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Abstract

Stimulated Brillouin scattering (SBS) has been extensively studied and repurposed
for diverse practical applications, such as optical measurement and sensing, and
microwave photonics filter. SBS based optical filters face inherent limitations due to
polarization-dependent gain fluctuations caused by fiber birefringence and environ-
mental perturbations. To address these challenges, we establish a comprehensive
theoretical model of polarization evolution in the fiber and implement depolariza-

tion via the Faraday effect. Building on this insight, we propose and experimentally
validate a polarization-independent SBS filter architecture enabled by dual orthogo-
nally polarized pumps generated through a Faraday rotator mirror (FRM)-integrated
Mach-Zehnder interferometer (MZI). This design achieves passive compensation for
polarization fluctuations without requiring active or complex polarization state control.
Experimental validation confirms that this design suppresses Brillouin gain variations
to less than +3% degree of polarization, enabling wavelength-independent operation
across arbitrary input polarizations. In contrast, existing approaches based on com-
plex polarization control schemes typically exhibit a degree of polarization exceeding
+5% and are susceptible to variations in both operating wavelength and filter param-
eters. Furthermore, we demonstrate the filter’s versatility in optical spectrum analysis
(OSA) using a two-stage SBS configuration, achieving a remarkable dynamic range
of 80 dB, £0.3 pm wavelength precision, and improved power accuracy from +2.4 dB
to within £0.2 dB, ensuring rapid and precise spectral acquisition. These advance-
ments resolve long-standing limitations in SBS-based systems, enabling robust and
polarization-independent operation for optical communications and sensing, inte-
grated photonic devices and circuits, optical neural networks, microwave photonics,
passive and active photonic devices.
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Introduction

Stimulated Brillouin Scattering (SBS) requires the lowest activation power among

all nonlinear effects in optical fibers. Although SBS-induced backward scattering
degrades system performance in optical communication and sensor systems, neces-
sitating its suppression in such applications. On the other hand, SBS has also been
extensively studied and repurposed for diverse practical applications. For instance,
by leveraging SBS in kilometer-long fibers or centimeter-scale integrated photonic
waveguides, researchers have developed SBS-based optoelectronic devices for
distributed sensing, optical communication, optical storage, optical metrology, micro-
wave photonic, optical neural networks, Brillouin lasers, and nonreciprocal trans-
mission, among others [1—4]. Specific examples include optical filters, optical signal
processors, optical signal amplification, pulse compression, waveform synthesis, and
slow-fast light generation for photonic control and generation [5—7]. Beyond optical
systems, SBS has enabled RF functionalities such as microwave photonics filter,
phase shifters, delay lines, frequency measurement systems and RF beamforming
[8—10], while also enhancing high-capacity optical communications [11,12].

However, a critical limitation of SBS lies in its polarization dependence. Horiguchi
first explored the relationship between SOP alignment and SBS gain; later, detailed
analyses of optimal polarization conditions were provided. Their work confirmed
that SBS amplification in fibers is intrinsically polarization-dependent [13,14]. This
polarization-dependent response is a critical factor in practical single-mode fibers,
as intrinsic birefringence inevitably alters the SOP during light propagation. Con-
sequently, the overall SBS gain (or loss) depends on both the fiber’s birefringent
properties and the input SOPs of the pump and signal. Building on this understand-
ing, several methods based on polarization adjustment or pump depolarization via
depolarizers have been proposed [1—4]. However, these methods suffer from various
limitations. For instance, they may fail when the signal’s SOP changes or may be
limited to a small wavelength coverage [13-15].

In this study, we aim to eliminate the polarization dependence of the SBS effect
itself. We first present a practical model to describe polarization fluctuation effects
caused by linear and nonlinear birefringence in optical fiber. Building on this
foundation, we propose, analyze and experimentally validate a polarization- and
wavelength-independent SBS-based tunable filter. Central to this design is the
elimination of complex polarization state control by integrating a Faraday rotator
mirror (FRM) into a power-splitting Mach-Zehnder interferometer (MZI) structure. This
configuration generates dual orthogonal pumps, effectively suppressing polarization
fluctuations in the SBS process induced by fiber birefringence. Notably, when the MZI
parameters are optimized, the degree of polarization (DOP) of the pump source is
reduced to less than £3%.

To demonstrate the filter’s advanced capabilities, we apply it in
ultra-high-resolution optical spectrum analysis. The results reveal that the filter can
accurately perform ultra-high-resolution measurements on signals with arbitrary
polarization states. By reducing the polarization-dependent gain from over 20 dB to
less than 1 dB, the spectral measurement stability shows significant improvement,
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with power uncertainty within £0.2 dB, and an 80 dB dynamic range via adaptive baseline correction is achieved. Finally, a
sweep speed of 20 nm/s for the tunable laser source (TLS) enables a high spectral resolution of 0.08 pm, with wavelength
precision maintained within £0.3 pm.

In summary, this work overcomes the shortcomings of conventional approaches by realizing a novel SBS-based
narrowband tunable filter that is insensitive to both wavelength and polarization. This advancement delivers significant
improvements in critical system performance.

Compared with scalar SBS-based filters, the polarization- and wavelength-insensitive filter offers higher selectivity
and an elevated depletion threshold. Beyond its use in ultrahigh-resolution spectral analyzers, it is also highly attractive
for applications such as selecting sub-bands in next-generation ultrahigh-capacity optical communication and optical
networks, microwave-photonic filtering of broadband RF signals, and serving as a key component in photonic integrated
circuit, among others.

Concept and operation principle
Polarization fluctuation model in fiber and depolarization

In isotropic materials, the optical Kerr effect induces self-birefringence, resulting in a progressive rotation of the polariza-
tion ellipse during light propagation, a phenomenon known as polarization ellipse self-rotation [16]. However, optical fibers
introduce additional complexity due to inherent localized birefringence and external perturbations, such as temperature
gradients and mechanical pressure. These factors collectively make linear birefringence the dominant component of intrin-
sic fiber birefringence [17].

