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Talbot self-imaging and two-photon interference in ring-core fibers
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Wave propagation on the surface of cylinders exhibits interferometric self-imaging, much like the Talbot
effect in the near-field diffraction at periodic gratings. We report the experimental observation of the cylindrical
Talbot carpet in weakly guiding ring-core fibers for classical light fields. We further show that the ring-core
fiber acts as a higher-order optical beamsplitter for single photons, whose output can be controlled by the
relative phase between the input light fields. By also demonstrating high-quality two-photon interference between
indistinguishable photons sent into the ring-core fiber, our findings open the door to applications in optical
telecommunications as a compact beam multiplexer as well as in quantum information processing tasks as a
scalable realization of a linear optical network.
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I. INTRODUCTION

Near-field self-imaging of waves behind periodic grating
masks, dubbed the Talbot effect [1], is a fundamental in-
terference phenomenon with interesting relations to physics
and math [2]. It enables lens-free focusing, demonstrated
for photons [3–6], electrons [7], atoms [8,9], and even large
molecules [10,11]. In addition, similar self-imaging effects
have been described for light propagating in planar multi-
mode waveguide structures in both, classical optics [12] as
well as quantum optics domain [13,14]. Remarkably, this
self-imaging maps onto the propagation of waves on cylin-
drical surfaces, where the periodicity of the angle coordinate
replaces the periodic grating and where fractional Talbot
revivals appear as spatially separated superpositions of the
impinging wave packet [15–17].

Wave self-imaging on cylinders is caused by the discrete-
ness of their angular momentum due to the angular periodicity
of the surface [18]. This discreteness causes an arbitrary initial
wave packet to recur at the impact angle at integer multiples
of a characteristic revival length. The revival length is deter-
mined solely by the cylinder radius and the longitudinal wave
number. While the wave packet remains almost uniformly
dispersed between these revivals, it recurs in superpositions of
localized states at fractions of the revival length. The period-
icity of the surface thus acts as a linear optical element, which
enables multiport beam splitting, e.g., useful in quantum pho-
tonics applications [19]. Additionally, it can be applied to
interferometry tasks as proposed for atomic matter waves in
torus traps [20]. Self-imaging on cylinders is further closely
related to the orientational quantum revivals of molecular
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rotation states [21–23], with prospects for macroscopic tests
of the quantum superposition principle [24].

In this article, we report the self-imaging of single photons
in thin ring-core fibers. These fibers support nearly transverse
orbital angular momentum modes [17,25], which acquire an
angular momentum-dependent phase while traveling along
the fiber. At the revival length, all these phases coalesce,
giving rise to the characteristic Talbot carpet. However, in
contrast to the more common Talbot self-imaging effect in a
planar geometry [1,3–6,12–14], the intensity carpet is rolled
on the cylinder surface. By reconstructing the carpet, we
verify that the used fibers act as high-fidelity linear optical
elements generating superpositions of orbital angular momen-
tum modes. We demonstrate that such fibers can be used to
create twofold and threefold superpositions of the incoming
light field at fractions of the characteristic revival length. Im-
portantly, the interference pattern at the end of the fiber can be
coherently controlled with additional input light fields. More-
over, we observe that the fiber can create quantum coherent
superpositions of single-photon states and that illuminating
it with two indistinguishable photons yields the characteris-
tic Hong-Ou-Mandel (HOM) interference [26]. Our results
demonstrate that ring-core fibers can act as compact multi-
plexers and de-multiplexers for optical telecommunications.
Moreover, this work opens the door for using Talbot ring-
core fibers as scalable higher-order beamsplitters in compact
quantum optical networks.

