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ABSTRACT
The Talbot self-imaging phenomenon is a fundamental interference effect that is natural to all waves with a periodic structure. We theoretically
and experimentally study the Talbot effect for optical waves in the transverse angular domain using whispering-gallery modes of step-index
multimode fibers, which carry a high orbital angular momentum and fulfill the required quadratic dispersion relation. By using the complex
interference along the core–cladding interface of these fibers, we experimentally demonstrate that the high-order fractional Talbot effect can
be used to implement 9- and 30-port beam splitters using only off-the-shelf components in a compact arrangement. In addition, we show
that the beam splitters can be efficiently interfaced with single-mode fibers, such that our work not only extends the recent developments on
the angular Talbot effect to widely available step-index multimode fibers but also demonstrates a powerful application as a signal multiplexer,
which becomes more compact as the number of channels is increased.

© 2025 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0235206

I. INTRODUCTION

The Talbot effect is the self-imaging of periodic waves,1–3

which occurs when a field periodic in one domain experiences a
quadratic phase modulation in its Fourier dual domain. This has
been observed in many different classical and quantum waves4–12

and their different Fourier-linked degrees of freedom, the most
well-known Fourier pairs being space-momentum1–13 and time-
frequency14,15 of optical waves. Furthermore, performing quadratic
phase modulations both in a given domain and its Fourier dual
gives rise to a more powerful tool called the generalized Talbot
effect,16 capable of arbitrary control of the field periodicity in both
Fourier-linked domains. Recently, the effects have been explored in
the azimuthal angle and orbital angular momentum (OAM) degrees
of freedom of optical fields,17 where in particular the angular self-
imaging effect is mediated by the quadratic dispersion of OAM
modes in ring-core fibers.18–20 The generalized angle-OAM Talbot
effect can be used to control field periodicities in azimuthal angle
and OAM, realize multiport beam splitters with arbitrary num-
bers of ports, and perform crosstalk-free sorting of OAM modes.17

The last two are of particular interest in classical and quantum
information processing. Beam splitters are ubiquitous in classical
and quantum information processing protocols,21,22 and the OAM
sorter can be used to (de)multiplex telecommunication channels in

different OAM modes23 or to access the infinite-dimensional OAM
state space of photonic qudits.24

In contrast to earlier work exclusively relying on custom-
tailored ring-core fibers,17–20 this study introduces a new implemen-
tation of the angular self-imaging effect using standard step-index
multimode fibers (MMFs). In MMFs, the self-imaging effect occurs
with OAM-carrying whispering gallery modes (WGMs) of the step-
index fiber. The whispering gallery modes are eigenmodes of the
fiber, which are of high order in the azimuthal domain (high OAM)
and first order in the radial domain, accompanied by confinement
to the vicinity of the core–cladding interface. Bearing a great resem-
blance to the eigenmodes of ring-core fibers, they similarly follow a
quadratic dispersion curve with respect to the OAM charge, a neces-
sary condition to realize angular self-imaging. Although the WGM
Talbot effect was among the first theoretical predictions for the real-
ization of the angular Talbot effect,25 to the best of our knowledge,
our work acts as its first experimental demonstration. As such, we
extend the angular self-imaging effect to the far more mature and
readily available platform of step-index MMFs, which will facili-
tate its application in fundamental and applied studies, making it
widely accessible without sacrificing its performance. In particu-
lar, we demonstrate the application of the WGM Talbot effect to
realize multiport beam splitters with, in theory, arbitrary numbers
of input and output ports. An example of a 1-to-8 beam splitter
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FIG. 1. (a) Conceptual figure of the whispering gallery Talbot effect in a step-
index MMF. A Gaussian laser beam is coupled to the MMF with an azimuthally
inclined incidence near the core–cladding interface, exciting whispering gallery
modes (WGMs) of the MMF. Upon propagation, the modal interference of WGMs
generates a Talbot interference pattern, resulting in the emergence of an 8-fold
fractional self-image of the input field at the output facet, realizing a 1-to-8 beam
splitter. (b) Simulated propagation of an initially localized Gaussian light field in a
thin cylinder shell, generating an interference pattern upon propagation known as
the Talbot carpet. For visual clarity, the azimuthal incidence angle of the Gaus-
sian input is here set to 0. The insets above the rolled-up carpet demonstrate the
corresponding transverse amplitude distributions at different fractions of the Talbot
length, showcasing the fractional and integer self-imaging of the initial field.

is shown in the conceptual Fig. 1(a). Furthermore, we show that
our beam splitters can be efficiently interfaced with single-mode
fibers (SMFs), on par with state-of-the-art multiport beam splitter
technologies.