To rigorously model this phenomenon, we start with coupled nonlinear Schrédinger equations to describe light propaga-
tion within an optical fiber [16]. Under the assumptions of linear birefringence, low-loss conditions, and negligible polariza-
tion mode coupling effects, the evolution of the polarization vector is given by [18-20]:

Ozz = —i(wBop + wa(os),, o3)Ys (1)

Here, v, = (Eq (2), E; (2))! represents the Jones vector of the transverse electric fields at position z along the fiber.
In the © direction, the first term models linear birefringence, where o,=0,cos(6)+0,sin(6) incorporates the 2 x2 Pauli
matrices with o, , ,. Here, w is the optical frequency, B is the frequency-independent birefringence coefficient, and wB

is defined by phase birefringence. The second term accounts for nonlinear birefringence, with « = 322;\'; where n, is the

nonlinear refra}ctive ig\dex, A_; is the effective mode area of the fiber, P is the total input power, c is the light speed, and
Eq(2)'-IE
<O'3>¢Z = ||E11((3||1+||E22((ZZ))||2 .
On the Poincarée sphere, the linear birefringence term drives a rotation of the Stokes vector around the equatorial axis

o, Whereas the nonlinear term induces a vertical-axis rotation. Eq (1) shows that the angular velocity and orientation of
this rotation depend on the instantaneous polarization state via <a3>w2. Notably, in conventional fibers, linear birefringence
dominates (B»a) even at high optical powers, while the vertical-axis rotational velocity remains negligible. For example,
a fiber with a 20 m beat length exhibits B=0.25 ps/km versus a=0.00035 ps/km at 100 mW (A=1550nm, n,=3.2x107%°,
A_,=60um?) [21]. Consequently, the nonlinear term acts as a secondary perturbation to the dominant linear effect, a criti-
cal insight into SBS processes, where pump powers rarely exceed tens of milliwatts [1].

Reformulation Eq (1) by employing the identity ¢, = <U>wz‘”/’2 clarifies this hierarchy, the phenomenon more apparent,
reinforcing its theoretical basis.

, o1
0¥z = —lwBogtp; — iwa (<03>¢203 + (1 —(09+r12) y,00+mi2 — (09>w209)) ¥z

2 2)
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Here, the term proportional to ¢ merely influences the global phase and can therefore be neglected. Furthermore, the two
terms (o3) 4,03 and (og+qi2) b, O0+712 cancel each other out to first order, leaving only a residual second-order precession
component in the instantaneous rotation axis. Consequently, this simplification yields an approximate evolution equation
for the polarization vector [19,20]:

077 = —iwBefo 1)z (3)
with the effective birefringence:

[e%
Beff = B— §<0—0>¢z

(4)
The polarization vector is determined by both the intensity and polarization state of the light. Eq (3) conserves |y_|?, con-
sistent with the lossless fiber assumptions in SBS. For a linearly polarized input, this result aligns with Stolen’s theoretical
framework [22]. The explicit solution:

17 = exp(—iwBefogZ)bo (5)

This reveals that polarization fluctuations arise from rotations around o,,, which is proportional to B .. ¢, denotes the Jones
column vector representing the input light, and the rotation angle B is defined as follows:

=w(B=5ms(0))z ©
Here, m,(0) represents the component of the incident polarization vector aligned with the birefringence axis o,, while z
denotes the longitudinal position relative to the fiber’s input end.

Eq (5) illustrates that even minimal variations in B dominate over nonlinear and intensity-related effects, as B»a under
typical power conditions [23].

Consequently, reformulating the solution of Eq (3) to Stokes formalism, the polarization state at position z becomes:

$(2) =Rs (5 (L)) S (0) @

Here, S (O) represents the Stokes vector of the incident light, I%; is the rotation operator. Consequently, the SOP of the
incident light exhibits fluctuations along its propagation within fiber.

This framework confirms that polarization states fluctuate along the fiber due to birefringence, a critical challenge for
SBS amplification, as unstable polarization alignment perturbs Brillouin frequency shifts and reduces gain efficiency [24].
To mitigate these instabilities, we implement a dual-pump architecture using orthogonally polarized pumps generated via
a FRM. As shown in Fig 1 and Fig 2, the FRM imposes a 90° polarization rotation upon reflection, ensuring orthogonality
between forward and retro-reflected light components. In this scheme, the pump light is evenly divided by a 1 x2 coupler:
one segment light propagates through a segment of optical fiber to maintain polarization state stability as described by
Eq (7), while the other propagates through a circulator toward the FRM and is later recombined. For the portion of light
described by Eq (7) that interacts with the FRM, the Stokes vector undergoes a transformation:

F

S (=350 ©

The superscript F denotes the reversed polarization state by the FRM reflection.
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Faraday Rotator, First Pass

Input from Fiber

Fig 1. Polarization State of the input light of the FRM.

https://doi.org/10.1371/journal.pone.0357986.9001

Faraday Rotator, Second Pass

Output to Fiber

Fig 2. Polarization state of the output light of the FRM.

https://doi.org/10.1371/journal.pone.0357986.9002

The light is present, as demonstrated by Egs. (7) and (8), combines, the copropagating dual orthogonal pumps in
the SBS process induce mutual cancellation of intrinsic birefringence-driven polarization fluctuations. This cancel-
lation leaves only residual nonlinear birefringence terms, which are sufficiently small to be treated as perturbative
noise [25].

Toﬁmatherg_aﬁtically describe the polarization states of the dual orthogonal pumps, we define them using unit Stokes vec-
tors S and S , which serve as orthogonal basis vectors within this case. By leveraging these vectors, we can accurately
analyze the interaction of the dual orthogonal pumps in the SBS process, providing a solid foundation for understanding
and controlling the polarization-related phenomena in our experimental setup.
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The SBS process with dual orthogonal pumps is mathematically formulated as follows: an arbitrarily polarized incident
light can be decomposed into the orthogonal basis vectors S and S :

i L
7/’z(wsigy z=0)=1p (wsig) (@S +bS ) 9)

Yo (wsig) constitute a spectrally varying, complex-valued scalar quantity, as |a|? + |[b|?> = 1. Following Brillouin amplification,
the output Stokes vector becomes [26]:

_l L
7/}z(wsigy z=L) =1y (Wsig) aGmax <(~v’sig)S + meax(‘*’sig) S )

= o (Wsig) Gmax (Wsig) Vz(wsig, 2 = 0) (10)

Here, Gmax(wsig) denotes the frequency-dependent max SBS gain coefficient (with the unit of m™). It is derived from the
convolution of the intrinsic SBS line shape and the pump’s power spectral density (PSD) [1]. Notably, the SBS gain
spectrum achieves and maintains its maximum amplification under co-polarized pump-signal configurations, while
orthogonal alignments suppress interaction, thereby enhancing the overall stability and reliability of the SBS-related
operations.

To eliminate polarization-dependent gain instability, we implement a dual-pump architecture with orthogonally polar-
ized pumps. In this scheme, the dual pump components propagate through the fiber with similar polarization fluctuations,
preserving their mutual orthogonality. This inherent symmetry enables a self-stabilizing compensation mechanism, where
fluctuations in one pump component are counterbalanced by those in the orthogonal counterpart, effectively canceling
polarization-induced distortions. The mutual cancellation of polarization artifacts suppresses gain variations across arbi-
trary signal polarizations, thereby stabilizing amplification and eliminating polarization-dependent instabilities in the SBS
process. This approach opens up new possibilities for more stable and efficient optical signal processing.

