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ABSTRACT
Surface phonon polaritons (SPhPs) enable nanoscale manipulation of mid‐infrared light via deeply subwavelength topological 
vector textures, such as skyrmions. Achieving dynamic, real‐time control over these topological features remains challenging. 
Here, we theoretically propose and numerically demonstrate an actively tunable platform on a silicon carbide membrane that 
creates lattices of diverse topological textures, including skyrmions, merons, and skyrmion bags. By exploiting the sublinear 
SPhP dispersion, we dynamically adjust the excitation wavelength to tune the topological character of these lattices. This en
ables tunability between bubble‐type and Néel‐type configurations, controlling field confinement and topology for topological 
textures in the electric field and the spin angular momentum. Furthermore, we identify a novel singularity‐type meron arising 
from the interplay of electric and magnetic spin components. This texture exhibits topological charge conservation in moiré 
superlattices and a spatially confined spin reversal with tunable lateral sizes as low as λSPhP/29 and skyrmion number density 
confinements as low as λSPhP/64. These findings provide a versatile framework for on‐chip, reconfigurable topological photonic 
devices with potential applications in high‐resolution imaging and precision metrology in the mid‐infrared. The results can be 
readily extended to other topological systems, where similar dispersion relations hold.

1 | Introduction

The field of topological photonics has emerged as a powerful 
new paradigm for controlling light, offering pathways to robust 
information encoding and novel optical phenomena protected 
from scattering and disorder [1–6]. Within this field, polaritonic 
systems—hybrid light–matter excitations—are exceptional 
candidates for realizing topological states at the nanoscale 
[7–11]. Although, so far, most work has been focused on surface 
plasmon polaritons, surface phonon polaritons (SPhPs)—which 
arise from the coupling of photons to optical phonons in polar 
dielectrics such as SiC—are also particularly promising for mid‐ 
infrared applications due to their deep subwavelength confine
ment and comparatively long lifetimes [12–22].

Although many topological systems are passive, with their 
properties fixed during fabrication, a key goal is the develop
ment of active platforms where topological states can be 
controlled or reconfigured in real time [23, 24]. Here, we present 
a theoretical and numerical demonstration of a versatile plat
form for creating and actively tuning a wide variety of topo
logical lattices using SPhPs on a SiC membrane and incident 
wavelength tuning.

Our approach relies on the interference of SPhPs launched from 
precisely engineered coupling structures. Crucially, we leverage 
the pronounced sublinear dispersion of SPhPs within their 
Reststrahlen band—that is, the SPhP wave vector increases less 
than linearly with the excitation frequency. This property allows 
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us to dramatically alter the SPhP wave vector and field 
confinement by simply tuning the excitation wavenumber be
tween 800 cm−1 and 920 cm−1 [13, 14]. This active tuning, in 
turn, enables us to directly control the fundamental character of 
the resulting topological textures.

Using this mechanism, we create topological lattices of sky
rmions [7, 11, 25–27], merons [28–32], and skyrmion bags 
[33, 34]. Skyrmions and merons are localized, particle‐like vector 
field textures with an integer and a half‐integer skyrmion number 
(or topological charge), respectively. When arranged periodically, 
these textures form topological lattices. We investigate these 
lattices formed in both the SPhP electric field E and the SPhP spin 
angular momentum (SAM) S and study how their topology 
evolves as the excitation wavelength is tuned. In both the electric 
field and the SAM, we observe a transition from bubble‐type to 
Néel‐type topological textures [7], a phenomenon recently veri
fied experimentally for SPhP electric field skyrmions [35]. 
Furthermore, by decomposing the SPhP spin, we identify a novel 
topological texture—the “singularity‐type” meron—which arises 
from the unique, frequency‐dependent interplay of the electric 
and magnetic spin contributions. The lateral confinement of this 
meron can be tuned via the excitation wavenumber. Notably, the 
full width at half maximum (FWHM) of the out‐of‐plane to in‐ 
plane spin reversal can be scaled down to λSPhP/29, and the 
FWHM of the skyrmion density can be scaled down to λSPhP/64. 
The singularity‐type meron also exhibits conservation of its to
pological charge in moiré superlattices, achieved by multimeron 
recombination effects. This work provides a theoretical frame
work for actively reconfigurable topological phonon polaritonic 
devices operating in the mid‐IR, with potential applications such 
as high‐resolution imaging and precision metrology [8, 36, 37].

1.1 | Topological Surface Phonon Polaritonic 
Lattices

Surface phonon polaritons can be excited using coupling 
structures on a submicron‐thick SiC membrane, as illustrated in 
Figure 1a. The coupling structures are illuminated with either 
circularly [27] or radially [38] polarized light. In the thin 
membrane geometry, excitation at normal incidence from below 
and scanning with an SNOM tip from above is a convenient 
possibility [13, 14, 35, 39]. For topological lattices in the SAM, 
circular polarization is advisable, as it introduces a relative 
phase shift between SPhP waves launched from differently 
oriented boundaries. This phase shift enables the formation of 
electric‐field vortices and, therefore, topological lattices in the 
SAM when using polygonal boundaries. For topological lattices 
in the electric field, either radially polarized light must be used 
in combination with polygonal boundaries or, as employed here, 
the phase shift from circularly polarized illumination must be 
compensated by shifting the boundaries akin to an Archime
dean spiral, ensuring constructive interference at the center. 
The shift of the boundaries of the coupling structures is wave
length dependent, requiring a specific coupling structure for 
each wavelength. The openings of the spiral‐like coupling 
structures are indicated by red circles in Figure 1c–f. Alterna
tively, SPhPs can be launched by replacing the coupling struc
tures with high‐NA structured light illumination [40].