The beam splitters demonstrated here fall into the category of
multimode interference couplers,26 i.e., devices that employ the Tal-
bot self-imaging effect realized through intermodal interference in
waveguides to perform either 1 ×N power splitting or N ×N beam-
splitting. Typically, multimode interference couplers are realized
in rectangular rib27 or strip28 waveguides and have been demon-
strated to perform low insertion loss beam-splitting with high output
power uniformity for up to 1 × 12 power splitting.28 While the num-
ber of ports of rectangular multimode interference couplers can be
increased, it comes at the cost of increased insertion loss and a signif-
icant decrease in power uniformity,29 which are detrimental effects
that require specialized fabrication methods to be mitigated.30

For 1 ×N power splitting, many competing designs for multi-
mode interference couplers have also been realized, e.g., cascaded Y-
junctions,31 subwavelength grating couplers,32 and inverse tapers.33

Although these designs can achieve large frequency bandwidths, low
insertion losses, and high output power uniformities, their fabrica-
tion complexity increases, and performance decreases rapidly with
increased splitting ratios N.

The whispering gallery Talbot effect-based beam splitter
improves on the earlier designs with its simplicity and perfor-
mance in the realm of high-order beam-splitting: The inser-
tion losses and power uniformities are comparable to competing
designs almost irrespective of the splitting ratios, i.e., for low and
high N, as demonstrated experimentally for 9- and 30-port beam
splitters.

II. THEORETICAL BACKGROUND
A. The azimuthal Talbot effect

The Talbot self-imaging is the revival of periodic wave struc-
tures due to a quadratic phase modulation in the Fourier domain.
The azimuthal angle is a perfect degree of freedom to realize the
effect, as the field periodicity is naturally given by the periodic
nature of the azimuthal coordinate itself. The azimuthal struc-
ture of a scalar field with separable radial and azimuthal com-
ponents can be represented as a Fourier sum of OAM modes
Ψ(r, φ, z) = ∑∞ℓ=−∞Φℓ(r)eiℓφeiβℓz , where (r, φ, z) are the cylindrical
coordinates, and Φℓ is the complex amplitude of the eigenmode with
topological charge ℓ and the associated propagation constant βℓ. If
βℓ has a quadratic dependence on ℓ with the form βℓ = aℓ2 + bℓ + c
with arbitrary constants a, b, and c, the Talbot length is given
by zT = −π/a, and integer and fractional self-images of the initial
field Ψ(r, φ, 0) are seen at integer multiples and fractions of the
Talbot length, respectively. In particular, q revivals of the initial
field emerge at a propagation distance z = p/q × zT with coprime
p and q, with an azimuthal shift of 2π/q radians between individ-
ual self-images. Therefore, a field structure initially localized in the
azimuthal angle can be split into multiple, azimuthally shifted copies
of itself, effectively realizing a beam-splitting operation.

This effect can be beautifully visualized by observing the asso-
ciated rolled-up Talbot carpet, i.e., the azimuthal intensity evolution
of an initially localized field propagating in a thin cylindrical shell, as
shown in Fig. 1(b). OAM dispersion for light confined to this geom-
etry can be solved from the paraxial Helmholtz equation, leading to
a Talbot length zT = 4π2R2/λ, where λ is the wavelength and R is the
cylinder radius.20 This formula accurately predicts the Talbot length
in ring-core fibers with R as the mean radius of the ring-core.17,20

For the whispering gallery Talbot effect, this formula with R as the
core radius can be used for a rough estimate of the Talbot length but
leads to non-negligible errors, which is why a more refined model is
required.

B. Modal dispersion of WGMs
To model the Talbot self-imaging effect with the WGMs of

step-index MMFs, we must first retrieve their OAM-dependent
modal dispersion. WGMs are high-order OAM modes of the first
radial mode order, i.e., OAM+±ℓ,m and OAM−±ℓ,m modes with OAM
mode index ℓ≫ 1 and radial mode index m = 1. The superscript
± corresponds to left- and right-circular polarizations σ̂ ± = x̂ ± iŷ.
We set ℓ always non-negative and label modes with negative OAM
indices by −ℓ.