By replacing a single pump with an orthogonally polarized dual-pump configuration, polarization fluctuations are
mutually canceled. As the two pump components propagate within the fiber, their birefringence-induced fluctua-
tions evolve similarly while maintaining orthogonality, creating an intrinsic compensation mechanism. This approach
ensures stable amplification of arbitrarily polarized incident light, free from polarization-dependent instabilities, and is
expected to enhance critical performance metrics in Brillouin filtering applications, including spectral resolution and
rejection ratios.

Conventional polarization adjustment-based methods, which involve numerous polarization controllers or rely on the
polarization pulling effect of SBS amplification, may fail when the light's SOP changes, a situation that frequently occurs
in practice. Conventional approaches that depolarize the light using depolarizers are also limited, as depolarizers are
polarization-sensitive and operate within narrow spectral bands, typically covering only a small wavelength range. In com-
parison, this paper demonstrates a polarization- and wavelength-independent SBS-based filter that achieves excellent
performance by design, without requiring complex control mechanisms.

Polarization-insensitive optical filtering and spectral analysis

To describe the principle of our proposed polarization-insensitive SBS-based optical filtering method, we begin by deriving
the analytical expression for the amplified signal under steady-state conditions, using the well-known SBS three-wave
coupled equations [27].

In this theoretical model, two counter-propagating optical beams, the pump and the signal, generate thermally excited
acoustic phonons when specific polarization and frequency conditions are satisfied. The interaction between these beams
initiates Brillouin scattering, resulting in frequency-shifted Stokes and anti-Stokes components. The backscattered light
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exhibits a Doppler frequency shift. Under steady-state conditions, the SBS amplified signal can be described by two par-
tial differential equations [13, 21].

dPy (2) _ gs (w)

Ly =0Pp (2) =75 Py (2) Py (2) ~Pesp (2) (1)
dPs (z) _ g5 (w)
T TP @) =g P (D)o (2) = Pesn (2) (12)

Here, P (z) and P (z) represent the pump and signal intensities along the fiber, respectively, while P__ accounts for the
contribution of spontaneous Brillouin emission from thermally excited phonons. g,(w) is the frequency-dependent Brillouin
gain coefficient, A is the fiber’s effective mode area, and a denotes the fiber attenuation coefficient.

For spectral analysis applications, as shown in Fig 3, we consider a tunable continuous-wave (CW) pump operating at
wavelength )\p, launched into a single-mode fiber of length L at z=0. Concurrently, a wideband signal under test (SUT), P,
is injected at z=L. The SUT’s spectral components near the Brillouin-shifted wavelength }\B=)\p+A?\B undergo amplification
within the Brillouin gain bandwidth. By sweeping the pump wavelength, specific spectral regions of the SUT can be selec-
tively amplified, enabling reconstruction of its entire spectrum. From a spectrum analysis perspective, the SUT at z=L can
be divided into in-band and out-of-band spectral regions:

Ps (L, /\) = Ps (L, )\B) + Ps(L, A 7 A\g) (13)

Assuming negligible fiber propagation losses, the backscattered output signal | (z, A) captured via an optical circulator at
z=0, comprises in-band and out-of-band spectral terms as well as noise terms:

Is (01)\) =1Is (0)\3) + ls(0s>\ 7/ )\B) + Inoise = Ps (L, >\B) exp (gBPpLeff) + PS(L, A 7/ )\B) + Inoise (14)

+ (a)
|
; : acoustic '
) llIII phonons : l] | | | T |
S /

Signal under test

Pump signal

Stokes light

Bragg moving grating

’ l | Optical fiber
1 | I i 11

Lh 7
=f.-7
fo =tu=hi

Fig 3. Principle of SBS-based spectrum analysis.

https://doi.org/10.1371/journal.pone.0357986.9003
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Here, I (0,/\3) and Is(L, A # Ag) represent the in-band and out-of-band spectral components of the SUT, respectively. /oise
denotes the noise terms generated by nonlinear effects within the fiber.

A fundamental limitation in Brillouin-based spectral analysis arises from the coexistence of amplified Stokes signals
with unamplified out-of-band components propagating through the fiber. This spectral crosstalk degrades the measure-
ment’s dynamic range. Separating weak spectral components from a strong baseline within the detected time-relative
power signals poses a significant challenge. To address this, we employ a baseline correction algorithm to fit the unampli-
fied signals and noise present in the raw measurement data. In practice, the algorithm first analyzes the characteristics of
the unamplified components and noise in the data. By employing appropriate mathematical models, such as polynomial
fitting, spline interpolation, or statistical methods, it estimates the signal baseline. The corrected signal is then obtained by
subtracting the fitted baseline 73 (0,)\) from the raw measurement data.

/s (0,)\) = IS(L, A 7 )\B) + Inoise (1 5)

After the unamplified signal and noise are fitted using baseline correction algorithms, the difference between the mea-
sured data and the baseline data, expressed as:

Is (0,A) =15 (0,\) = Ps (L, \) exp (95PpLerr) (16)

is proportional to the in-band components of the SUT at A,. By sweeping the pump wavelength and measuring the back-
scattering signal, which varies according to the SUT’s spectral components across the wavelength range, the spectral
profile of the SUT can be reconstructed.

The resolution of this method is intrinsically limited by the natural bandwidth of SBS. As is well known, within the low-
gain region, the SBS gain spectrum exhibits a Lorentzian profile [1].

: (Awgl2)?
9s (0w ) =n9o——=— 3

( ) (6w)? + (Awgl2)? (17)
Here, 6w’ = w—wp —wp, wp denote the pump frequency, wp denote the Doppler frequency shift, Awg and go represent
the full width at half height (FWHM) and peak gain of the Brillouin gain spectrum, respectively, n is the polarization impact
factor (0<n<1). To overcome the limitation imposed by natural SBS bandwidth, we implement a two-stage SBS gain
bandwidth compression technique [28]. The resulting composite gain coefficient is expressed as follows:

21go(Awp/2) _—24]
(w—wp) + (Awp/2) (18)

G (w) = 629724 = exp]

Here, A represents the inter-stage attenuation, and wqg represent the frequency corresponding to the maximum Brillouin
gain coefficient. Analogous to Eq (18), the resultant FWHM is given by:

In2

A =A —

WBE T 2B\ 260 —In2 (19)
While bandwidth compression enhances spectral resolution, polarization sensitivity remains a significant challenge in

Brillouin-based spectral analysis. As demonstrated in prior studies [29,30], the polarization-dependent gain is governed by

the polarization impact factor n (0 <n<1), which quantifies the degree of alignment between the relative SOPs of the pump

PLOS One | https://doi.org/10.1371/journal.pone.0357986 September 16, 2026 8/19




PLO\Sﬁ\\.- One

Pump light
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R
o

1

Pump &.Signal Pump & Signal
R identical orthogonal
n=1 n=1 n=1 No gain No gain  No gain

—
~—

Signal light

<

1

Fig 4. Polarization dependence of brillouin gain in optical fibers.

https://doi.org/10.1371/journal.pone.0357986.9004

and the SUT, as shown in Fig 4. Optimal gain (n=1) occurs when the pump and signal are co-polarized, while orthogonal
SOPs result in interaction (n=0). When their SOPs are identical [29]:

1
n) = 5(1 +S1pS1s + S2pSas — S3pSas)

(20)
Here, S = (S1s, S2s, S35) and §p = (S1p, S2p, S3p) represent the normalized Jones vectors that characterize the polarization
states of the SUT and pump signals, respectively, at a given location in the fiber.