Regardless of the excitation technique, the SPhP wave vector 
depends strongly on the excitation wavenumber, as illustrated 
in Figure 1b, where the excitation wavenumber is plotted 
against the SPhP wave vector for different SiC membrane 
thicknesses. We are, here, focusing on the odd SPhP mode [13], 
calculated with the dielectric function of 3C‐SiC [41]. SPhPs are 
supported at wavenumbers within the Reststrahlen band, 
ranging from 792 cm−1 to 972 cm−1. At the lower end of this 
range, the SPhP wave vector is close to the light line (indicated 
in black), but due to sublinear dispersion, the wave vector can 
increase by over an order of magnitude as the excitation 
wavenumber is increased to 920 cm−1.

Although this sublinearity is more pronounced for thinner 
membranes, the propagation length decreases for thinner 
membranes and lower excitation wavenumbers. In the 
following, we thus assume a membrane thickness of 200 nm, as 
in previous experiments [13, 14, 35], which provides a suffi
ciently long SPhP propagation length L > 10λSPhP for wave
numbers between 800 and 920 cm−1. Accordingly, we will focus 
on this wavenumber interval and set the radii of the coupling 
structures to 10λSPhP in our simulations.

Once launched, the SPhP waves propagate toward the center and 
interfere, creating lattices of diverse topological textures. The 
specific topological lattice is determined by the SPhP k‐vectors 
and their relative phases. Several examples, which will be dis
cussed in the following work, are illustrated in Figure 1c–l. In 
each subfigure, the left panel illustrates the SPhP wave distri
bution in k‐space, the center panel displays the coupling struc
tures, and the right panel depicts the calculated out‐of‐plane field 
component of the resulting topological lattice. The field distri
butions are calculated using Huygens‐type simulations (see the 
Methods section for details), where right circularly polarized 
illumination is assumed. Lattices in Figure 1c–f are formed in the 
electric field E, whereas those in Figure 1g–l are formed in the 
SPhP SAM S, which is defined as follows:

S =
Im(eE∗ × E + μH∗ × H)

2ω
, (1)

with the SPhP electric and magnetic fields E and H, the electric 
permittivity e, the magnetic permeability μ, and the angular 
oscillation frequency ω. In both field types, hexagonal coupling 
structures (c, i) create hexagonal skyrmion lattices, and 
quadratic coupling structures create quadratic meron lattices. 
Notably, the lattice constant is smaller for the SAM lattices. A 
triangular coupling structure (g) also produces a spin meron 
lattice.

Moreover, moiré superlattices can be formed by any of these 
basic lattices by superimposing a second, identical set of plane 
waves with a rotation by a moiré twist angle φ. Using this 
concept, moiré skyrmion (e, l) and meron (f, j, k) superlattices 
are created in the electric field (e, f) and SAM (j–l). Of special 
interest are moiré skyrmion superlattices, which harbor sky
rmion bags. These consist of a cluster of N skyrmions, which are 
surrounded by another skyrmion with an opposite skyrmion 
number of −1 [33, 42, 43]. The number of skyrmions in the bag 
can be set using the twist angle and the center of rotation 
[33, 44].
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FIGURE 1 | Surface phonon polaritonic topological lattices. (a) Illustration of a SiC membrane with coupling structures. (b) Free‐space 
wavenumber of the excitation as a function of the in‐plane SPhP wave vector kSPhP and the SPhP propagation length L for membrane 
thicknesses of 50, 200, and 1000 nm. (c–l) Fourier decomposition (left), coupling structure (center), and calculated out‐of‐plane vector 
components of the topological lattices, which are created by excitation of the coupling structures with circularly polarized light at 
800 cm−1. The topological lattices of Panels (c–f) exist in the SPhP electric field, whereas the topological lattices of Panels (f–l) exist in 
the SPhP spin angular momentum.
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We analyze the local topology of the topological lattices using 
the skyrmion number density:

ρsk =
1

4π
n̂ · (

∂n̂
∂x

×
∂n̂
∂y

), (2)

where n̂ = F(r, t)/‖F(r, t)‖ is the normalized unit vector of the 
relevant field (e.g., F = E for electric field or F = S for SAM 
lattices). The skyrmion number, or topological charge, is defined 
as Nsk = ∫

σ
ρsk dxdy, where σ is the local region in which the 

topology is examined.

In electric field skyrmion lattices, each unit cell consists of a 
skyrmion with Nsk = 1. SAM skyrmion lattices can be decom
posed into two distinct hexagonal lattices of skyrmions. Meron 
lattices form a checkerboard lattice for C4 symmetry (Figure 1d,h) 
or a honeycomb lattice for C3 symmetry (Figure 1g), where two 
merons of opposite topological charges Nsk = ± 1/2 form the two‐ 
element basis of the unit cells. Skyrmion bags, by contrast, are 

found in the center of the moiré supercells and do not themselves 
tessellate the entire 2D plane.

1.2 | Tuning of Topological Properties in the 
Electric Field

Figure 2 analyzes the effect of dispersion tuning on electric‐field 
skyrmions, skyrmion bags, and merons. As the excitation 
wavenumber is tuned from 800 to 920 cm−1, not only does the 
SPhP wavelength change, but also so does its confinement of the 
surface wave. As a result, at 800 cm−1, the out‐of‐plane com
ponents Ez are much stronger relative to the in‐plane field 
components Ex,y than at 920 cm−1, where their amplitudes are 
relatively equal.

This tuning directly impacts the visual appearance of the topo
logical textures. More specifically, at 800 cm−1, the field is pre
dominantly out of plane, leading to highly localized slanting of 

FIGURE 2 | Dispersion tuning of electric field (a) skyrmions, (b,c) skyrmion bags, and (d) merons from bubble to Néel types. The two left columns 
depict the topological vector textures at an excitation wavenumber of 800 cm−1, where they have a bubble‐type appearance in the electric field and 
skyrmion density. In the two center columns, the vector textures are depicted at 830 cm−1 in an intermediate state, whereas in the two right columns, 
they are depicted at 900 cm−1, where they have a Néel‐type appearance in the electric field and the skyrmion density. The electric field is visualized by 
setting the hue according to the in‐plane orientation of the electric field and the lightness according to the normalized out‐of‐plane electric field 
component.

