recorded several seismic events that occurred within a few tens of kilometers from the 5071_1_A DIVE drilling
site. Their subsequent processing allowed us to further evaluate the advantages and limitations of DAS technology
in passive seismic monitoring. This was of particular importance for relating our observations to studies already
conducted by other authors, specifically to highlight the benefits associated with DAS’s high spatial resolution
and its consequent improved microseism detection capabilities, as well as the disadvantages stemming from the
directional sensitivity of this instrument.

This article aims to examine the operational principles of Distributed Acoustic Sensing for the recording and
localization of seismic events, with a specific focus on its pros and cons compared to conventional seismometers.

2.Data

The installation of the Distributed Acoustic Sensing (DAS) system and its fiber optic (FO) cable was carried out
in conjunction with the drilling of the 5071_1_A DIVE well, located in Megolo di Mezzo. The DAS interrogator was
installed inside the parish house near the Church of San Lorenzo, because the interrogator requires electricity
and must remain protected to avoid possible damage. From this location, the FO cable was buried in a small
trench (10 x 10 cm) into the ground forming a “quasi L-shape” DAS array from the garden adjacent to the parish
house toward South-West, and then extended South-East along the forest, terminating near the DIVE well. The cable
was carefully buried to enhance ground coupling (sensing segments); in certain sections, it was either cemented in
place or suspended to overcome architectural and natural obstacles. Where possible, the cable was laid parallel to
the well direction, i.e. ~NW. The final geometry of the cable layout is shown in Fig. 1a.

In the vicinity of the DIVE well location, the Istituto Nazionale di Geofisica e Vulcanologia (INGV) deployed
a network of seismic stations to monitor local seismicity (DIVEnet, Confal et al., 2025). The data recorded by the
stations shown in Fig. 1b were used for earthquake localization and for comparison with events detected through
Distributed Acoustic Sensing.

The data acquisition period began in November 2023 and ended in February 2024. The installation and configuration
of the FO cable for data acquisition were conducted in two successive phases. The first phase, a preliminary test
completed on November 15, 2023, involved the deployment of 500 meters of cable and the acquisition parameters
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Figure 1. Panel (a) shows the installation layout of the fiber optic cable, with numbers indicating the individual channels
along its length. Channel 0 corresponds to the DAS interrogator location inside the parish house, while channel 720
represents the end segment of the fiber-optic cable, close to the drilling site. The black structure corresponds to
the 5071_1_A DIVE drilling site. Panel (b) displays the DIVE seismic network. The blue dots represent the seismic
stations of DIVEnet (Confal et al., 2025) located in the area around Megolo di Mezzo, where the DAS system is
situated (red point).
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listed in Table 1. The second phase, corresponding to the main data recording period, extended the cable length to
1000 meters and involved changes to some acquisition parameters, as detailed in Table 1. In this phase, the gauge
length-defined as the portion of fiber over which strain variations are averaged-was modified together with the
interchannel distance, i.e., the spacing between consecutive DAS channels. The pulse rate frequency, representing
the number of laser pulses emitted per second, and the value reported as “points x GL,” which describes the number
of dependent measurement channels generated within one gauge length and calculated as the ratio between
gauge length and interchannel distance, remained unchanged. We further clarified that the number of samples per
second (strain-rate), meaning the strain-rate measurements recorded for each channel every second, depends on both
the pulse rate frequency and the temporal factor, the latter describing the stacking of optical phase measurements
required to produce each strain-rate sample.

Table 1. Acquisition parameters for two different phases.

Fiber Pulse rate Gauge Temporal Sample Inter-channel
Phase length frequency length Point x GL facl:or per Second distance
[m] [Hz] [m] (Strain Rate) [m]
PHASE 1 500 20000 4 5 20 1000 0.8
PHASE 2 1000 20000 8 5 20 1000 1.6

2.1 DAS strain-rate data

Analysis of the strain-rate data acquired from DAS recordings led to the identification of several seismic events,
some of which were also detected by the seismometers of the DIVEnet. By cross-referencing the DAS data with
records from the local seismic network, it was possible to recognise the main seismic events that occurred during
the operational period of the DAS system in the vicinity of Megolo di Mezzo.

In this section, we present three distinct events that occurred at different times during the DAS acquisition
period (Fig. 2). The raw data are displayed as strain rate along the FO cable. The x-axis represents time in seconds,
while the y-axis indicates distance along the fiber in meters. The color scale illustrates the strain rate, which can
be either negative (compression, dark red) or positive (extension, blue).