Following the well-established literature on waveguide optics,34

we can calculate the form and modal dispersion of step-index MMF
modes. The OAM modes of step-index circular fibers with ℓ ≥ 2
can be constructed as superpositions of the well-known EH and HE
modes,35

HEeven
ℓ+1,m ± iHEodd

ℓ+1,m = OAM±±ℓ,m, (1a)

EHeven
ℓ−1,m ± iEHodd

ℓ−1,m = OAM∓±ℓ,m. (1b)
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In particular, the electric field components of the OAM modes
can be written as

OAMs
±ℓ,m :

⎧⎪⎪⎪⎨⎪⎪⎪⎩

e� = σ̂ sFℓ,m(r)e±iℓφ,

ez =
i

kcoR
G∓s
ℓ,m(r)e±i(ℓ±s)φ,

(2)

where s = ±1 and kco(kcl) is the wavenumber in the core (cladding)

and R is the core radius. With modal parameters U = R
√

k2
co − β2

ℓ,m

and W = R
√

β2
ℓ,m − k2

cl, the explicit forms of Fℓ,m and G±ℓ,m are

Fℓ,m(r) =

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

1
Jℓ(U)

Jℓ(
Ur
R
), 0 ≤ r ≤ R,

1
Kℓ(W)

Kℓ(
Wr
R
), R ≤ r <∞,

(3a)

G±ℓ,m(r) =

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

± U
Jℓ(U)

Jℓ∓1(
Ur
R
), 0 ≤ r ≤ R,

± W
Kℓ(W)

Kℓ∓1(
Wr
R
), R ≤ r <∞,

(3b)

where Jℓ is the Bessel function of the first kind and Kℓ is the modified
Bessel function of the second kind.

For slightly radiative, or leaky modes, with Re(β) slightly below
kcl and Im(β) ≠ 0, it is customary to explicitly note their radiative
nature by replacing the cladding mode parameter with Q = iW and
the Kℓ Bessel function with the non-evanescent Hankel function
of the first kind Kℓ(x) = π

2 iℓ+1H(1)ℓ (ix); however, both forms are
functionally equivalent. These leaky modes can be useful as they are
naturally resilient to intermodal coupling and can propagate for long
distances with negligible loss.36

From the core–cladding interface conditions for the fields,
under the weak-guiding approximation, we can derive the following
eigenvalue equation:

U
Jℓ+1(U)
Jℓ(U)

=W
Kℓ+1(W)
Kℓ(W)

≡ Q
H(1)ℓ+1(Q)
H(1)ℓ (Q)

. (4)

This equation is solved numerically, and the solutions fix the
propagation constants βℓ,m of the eigenmodes of the MMF for OAM
indices ±ℓ, therefore also defining the exact forms of all field compo-
nents. From the propagation constants that solve Eq. (4) for a given
ℓ≫ 1, the one with the highest-valued real part corresponds to the
propagation constant of the WGM, i.e., βℓ,m=1. The transverse fields
of select WGMS are shown in Fig. 2(a).

Generally, the four modes for a given ℓ ≥ 2 are split into two
degenerate pairs based on the mutual alignment of the circular
polarization ± and the OAM index ±ℓ, such as in Eqs. (1a) and (1b).
The weakly guiding approximation neglects any polarization effects,
rendering all four modes degenerate. Although in a more accurate
picture small polarization corrections should be applied, they are
negligible in our experiment and, thus, not considered here (see the
supplementary material).

To show the quadratic OAM dispersion of the WGMs, we plot
βℓ,m=1 solved from Eq. (4) as a function of the OAM mode index ℓ
in Fig. 2(b). To verify the accuracy of the weak-guiding approxima-
tion, we overlay the plot with propagation constants simulated with a
finite element method in COMSOL, where the modes were identified

FIG. 2. Whispering gallery modes of the step-index MMF. (a) Transverse fields e�
of WGMs, i.e., OAM±ℓ,m=1 modes of a MMF with R = 52.5 μm. The core–cladding
interface is shown by the gray circles. (b) OAM dispersion of WGMs for MMFs with
core radii of 25, 52.5, and 100 μm. The solid line corresponds to the propagation
constants calculated from Eq. (4), and the crosses correspond to the same prop-
agation constants calculated with the finite element method (FEM) in COMSOL.
The crosses are plotted only for every fifth index ℓ for clarity. The differences in βℓ
between the mode groups for a given ℓ are not visible in the figure. The dashed
horizontal line at Re(βℓ) = kcl corresponds to the boundary between bound and
leaky mode regimes. (c) OAM dependent Talbot length. Talbot lengths were cal-
culated from polynomial fits to Re(βℓ) in ranges [ℓ − 5, ℓ + 5] as described in
the main text. Relative Talbot lengths zT/z′T are obtained by dividing by the peak
Talbot length z′T found around ℓ′ for all core sizes. The dashed part of the lines
corresponds to the leaky mode regimes for each fiber.