4 of 10 Nanophotonics, 2026

 21928614, 2026, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/nap2.70015 by U

niversitatsbibliothek Stuttgart, W
iley O

nline L
ibrary on [20/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



the normalized field n̂ from normal to the surface to an in‐plane 
behavior. At 920 cm−1, the stronger Ex,y components cause this 
rotation to extend over a larger spatial region. This is evident as a 
ring of in‐plane components with a colorful appearance in the E‐ 
field color plots of Figure 2. In the skyrmion number density, the 
fast rotation of the field leads to a highly localized, high‐ 
amplitude “bubble”‐type shape. Conversely, at 920 cm−1, the 
extended in‐plane components and slower field rotation produce 
a more spread‐out skyrmion density that also includes regions of 
opposite sign.

In the case of electric‐field merons (Figure 2d), the C4 symmetry 
leads to rapid rotations of the electric field at the edges of the 
unit cells, resulting in large skyrmion densities in these regions 
and a deviation from the “bubble shape.” For clarity, we 
continue to use the term bubble type to denote topological 
textures with a dominant out‐of‐plane field component. The 
topological charges of these merons are difficult to calculate 
because the skyrmion density has large contributions at the 
integration boundaries outlining the unit cells [30, 31]. Addi
tionally, slight deviations of the field distributions lead to 
merged merons at the corners of the unit cells.

1.3 | Tuning of Topological Properties in the Spin 
Angular Momentum and Electric Field Spin

The effect of dispersion tuning on a triangular spin meron lat
tice is analyzed in Figure 3. The out‐of‐plane SAM distribution 
Sz is depicted in Figure 3a (left), with in‐plane components Sx,y 

indicated by arrows. As plotted in Figure 3b, the ratio of in‐ 
plane to out‐of‐plane SAM components follows the same trend 
as the electric field components. Consequently, bubble‐type 
merons (dominated by Sz) are observed at 800 cm−1, and 
Néel‐type merons (with equal amplitudes of Sx,y and Sz) are 
observed at 920 cm−1 (see Figure 3c).

However, this behavior changes if we consider only the electric 
field’s contribution to the SAM. The decomposition of spin 
angular momentum into its electric (SE = Im(eE∗ × E)/2ω) 
and magnetic (SH = Im(μH∗ × H)/2ω) components is illus
trated in Figure 3a. Given the transverse‐magnetic nature of 
SPhP evanescent waves, the magnetic field H is purely in plane, 
and its spin contribution SH purely out of plane.

The amplitudes of these out‐of‐plane spin components are 
plotted as a function of excitation wavenumber in Figure 3b. At 
800 cm−1, the electric field spin vanishes, Sz = SH

z , and at 
920 cm−1, the magnetic spin vanishes, hence S = SE. Therefore, 
at 920 cm−1, the electric field spin is identical to the full SAM 
lattice. At 800 cm−1, however, the situation is completely 
different. The normalized SE field exhibits very high‐amplitude 
in‐plane components, with only very localized regions of 
dominant out‐of‐plane components. As evident from Figure 3b, 
the out‐of‐plane field components approach zero near 800 cm−1, 
leading to a divergence of SE

x,y/SE
z . That is, the merons become 

laterally confined to singularity‐like structures, depicted in the 
second left panel in Figure 3d, which we term singularity‐type 
merons. The lateral sizes of these merons can be tuned by 

adjusting the excitation wavenumber, as illustrated in Figure 3d. 
The FWHM of the out‐of‐plane to in‐plane electric spin reversal 
can be reduced to λ/29 at 800 cm−1. Analogously, the skyrmion 
density is compressed to a FWHM lateral size of λSPhP/64.

1.4 | Theoretical Considerations

The tunability of the topological textures is caused by a tuning of 
the ratio between in‐plane and out‐of‐plane amplitudes, which 
are directly related to the SPhP dispersion and therefore to the SiC 
dielectric function. We start by examining an evanescent wave 
propagating in the direction r̂s in the x–y plane with in‐plane 
momentum kSPhP r̂s (see the Methods section for details). In air 
above the substrate, the wave decays exponentially in the z‐di

rection, following exp( − kzz) with kz =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

k2
SPhP − k2

0

√

, where k0 

is the propagation constant of the excitation laser. The electric 
field amplitude of this wave follows E ∝ (ikz r̂s − kSPhP ẑ) [7, 11, 
45]. In the case of linear dispersion, kSPhP would increase linearly 
with k0, keeping |kz|/|kSPhP| = |Ex,y|/|Ez

⃒
⃒ constant, whereas 

sublinear dispersion leads to an increase of these ratios at higher 
wavenumbers. This results in strong out‐of‐plane electric field 
components at 800 cm−1, where kSPhP≈k0 and thus 
|kz|/|kSPhP| = |Ex,y|/|Ez|≈1/16. In contrast, at 920 cm−1, 
kSPhP≈5.8k0 and thus kSPhP ≈ kz, leading to equal amplitudes of in‐ 
plane and out‐of‐plane electric field distributions for a single 
evanescent wave. In the case of interfering waves, a scaling factor 
is introduced that adjusts the amplitude ratio. In the specific case 
of Figure 3, this reduces the amplitude ratio to 

⃒
⃒Ex,y|/|Ez|≈0.7.

The amplitudes of the in‐plane spin components can be approx

imated by Sx = SE
x ∝ Im(E∗

y Ez) ∝ kSPhPkz and Sy = SE
y ∝ Im 

(E∗
z Ex) ∝ kSPhPkz, respectively. For the out‐of‐plane components, 

it follows that SE
z ∝ Im(E∗

x Ey) ∝ k2
z and SH

z ∝ Im( [( ∇ ×E∗) · x̂]
[ (∇ × E) · ŷ])/k2

0 ∝ k2
0. The corresponding amplitude ratios are 

calculated to be 
⃒
⃒Sx,y|/|Sz| = |kz|/|kSPhP

⃒
⃒ and 

⃒
⃒
⃒SE

x,y|/|S
E
z |∝ 

|kSPhP|/|kz

⃒
⃒
⃒. This results in the same amplitude ratio of 

⃒
⃒Sx,y|/|Sz

⃒
⃒

as for the electric field of a single propagating evanescent wave, 

but an inverse behavior of 
⃒
⃒
⃒SE

x,y|/|S
E
z

⃒
⃒
⃒, which diverges when the 

SPhP dispersion approaches the light line close to 800 cm−1.