The first event, labeled Event #1, occurred on November 17, 2023, and is not listed in the DIVEnet catalog.
It is a very weak event, making it difficult to clearly distinguish both P-wave and S-wave arrivals. The second and
third events, Event #2 (ML = 0.0, from DIVEnet catalog) and Event #3 (ML = 1.1, from DIVEnet catalog), took place
on December 4, 2023, and February 1, 2024, respectively, and were also recorded by seismometers. Event #2 exhibits
arelatively weak signal for the first arrivals, whereas the S-wave arrivals appear significantly clearer and more distinct.
This behavior may be related to the directional sensitivity of the optical fiber or to the distance of the epicenter of
the event. Event #3, on the other hand, displays high-resolution recordings for both P-and S-wave arrivals. However,
the S-waves are more challenging to pick accurately compared to the first P-wave arrivals, which are associated
with a sharp change in strain rate. This event is also the one with the highest magnitude among those analysed.

2.2 DAS arrival times

In order to determine the location of the seismic events by DAS data, we need to measure the P-wave arrival
times at the FO channels. We applied different types of picking methods (manual, STA/LTA, and Baer) to obtain the
P-wave arrival times.

Although the DAS array detected three seismic events (Event #1, #2, and #3), for the comparison with the
seismometer-based results we considered only Event #3. This decision is motivated by the focus of our study: we
do not aim to investigate differences in picking performance among events, but rather to illustrate how DAS, when
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Figure 2. These three panels show the raw data recorded by the DAS system, where three different seismic events, occurred
close to Megolo di Mezzo, can be identified (Event #1, #2, #3). The y-axis indicates the distance in meters along
the fiber optic cable, while the x-axis represents time in seconds. Red and blue colors indicate strain rate values,

corresponding to negative (red, compression) and positive (blue, extension) strain, respectively.

used jointly with conventional seismometers, can improve seismic event location accuracy. To ensure that the
comparison was not strongly affected by uncertainties in the phase picking, we concentrated on the event whose
pick clarity would not significantly influence the resulting locations. Events #1 and #2 exhibited less reliable and
more error-prone picks across all three picking methods employed, whereas Event #3 showed the most consistent
and accurate phase estimates. Selecting this event, therefore, allowed us to evaluate the contribution of DAS without
the confounding effects of picking errors.

Figure 3 shows the three different picking methods applied. In panels (a), (b), and (c), the y-axis indicates the
distance in meters along the fiber optic cable, while the x-axis represents time in seconds. In panel (d), the axes are
inverted: the x-axis shows the distance along the cable, and the y-axis represents time.

In panel (a), the manual picking results are shown. Green dots represent the first arrival times identified manually
at different channels along the fiber optic cable. In panel (b), the first arrival times are detected automatically
using the STA/LTA approach (Allen, 1978). Here we set these parameters: STA = 1, LTA = 5, threshold = 2. Some
inaccuracies can be observed in areas where the signal quality is poor, particularly in sections where the cable is not
well coupled to the ground. To improve the picking obtained with the STA/LTA method, we applied a more reliable
approach, the Baer’s methodology (Baer and Kradolfer, 1987), that considers a different Characteristic Function (not
the simple signal variance as in the STA/LTA trigger). In panel (c), the first arrivals are automatically detected using
this approach. This method appears to be the most accurate for picking P-wave arrivals, although some errors are
still present in low-quality signal sections.

In panel (d), the results of all three methods are compared. Overall, each method performs reasonably well, and all
indicate a similar average arrival time. In all three cases, the data points exhibit scattering, suggesting asynchronous
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Figure 3. Three different picking methods applied to a single seismic event are shown: in panel (a) manual picking,
in (b) STA/LTA approach, and in (c) Baer’s method. The event analyzed here is Event #3, also referred to as
dive-ingv2024cetzz in the DIVEnet catalog.
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Figure 4. As in Fig. 3, but for a smaller time-window. In panel (d) we refine the move-out of the arrival times along the