If we now consider another pump wave with an orthogonal SOP, the polarization impact factor is expressed as:

1
nL = 5(1 — S1pS1s — S2pS2s + S3pS3s) 21)

According to the theoretical model established in the preceding chapters, adopting a dual orthogonal pump configuration
by incorporating n, and n,, defined in Egs. (20) and (21), eliminates the polarization-dependence of SBS-based filtering.
The dual-pump scheme ensures that the Brillouin gain stabilizes at its theoretical maximum (n=1) across temporal and
spatial domains under all operating conditions.

mtnL =1 (22)

The orthogonality between pump components is rigorously preserved in conventional single-mode fibers, as polarization
transformations inherently maintain their unitary characteristics [31]. This fundamental property ensures compensation
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fidelity across extended propagation distances, guaranteeing the complementary nature of Brillouin amplification
throughout the fiber’s entire span. By strategically replacing conventional single-pump configurations with
polarization-multiplexed, wavelength-swept sources in the SBS process, we ensure that SBS gain instability, primarily
caused by polarization fluctuations, is automatically compensated and eliminated, thereby enabling precise ampilification
of arbitrarily polarized SUTs.

This polarization-insensitive SBS filtering architecture exhibits significant potential for photonic and microwave-photonic
applications, particularly in ultrahigh-resolution spectral analysis and optical signal processing. lts key merits are reflected
in three distinguishing features: exceptional spectral resolution approaching fundamental physical limits, complete sup-
pression of polarization-induced distortions, and improved long-term stability.

Experiment and analysis
Depolarizing setup by dual orthogonal pump

Experimental validation of our theoretical model was conducted through rigorous characterization of the dual orthogonal
pump architecture, with the detailed configuration schematically illustrated in Fig 5. Depolarization performance analysis
revealed that the FRM integrated into a power-splitting MZI enables deterministic generation of orthogonally polarized
pump components, a critical innovation to ensure the generation and preservation of polarization state orthogonality.
The optical experiments were conducted in a vibration-isolated optical laboratory maintained at ambient tem-
perature of 25+2°C and relative humidity of 50+ 10% RH. Continuous-wave, linearly polarized light with wave-
length (1525nm~1560nm) and power of 5dBm from a TLS (Newport 8800) was split into two branches by a
polarization-maintaining coupler (PMC). By employing a single TLS, we achieve stable measurements and precise
pump control. The light in the lower branch passes through an FRM via a polarization-maintaining circulator, resulting in
orthogonal polarization states between the input and output light. In contrast, the light in the upper branch traverses a 50
m polarization-maintaining fiber (YOFC Panda-type), ensuring its polarization state remains unaltered. Light from both
branches is amplified by erbium-doped fiber amplifiers (EDFAs, Qnoptics EDFA-C +L) to 13dBm to achieve consistent
and suitable optical power levels. The two branches, featuring orthogonal SOPs, are subsequently combined using a
polarization beam coupler (PBC), forming dual orthogonal pumping light relative to the soon-to-be-defined pump wave at
wavelength A. The polarization controller (PC, General Photonics PLC-002) is not part of the dual orthogonal pump config-
uration; it is used to alter the SOP of the TLS output light for evaluating the depolarizer’s performance characteristics.

PMF

fi3 ~
EDFA f
Wavelength @ t it
Sweeping fli to "
<>
t fiN%

ff
R t J ¢ Polarization
g l CIR TO t analyzer
: t A
TLS PC PMC w7y PBC

EDFA

A 4

FRM

Fig 5. Schematic diagram of dual orthogonal pumps generated by the experimental setup. TLS, tunable laser source. PC, polarization control-
ler. PMC, polarization-maintaining coupler. PMF, polarization-maintaining fiber. PMCIR, polarization-maintaining circulator. FRM, faraday rotator mirror.
EDFA, erbium-doped fiber amplifier. PBC, polarization beam coupler.

https://doi.org/10.1371/journal.pone.0357986.9005
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A power meter (Keysight 81630B) and an optical spectrum analyzer (Yokogawa AQ6370E) were used for setup adjust-
ments during testing.

By carefully matching the length of polarization-maintaining fiber (PMF) in the upper branch, time delays between the
two paths are eliminated, ensuring no frequency offset exists between the two orthogonal light waves after they are com-
bined. Consequently, the pump used for the SBS-based filter becomes wavelength-independent. The PMC also serves as
a polarizer, ensuring the input light remains in a stable polarization state during the wavelength sweep executed by TLS.
Thus, the pump for the SBS-based filter is free of polarization-sensitive components.

To quantify the depolarization efficacy, the DOP at the PBC output was measured using a polarization analyzer (Gen-
eral Photonics POD-101D). By systematically adjusting the SOP of the TLS output light with a polarization controller, the
DOP measurements fluctuated within the range of -15.66 dB (center offset rate is 2.1%) to —16.45 dB (center offset rate
is —2.8%), centered around —-16 dB (equivalent to <£3%), over a period of 30 minutes across six distinct input polarization
states, as shown in Fig 6. Notably, the depolarizer maintained this performance regardless of input SOP variations, con-
firming its polarization-independent operation and eliminating the need for active polarization control.

While this architecture simplifies system complexity by eliminating the need for polarization controllers, a particularly
advantageous in multi-stage filtering schemes. It introduces a trade-off: the dual orthogonal pump configuration requires
1.5 times higher pump power compared to single-polarization schemes to achieve equivalent Brillouin gain. This redun-
dancy stems from the dual-pump design, in which half of the optical power is distributed in each orthogonal component.