1.5 | Topological Charge Conservation and 
Recombination Effects

In Figure 4, we further analyze the behavior of these novel 
singularity‐type merons within moiré superlattices. To analyze 
the entire SPhP interference region, we here assume infinitely 
long boundary lines, which enables the approximation of the 
SPhP wave as a plane wave (see Equation (8) in the Methods 
section for details). In Figure 4a–f, superlattices generated by 
superimposing two singularity‐type electric spin meron lattices 
are generated with relative twist angles φ. The twist angles are 
chosen to ensure that the moiré superlattice is periodic, with the 
corresponding super unit cells indicated by the black dashed 
lines.

Nanophotonics, 2026 5 of 10

 21928614, 2026, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/nap2.70015 by U

niversitatsbibliothek Stuttgart, W
iley O

nline L
ibrary on [20/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Notably, the skyrmion number (total topological charge) inside 
each supercell is always zero, indicating conservation of topo
logical charge within the superlattice, regardless of the twist 
angle. The superlattice becomes periodic by the commensura
bility of two twisted lattice vectors, resulting in overlapping 
lattice sites between the two superimposed lattice layers. 
Consequently, merons from one lattice interfere with those from 
the other, leading to interesting recombination effects of topo
logical charges, as demonstrated in Figure 4d during the 
twisting of the two sublattices. In this image sequence, two 

merons of opposite charge + 1/2 and − 1/2 annihilate each 
other (see dashed squares). Additionally, three merons with a 
total topological charge of Nsk = 1/2 + 2 × (− 1/2) = − 1/2 
merge into a single meron, which also has Nsk = − 1/2 (see 
dotted tilted rectangle). These topological charge recombination 
effects are the mechanism that ensures that the total skyrmion 
number remains Nsk = 0 in each supercell and, consequently, in 
the entire moiré superlattice. This behavior contrasts with moiré 
skyrmion superlattices, which form super unit cells with char
acteristic nontrivial skyrmion numbers [33].

FIGURE 3 | Dispersion tuning of electric spin merons from singularity to Néel types. (a) Decomposition of the SAM into electric field spin and 
magnetic field spin. Although the electric field spin consists of in‐plane and out‐of‐plane field components, the in‐plane component of the magnetic 
field spin vanishes. The color plot represents out‐of‐plane field components, and the vectors indicate in‐plane field components. (b) Amplitude ratios 
as a function of the excitation wavenumber. (c, d) The two left columns depict the topological vector textures at an excitation wavenumber of 
800 cm−1, where the SAM meron has a bubble‐type appearance and the electric field spin meron has a singularity‐type appearance. In the two 
center columns, the vector textures are depicted in an intermediate state at 830 cm−1, whereas in the two right columns, they are depicted at 
900 cm−1, where they have a Néel‐type appearance. The confinement of the out‐of‐plane electric field spin SE

z and the skyrmion density ρsk 

along the x‐axis (indicated by the two arrows in the upper‐left panel of (d)) is plotted in the lower images of (d), highlighting tunable 
confinements down to λSPhP/29 for the electric spin reversal and λSPhP/64 in the skyrmion density. The SAM S and the electric field spin 
SE are visualized by setting the hue according to the in‐plane orientation of the vector fields and the lightness according to the 
normalized out‐of‐plane component.
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2 | Discussion

In summary, we have theoretically demonstrated that SPhP‐ 
based systems provide a highly tunable platform for realizing 
complex topological lattices. By harnessing the strong dispersion 
of SPhPs on a SiC membrane, we have demonstrated that the 

SPhP wave vector and, most importantly, the ratio of in‐plane to 
out‐of‐plane field components can be actively controlled by the 
excitation frequency. This allows for the dynamic reconfigura
tion of topological textures, such as the demonstrated transition 
between bubble‐type and Néel‐type skyrmions, skyrmion bags, 
and merons.

FIGURE 4 | Recombination of topological charges in singularity‐type moiré meron superlattices in the electric field spin. (a–f) Singularity‐type 
moiré meron superlattices at different twist angles φ. These superlattices exist in the SPhP electric field spin. The black dashed lines 
indicate the boundary of the super unit cells. An integration of the skyrmion density in the super unit cells yields skyrmion numbers of 
Nsk = 0 in all super unit cells. (g) Zoom‐in of the area indicated by the red box in Panel (b). The skyrmion number density of this area 
is depicted at various twist angles around the twist angle of φ0 ≈ 13.2°, visualizing three recombination processes of singularity‐type 
merons within the areas indicated by the dashed lines. During these processes, the local topologies in the areas outlined by the dashed 
and dotted lines remain constant.
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We explored the rich topological zoo accessible on this platform, 
including hexagonal skyrmion lattices, various meron lattices, 
and moiré superlattices hosting skyrmion bags and meron clus
ters. We identified the singularity‐type meron, which emerges in 
the electric spin component as the excitation wavenumber ap
proaches 800 cm−1 due to the dominance of the in‐plane electric 
field spin components. Our analysis of singularity‐type meron 
moiré lattices revealed complex topological charge recombina
tion and annihilation mechanisms that ensure the conservation 
of the net topological charge within a supercell.