II. SELF-IMAGING IN RING-CORE FIBERS

The experimental setup to study the self-imaging effect
is sketched in Fig. 1(a). The ring-core fiber is placed on a
flat metal plate. A laser with frequency ω is focused onto
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FIG. 1. Sketch of the experimental setup to study the cylindrical Talbot effect. (a) A frequency-tunable laser beam is enlarged by two
lenses, modulated by a spatial light modulator (SLM), radially polarized by an S waveplate (SWP) [27], and focused into the ring-core fiber
using a microscope objective. The output facet of the fiber is imaged using another microscope objective and a CMOS camera. The inset
shows a simulated image at one-tenth Talbot length zT/10. (b) Simulated intensity distribution of light propagating in a ring-core fiber, i.e., the
cylindrical Talbot carpet, with a single Gaussian input spot. The intensity is recorded at the central radius of the ring core, and normalized for
each simulation step.

an approximately Gaussian spot at the input facet of the fiber
ring. The light propagates along the fiber and is detected with
a camera after leaving the fiber. We use custom-fabricated
ring-core fibers with an inner diameter of 2R = 54.7 μm and
a ring width of w = 2.15 μm. The fabrication of the fibers
is done by a standard, multistep process described in more
detail in Appendix A. The ratio of the ring diameter along the
two transverse axes differs from unity for a perfect circular
shape by less than 1%. The cladding material of the fiber is
pure silica glass with a refractive index of no = 1.454 for a
wavelength of 780 nm [28], and the refractive index in the
ring core is ni = 1.467; see also Appendix A.

The small difference between the refractive indices im-
plies �n/no � 9 × 10−3 � 1, so that the light propagation
in the ring is well described by Maxwell’s equations in the
weak-guiding approximation [29]. In this regime, the propa-
gating modes in the fiber are linearly polarized LPp� modes
characterized by a radial mode index p � 0 and the or-
bital angular momentum index � ∈ Z [30,31]. For small ring
widths, w/R � 1, only the lowest radial modes contribute
to the dynamics and the longitudinal propagation constant
β � k − �2/2kR2 depends quadratically on the angular mo-
mentum �, where k = ωni/c is the wave vector in the ring.
The resulting wave amplitude at distance z and angle ϕ on
the cylinder surface follows from the wave equation in the
paraxial approximation as

ψ (ϕ, z) =
∑
�∈Z

ψ� ei�ϕ exp

(
ikz − i

z�2

2kR2

)
, (1)

where ψ� are the Fourier components of the field at the
fiber input port z = 0. For a more detailed calculation see
Appendix B.

The light field (1) exhibits self-imaging at the opposite
side of the cylinder if the longitudinal position is an integer
multiple of the Talbot length,

zT = 2πkR2, (2)

and all phases coalesce so that ψ (zT, ϕ) = ψ (0, ϕ + π ), as
shown in Fig. 1(b). In addition, at fractions of the Talbot
length, the initial wave packet reappears in a balanced super-
position at different angles. For instance, at one-half and at

one-third Talbot length the wave reappears in a superposition
of two and three localized wave packets, respectively.

III. COHERENT CONTROL OF THE TALBOT CARPET

Using standard cleaving techniques, we cut the ring-core
fiber into multiple pieces with a precision of around 0.5 mm.
The fiber pieces match a full, half, and third Talbot lengths,
which corresponds to lengths of 6.00 cm, 3.00 cm, and
2.00 cm, respectively, for the chosen vacuum wavelength
of 780 nm. The experimental setup is sketched in Fig. 1(a)
and described in more detail in Appendix C. Light fields
launched into these fibers at single input positions revive at
single, two, and three output positions, respectively, as shown
in Figs. 2(a)–2(c) in the upper row. The experimental data
is also compared with numerical simulations of the scalar
field dynamics in the weak-guiding approximation using the
split-step propagation method [32]. In the simulations, light
with a transverse Gaussian beam profile and a beam waist of
w0 = 1.5 μm is launched into a ring core with dimensions
matching the experimental specifications. The propagation is
simulated with propagation steps of 0.1 μm and absorbing
boundaries to account for losses. The experimental data shows
excellent agreement with the simulations [see Figs. 2(a)–2(c)],
demonstrating that ring-core fibers can act as higher-order
beamsplitters with high fidelity.