via visual inspection. The parameters used are λ0 = 780 nm,
nco = 1.4537, ncl =

√
n2

co −NA2 = 1.4370 with numerical aperture
NA = 0.22. The core refractive index corresponds to the refractive
index of SiO2 at a vacuum wavelength of 780 nm.37 The cladding
and core radii are set to Rcl = 62.5 μm for Rco = 25 and 52.5 μm, and
Rcl = 110 μm for Rco = 100 μm.

In the theoretical section, we concluded that the azimuthal Tal-
bot effect is seen with a quadratic OAM dispersion of the form
βl = (−π/zT)l2 + bℓ + c. The Talbot lengths for the different fibers
can be estimated by fitting 2nd-order polynomials βℓ = aℓℓ2 + bℓℓ
+ cℓ to the dispersion curves. Since the higher-order dispersion
terms are generally not negligible over the entire dispersion curve,
the quadratic fits must be performed locally to βℓ in small OAM
intervals. The aℓ-term of the fit determines the local curvature, and
therefore the local, OAM-dependent Talbot length as zT,ℓ = −π/aℓ.
The remaining terms are largely irrelevant in terms of self-imaging:
bℓ constitutes a rotation of the field upon propagation, while cℓ
contributes an irrelevant global phase across the WGMs. While the
linear and constant terms vary freely over ℓ, the quadratic terms
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alone accurately model the OAM-dependent Talbot length for fields
sufficiently localized in ℓ to a regime where the fit is valid (see
the supplementary material). Similar results to the quadratic terms
of the local fits can be obtained by twice differentiating a single
very high-order polynomial fitted to the entire dispersion curve,
converging to the same curve as the order of the polynomial is
increased.

We perform the local fits to each of the dispersion curves
in intervals of [ℓ − 5, ℓ + 5] for ℓ ≥ 10 with coefficients of deter-
mination R-squared >1 − 10−6. From the fits, we retrieve the rela-
tive OAM-dependent Talbot lengths for the three fibers plotted in
Fig. 2(c), normalized by the peak Talbot lengths retrieved from each
dispersion curve for easier comparison of the different fibers. The
Talbot lengths for the three fibers are peaked at ℓ′ = 38, 61, and 99,
with peak Talbot lengths of z′T = 43.9 , 193.9, and 708.6 mm. While
zT ∝ 1/β′′ℓ , the third derivative of βℓ is near zero around the peaks,
and the modal dispersion is closest to quadratic. As the Talbot self-
imaging is an effect of purely quadratic dispersion, the peaks mark
the regions of the most optimal OAM for realizations of the whis-
pering gallery Talbot effect. In other words, as the Talbot length is
nearly constant around the peaks, the highest number of neighbor-
ing WGMS that can mutually contribute to the Talbot self-imaging
without significant dephasing from higher-order terms of βℓ are seen
in the peak regions.

III. EXPERIMENT
A. The experimental setup

The experimental setup, shown in Fig. 3, consists of a
wavelength-tunable CW laser (Toptica DL Pro, λ ≈ 756–815 nm)
and imaging optics to focus the laser beam onto the input facet of the
MMF, to image the output facet of the MMF, and to couple a single
output port of the implemented beam splitter to an SMF. The laser
light coupled to an SMF was first collimated with a measured beam
waist radius of 1.03 mm and demagnified onto the fiber input facet
via two cascaded 4f-systems (lenses with f1,2,3 = 200/150, 50, 300 mm
and a 60× microscope objective with an effective focal length of
f4 = 2.67 mm). The beam is focused on the fiber facet with an
azimuthally inclined incidence near the core–cladding interface,
exciting a spectrum of WGMs with a Gaussian OAM spectral

FIG. 3. The experimental setup. SMF: single-mode fiber. Coll.: collimator.
QWP/HWP: quarter-/half-waveplate. BS: beam splitter. PM: power meter. MMF:
multimode fiber. In the image plane shown with the dashed square, either a cam-
era or an opaque mask is placed to capture images of the MMF end facet or to
transmit a single output spot to couple to SMF2.

shape.38 The reported waist radii are simply estimates and further
optimized during alignment for optimal coupling by adjusting the
placement of the imaging optics. As the beam waist is similar to the
radial width of the WGMs, the radial input position and azimuthal
incidence angle can be tuned in parallel to minimize the excitation of
unwanted higher radial order modes and to optimize the mean value
of the excited OAM spectrum for the best self-imaging conditions.
A more detailed analysis of coupling a Gaussian beam to the WGMs
of a MMF can be found in the supplementary material.