Despite this trade-off, the approach offers unique advantages over previous methods. First, regarding bandwidth
compression, the two-stage SBS architecture effectively reduces the natural Brillouin bandwidth from approximately 20
MHz to around 10 MHz, enabling sharper filtering with a high degree of precision. By narrowing the Brillouin bandwidth,
this approach can resolve fine spectral features more clearly providing more detailed information. Second, it ensures
stable operation: the design achieves polarization-insensitive narrowband filtering while maintaining stable pump con-
trol and consistent filtering signal power. In many optical systems, polarization-related issues can significantly degrade
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Fig 6. Measured DOP at the PBC output with different polarization state of the PMC input.

https://doi.org/10.1371/journal.pone.0357986.9006
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signal quality. However, this method overcomes such problems, guaranteeing consistent performance regardless of the
input signal’'s SOP. Third, the approach offers dynamic tenability. The filter’s central frequency can be precisely adjusted
by varying the pump wavelength, which is particularly useful for compensating for environmental perturbations such as
temperature- or stress-induced Brillouin shifts. By adjusting the pump wavelength to counteract these shifts, the filter
maintains optimal operation and ensures accurate signal processing. Fourth, it offers multi-dimensional flexibility: the pro-
posed filter supports high-precision tuning across multiple parameters without compromising stability. Users can fine-tune
various aspects of the filter, such as the bandwidth, center frequency, and gain, while maintaining a stable output. This
multi-dimensional tunability provides greater control over the filtering process, making it adaptable to diverse application
requirements.

SBS-based ultrahigh-resolution OSA with pump depolarizing

Building on this depolarization method, we implemented a polarization-insensitive optical spectrum analyzer (OSA) that
uses a wavelength-swept dual-pump architecture. This architecture enables the OSA to perform ultrahigh-resolution and
stable measurements.

Conventional SBS-based filters are hindered by polarization-dependent gain variations, as reported in reference [1,32].
In contrast, our dual orthogonal-pump configuration effectively overcomes this limitation. By employing two orthogonal
pump waves, the system is rendered insensitive to the SOP of the input signal, ensuring consistent gain regardless of
polarization orientation. Furthermore, the wavelength-sweeping mechanism incorporated into our design suppresses four-
wave mixing artifacts, typically associated with multi-tone schemes.

The optical experiments were conducted in a vibration-isolated optical laboratory with an ambient temperature of
25+2 °C and relative humidity of 50+ 10% RH. Fig 7 illustrates the experimental setup, which incorporates standard
telecommunications-grade optical components. At the core of this design is the depolarized pump, generated through the
dual orthogonal configuration detailed previously. This pump is split into two beams by a coupler (COP) and then amplified
within a two-stage SBS progression chain. To optimize system performance, each optical beam in the two-stage chain
is amplified by an EDFA to 14dBm, with the EDFA operating under automatic power control. As multi-stage amplification
improves pump efficiency and enhances spectral resolution [28], the two-stage design enables narrowband optical filtering
by increasing pump power while maintaining filter linearity, thereby optimizing power efficiency with precision. The power
meter, wavelength meter (Yokogawa AQ6151B) and optical spectrum analyzer were used for experimental setup adjust-
ments during testing.

To maintain optimal operation, a variable optical attenuator (VOA) dynamically adjusts the first-stage output power,
confining the SBS process within its linear gain regime [31,32]. This approach safeguards the fidelity of spectral filtering
while accommodating power fluctuations. In the two-stage chain, the gain medium, a 1-km highly nonlinear fiber spool
with an engineered Brillouin coefficient, has been optimized to support only fundamental optical and acoustic modes. This
ensures selectivity in the single-peak Brillouin gain spectrum.

To conclusively validate the polarization-independence operation of the OSA, a PC was systematically employed to
vary the SOP of the output from a distributed feedback laser (DFB) (NKT E15), which served as the SUT at 1dBm and
1549.8316nm. The output power of DFB was measured by a power meter and the output wavelength was measured by
a wavelength meter. By carefully adjusting the PC in 0.2m radian increments, we conducted a quantitative characteriza-
tion of OSA measurement fidelity under 10 distinct polarization conditions. This method enabled rigorous validation of the
OSA's polarization-insensitive operation across a wide range of polarization conditions.

To systematically validate the polarization-independence operation of the proposed SBS-based OSA, the SUT’s SOP
was altered across a broad range of polarization conditions. We conducted a comparative characterization of measure-
ment fidelity under two distinct pumping configurations: conventional single-polarization and our depolarized dual-pump
architecture. As shown in Fig 8, the use of a conventional single-polarization pump source resulted in pronounced spectral
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Fig 7. Schematic of SBS-based Ultra-high resolution OSA. TLS, tunable laser source. PC, polarization controller. PMC, polarization-maintaining cou-
pler. PMF, polarization-maintaining fiber. PMCIR, polarization-maintaining circulator. FRM, Faraday rotator mirror. EDFA, erbium-doped fiber amplifier.
PBC, polarization beam coupler. DFB, distributed feedback laser. ISO, isolator. FS, fiber spool. VOA, variable optical attenuator. CIR, circulator. COP,
coupler.

https://doi.org/10.1371/journal.pone.0357986.9007

distortions and significant fluctuations in both spectral shape and power. The peak optical power of the spectral curve
fluctuated from -1.412 dBm to 2.311 dBm over ten repeated measurements, with an average peak optical power of
0.1911 dBm. The peak wavelength of the spectral curve varied from 1549.8313 nm to 1549.8323 nm over ten repeated
measurements, with an average peak wavelength of 1549.83168 nm, a wavelength accuracy of 0.7 pm, and a spectral
power stability of £2.4 dB. Comparing the spectral measurement results of the conventional single-polarization architec-
ture corresponding to Fig 8 with those of the depolarized dual-pump architecture corresponding to Fig 9, the difference in
the dynamic range of the measured spectral curves between these two cases exceeds 20 dB. Furthermore, considering
that the pronounced polarization effect shown in Fig 8 leads to larger fluctuations in the spectral baseline, the power level
of the spectral curve exhibited a polarization-dependent gain exceeding 20 dB, which severely impaired measurement
accuracy by distorting the power spectral density. This instability underscores a fundamental limitation of conventional
SBS-based systems, where misalignment between the pump and signal SOPs disrupts gain uniformity.

In stark contrast, Fig 9 demonstrates the performance of the proposed depolarized dual-pump architecture. Notably,
the system maintained consistent spectral fidelity across all tested SOPs, reducing the polarization-dependent gain to
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Fig 9. Measurement results with depolarizing pumping source.
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less than 1 dB. The peak optical power of the spectral curve fluctuated from 0.8597 dBm to 1.171 dBm over ten repeated
measurements, with an average peak optical power of 0.9936 dBm. The peak wavelength of the spectral curve varied
from 1549.8313 nm to 1549.8318 nm over ten repeated measurements, with an average peak wavelength of 1549.83159
nm. This breakthrough enables ultrahigh-resolution measurements with unprecedented precision, achieving a wavelength
accuracy of £0.3 pm and a spectral power stability of £0.2 dB. By eliminating polarization induced artifacts, the design
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enables reliable spectral analysis for arbitrarily polarized signals, overcoming a critical hurdle for practical applications in
optical sensing and communications.