Resolving the revivals of the input field requires cleaving
the fiber with a precision exceeding what standard cleaving
techniques allow. In order to circumvent this limitation, we
utilize the wavelength dependence of the Talbot length [see
Eq. (2)], and tune the wavelength of the laser to match the
desired fractions of the Talbot length exactly to the lengths of
the fibers. Moreover, by using this wavelength dependence, it
is possible to map the carpet in the vicinity of the full, half, and
third revivals. As can be seen in Figs. 2(d)–2(f), the obtained
patterns closely follow the distinct patterns obtained in simu-
lations of light propagating through the fiber. The self-imaging
effect is perfectly visible with only slight degradation for the
different fractional Talbot lengths. The degradations result
from accumulated imperfections after long distances and a
small ellipticity of the ring-core fiber. Simulations of an ellip-
tical fiber supporting this claim can be found in Appendix D.
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FIG. 2. Experimental and simulated intensity distributions of
output light fields for different fractional Talbot lengths of the
ring-core fiber and a single Gaussian spot as the input field. (a)–
(c) Intensity distributions at the output facet (depicted by thin teal
lines) for fiber lengths of zT (a), zT/2 (b), and zT/3 (c), recorded
with a camera (upper row) and simulated (lower row). (d)–(f) Parts
of the cylindrical Talbot carpet around zT (d), zT/2 (e), and zT/3 (f),
generated from camera images while scanning the wavelength (upper
row) and simulations (lower row).

We note that the strong length dependence of the Talbot effect
might be exploited for high-precision length measurements of
ring-core fibers well beyond that of a physical ruler.

To demonstrate the coherence of the generated superposi-
tions at the half and third Talbot length, we shape the input
field to consist of multiple input spots with well-controlled
relative phases using a spatial light modulator (SLM) [33], and

observe their interference at the fiber output (see Fig. 3). In
addition, we verify that the output pattern appears independent
of the angular input position by averaging the angle-corrected
output light fields over 60 evenly distributed angular input
positions. The obtained patterns are shown in Appendix D.

In the case of two inputs, we illuminate the ring core
with two Gaussian spots on opposite sides of the ring with
a variable relative phase thereby demonstrating that the self-
imaging phenomenon can be used as a two-input two-output
coupler similar to a standard beamsplitter. For a relative phase
of π/2, the two input light fields constructively interfere in
the fiber, such that at the output facet light only appears at
a single angular region equal to one of the input positions
[see Fig. 3(a)]. Furthermore, by varying the relative phase
of the two input spots, the interference can be continuously
tuned from constructive to destructive at both of the two
possible output spots. This is demonstrated in Figs. 3(b) and
3(c), presenting two distinct examples of no interference (two
output spots) and constructive interference on opposite sides,
respectively.

The tunability of the Talbot interference with a relative
phase between several inputs can be used to determine and
compensate for an overall tilt of the fiber with respect to
the beam axis. Compensation of this tilt enables us to si-
multaneously implement multiple beamsplitters using a single
ring-core fiber. Here, each beamsplitter corresponds to the
input-output regions along a certain transverse axis and can be
independently addressed. In Figs. 3(d) and 3(e), we show two
examples of three simultaneous beamsplitters that are config-
ured to perform a beamsplitting [Fig. 3(d)] and combining
[Fig. 3(e)], respectively.

The fractional Talbot revivals can also be used as higher-
order beamsplitters when the fiber lengths match smaller
fractions of the Talbot length. For a fiber of one-third Talbot
length, the Talbot effect corresponds to a so-called tritter op-
eration [34]. When sending three coherent input light fields at
equally spaced positions with a specific phase relation into the
ring core, they interfere into a single output beam as shown in
Fig. 3(f).

IV. SINGLE- AND TWO-PHOTON INTERFERENCE

Finally, we show that the cylindrical Talbot effect imple-
ments a quantum coherent beamsplitter for single photons.
In order to demonstrate this, we measure single-photon in-
terference using heralded single photons and two-photon
interference using degenerate photon pairs (see Appendix C

