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Abstract Distributed Acoustic Sensing (DAS) can record acoustic wavefields at high sampling rates and Careth Funni
are unning

with dense spatial resolution difficult to achieve with seismometers. Using optical scatteringinduced by cable Handling Editor:
deformation, DAS can record strain fields with spatial resolution of a few meters. However, many experiments Bradiey ﬁipovéky
utilizing DAS have relied on unused, dark telecommunication fibers. As a result, the geophysical community Copy & Layout Editor:
has not fully explored DAS survey parameters to characterize the ideal array design. This limits our under- Tara Nye
standing of guiding principles in array design to deploy DAS effectively and efficiently in the field. A better
quantitative understanding of DAS array behavior can improve the quality of the data recorded by guiding the
DAS array design. Here we use steered response functions, which account for DAS fiber’s directional sensi-
tivity, as well as beamforming and back-projection results from forward modelling calculations to assess the
performance of varying DAS array geometries to record regional and local sources. A regular heptagon DAS
array demonstrated improved capabilities for recording regional sources over other polygonal arrays, with
potential improvements in recording and locating local sources. These results help reveal DAS array perfor-
mance as a function of geometry and can guide future DAS deployments.
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Non-technical su mmary Distributed Acoustic Sensing (DAS) can record vibrations travelling
through the Earth at high resolutions by repurposing fiber optic cables usually used for telecommunication.
These recordings have higher sampling in space than what can be recorded using a traditional array of seis-
mometers. However, many experiments using DAS have used pre-installed fiber optic cables, which prevents
any kind of optimization in array design. This means that the scientific community has not had the oppor-
tunity to explore what shapes work best for detecting earthquakes with DAS. In this report, we test how well
theoretical DAS shapes record simulated earthquakes. Our results show that a regular heptagon shape works
best for detecting and locating earthquakes both near and far from this theoretical DAS cable. These results
help reveal how DAS performs when the cable is buried in different shapes and which can guide scientists in
designing a future DAS experiment.

1 Introduction Seismic DAS experiments work by repurposing fiber

optic cables as multichannel arrays. An interrogator

Distributed Acoustic Sensing (DAS) is a decade old tech-
nology that can record wavefields at high spatiotempo-
ral resolution in a similar manner as traditional long-
period, large-N seismic arrays. By measuring the strain
field acting on a fiber optic cable, DAS can resolve sig-
nals with spatial resolution of a few meters (Lindsey and
Martin, 2021). Compared to typically tens of meters to
tens of kilometers spatial sampling of geophones and
broadband seismometers, respectively, DAS provides a
means to record wavefields at resolutions difficult, if
not impossible, to achieve with traditional seismic in-
struments. As the seismic community begins to adapt
to large-N deployments with the growing availability of
high-quality nodal instruments, DAS presents itself as
an endmember on this spectrum of instrument density.
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unit, installed at one end of an optical fiber, sends laser
pulses into the fiber where impurities within the fiber
result in Rayleigh backscattered light. The interroga-
tor measures the phase shifts from this backscattered
light in the time-domain in bins separated by what is
called a gauge length, defined by the user during post-
processing or set by the manufacturer during interroga-
tor production, where light is collected over a certain
amount of time. Thus, the interrogator collects data
at virtual channels which are analogous to individual
seismic stations. While DAS data is also reported at
channels with sub-meter spacing, the conservatively es-
timated spatial resolution is fixed by the gauge length
(Douetal., 2017). As aresult, the DAS array samples the
strain field acting on the fiber coupled to the Earth at
the meter scale over tens of kilometers of fiber.

DAS has been successfully used in a variety of geo-
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physical applications, with cumulative data collected
by DAS experiments over ~5 years outpacing ~30 years’
worth of archived seismic data at the IRIS DMC (Lind-
sey and Martin, 2021; IRIS Data Management Center,
2023). Many of these previous DAS experiments have
employed unused telecommunication fibers, resulting
in little to no control over the array design (e.g., Lindsey
etal., 2019; Fang et al., 2020; Wang et al., 2020; Baker and
Abbott, 2022). As a result, the geophysical community
has not fully explored DAS survey parameters to char-
acterize the ideal DAS array design given specific exper-
imental goals.