To further quantify the performance of the proposed SBS-based OSA, we power-normalized and compared the mea-
sured spectra from single-stage and two-stage configurations, as depicted in Fig 10. The spectral shape and width of
the SBS processes in the two-stage system are substantially improved. As illustrated by the red curve in Fig 10, the
single-stage system exhibited a full width at half maximum (FWHM) of 17 MHz under high SOP alignment, which is an
inherent limitation of conventional scalar SBS processes. In contrast, as shown by the blue curve in Fig 10, the two-stage
architecture reduced the FWHM to 10 MHz, demonstrating a remarkable 41% bandwidth compression. This enhancement
can be attributed to the combined effects of dual-stage amplification and polarization discrimination enabled by the dual
orthogonal pump configuration. The dual orthogonal pump configuration sharpens spectral selectivity by effectively atten-
uating components near the SBS gain line. This not only improves the resolution of the OSA but also enhances its ability
to distinguish between closely spaced spectral features, making it more suitable for applications requiring high-precision
spectral analysis.

Crucially, this enhancement directly translates into superior dynamic range and noise performance. By suppress-
ing off resonance spectral artifacts, the two-stage system attains a filter selectivity of 80 dB, a critical advancement for
high-precision applications that enables clear discrimination of closely-spaced spectral lines. Notably, the optimized polar-
ization discrimination also significantly minimizes noise contributions, ensuring robust performance in practical sensing
and communication scenarios.

A critical challenge in the experimental data stemmed from a dominant baseline signal. This baseline comprised unam-
plified out-of-band components, Rayleigh scattering, and amplified spontaneous emission (ASE) during SBS amplification,
as established by the theoretical model in preceding chapters. This severely restricted the dynamic range. To overcome
these limitations, we implemented an adaptive iteratively reweighted penalized least squares (airPLS) [33] baseline cor-
rection algorithm. As depicted in Fig 11 and Fig 12, measured spectral data from an FP laser (Keysight 81606A) contain-
ing four side-mode sidelobes is used to demonstrate the baseline correction process and its effect. The output power of
FP laser is set to 5dBm.This algorithm functions by fitting the baseline to the spectral data and then subtracting it, thereby

—— Two-stage

Single stage

Normalized power

-40 -30 -20 -10 0 10 20 30 40
Brillouin frequency (MHz)

Fig 10. Measured normalized gain of SBS with single and two stage amplifying scheme.

https://doi.org/10.1371/journal.pone.0357986.9010
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mitigating the impact of undesired components and compensating for nonlinear distortions. By applying the baseline cor-
rection algorithm, we can effectively remove this baseline, revealing the true spectral characteristics.

The origin measured raw data, represented by the blue curve in Fig 11 and Fig 12, exhibited a compressed dynamic
range of approximately 19 dB, obscuring critical spectral details. The baseline-fitted data, represented by the red curve in
Fig 11, revealed that baseline drift was the dominant factor contributing to this limitation. After baseline removal and power
calibration, as shown by the red curve in Fig 12, the processed spectra achieved a true dynamic range of 80 dB, under-
scoring the algorithm’s efficacy. The baseline correction algorithm can achieve a dynamic range improvement of nearly 60
dB by removing the constant component of the measured spectral curve. Notably, the residual post-correction noise floors
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were determined by conventional photodetector and electronic noise mechanisms, confirming that baseline drift, rather
than fundamental system noise, was the primary constraint.

This refinement clearly demonstrates that the baseline correction algorithm enables high-fidelity spectral recovery.
Importantly, this approach unlocks the OSA’s full measurement potential while maintaining compatibility with standard
optoelectronic hardware. This compatibility is crucial, as it allows for seamless integration into existing optical systems
without necessitating major overhauls to the hardware infrastructure.

Discussion

As demonstrated by the experiments, the SBS depolarization method proposed in this paper offers significant practical
benefits for real-world systems. In spectral analysis applications, a wavelength accuracy of £0.3 pm and a spectral power
stability of £0.2 dB enable the OSA to achieve performance comparable to that of a wavelength meter and an optical
power meter. This capability allows for direct observation and analysis of fine structures in modulated optical signals within
high-speed optical communication systems, dramatically accelerating both fundamental research and practical deploy-
ment of high-speed optical communication technologies. In distributed sensing, an 80 dB dynamic range allows for longer
sensing distances (>80km) and higher spatial resolution (<1m). In on-chip nonlinear optics, a 10 MHz resolution enables
the generation of multiline (>30) Brillouin frequency combs. In microwave-photonic application, an 80 dB dynamic range
and 10 MHz resolution enable the division of wideband signals (>GHz) in different frequencies and bandwidths into paral-
lel narrowband (<100MHz) signals for related processing with low-frequency devices.

Conclusions

In summary, we demonstrate a polarization- and wavelength-independent SBS-based filter that leverages dual orthogo-
nally polarized pumps to suppress birefringence-induced polarization fluctuations in optical fibers. Central to this achieve-
ment, we first developed a theoretical framework for modeling polarization-dependent SBS dynamics and subsequently
proposed a novel dual-pump architecture. This approach enables complete mitigation of polarization-dependent gain
variations during SBS amplification, resulting in a stable, narrowband tunable optical filter with a resolution of 10 MHz and
polarization-insensitive characteristics. Notably, we validated its application in ultrahigh-resolution optical spectral analy-
sis. For arbitrarily polarized input signals, we achieved spectral measurements with a wavelength precision of +0.3 pm,
power stability of £0.2 dB, and sweep speeds of 20 nm/s. Future work will focus on the application and transformation

of these experimental results. Specifically, based on the current experimental state of ultrahigh-resolution spectral mea-
surements, we will proceed with the design and commercialization of a high-resolution optical spectrum analyzer (HOSA).
Furthermore, we will develop a series of HOSAS tailored to different operating wavebands and application scenarios. We
believe that such OSAs hold promising prospects in fields such as optical communications, optical materials and photonic
devices, and quantum optics, among others.

Beyond its immediate performance metrics, this platform offers not only improved narrowband filtering, high-resolution
spectral analysis, and stable gain characteristics but also paves the way for more robust and versatile SBS-based solu-
tions. However, the dual orthogonal pump configuration demands higher pump power, and the limited tuning range of
resolution may affect its applications in fields such as photonic integration. Therefore, future research efforts will focus on
investigating novel optical filtering principles and developing practical filter architectures to achieve spectral filtering with
both lower pump power requirements and reconfigurable bandwidths spanning from kHz to GHz.