This work opens several exciting avenues for future research. The 
most immediate is the experimental realization of these vector 
fields on SiC membranes or other polariton platforms, where 
similar dispersion relations hold [19]. The polaritonic fields could 
be characterized using techniques such as scattering‐type scan
ning near‐field optical microscopy (s‐SNOM) [13, 14, 35, 39]. 
From an applications perspective, the ability to actively tune the 
topological texture and lattice constant may enable the develop
ment of reconfigurable mid‐IR phonon polariton metamaterials. 
Skyrmion bags, in particular, could serve as tunable traps for 
enhanced light–matter interactions due to their modifiable field 
confinement and size [46–48]. Additionally, the highly localized 
spin reversal of singularity‐type merons could be exploited for 
high‐resolution imaging and precision metrology [8, 9, 36, 37]. 
The dynamic nature of the SiC platform also suggests the possi
bility of ultrafast topological switching, using pump‐probe tech
niques [49–51] or the electro‐optical effect [52–54] to modulate 
the dielectric function and, consequently, the SPhP dispersion. 
Overall, this platform contributes to the development of on‐chip, 
actively controlled topological devices for mid‐IR information 
processing and sensing.

3 | Methods

The dielectric function of SiC is modeled as a Lorentz oscillator 
with e∞ = 6.6, ωTO = 797 cm−1, ωLO = 973 cm−1, γ = 1.4 
cm−1 [41]:

ε(ω) = e∞(1 +
ω2

LO − ω2
TO

ω2
TO − ω2 − iωγ

). (3)

At the interface of bulk polar materials with air, the SPhP in‐ 
plane momentum is given as follows:

kSPhP =
ω
c
(

ε(ω)
1 + ε(ω)

). (4)

For thin polar dielectric films, the SPhP dispersion splits into a 
lower (odd mode) and higher (even mode) energy mode. The 
SPhP propagation constant of the odd mode, which is used in 
this work, is obtained by solving the following expression [13]:

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
k2

SPhP − k2
0

k2
SPhP − k2

0ε(ω)

√

=
1

ε(ω)
coth(

t
2

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

k2
SPhP − k2

0ε(ω)
√

). (5)

The laser illumination creates charge excitations at the edges of 
the coupling structure, which generate the SPhP waves that 
propagate along the SiC surface. The electric field of the SPhP 

wave launched from a single boundary of the coupling structure 
is given by the following expression [45]:

E(r) = ELe−kzz e−iω0t ∫
ikz r̂s − kSPhP ẑ

k0
(ê

· n̂)H(1)
0 (kSPhPrs) d2rʹ , (6)

where n̂ is the unit normal vector of the boundary and ê is the 
polarization vector of the incident light, kSPhP and kz denote the 
in‐plane and out‐of‐plane components of the SPhP electric field 
wave number, which are calculated using Equations (3) and (4) 
from the vacuum wave number k0 = 2π/λ0 of the excitation laser 
with wavelength λ0 and angular frequency ω0. rʹ are the points 
along the boundary where the incident light excites the surface 
wave, and rs = r − rʹ is the distance to these source points, with 
r̂s = rs/rs. Furthermore, H(1)

0 (kSPhPrs) is the Hankel function of 
the first kind involving the Bessel functions J0 and iY0.

An efficient and accurate numerical evaluation of the integral is 
obtained by distributing a finite number of Green's function‐ 
based sources (“Huygens sources”) along the boundary, with a 
spacing smaller than λSPhP/5. The integral is then approximated 
by the sum of the emitted waves from all of these sources, where 
each source emits a wavelet of the form of the integrand of 
Equation (6):

Ewavelet(r) = ELe−kzz e−iω0tikz r̂s − kSPhP ẑ
k0

(ê · n̂) H(1)
0 (kSPhPrs). (7)

The Huygens sources are distributed along all boundaries with 
the same spacing distance, and the sum of all Huygens wavelets 
yields the total SPhP electric field.

In the case of infinitely long boundaries of the coupling struc
ture, Equation (6) can be solved analytically. In this ideal sce
nario, which was applied in Figure 4, the SPhP wave launched 
from a single boundary is reduced to a plane wave propagating 
in the direction n̂ normal to the boundary:

E(r) = ELe−kzz e−iω0tikz n̂ − kSPhP ẑ
k0

(ê · n̂)exp(ikSPhP r ), (8)

where r is the perpendicular distance from the boundary line.

Author Contributions

Julian Schwab: writing – original draft, writing – review and editing, 
visualization, methodology, conceptualization. Florian Mangold: 
writing – review and editing, visualization. Bettina Frank: writing – 
review and editing. Timothy J. Davis: writing – review and editing, 
methodology. Harald Giessen: writing – review and editing, concep
tualization, supervision.

Acknowledgement

Open Access funding enabled and organized by Projekt DEAL.

Funding

The authors acknowledge support from the ERC (Complexplas, 
3DPrintedoptics), DFG (SPP1391 Ultrafast Nanooptics, CRC 1242 “Non‐ 

8 of 10 Nanophotonics, 2026

 21928614, 2026, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/nap2.70015 by U

niversitatsbibliothek Stuttgart, W
iley O

nline L
ibrary on [20/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Equilibrium Dynamics of Condensed Matter in the Time Domain,” 
project no. 278162697‐SFB 1242), BMBF (Printoptics), BW Stiftung 
(Spitzenforschung, Opterial), and Carl‐Zeiss‐Stiftung. J.S. acknowledges 
support from the Vector Stiftung (funding line “MINT‐Innovationen”), 
as well as from the Alexander von Humboldt Foundation. T.J.D. ac
knowledges support from the MPI Guest Professorship Program and 
from the DFG (GRK2642) Photonic Quantum Engineers for a Mercator 
Fellowship.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The datasets generated and/or analyzed during this study are available 
from the corresponding author upon reasonable request.

References

1. Y. Shen, Q. Zhang, P. Shi, L. Du, X. Yuan, and A. V. Zayats, “Optical 
Skyrmions and Other Topological Quasiparticles of Light,” Nature 
Photonics 18, no. 1 (December 2023): 15–25, https://doi.org/10.1038/ 
s41566‐023‐01325‐7.