FIG. 3. Experimental intensity distributions of the output fields of ring-core fibers with multiple Gaussian input spots with varying relative
phases. The input light fields are described by the insets, where the colors denote relative phases of 0 (blue), π/2 (red), and 2π/3 (green).
(a)–(e) Output fields at half Talbot length, demonstrating a tunable two-input two-output coupler (a)–(c), and three simultaneous beamsplitters
(d) and beam combiners (e). (f) Output field at one-third Talbot length showing a tritter used as a beam combiner with three input spots.
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FIG. 4. Cylindrical Talbot effect using single photons. (a) An-
gular distribution of heralded single photons of the output of a half
Talbot length fiber with a single Gaussian input spot, measured over
20 s for each angular position. (b) Interference fringe pattern gener-
ated by overlapping the two spots of the output light field described
in (a), captured using unheralded photons from the single-photon
source and a high-sensitivity camera. The two parallel dotted lines
show the positions of the slit, which were used to determine the
visibility of the fringes to be around 96% using heralded single
photons. (c) HOM interference curve, generated by scanning the
temporal delay between two indistinguishable photons focused onto
opposite sides of the input facet of a half Talbot length fiber. The
coincident photon pairs are measured at each delay position for 3 s.
The error bars are standard errors calculated from 20 consecutive
repetitions of each measurement, and the dashed curve is a fit.

for more details), thus also showing that a broader band-
width of up to 3 nm does not hinder the implementation of
the complex self-imaging and interferences along the ring-
core fiber. This paves the way for future use of the effect
in quantum optics experiments. To this end, we focus the
heralded single photons onto a single spot on the ring core,
and propagate them through a fiber of half Talbot length. To
spatially resolve the resulting output pattern, we implement
an opaque mask, which is only transmittive for an angular
region of around 3 degrees. By scanning the mask over a
full rotation and detecting the transmitted photons using a
single-photon bucket detector, we obtain an output pattern
that nicely shows two output spots on opposing sides; see
Fig. 4(a). To show that the two outputs are quantum coherent,
we interfere the output photon using a lens with a focal dis-
tance of 300 mm leading to a distinct fringe pattern shown in
Fig. 4(b) in the focal plane. We place a narrow slit (≈25 μm)
in the global maximum and the neighboring minimum of the
generated interference pattern, as indicated in Fig. 4(b), and
record the transmitted photons using a bucket detector. We
observe high contrast interference fringes with a visibility
of 96(+3

−8)%.

In addition to verifying single-photon interference, we
measure two-photon interference using the fiber. To achieve
two-photon bunching, namely HOM interference [26], we
focus two indistinguishable photons onto opposite sides of
the input facet of a ring-core fiber, cut to half Talbot length.
We then vary their temporal distinguishability by delaying
one of the photons with an adjustable delay line. As can be
seen in Fig. 4(c), when the delay is set to zero, the photons
bunch and exit the fiber from the same position on the ring.
Consequently, the number of coincident photon detections
from opposite sides of the ring core decrease significantly.
From a fit to the measured data we calculate a visibility of
V = (Rcl − Rqu)/Rcl = 94 ± 1 % for the HOM curve, which
is well beyond the classical limit of 50%, and where the error
corresponds to the standard error. In the visibility, Rcl denotes
the classically expected rate without any bunching and Rqu is
the rate observed due to photon bunching. Hence, the observed
self-imaging effect in ring-core fibers can split photons into
spatially separated, coherent outputs while enabling multipho-
ton interference effects. As such, the Talbot effect might be
useful in the future for quantum photonic processing tasks,
e.g., as a compact scalable linear optical network [19].

V. CONCLUSIONS

In conclusion, the fractional Talbot effect in thin ring-core
fibers provides a promising platform for simple and scalable
realizations of quantum coherent higher-order input-output
couplers. The nontrivial topology of the waveguide replaces
the grating in the standard Talbot self-imaging, enabling
beamsplitting and interference with no diffractive elements.
It can be used as a convenient way to realize a multi-input
multi-output device, which scales favorably as it becomes
more compact for higher-order realizations. From simulations
we estimate that by using our system at least 40 distinct
input and output ports can be realized with a fiber length
of around 1.5 mm. In the quantum domain, the cylindrical
Talbot effect in ring-core fibers can serve as a tool to perform
quantum computation and simulation tasks, for example, as
a high-efficiency realization of multimode unitary manipula-
tions [19,35–38]. For both classical and quantum domains,
studying ways to tune the effect, e.g., through local heaters
acting as thermo-optic phase modulators [35], will be an im-
portant effort for future developments. Finally, as the effect is
sensitive to length and wavelength in a well-defined manner,
it might also find applications as a different type of sensor of
either.
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APPENDIX A: RING-CORE FIBER