These advancements unlock a wealth of new opportunities in optical communications (e.g., polarization-robust signal
processing), optical storage (e.g., optical delay, slow and fast light generation), distributed fiber sensing (e.g., strain and
temperature mapping in unshielded environments), microwave photonics (e.g., RF filtering and beamforming), on-chip
integrated photonics (e.g., photonic control and generation), and optical neural networks (e.g., integrated communication,
computing and sensing), among others.

PLOS One | https://doi.org/10.1371/journal.pone.0357986  September 16, 2026 17/19




PLO\Sﬁ\\.- One

Author contributions

Conceptualization: jing li, yan xu.

Data curation: jing li, Xiangguan Tan, jiaging Liu.

Formal analysis: jing li, Xiangguan Tan, jiaqing Liu.

Funding acquisition: Xiangguan Tan, yan xu.

Investigation: jing li, Xiangguan Tan, jiaqging Liu.

Methodology: jing li, yan xu.

Project administration: yan xu.

Supervision: yan xu.

Validation: jing li, Xiangguan Tan, jiaging Liu.

Visualization: jing li, Xiangguan Tan, jiaqging Liu.

Writing — original draft: jing li, Xiangguan Tan, jiaqing Liu.

Writing — review & editing: jing li, Xiangguan Tan, jiaging Liu, yan xu.

References
1. Merklein M, Kabakova 1V, Zarifi A, Eggleton BJ. 100 years of brillouin scattering: historical and future perspectives. Applied Physics Reviews.
2022;9(4). https://doi.org/10.1063/5.0095488
2. Okawachi Y, Bigelow MS, Sharping JE, Zhu Z, Schweinsberg A, Gauthier DJ, et al. Tunable all-optical delays via brillouin slow light in an optical
fiber. Phys Rev Lett. 2005;94(15):153902. https://doi.org/10.1103/PhysRevLett.94.153902 PMID: 15904146
3. Zhao JN, Ma TJ, Zhang FJ. Distributed optical fiber sensors for pavement engineering: a-state-of-art review. Measurement. 2025;246(31):116732.
https://doi.org/10.1016/j.measurement.2025.116732
4. Jauregui-Vazquez D, Alvarez-Chavez JA, Lozano-Hernandez T, Estudillo-Ayala JM, Sierra-Hernandez JM, Offerhaus HL. Fiber laser sensor config-
urations for refractive index, temperature and strain: a review. Photonics. 2023;10(5):495. https://doi.org/10.3390/photonics 10050495
5. RenlL,Wang W, Xu K, Zhu L, Wang J, Shi L, et al. Stimulated brillouin scattering in micro/nanophotonic waveguides and resonators. Nanophoton-
ics. 2025;14(10):1509-35. https://doi.org/10.1515/nanoph-2024-0732 PMID: 40444192
6. Wisal K, Warren-Smith SC, Chen C-W, Cao H, Stone AD. Theory of stimulated brillouin scattering in fibers for highly multimode excitations. Phys
Rev X. 2024;14(3). https://doi.org/10.1103/physrevx.14.031053
7. Merklein M, Goulden L, Kiewiet M, Liu Y, Lai CK, Choi D-Y, et al. On-chip quasi-light storage for long optical delays using brillouin scattering. APL
Photonics. 2024;9(5). https://doi.org/10.1063/5.0193174
8. Varun MK, Mishra A, Pant R. Microwave photonics applications of stimulated Brillouin scattering. J Opt. 2022;24(6):063002. https://doi.
org/10.1088/2040-8986/ac6baa
9. Kadum J, Das R, Misra A, Schneider T. Brillouin-scattering-induced transparency enabled reconfigurable sensing of RF signals. Photon Res.
2021;9(8):1486. https://doi.org/10.1364/prj.427691
10. Garrett M, Liu Y, Merklein M, Bui CT, Lai CK, Choi D-Y, et al. Integrated microwave photonic notch filter using a heterogeneously integrated Brill-
ouin and active-silicon photonic circuit. Nat Commun. 2023;14(1):7544. https://doi.org/10.1038/s41467-023-43404-x PMID: 37985657
11.  Marpaung D, Liu Y. Stimulated Brillouin scattering for microwave photonics. Semiconductors and Semimetals. 2022;110:81-105. https://doi.
org/10.1016/bs.semsem.2022.05.003
12. Bolshtyansky MA, Cai JX. Optical Fiber Communication Conference (OFC) 2022. 2022:1-3. https://doi.org/10.1364/OFC.2022.W3E.1
13. Xu M, Lei P, Bai Y, Chen Z, Xie X. Enhancement of Brillouin nonlinearities with a coupled resonator optical waveguide. Opt Lett. 2024;49(16):4541—
4. https://doi.org/10.1364/0OL.533979 PMID: 39146098
14. Zhou J, Liu T, Wang Y. Polarization evolution in Brillouin scattering with a partially polarized pump. Opt Express. 2024;32(11):18516—26. https://doi.
org/10.1364/0OE.520754 PMID: 38859005
15. Gu X, Wang C, Wu K, Fang N, Chen L, Bao X. Orthogonal polarization multi-wavelength Brillouin random fiber laser with triple Brillouin frequency
shift space. Appl Opt. 2023;62(9):2350-6. https://doi.org/10.1364/A0.482070 PMID: 37132874
16. Kumar Orappanpara Soman S. A tutorial on fiber Kerr nonlinearity effect and its compensation in optical communication systems. J Opt.
2021;23(12):123502. https://doi.org/10.1088/2040-8986/ac362a
17. Govind PA. Applications of Nonlinear Fiber Optics. Third ed. Academic Press. 2021.

PLOS One | https://doi.org/10.1371/journal.pone.0357986  September 16, 2026 18719



https://doi.org/10.1063/5.0095488
https://doi.org/10.1103/PhysRevLett.94.153902
http://www.ncbi.nlm.nih.gov/pubmed/15904146
https://doi.org/10.1016/j.measurement.2025.116732
https://doi.org/10.3390/photonics10050495
https://doi.org/10.1515/nanoph-2024-0732
http://www.ncbi.nlm.nih.gov/pubmed/40444192
https://doi.org/10.1103/physrevx.14.031053
https://doi.org/10.1063/5.0193174
https://doi.org/10.1088/2040-8986/ac6baa
https://doi.org/10.1088/2040-8986/ac6baa
https://doi.org/10.1364/prj.427691
https://doi.org/10.1038/s41467-023-43404-x
http://www.ncbi.nlm.nih.gov/pubmed/37985657
https://doi.org/10.1016/bs.semsem.2022.05.003
https://doi.org/10.1016/bs.semsem.2022.05.003
https://doi.org/10.1364/OFC.2022.W3E.1
https://doi.org/10.1364/OL.533979
http://www.ncbi.nlm.nih.gov/pubmed/39146098
https://doi.org/10.1364/OE.520754
https://doi.org/10.1364/OE.520754
http://www.ncbi.nlm.nih.gov/pubmed/38859005
https://doi.org/10.1364/AO.482070
http://www.ncbi.nlm.nih.gov/pubmed/37132874
https://doi.org/10.1088/2040-8986/ac362a

PLO\S\% One

18.