FO cable, estimating two different trends in the arrivals (orange lines).
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signal reception at various distances along the cable, due to the fact that the cable is not buried in a perfectly
straight line. Consequently the green interpolation line from manual picking does not show a linear slope but has
scattered arrivals, reflecting these variations in arrival times along the cable. The manual pickings already give us
a first insight into the position of the event. In fact, FO channels further to the North receive the P-wave earlier than
FO channels to the South. Similar trends can be observed with the STA/LTA and Baer’s methods. In Fig. 4, we show
the zoomed version of Fig. 3, where we can get the details of the arrival times. Due to the large number of P-wave
pickings for the Baer’s method, we can refine the move-out of the arrival times along the FO cable, estimating two
different trends in the arrivals. In this way we can easily recognize the closest portion of FO cable to the source (near
channel #300). This channel almost defines the local, apparent incoming direction of the P-wavefield into the DAS
array. It is important to note that the DAS array is relatively short, and the study area is strongly influenced by the
Ivrea Geophysical Body, which represents a major shallow-crustal velocity contrast. This structure may locally distort
the incoming P-wavefield, implying that the apparent direction inferred from the DAS data cannot be considered
exact. Such distortion effects are generally negligible when using an open and spatially extended array-like the
one formed by the conventional geophones-where the larger aperture allows a more robust and stable estimation
of wavefield directionality. Despite these limitations, the arrival-time pattern in the DAS data still clearly indicates
that the event originated west of the array rather than east.
For subsequent analyses, the Baer picking method and Event #3 were selected.

2.3 Seismometers raw data and arrival times

In this section, we present the raw seismic data recorded by the DIVEnet seismometers during the event under
investigation. The datasets consist of waveform recordings that form the background for our subsequent processing
and interpretation. As previously mentioned, a network of 12 seismic stations has been deployed near the DIVE wells
location to monitor local seismicity (Confal et al., 2025). However, not all stations recorded the arrival of seismic
waves from Event #3, likely due to temporary system malfunctions at the time of the event.
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Figure 5. Signals recorded by DIVEnet seismometers. Each panel corresponds to a different station where the signal
from Event #3 was detected. The y-axis represents amplitude, with different amplitude ranges for each station
depending on the strength of the recorded signal. The x-axis shows time in seconds. The vertical violet lines
indicate the manually picked first P-wave arrivals.
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Figure 5 displays the waveforms corresponding to Event #3 for each available station. The y-axis represents
amplitude, scaled at each station depending on the intensity of the recorded signal, while the x-axis indicates time
in seconds. Vertical violet lines mark the manually picked first arrivals of the P-waves. It can be observed that most
of the stations which first detect the arrival of P-waves also exhibit larger signal amplitudes (i.e. DIV09 and DIV 10),
likely due to their proximity to the seismic event. However, even among these stations-reasonably assumed to be
closer to the source-significant differences in amplitude are evident (i.e. DIVO1 and DIV02). These differences can
also be attributed to the network composed of instruments with diverse characteristic and dynamic frequencies.
The larger variability of P-wave arrival-times on the seismic network, with respect to the DAS array, is given by the
larger aperture of the network. Such variability has generally a positive impact on the event location, as a larger
spatial aperture provides stronger geometric constraints and thus improves the ability to resolve the true source
position. However, the small number of seismic stations introduces an additional limitation: with fewer available
picks, the location becomes more sensitive to potential picking errors. Even a small number of inaccurate picks can
therefore significantly increase the uncertainty of the resulting location estimates, especially when compared with
the dense sampling provided by the DAS array.

3. Methodology

To quantitatively measure the performance of the DAS data with respect to the seismic network, we located
the seismic events recorded during the experiment using a unique methodology for both datasets. Also, we tested
the potential of combining the two dataset for refining the event locations. We made use of the Hierarchical
Bayes approach developed in Riva et al. (2023), which allows us to define location uncertainties in a realistic
way, necessary for comparing the solutions obtained from the DAS and seismic system. The location algorithm
is based on a McMC (Markov chain Monte Carlo) sampling of solutions (Riva et al., 2023). This probabilistic
inversion framework allows for a robust estimation of hypocentral parameters, accounting for data uncertainties
and model complexities. The investigated parameters are: the event location in space and time, the half-space
elastic properties (P-wave seismic velocity Vp, and ratio between P-wave and S-wave seismic velocities, Vp/Vs) and
the data uncertainties. It is worth noticing that using an homogeneous half-space as the elastic model could limit
the definition of the hypocentral depth (Riva et al., 2025). However, since our goal is to compare event locations
obtained from seismometers and from DAS data, we intentionally adopt the same simplified elastic model for both
datasets. In this model, we resolve only the epicentral position and do not attempt to determine the depth, which
is not required for the purposes of our analysis. For the same reason, we did not include S-wave arrival times-even
when visible for some events-and therefore we did not consider the Vp/Vs ratio in the location procedure. These
adjustments represent simplifications of the parameterization and they concern the choice of the same half-space
elastic model applied consistently to both the DAS and the seismic-network data.