2. C. He, Y. Shen, and A. Forbes, “Towards Higher‐Dimensional 
Structured Light,” Light: Science & Applications 11, no. 1 (July 2022): 
1–17, https://doi.org/10.1038/s41377‐022‐00897‐3.

3. A. Forbes, M. de Oliveira, and M. R. Dennis, “Structured Light,” 
Nature Photonics 15, no. 4 (March 2021): 253–262, https://doi.org/10. 
1038/s41566‐021‐00780‐4.

4. P. Ornelas, I. Nape, R. de Mello Koch, and A. Forbes, “Non‐Local 
Skyrmions as Topologically Resilient Quantum Entangled States of 
Light,” Nature Photonics 18, no. 3 (January 2024): 258–266, https://doi. 
org/10.1038/s41566‐023‐01360‐4.

5. D. Sugic, R. Droop, E. Otte, et al., “Particle‐Like Topologies in Light,” 
Nature Communications 12, no. 1 (December 2021): 1–10, https://doi. 
org/10.1038/S41467‐021‐26171‐5.

6. Z. K. Lin, Q. Wang, Y. Liu, et al., “Topological Phenomena at Defects in 
Acoustic, Photonic and Solid‐State Lattices,” Nature Reviews Physics 5, no. 
8 (August 2023): 483–495, https://doi.org/10.1038/S42254‐023‐00602‐2.

7. S. Tsesses, E. Ostrovsky, K. Cohen, B. Gjonaj, N. H. Lindner, and G. 
Bartal, “Optical Skyrmion Lattice in Evanescent Electromagnetic 
Fields,” Science 361, no. 6406 (September 2018): 993–996, https://doi. 
org/10.1126/SCIENCE.AAU0227.

8. L. Du, A. Yang, A. V. Zayats, and X. Yuan, “Deep‐Subwavelength 
Features of Photonic Skyrmions in a Confined Electromagnetic Field 
With Orbital Angular Momentum,” Nature Physics 15, no. 7 (April 
2019): 650–654, https://doi.org/10.1038/s41567‐019‐0487‐7.

9. A. Yang, X. Lei, P. Shi, et al., “Spin‐Manipulated Photonic Skyrmion‐ 
Pair for Pico‐Metric Displacement Sensing,” Advanced Science 10, no. 12 
(April 2023): 2205249, https://doi.org/10.1002/ADVS.202205249.

10. S. Tsesses, P. Dreher, D. Janoschka, et al., “Four‐Dimensional 
Conserved Topological Charge Vectors in Plasmonic Quasicrystals,” 
Science 387, no. 6734 (February 2025): 644–648, https://doi.org/10.1126/ 
SCIENCE.ADT2495.

11. T. J. Davis, D. Janoschka, P. Dreher, B. Frank, F. J. Meyer zu 
Heringdorf, and H. Giessen, “Ultrafast Vector Imaging of Plasmonic 
Skyrmion Dynamics With Deep Subwavelength Resolution,” Science 
368, no. 6489 (April 2020): eaba6415, https://doi.org/10.1126/science. 
aba6415.

12. J. D. Caldwell, L. Lindsay, V. Giannini, et al., “Low‐Loss, Infrared 
and Terahertz Nanophotonics Using Surface Phonon Polaritons,” 
Nanophotonics 4, no. 1 (January 2015): 44–68, https://doi.org/10.1515/ 
NANOPH‐2014‐0003.

13. A. Mancini, L. Nan, F. J. Wendisch, et al., “Near‐Field Retrieval of 
the Surface Phonon Polariton Dispersion in Free‐Standing Silicon Car
bide Thin Films,” ACS Photonics 9, no. 11 (November 2022): 3696–3704, 
https://doi.org/10.1021/ACSPHOTONICS.2C01270.

14. A. Mancini, L. Nan, R. Berté, E. Cortés, H. Ren, and S. A. Maier, 
“Multiplication of the Orbital Angular Momentum of Phonon Polaritons 
via Sublinear Dispersion,” Nature Photonics 18, no. 7 (April 2024): 
677–684, https://doi.org/10.1038/s41566‐024‐01410‐5.

15. K. Chaudhary, M. Tamagnone, X. Yin, et al., “Polariton Nano
photonics Using Phase‐Change Materials,” Nature Communications 10, 
no. 1 (December 2019): 1–6, https://doi.org/10.1038/S41467‐019‐12439‐4.

16. M. Wang, G. Hu, S. Chand, et al., “Spin‐Orbit‐Locked Hyperbolic 
Polariton Vortices Carrying Reconfigurable Topological Charges,” 
eLight 2, no. 1 (December 2022): 1–11, https://doi.org/10.1186/S43593‐ 
022‐00018‐Y.

17. A. Ambrosio, L. A. Jauregui, S. Dai, et al., “Mechanical Detection 
and Imaging of Hyperbolic Phonon Polaritons in Hexagonal Boron 
Nitride,” ACS Nano 11, no. 9 (September 2017): 8741–8746, https://doi. 
org/10.1021/ACSNANO.7B02323.

18. L. Xiong, Y. Li, D. Halbertal, et al., “Polaritonic Vortices With a 
Half‐Integer Charge,” Nano Letters 21, no. 21 (November 2021): 
9256–9261, https://doi.org/10.1021/ACS.NANOLETT.1C03175.

19. D. N. Basov, M. M. Fogler, and F. J. García De Abajo, “Polaritons in 
van der Waals Materials,” Science 354, no. 6309 (October 2016): aag1992, 
https://doi.org/10.1126/SCIENCE.AAG1992.

20. J.‐J. Greffet, R. Carminati, K. Joulain, J.‐P. Mulet, S. Mainguy, and 
Y. Chen, “Coherent Emission of Light by Thermal Sources,” Nature 416, 
no. 6876 (2002): 61–64, https://doi.org/10.1038/416061a.