The short fiber pieces were laid on a metallic plate without
mechanical fixation to avoid small deformations of the fiber, which
would lead to unwanted mode mixing, degrading the self-imaging
process. The fibers are short enough to remain perfectly straight
when laid freely on a flat surface, enabling coupling-free propagation
of the fiber eigenmodes.

The output facet of the MMF was imaged using a subsequent
4f-system (20× microscope objective with f5 = 8 mm and a lens
f6 = 150 mm). In the image plane, we placed either a camera to cap-
ture images of the output light field or an opaque mask that transmits
one of the output spots. With a final 4f-system (lens f7 = 300 mm and
10×microscope objective with f8 = 16 mm), the transmitted output
spot was coupled to an SMF connected to a power meter, where the
SMF can be considered as a single output channel of the multiport
beam splitter device. Along the beam path, we placed beam splitters
and power meters to measure the power of the light field at differ-
ent points along the setup, used to calculate the coupling efficiencies
between the SMF input and output channels and the intermediate
MMF.

B. Whispering gallery self-imaging
To demonstrate the self-imaging phenomenon, we used two

pieces of standard step-index MMFs with a pure SiO2 core,
NA = 0.22. The two fibers have core radii of 52.5 and 100 μm, and the
peak Talbot lengths are zT1 = 19.38 cm and zT2 = 70.86 cm, respec-
tively [see Fig. 2(c)]. The former is cut to an approximate length of
zT1/9 = 2.15 cm for 9-fold fractional self-imaging, and the latter to
zT2/30 = 2.36 cm for 30-fold fractional self-imaging. Short fibers are
preferred to minimize the effects of fiber imperfections and higher-
order contributions of the OAM dispersion. While our cleaving
method is not precise enough to cleave the fiber at exactly a fraction
of the Talbot length, we make use of the wavelength-dependence of
the Talbot length (zT ∝ λ−1): By slightly tuning the wavelength of
our laser, we can adjust the self-imaging length to compensate for
the imprecise cleaving.

To excite WGMs of high OAM, the incident laser beam is
focused onto a small spot (w1-to-9 ≈ 2.3 μm, w1-to-30 ≈ 3.1 μm, fur-
ther optimized in alignment) near the core–cladding interface with
an azimuthally inclined incidence angle. Via the Talbot interfer-
ence phenomenon, the input light field is self-imaged at the output
facets of the MMFs, leading to 9 and 30 azimuthally rotated copies
of the incident input spot, as shown in the camera images in
Fig. 4.

C. Multiport beam splitters
The operation of splitting the single input spot into multiple

copies of itself can be understood as a beam-splitting operation, i.e.,
the 9- and 30-fold fractional self-imaging systems can be thought
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FIG. 4. The output facet of (a) 1-to-9 and (b) 1-to-30 beam splitters employing the
whispering gallery Talbot effect with one input port illuminated, i.e., the 9- and 30-
fold fractional self-images of the input field. Left: Images of the output facets of
the MMFs used to realize the multiport beam splitters. Right: The relative power
distribution across all output ports, calculated through integrating the pixel values
of the sectors designated in the images on the left.

of as 9-to-9 and 30-to-30 beam splitters with one input port illu-
minated. While we only illuminate the fiber with a single input
beam and perform 1-to-N beam-splitting, the other N-1 input ports
would be accessible by similar input beams azimuthally rotated by
2πn/N, n ∈ Z. In this way, the fractional self-images of the dif-
ferent input beams would be perfectly overlapped at the output
plane, realizing an N-to-N coupler. For a quantitative analysis of
the implemented multiport beam splitters, we calculated the power
splitting ratios between the output ports and measured the cou-
pling efficiencies between the input and output SMFs and the
MMF.