For the joint inversion of DAS and seismometer data, we modified the standard workflow. Due to a partial failure
in GPS antenna, the DAS data have not been synchronized with the data from the seismic network. Moreover, it
has been observed that the time-delay between the DAS system and the seismic network could have increased
during the experiment. To obviate this issue and use both datasets for locating the seismic events, we modified the
Bayesian approach to be able to statistically infer the time-delay between the systems, for each single event. Briefly,
we employed two parameters for the origin time of the event (one for DAS and one for seismometers). Due to the

Table 2. Uniform prior probability distribution.

T orig T orig

Xmin Xmax Ymin Ymax Zmin Zmax Vpmin Vp max .
System max

(m]  fml o [m]fml o m] [l [ms] [ms] g

DAS 414868 | 463573 | 5079233 | 5113344 | 0.0 | 15000.0 | 1000.0 | 8000.0 21 24

SEISMOMETER | 414868 | 463573 | 5079233 | 5113344 | 0.0 | 15000.0 | 1000.0 | 8000.0 30 34
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nature of the McMC sampling, based on the definition of an ensemble of origin times which contemporaneously fit
the DAS and seismometer data, we can statistically define the difference between the two.

Table 2 reports the minimum and maximum values of the prior (model space) used for the localization by DAS
and seismometers. A total of 10 chains were employed for the inversion, and 200.000 models were sampled, of which
100.000 were discarded at the beginning of the McMC (burn-in).

4, Results

To further our analysis of the advantages and limitations of using Distributed Acoustic Sensing (DAS) for
seismic event detection-compared to traditional seismometers-we present, in this section, the event locations
obtained through three distinct approaches: (1) using only DAS data, (2) using only seismometer data, and (3) using
the combined dataset from both DAS and seismometers. The comparison between the three methodologies offers
critical insight into the complementary nature of DAS and traditional seismic sensors.

While DAS provides dense spatial coverage along fiber-optic cables and can offer high-resolution data in
otherwise undersampled areas, its sensitivity and signal-to-noise characteristics may be lower with respect to
those of conventional seismometers (Piana Agostinetti et al., 2022). Moreover, DAS are particularly well-suited to
detecting low-magnitude events (microseisms), which may go unnoticed by conventional broadband seismometers
due to their lower sensitivity at small amplitude levels (Li and Zhan, 2018; Lellouch et al., 2021). On the other hand,
seismometers offer higher fidelity recordings and are less prone to environmental noise, but their spatial coverage
is limited and their deployment is cost-intensive.

All three sets of event localisations were performed by a Monte Carlo sampling approach, specifically employing
the Markov chain Monte Carlo (McMC) method (Riva et al., 2023). This probabilistic inversion framework allows for
a robust estimation of hypocentral parameters, accounting for data uncertainties and model complexities.

The joint inversion using both DAS and seismometer data exploits the complementary strengths of the two
systems. This hybrid approach typically results in improved event location accuracy and uncertainty reduction,
especially in complex geological settings or when events occur outside the traditional seismic network coverage
(Hudson et al., 2021; Hudson et al., 2025).

4.1 Localization with DAS

The localization of Event #3 obtained from DAS-based picking is shown in Fig. 6. On a geographic map we show
a zoomed-in view of the spatial distribution of the location and the sampled model space (blue dots), highlighting
the high density of models near the estimated event location (orange star), which suggests a stable and coherent
solution. Red crosses indicate the positions of each channel for the DAS system.

The distribution of the sampled models reveals elongated uncertainty, with a dominant N-S direction. This pattern
is likely related to the geometry of the DAS array and its limited spatial aperture. Such directional sensitivity
is characteristic of DAS deployments, where resolution is typically higher along the fiber axis. However, we can
define a 3 x 3 km region on the North-West of the DAS array which almost indicates the event source (dashed
orange box in Fig. 6).

4.2 Localization with seismometers

Figure 7 illustrates the localization results for the same seismic event #3, based solely on P-wave arrival
times manually picked from the seismic stations of the DIVEnet network. The green crosses mark the locations of the
individual seismometers, while the orange star indicates the estimated event location obtained using only the picked
P-wave arrivals. The blue points represent the 100,000 best-fitting models sampled from the full model space (PPDs).