19.

20.

21.
22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Akria Y. Brillouin light scattering from magnetic excitations. Materials (Basel). 2023;16(3):1038. https://doi.org/10.3390/ma16031038 PMID:
36770045

Zhang H, Zhou T, Shou Q, Guo Q. Optical elliptic breathers in isotropic nonlocal nonlinear media. Opt Express. 2022;30(6):9336—47. https://doi.
org/10.1364/0OE.448451 PMID: 35299364

Keijsers G, de Boer RM, Verdonschot B, Peters KJH, Geng Z, Rodriguez SRK. Continuous-wave nonlinear polarization control and signatures of
criticality in a perovskite cavity. Nat Photon. 2025;19(7):733-9. https://doi.org/10.1038/s41566-025-01692-3

Govind PA. Nonlinear Fiber Optics. 6th ed. Academic Press. 2019.

Finot C, Rochette M. From signal processing of telecommunication signals to high pulse energy lasers: the Mamyshev regenerator case. Nanopho-
tonics. 2025;14(16):2835—46. https://doi.org/10.1515/nanoph-2024-0712 PMID: 40800252

Menyuk CR. Solitons in birefringent optical fibers and polarization mode dispersion. Optics Communications. 2024;550:129841. https://doi.
org/10.1016/j.optcom.2023.129841

Antonacci G, Vanna R, Ventura M, Schiavone ML, Sobacchi C, Behrouzitabar M, et al. Birefringence-induced phase delay enables Brillouin
mechanical imaging in turbid media. Nat Commun. 2024;15(1):5202. https://doi.org/10.1038/s41467-024-49419-2 PMID: 38898004

Berti N, Guasoni M, Fatome J. Self-repolarization process in dual-Omnipolarizers. Optics Communications. 2023;545:129727. https://doi.
org/10.1016/j.optcom.2023.129727

Deng J, Shi M, Liu X, Zhou J, Qin X, Wang R, et al. An on-chip full-Stokes polarimeter based on optoelectronic polarization eigenvectors. Nat Elec-
tron. 2024;7(11):1004—14. https://doi.org/10.1038/s41928-024-01287-w

Feng C, Bhatta HD, Bohbot J, Davidi R, Lu X, Schneider T, et al. Gain spectrum engineering in slope-assisted dynamic brillouin optical
time-domain analysis. J Lightwave Technol. 2020;38(24):6967-75. https://doi.org/10.1109/j1t.2020.3021796

Shi T, Chen Y. Multiple radio frequency measurements with an improved frequency resolution based on stimulated Brillouin scattering with a
reduced gain bandwidth. Opt Lett. 2021;46(14):3460-3. https://doi.org/10.1364/0OL.428788 PMID: 34264238

Chen C-W, Nguyen LV, Wisal K, Wei S, Warren-Smith SC, Henderson-Sapir O, et al. Mitigating stimulated Brillouin scattering in multimode fibers
with focused output via wavefront shaping. Nat Commun. 2023;14(1):7343. https://doi.org/10.1038/s41467-023-42806-1 PMID: 37957145

Bao X, Zhou Z, Wang Y. Review: distributed time-domain sensors based on Brillouin scattering and FWM enhanced SBS for temperature, strain
and acoustic wave detection. Photonix. 2021;2(1):14. https://doi.org/10.1186/s43074-021-00038-w PMID: 34841256

Bilenca A, Prevedel R, Scarcelli G. Current state of stimulated Brillouin scattering microscopy for the life sciences. JPhys Photonics.
2024;6(3):032001. https://doi.org/10.1088/2515-7647/ad5506 PMID: 38939757

Guo Y, Jin W, Wang W, He Y, Qiu S. Baseline correction for Raman spectra using a spectral estimation-based asymmetrically reweighted penal-
ized least squares method. Appl Opt. 2023;62(18):4766—76. https://doi.org/10.1364/A0.489478 PMID: 37707250

Lei P, Xu M, Bai Y, Chen Z, Xie X. Loading-effect-based three-dimensional microfabrication empowers on-chip Brillouin optomechanics. Opt Lett.
2024;49(6):1465-8. https://doi.org/10.1364/0L.519929 PMID: 38489426

PLOS One | https://doi.org/10.1371/journal.pone.0357986  September 16, 2026 19/19



https://doi.org/10.3390/ma16031038
http://www.ncbi.nlm.nih.gov/pubmed/36770045
https://doi.org/10.1364/OE.448451
https://doi.org/10.1364/OE.448451
http://www.ncbi.nlm.nih.gov/pubmed/35299364
https://doi.org/10.1038/s41566-025-01692-3
https://doi.org/10.1515/nanoph-2024-0712
http://www.ncbi.nlm.nih.gov/pubmed/40800252
https://doi.org/10.1016/j.optcom.2023.129841
https://doi.org/10.1016/j.optcom.2023.129841
https://doi.org/10.1038/s41467-024-49419-2
http://www.ncbi.nlm.nih.gov/pubmed/38898004
https://doi.org/10.1016/j.optcom.2023.129727
https://doi.org/10.1016/j.optcom.2023.129727
https://doi.org/10.1038/s41928-024-01287-w
https://doi.org/10.1109/jlt.2020.3021796
https://doi.org/10.1364/OL.428788
http://www.ncbi.nlm.nih.gov/pubmed/34264238
https://doi.org/10.1038/s41467-023-42806-1
http://www.ncbi.nlm.nih.gov/pubmed/37957145
https://doi.org/10.1186/s43074-021-00038-w
http://www.ncbi.nlm.nih.gov/pubmed/34841256
https://doi.org/10.1088/2515-7647/ad5506
http://www.ncbi.nlm.nih.gov/pubmed/38939757
https://doi.org/10.1364/AO.489478
http://www.ncbi.nlm.nih.gov/pubmed/37707250
https://doi.org/10.1364/OL.519929
http://www.ncbi.nlm.nih.gov/pubmed/38489426

	Polarization-insensitive stimulated Brillouin scattering filter with birefringence compensation
	Introduction
	Concept and operation principle
	Polarization fluctuation model in fiber and depolarization
	Polarization-insensitive optical filtering and spectral analysis

	Experiment and analysis
	Depolarizing setup by dual orthogonal pump
	SBS-based ultrahigh-resolution OSA with pump depolarizing

	Discussion
	Conclusions
	References