21. A. Huber, N. Ocelic, D. Kazantsev, and R. Hillenbrand, “Near‐Field 
Imaging of Mid‐Infrared Surface Phonon Polariton Propagation,” 
Applied Physics Letters 87, no. 8 (2005), https://doi.org/10.1063/1.2032595.

22. R. Hillenbrand, T. Taubner, and F. Keilmann, “Phonon‐Enhanced 
Light–Matter Interaction at the Nanometre Scale,” Nature 418, no. 
6894 (2002): 159–162, https://doi.org/10.1038/nature00899.

23. Y. Shen, E. C. Martínez, and C. Rosales‐Guzmán, “Generation of 
Optical Skyrmions With Tunable Topological Textures,” ACS Photonics 9, 
no. 1 (January 2022): 296–303, https://doi.org/10.1021/ACSPHOTONICS. 
1C01703.

24. V. Aita, A. Zaleska, H. J. Putley, and A. V. Zayats, “Polarization 
Conversion and Optical Meron Topologies in Anisotropic Epsilon‐Near‐ 
Zero Metamaterials,” ACS Photonics 12, no. 6 (June 2025): 2909–2915, 
https://doi.org/10.1021/ACSPHOTONICS.5C00241.

25. K. Everschor‐Sitte and M. Sitte, “Real‐Space Berry Phases: Skyrmion 
Soccer (Invited),” Journal of Applied Physics 115, no. 17 (May 2014): 
172602, https://doi.org/10.1063/1.4870695/905394.

26. Y. Dai, Z. Zhou, A. Ghosh, et al., “Ultrafast Microscopy of a Twisted 
Plasmonic Spin Skyrmion,” Applied Physics Reviews 9, no. 1 (March 
2022): 11420, https://doi.org/10.1063/5.0084482.

27. S. Tsesses, K. Cohen, E. Ostrovsky, B. Gjonaj, and G. Bartal, “Spin‐Orbit 
Interaction of Light in Plasmonic Lattices,” Nano Letters 19, no. 6 (June 
2019): 4010–4016, https://doi.org/10.1021/ACS.NANOLETT.9B01343.

28. A. Ghosh, S. Yang, Y. Dai, et al., “A Topological Lattice of Plasmonic 
Merons,” Applied Physics Reviews 8, no. 4 (December 2021): 41413, 
https://doi.org/10.1063/5.0062133/1076271.

29. X. Lei, A. Yang, P. Shi, et al., “Photonic Spin Lattices: Symmetry 
Constraints for Skyrmion and Meron Topologies,” Physical Review 
Letters 127, no. 23 (December 2021): 237403, https://doi.org/10.1103/ 
PHYSREVLETT.127.237403.

30. P. Dreher, A. Neuhaus, D. Janoschka, et al., “Spatio‐Temporal To
pology of Plasmonic Spin Meron Pairs Revealed by Polarimetric Photo‐ 

Nanophotonics, 2026 9 of 10

 21928614, 2026, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/nap2.70015 by U

niversitatsbibliothek Stuttgart, W
iley O

nline L
ibrary on [20/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1038/s41566-023-01325-7
https://doi.org/10.1038/s41566-023-01325-7
https://doi.org/10.1038/s41377-022-00897-3
https://doi.org/10.1038/s41566-021-00780-4
https://doi.org/10.1038/s41566-021-00780-4
https://doi.org/10.1038/s41566-023-01360-4
https://doi.org/10.1038/s41566-023-01360-4
https://doi.org/10.1038/S41467-021-26171-5
https://doi.org/10.1038/S41467-021-26171-5
https://doi.org/10.1038/S42254-023-00602-2
https://doi.org/10.1126/SCIENCE.AAU0227
https://doi.org/10.1126/SCIENCE.AAU0227
https://doi.org/10.1038/s41567-019-0487-7
https://doi.org/10.1002/ADVS.202205249
https://doi.org/10.1126/SCIENCE.ADT2495
https://doi.org/10.1126/SCIENCE.ADT2495
https://doi.org/10.1126/science.aba6415
https://doi.org/10.1126/science.aba6415
https://doi.org/10.1515/NANOPH-2014-0003
https://doi.org/10.1515/NANOPH-2014-0003
https://doi.org/10.1021/ACSPHOTONICS.2C01270
https://doi.org/10.1038/s41566-024-01410-5
https://doi.org/10.1038/S41467-019-12439-4
https://doi.org/10.1186/S43593-022-00018-Y
https://doi.org/10.1186/S43593-022-00018-Y
https://doi.org/10.1021/ACSNANO.7B02323
https://doi.org/10.1021/ACSNANO.7B02323
https://doi.org/10.1021/ACS.NANOLETT.1C03175
https://doi.org/10.1126/SCIENCE.AAG1992
https://doi.org/10.1038/416061a
https://doi.org/10.1063/1.2032595
https://doi.org/10.1038/nature00899
https://doi.org/10.1021/ACSPHOTONICS.1C01703
https://doi.org/10.1021/ACSPHOTONICS.1C01703
https://doi.org/10.1021/ACSPHOTONICS.5C00241
https://doi.org/10.1063/1.4870695/905394
https://doi.org/10.1063/5.0084482
https://doi.org/10.1021/ACS.NANOLETT.9B01343
https://doi.org/10.1063/5.0062133/1076271
https://doi.org/10.1103/PHYSREVLETT.127.237403
https://doi.org/10.1103/PHYSREVLETT.127.237403


Emission Microscopy,” Advanced Photonics 6, no. 6 (December 2024): 
066007, https://doi.org/10.1117/1.AP.6.6.066007.

31. Y. Dai, Z. Zhou, A. Ghosh, et al., “Plasmonic Topological Quasi
particle on the Nanometre and Femtosecond Scales,” Nature 588, no. 
7839 (December 2020): 616–619, https://doi.org/10.1038/s41586‐020‐ 
3030‐1.