The broad clustering of sampled solutions around the estimated hypocenter suggests a well-constrained solution,
with large spatial uncertainty. The spatial distribution of the models appears to be slightly anisotropic, elongated
along a NE-SW direction, which likely reflects the geometry of the seismic network, which is concentrated toward
the east. This elongation indicates reduced resolution in the direction perpendicular to the dominant station
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Figure 6. Event localizations obtained through DAS picking on a map of the study area. Red crosses indicate the positions of
the DAS system, while the blue dots represent all the posterior probability distributions (PPDs). The final estimated
location is marked by the orange star. The yellow dot indicates the position of the 5071_1_A DIVE drilling site.

alignment. Similar to the previous location using the DAS array, we can define a 4 x 4 km region where the event

is likely to have occurred.
Overall, this localization, derived exclusively from P-wave arrivals at seismic stations, demonstrates the capability
of traditional networks to resolve event locations reliably, even with a limited number of picks. However, the large
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Figure 7. Event localizations obtained through seismometer picking on a map of the study area. Green crosses indicate the
positions of the DIVEnet stations, while the blue dots represent all the posterior probability distributions (PPDs)
of the event location. The final estimated location is marked by the orange star. The yellow dot indicates the
position of the 5071_1_A DIVE drilling site.
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uncertainty is inherently linked to the station distribution and phase type. Moreover, our simplified location workflow
makes use of a single value for the rock elasticity for all stations. This assumption can dramatically impact the
location uncertainty, especially in presence of strong heterogeneities in the shallow crust, as expected here, with
station DIV10 on the valley sediments, and station DIV09 high in the mountains.

4.3 Localization with DAS and seismometers

This section describes the methodology employed for localizing a seismic event, integrating P-wave arrival picks
derived from both DAS data and a conventional seismometer network (Fig. 8). Red symbols illustrate the DAS system.
The distributed nature of DAS enabled the collection of a high number of arrival time observations, potentially
enhancing the spatial resolution of the localization. The green crosses represent the DIVEnet seismometers. These
stations provide high-quality seismic data with broad area coverage, complementing the localized density offered
by DAS.

The blue dots represent the 100,000 models that best fit the observed data, constituting the sampled model
space (PPDs). The close relationship between the estimated epicenter (orange star) and the sampled model
distribution suggests a well-constrained solution. Here, too, the extent and morphology of this distribution directly
reflect the intrinsic uncertainties of the localization process, which are influenced by the quality of the picks, the
network geometry, and the employed seismic velocity model.
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Figure 8. Event localizations obtained through both DAS and seismometer picking on a map of the study area. Red crosses
indicate the position of each channel for the DAS system, while the green crosses that of the DIVEnet stations.
The blue dots represent all the posterior probability distributions (PPDs). The final estimated location is marked
by the orange star. The yellow dot indicates the position of the 5071 1 _A DIVE drilling site.

5. Discussion

The results obtained for seismic event localization, based on the integration of Distributed Acoustic Sensing (DAS)
data with traditional seismic network data, reveal important insights into the capabilities and limitations of
this emerging technology. As illustrated in Fig. 9-which compares localizations obtained using DAS only (orange
star), traditional seismometers only (purple star), and the integration of both (blue star)-clear trends emerge.

First of all, while the high spatial density provided by DAS can lead to more constrained event localization
solutions (orange points in Fig. 9)-effectively acting as a dense array of “virtual sensors”-it is important to consider the
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implications of assuming a diagonal covariance matrix. This simplification, often adopted to handle the vast amount
of DAS data, may not accurately represent the true correlations between different channels, potentially introducing
biases or increasing the uncertainty in epicenter estimation. For a more detailed discussion about the error covariance
matrix for DAS data see Arcangeli et al. (2025).

Despite these methodological challenges, the implementation of DAS has shown considerable potential
in earthquake detection, particularly for low-magnitude events and those occurring close to the fiber optic
cable (i.e Event #1). The ability of DAS to record ground deformation at very fine spatial scales enables the detection
of smaller earthquakes that might be missed by a sparser traditional seismic network. This contributes to a more
comprehensive local seismic catalog and opens new opportunities for studying low-energy seismicity.