Recent work employing a custom designed and in-
stalled DAS array have demonstrated DAS’s ability in re-
gional (e.g., Wang et al., 2018) and global (e.g., Dando
et al., 2022) seismic studies. The planned Rock Valley
Direct Comparison (RV/DC) experiment (Snelson et al.,
2022), a phase of the Source Physics Experiment (SPE;
Snelson et al., 2013), aims to directly compare a shal-
low earthquake to a chemical explosion detonated at
the same hypocenter, with DAS among the geophysi-
cal instrumentation to be used for observation. A bet-
ter quantitative understanding of DAS array behavior
prior to acquisition can improve the quality of the data
recorded by guiding the DAS array design.

As the use of DAS grows in the geophysical commu-
nity, understanding these array parameters is crucial if
DASistobe used on the same level as traditional seismic
deployments. One of the most fundamental aspects to
array design is the field layout. This encapsulates the ge-
ometry of the array, defined by parameters such as array
size, length, direction, and instrument spacing. These
parameters are tuned based on the specific questions
motivating the experiment and logistical or field-based
constraints, such as required resolution, noise condi-
tions, and land-access permitting.

While array design parameters are well understood
for traditional seismic deployments (e.g., Liner, 2016),
this is not the case for DAS. Before DAS arrays are de-
ployed in the field, it is prudent to first synthetically test
their performance using established simulation meth-
ods to understand their theoretical sensitivity once de-
ployed in the field. The goal of this paper is to investi-
gate the sensitivity and ability of synthetic DAS arrays by
testing various polygonal geometries. The performance
of DAS arrays in relocating synthetic sources, as well
as their sensitivity to noise, can guide eventual DAS de-
ployment in the field and identify ideal array designs.

2 DAS amplitude response

Amplitudes of phases recorded by a linear segment of
fiber is heavily controlled by the angle of incidence, 9,
between the source and the fiber (Lindsey et al., 2020).
For a P-wave, the amplitude of the wavefield recorded
by DAS is scaled by cos?6 (Figure 1), meaning that a
phase travelling parallel to the fiber segment has an am-
plitude scaling of 1, whereas a broadside (i.e., cable-
perpendicular) arrival has a scaling of 0 (Mateeva et al.,
2014; Lindsey and Martin, 2021). This has led to the use
of winding, helical geometries for DAS measurements
(Hornman, 2017; Yavuz et al., 2019; Mellors et al., 2021)
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to increase P-wave sensitivity (Kuvshinov, 2016) at the
expense of S-wave sensitivity (Baird et al., 2020). How-
ever, these specialized fibers are rarely available and re-
quire an additional interrogator unit. Thus, we focus
our attention on how the cos?8 amplitude scaling affects
the more commonly used linear fiber arrays in record-
ing P-waves.

P-wave amplitude response for DAS
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Figure 1 Theoretical DAS amplitude response for a P-
wave arrival as a function of incidence angle.

While the cos?0 scaling is typically applied to the in-
cidence angle between the DAS fiber and an upcoming
wavefront, it is more generally a 3-D scaling. As a re-
sult, it can be assumed that a source-receiver geometry
in the horizonal plane would also apply. That is, rather
than incidence angle, the DAS data would be scaled as a
function of the source-receiver backazimuth. Such be-
havior has been observed in a DAS array in a horizon-
tal surface-seismic configuration with a shallow broad-
side source (Mateeva et al., 2014) as well as previous
synthetic analysis of DAS array sensitivities (Kennett,
2022), confirming the applicability of the cos?d scaling
as a function of backazimuth to surficial DAS arrays.

For simplicity of the analysis, we focus on P-wave sen-
sitivity of various regular polygons to simulate DAS ar-
ray geometries that one may consider deploying in the
field. These polygons are a balance between the omni-
directional sensitivity of circular arrays, the linearity re-
quired for 2-D frequency-wavenumber analysis, and de-
ployment logistics. Our goals here are to (1) identify
which DAS polygons exhibit the best performing steered
response function given the cos?6 amplitude scaling
and (2) test polygons performance in locating regional-
and local-scale synthetic sources. To further investi-
gate (2), the performance of a star-shaped array and a
polygonal array in beamforming and back-projection
are compared. This star-shaped array geometry is con-
ceptualized as an antenna with linear segments to op-
timize wavefront propagation along the fiber axis while
considering logistics of field deployments and minimiz-
ing doubling of the cabling.
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