1. Fabrication

The “mother” preform for the ring-core fiber was made
by the common modified chemical vapor deposition (MCVD)
method with depositing different doped silica layers on an
internal surface of a support silica tube. First layers with
GeO2 doping were made forming the ring-core region. After
this, several pure silica SiO2 layers were deposited forming a
protection cladding. To complete the mother preform the pure
silica rod was inserted into a support tube with deposited lay-
ers and this assembled structure was collapsed in a solid rod
preform at a very high temperature of around 2000◦ Celsius.
Finally this preform was drawn into a fiber with the required
diameter and a polymer acrylate coating was applied to protect
the fiber surface.

2. Characterization

To inspect the fabricated ring-core fiber, we image the end
facets of cleaved fiber pieces using 20×, 50×, and 100×
microscope objectives. An image of a fiber facet is shown in
Fig. 5(a). By averaging values obtained from eight images,
we obtain inner ring-core diameters of a = 55.14 μm and
b = 54.61 μm for the two major axes. Hence, the ring-core
fiber has an ellipticity e =

√
1 − (b/a)2 of around e ≈ 14%.

In Fig. 5(b), we show a sketch of the index profile of the fiber.
The relative refractive index distribution is measured before
drawing the fiber using a preform analyzer (Photon Kinetics,
P-101 preform analyzer). The cladding material is pure silica
glass with a refractive index of n0 = 1.454 for a wavelength of
780 nm [28], which, together with the relative refractive index

FIG. 5. Ring-core fiber. (a) Microscope image of the ring-core
fiber. (b) Sketch of the index profile of the utilized fiber (not to scale).

distribution gives the value ni = 1.467 as the refractive index
of the ring core.

APPENDIX B: CYLINDRICAL TALBOT EFFECT

The cylindrical Talbot effect follows from the scalar wave
equation in a cylindrical shell of radius R,(

∂2
z + 1

R2
∂2
ϕ − k2

)
ψ (ϕ, z) = 0. (B1)

Here, k is the wave number in the cylindrical shell, z is the
waveguide symmetry axis, and ϕ denotes the azimuthal angle.
In the paraxial regime of small transverse momentum, we set
ψ (ϕ, z, t ) � φ(ϕ, z)eikz. The term |∂2

z φ| � 2k|∂zφ| can then
be neglected, yielding

2ik∂zφ = − 1

R2
∂2
ϕφ. (B2)

This equation can be solved exactly by Fourier expanding the
angular coordinate in orbital angular momentum modes,

φ(ϕ, z) =
∑
m∈Z

ψmeimϕ exp

(
−i

zm2

2kR2

)
, (B3)

where ψm are the Fourier coefficients of the incoming trans-
verse wave amplitude φ0(ϕ) = φ(ϕ, z = 0).

The scalar wave (B3) is periodic in z with period 2zT,
where zT = 2πkR2 is the cylindrical Talbot length. Between
z = 0 and z = zT , Eq. (1) describes the Talbot carpet wrapped
around the cylinder.

Specifically, at the Talbot length, the impinging wave
packet reappears at the opposite side of the ring,

φ(ϕ, zT) = φ0(ϕ + π ), (B4a)

while the incoming wave appears in a superposition of shifted
copies at fractions of the Talbot length, e.g.,

φ(ϕ, zT/2) = e−iπ/4

√
2

[φ0(ϕ) + iφ0(ϕ + π )], (B4b)

φ(ϕ, zT/3) = 1√
3

[e−iπ/6φ0(ϕ + π/3) + iφ0(ϕ + π )

+ e−iπ/6φ0(ϕ + 5π/3)], (B4c)

and

φ(ϕ, 2zT/3) = 1√
3

[eiπ/6φ0(ϕ + 2π/3) − iφ0(ϕ)

+ eiπ/6φ0(ϕ + 4π/3)]. (B4d)