A direct comparison between locations obtained with DAS array and seismic network show similarities and
differences. In general, the 3 x 3 and 4 x 4 km regions defined separately by the two datasets, where the event
occurred, are overlapping, certifying the coherency between the two datasets. However, there is about 2 km shift
between the two average locations (yellow and violet stars in Fig. 9). We suggest that such discrepancy could directly
arise from the simplified location process used here, where a single value is assumed for the rock elasticity in the
investigated volume (i.e. not a tailored 3D model). In fact, while this assumption has a limited effect on DAS data,
due to the limited extension of the DAS array, this can have a larger impact on the seismometer data, due to the
heterogeneities in the installation sites.

The discrepancies between the DAS and seismometer localizations, as well as the unexpectedly long travel times to
station DIV10, that is the closest to the event location, are primarily a consequence of the seismic network’s geometry
and the event’s position. The network’s elongated E-O layout, with the event located near its western edge, leads to
poor azimuthal coverage. This lack of stations surrounding the event from all sides makes the location solution less
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Figure 9. Localizations obtained using different methods (DAS-only, seismometers-only, and combined DAS and
seismometers) for Event #3 (dive-ingv2024cetzz). These are represented by yellow, pink, and blue stars,
respectively. Corresponding posterior probability distributions (PPD) are also shown as clouds in the same
colors. The red star indicates RSN localization.
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constrained. The longer-than-expected arrival times at DIV10 can be explained by this geometric limitation; both
the network’s design and the event’s placement at its boundary are major contributors to the observed localization
uncertainties.

Furthermore, looking at the location obtained with both seismometers and the DAS channels, it seems that
the seismic network data strongly drive the solution (the two blue and violet clouds, seismometers only and joint
seismometers and DAS locations are almost overlapping). This fact can give indications for the integration of the
DAS data with a standard seismometer network. A small aperture DAS array can be useful for detection and precise
location of tiny seismic events, close to the DAS array itself, as potentially expected during anthropic activities
underground. If we move to larger events on a regional scale, the DAS array would probably not offer additional
information, and can be of limited use in correcting network biases.

The location reported in the INGV catalog (red star in Fig. 9, https://terremoti.ingv.it/event/37470091) is slightly
more distant than the solutions obtained in our analysis, yet it still falls along the boundary of the cloud of acceptable
locations derived from the joint use of DAS and seismometer data. This behavior is consistent with the expected
uncertainties associated with the simplified velocity model adopted in this study. The fact that the INGV solution
lies within the perimeter of the acceptable region, suggests that the combined DAS-seismometer approach is able
to reproduce event locations that remain compatible with the official catalog, even under simplified modeling
assumptions. This comparison provides additional confidence that the integration of DAS and conventional seismic
sensors can yield coherent and physically reasonable location estimates, despite the limitations of the model and
the data geometry.

6. Conclusions

This experiment illustrates both the promise and the current limitations of DAS in passive seismic monitoring.
The fiber optic array successfully detected multiple local earthquakes, including very small events that were not
captured by nearby seismometers, confirming the high sensitivity of DAS to low-magnitude seismicity. The dense
sampling along the fiber enabled detailed tracking of P-wave arrivals, although the directional sensitivity of DAS,
ground coupling and its susceptibility to noise remain significant constraints.

Comparison of localizations obtained from DAS and seismometers alone revealed consistent solutions within
overlapping regions, though with systematic discrepancies of about 2 km. These differences can be attributed to
the simplified homogeneous velocity model adopted in this study, which affects seismometer-based locations more
strongly due to network geometry. The integration of DAS and seismometer data, performed through a Bayesian joint
inversion, produced more robust and better-constrained epicentral solutions, in agreement with the official INGV
catalog. Nevertheless, the analysis also shows that, in the case of regional-scale earthquakes, the DAS contribution
may be less decisive, as the broader seismometer network tends to dominate the joint solution.

Overall, DAS proves most effective for enhancing local monitoring, particularly in capturing microseismicity
near the cable, during anthropic activities in the subsurface. When integrated with conventional stations, DAS
can fill critical observational gaps, reduce uncertainties, and improve catalog completeness. Future works should
focus on developing appropriate velocity models, refining error covariance treatments for DAS data, and exploring
optimized array geometries to fully leverage the complementarity of fiber optic and traditional seismic monitoring
systems.

Data availability statement. Software can be downloaded at: https://data.mendeley.com/datasets/vtyjnfk2df/1. Data
are available upon request.
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