The relative power distributions between the different output
ports were calculated using the camera images in Fig. 4. First, a back-
ground intensity value, or the mean pixel value of a dark area of the
camera sensor, was subtracted from each pixel. The relative power
distribution across all self-images was then retrieved by comparing
the sums of the pixel values over regions associated with each self-
image. From the power distributions, we can determine the output
uniformities as U = −10 log[min(Pi)/max(Pi)] = 0.95 and 0.97 dB
for the 1-to-9 and 1-to-30 beam splitters, respectively.

In order to test the efficiency of interfacing the WGM beam
splitter with SMF input and output channels, we blocked all but one
output spot with an opaque mask, coupled the transmitted spot to
an SMF, and measured the power level of the laser field at differ-
ent positions along the beam line. Three power meters (see Fig. 3)
were used to measure the input power P1, the power of the total field
after the MMF P2, and the power of a single output port coupled to
an SMF2P3. All power values were taken as the means and standard
deviations of >1000 consecutive power measurement points. From

the power measurements, we can calculate the input coupling effi-
ciency of the beam splitter as ηi = P2/P1 and the output coupling
efficiency as ηo = P3/P′2, where the reference power P′2 is a fraction
of the total power after the MMF associated with the chosen out-
put port (see Fig. 4). In addition, we characterize and account for
the reflectance and transmittance of the beam splitter cubes as well
as the loss of the microscope objectives, which lack the appropriate
AR-coating.

For the 1-to-9 beam splitter, we measured the input (SMF1-
MMF) and output (MMF-SMF2) coupling efficiencies ηi = 55.39%
± 0.09% and ηo = 61.11% ± 0.50%, where the latter measurement
was done with port 3 in Fig. 4(a) coupled to the output SMF2. In
terms of coupling losses in dB, this equates to Li = −10 × log(ηi)
= 2.57 ± 0.01 dB and Lo = −10 × log(ηo) = 2.14 ± 0.04 dB. Similarly,
for the 1-to-30 beam splitter, we measured ηi = 66.40% ± 0.12%
(Li = 1.78 ± 0.01 dB), and using output port 9 in Fig. 4, we obtained
ηo = 66.33% ± 0.19% (Lo = 1.78 ± 0.01 dB).

Assuming that the output coupling efficiencies of the cho-
sen ports are representative of all output ports for each beam
splitter, we can estimate the total beam splitter efficiencies as
ηtot = ηiηo = 34.18% ± 0.29% and 44.04% ± 0.15% for the 1-to-9
and 1-to-30 beam splitters, respectively. This equates to inser-
tion losses of IL = −10 × log(ηiηo) = Lin + Lout = 4.70 ± 0.04 dB and
3.55 ± 0.01 dB.

IV. CONCLUSION
We performed the first experimental study of the whisper-

ing gallery mode Talbot effect in standard step-index MMFs, after
its theoretical prediction already over 25 years ago.25 Our results
expand the azimuthal self-imaging to a new platform, making the
effect easily realizable with standard, off-the-shelf fibers. We further
demonstrate that the WGM Talbot effect can be used as a powerful
multiport beam splitter, especially competitive in high-order beam-
splitting, with the additional feature of becoming more compact the
larger the splitting ratio for a given fiber. Although we achieved
competitive values in terms of uniformity and efficiency, both can
certainly be improved with a more elaborate assembly and alignment
or ultimately in an entirely integrated setting with no free-space
optical elements.

In an applied setting, the question arises of how to best realize
the coupling between large numbers of input and output channels
and different ports of the beam splitter, keeping in mind the require-
ment of the azimuthal incidence angle. Possibly, the different input
and output channels could be simply realized as arrays of angled
single-mode fibers. Alternatively, an array of single-mode fibers par-
allel to the optical axis (multicore fiber) could be used, with an
additional phase element, e.g., a high-order vortex phase plate, to
shift the mean OAM of all input and output beams.

With its performance and ease of application, the whispering
gallery Talbot effect could find much use as a multiport beam split-
ter in classical and quantum photonic networks.21,22 The effect can
further be used to realize a theoretically crosstalk-free OAM sorting
scheme,17 useful in OAM (de)multiplexing of telecommunication
channels23 and to access the infinite-dimensional OAM state space
of photons for quantum information processing.24
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SUPPLEMENTARY MATERIAL

The supplementary material contains a simple mathemati-
cal description of azimuthal Talbot self-imaging, a demonstration
of the OAM dependence of the Talbot self-imaging length with
WGMs, a calculation of optimal parameters of Gaussian beams for
coupling to WGMs, and the error of the weakly guiding approx-
imation on the propagation constants of the whispering gallery
modes.
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