APPENDIX C: EXPERIMENTAL SETUP

1. Setup

The setup depicted in Fig. 1(b) of the main text enables the
flexible shaping of the input light field and the observation of
the self-imaging effect at the output of the ring-core fiber. At
first, the beam from a tunable single-frequency laser (Toptica,
DL pro, <1 MHz linewidth) is enlarged and illuminates the
screen of a spatial light modulator (SLM, Holoeye Pluto,
1920 × 1080 pixels) in a nearly uniform way, i.e., an ap-
proximate plane-wave light field. Using amplitude and phase
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modulation techniques implemented by computer-generated
holograms [33], the required light field at the desired position
is carved out of the plane wave. Although being lossy, this
technique enables easy adjustments of the angular position of
the input light as well as the launching of more complex input
light fields into the fiber by simply reprogramming the dis-
played hologram. As the effect of self-imaging works better
for a radially polarized light field (see comparison in Fig. 8),
an S waveplate [27] is placed in the beam path before the
fiber. The S waveplate can be seen as a half waveplate with an
azimuthally varying optical axis, such that the uniform linear
polarization of the light required by the SLM is transformed
to be radially polarized. Using a lens system (not shown
in Fig. 1 of the main text) and a microscope objective, the
modulated light field is demagnified and reimaged onto the
input facet of the ring-core fiber such that it illuminates one
(or multiple) angular position with a Gaussian spot size of
around ω0 = 1.5 μm. The respective fiber piece is placed on
a flat metal plate. In order to minimize the stress induced by
clamping or a possible bending of the fiber, no external holder
is used to keep the fiber in place. After the light is transmitted
through the fiber, the output facet of the fiber is magnified
and imaged using a second microscope objective such that the
obtained pattern can be recorded with a CMOS camera (ZWO
ASI120MM Mini).

2. Heralded single-photon source

To verify that the Talbot effect in ring-core geometries also
works for single photons, we use a heralded single-photon
source based on the nonlinear optical process of spontaneous
parametric down-conversion. Using a nonlinear crystal (30-
mm length, ppKTP crystal, type 0) and a single frequency
pump laser (523.7-nm wavelength), we generate photon pairs
with a heralding photon with a wavelength of around 1585 nm
detected by a single-photon nanowire detector and a signal
photon at 782 nm detected by a single-photon avalanche
photodiode (Laser Components COUNT T). The heralding
photons are then correlated with the heralding photons using
a time tagger (IDS ID900). With a pump power of 13 mW
we obtain around 50-kHz heralding events after coupling both
photons into single-mode fibers, and, as a quality measure,
a g(2)(0) value of 0.24 ± 0.03 [39]. When recording the
unheralded photons that propagate through the ring-core fiber
as displayed in Fig. 4(b) of the main text, we use a high-
efficiency CMOS camera (ZWO ASI1600 Pro).

3. Degenerate photon pair source

In order to measure two-photon interference, we use a
two-photon source producing degenerate photon pairs. We
achieve this, again, through spontaneous parametric down-
conversion by pumping a 12-mm long, type 0 ppKTP crystal
with a continuous wave laser with a wavelength of 405 nm.
The free-space power of the pump laser is 134 mW with a
linewidth below 110 GHz. The down-converted photons are
filtered through a 3-nm bandpass filter, with a center wave-
length of 810 nm. The degenerate photon pair is then split by
using its momentum correlation and coupled to single-mode
fibers (SMFs), effectively filtering each photon to a single

FIG. 6. Study of an elliptical ring-core fiber. The intensity car-
pets shown correspond to ring-core fibers of a full (a), half (b), and
third (c) Talbot length. The upper row shows a simulation for a fiber
with an ellipticity similar to the ellipticity measured for the fibers
used in the experiments. The middle row shows the experimentally
obtained carpet. In the lower row, the simulations for a perfectly
circular ring core are shown.

transverse-spatial mode. Before coupling the photons into
SMFs, one of the photons goes through a delay line which
is implemented by placing two mirrors onto a computer-
controlled translation stage. This stage is then moved to make
the photon pair temporally indistinguishable in the ring-core
fiber. From this photon source, we get roughly 2.7 MHz
of accidental-corrected photon pairs coupled into the SMFs.
Right after the source, the visibility of the two-photon inter-
ference is V = 97.0 ± 0.1 % in a fiber beamsplitter (Thorlabs
TW805R5F2). The errors are standard errors calculated from
a fit to the two-photon interference data [38]. After passing
through the ring-core fiber, the photon pairs are detected using
two single-photon avalanche photodiodes (Laser Components
COUNT T) and a time tagger (IDS ID900).

APPENDIX D: ADDITIONAL MEASUREMENTS
AND SIMULATIONS

1. Effect of ellipticity of the ring-core fiber

As determined from microscope images of the cleaved
fiber pieces, the ring core of the utilized fibers have a slight
ellipticity of around 14%. To observe the effects of the ellip-
ticity of the ring core, we simulate the propagation through
such a deformed ring-core fiber and record the Talbot carpet.
The simulated results for the elliptical fiber shown in the upper
row of Fig. 6 exhibit slight deformations compared to the
results obtained for a perfectly circular ring core. However,
the experimental results obtained by scanning the wave-
length and recording the output intensities also exhibit similar
deformations, matching better to the simulations using the
elliptical fiber rather than a perfectly circular one. For compar-
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FIG. 7. Output intensity patterns using a single input light field.
The intensities shown correspond to ring-core fibers of a full (a),
half (b), and third (c) Talbot length. The upper row shows the angle-
corrected averaged intensity for 60 different angular input positions
of the light field shaped by a spatial light modulator. The middle row
shows the output intensity when the input is an (unmodulated) tightly
focused Gaussian beam launched into the bottom of the ring-core
fiber. The lower row corresponds to the simulated intensities.

ison, we display the experimental data and simulations with a
perfectly circular ring core in the main text in Figs. 2(d)–2(f),
and also in Fig. 6 in the lower two rows.

2. Single input light fields

In the main text, we show the results obtained by illuminat-
ing the ring-core fibers of three different lengths with a single
input spot using a microscope objective and compare the ob-
tained output patterns with the ones obtained in simulations.
The results are shown in the main text in Figs. 2(a)–2(c) and
in Fig. 7 in the lower two rows. In contrast, here we perform
the same measurements, but using a spatial light modulator
(SLM) to shape an enlarged Gaussian beam (as shown in
the setup in Fig. 1 in the main text) using holographic am-
plitude and phase modulation [33]. By reprogramming the
holographic modulation we launch the light into the ring-core
fiber at 60 different angular input positions to test that a

FIG. 8. Effect of the input polarization on the output intensity.
The angle-corrected averaged intensities for 60 different angular
input positions of the light field for a fiber of half Talbot length with
different input light field polarizations. The output intensity obtained
using a linearly (a) and radially (b) polarized input light field.

similar pattern appears independent of the exact angular po-
sition. The average overall output pattern is shown in the top
row of Fig. 7. The expected output is still perfectly visible,
which nicely demonstrates the rotational symmetry of the
system. The quality of the output fields with an input light
field modulated by an SLM are slightly degraded compared to
the case where the laser is directly focused on the ring core,
omitting the SLM. We attribute this to small imperfections in
the holographic modulation scheme used in combination with
the SLM screen, which also introduces slight distortions to the
modulated light field.

3. Different polarizations of the input light field

The cylindrical self-imaging in a weakly guiding ring-core
fiber requires a radially polarized input light field. For this
reason, we use an S waveplate in the experiment, which en-
sures a radial polarization for all angular input positions. To
demonstrate the effect of the polarization on the self-imaging,
we perform measurements using a fiber of half Talbot length
and a single Gaussian spot on the input facet of the fiber
resulting in two output spots. The measurement is done for
linearly and radially polarized light fields, and 60 evenly
distributed angular input positions. In Fig. 8(a), we show
the angle-corrected average intensity over all input positions
for a linearly polarized light field (here vertically polarized),
and similarly for a radially polarized light field in Fig. 8(b).
Although the expected pattern is visible in both cases, the
self-imaging quality is clearly enhanced when using radially
polarized light fields.
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