32. H. J. Putley, B. Davies, F. J. Rodríguez‐Fortuño, A. Yu. Bykov, and 
A. V. Zayats, “Mixing Skyrmions and Merons in Topological Quasi
crystals of Evanescent Optical Field,” preprint, arXiv:2409.03932 
(September 2024): [Online], https://arxiv.org/abs/2409.03932v1.

33. J. Schwab, A. Neuhaus, P. Dreher, et al., “Skyrmion Bags of Light in 
Plasmonic Moiré Superlattices,” Nature Physics 21, no. 6 (June 2025): 
988–994, https://doi.org/10.1038/S41567‐025‐02873‐1.

34. J. Schwab, F. Mangold, B. Frank, T. J. Davis, and H. Giessen, 
“Skyrmion Bag Robustness in Plasmonic Bilayer and Trilayer Moiré 
Superlattices,” Nanophotonics (March 2025): 1–10, https://doi.org/10. 
1515/NANOPH‐2024‐0581.

35. F. Mangold, E. Bau, L. Nan, et al., “Phonon‐Polaritonic Skyrmions: 
Transition From Bubble‐ to Néel‐Type,” Light: Science & Applications. 
under consideration (2026).

36. N. I. Zheludev and G. Yuan, “Optical Superoscillation Technologies 
Beyond the Diffraction Limit,” Nature Reviews Physics 4, no. 1 (October 
2021): 16–32, https://doi.org/10.1038/s42254‐021‐00382‐7.

37. F. J. G. de Abajo, D. N. Basov, F. H. L. Koppens, et al., “Roadmap for 
Photonics With 2D Materials,” ACS Photonics 12, no. 8 (August 2025): 
3961–4095, https://doi.org/10.1021/ACSPHOTONICS.5C00353.

38. L. Wang, L. Ge, K. Gong, W. Cai, X. Zhang, and J. Xu, “Graphene 
Plasmonic Skyrmion Lattices Generated by Radially Polarized Light 
Beams,” Physical Review B: Condensed Matter 109, no. 19 (May 2024): 
195434, https://doi.org/10.1103/PhysRevB.109.195434.

39. N. Ocelic, A. Huber, and R. Hillenbrand, “Pseudoheterodyne 
Detection for Background‐Free Near‐Field Spectroscopy,” Applied 
Physics Letters 89, no. 10 (September 2006): 101124, https://doi.org/10. 
1063/1.2348781/327139.

40. C. Zhang, C. Min, L. Du, and X. C. Yuan, “Perfect Optical Vortex 
Enhanced Surface Plasmon Excitation for Plasmonic Structured Illu
mination Microscopy Imaging,” Applied Physics Letters 108, no. 20 (May 
2016): 201601, https://doi.org/10.1063/1.4948249.

41. A. Mancini, C. R. Gubbin, R. Berté, et al., “Near‐Field Spectroscopy 
of Cylindrical Phonon‐Polariton Antennas,” ACS Nano 14, no. 7 (July 
2020): 8508–8517, https://doi.org/10.1021/ACSNANO.0C02784.

42. D. Foster, C. Kind, P. J. Ackerman, J. S. B. Tai, M. R. Dennis, and 
I. I. Smalyukh, “Two‐Dimensional Skyrmion Bags in Liquid Crystals 
and Ferromagnets,” Nature Physics 15, no. 7 (April 2019): 655–659, 
https://doi.org/10.1038/s41567‐019‐0476‐x.

43. L. Yang, A. S. Savchenko, F. Zheng, et al., “Embedded Skyrmion 
Bags in Thin Films of Chiral Magnets,” Advanced Materials 36, no. 36 
(2024): 2403274, https://doi.org/10.1002/ADMA.202403274.

44. J. Schwab, F. Mangold, B. Frank, T. J. Davis, and H. Giessen, 
“Skyrmion Bag Robustness in Plasmonic Bilayer and Trilayer Moiré 
Superlattices,” preprint, arXiv:2411.03036 (November 2024): [Online], 
https://arxiv.org/abs/2411.03036v1.

45. T. J. Davis, B. Frank, D. Podbiel, P. Kahl, F. J. Meyer Zu Heringdorf, 
and H. Giessen, “Subfemtosecond and Nanometer Plasmon Dynamics 
With Photoelectron Microscopy: Theory and Efficient Simulations,” 
ACS Photonics 4, no. 10 (October 2017): 2461–2469, https://doi.org/10. 
1021/ACSPHOTONICS.7B00676.

46. Y. Yang, Y. Ren, M. Chen, Y. Arita, and C. Rosales‐Guzmán, “Op
tical Trapping With Structured Light: A Review,” Advanced Photonics 3, 
no. 3 (May 2021): 034001, https://doi.org/10.1117/1.AP.3.3.034001.

47. Y. Ren, Q. Chen, M. He, X. Zhang, H. Qi, and Y. Yan, “Plasmonic 
Optical Tweezers for Particle Manipulation: Principles, Methods, and 
Applications,” ACS Nano 15, no. 4 (April 2021): 6105–6128, https://doi. 
org/10.1021/ACSNANO.1C00466.

48. M. L. Juan, M. Righini, and R. Quidant, “Plasmon Nano‐Optical 
Tweezers,” Nature Photonics 5, no. 6 (May 2011): 349–356, https://doi. 
org/10.1038/nphoton.2011.56.

49. A. Rubano, M. Wolf, and T. Kampfrath, “Terahertz Conductivity 
and Ultrafast Dynamics of Photoinduced Charge Carriers in Intrinsic 3C 
and 6H Silicon Carbide,” Applied Physics Letters 105, no. 3 (July 2014): 
43, https://doi.org/10.1063/1.4890619/930543.

50. G. D. Tsibidis, L. Mouchliadis, M. Pedio, and E. Stratakis, “Modeling 
Ultrafast Out‐of‐Equilibrium Carrier Dynamics and Relaxation Pro
cesses Upon Irradiation of Hexagonal Silicon Carbide With Femto
second Laser Pulses,” Physical Review B: Condensed Matter 101, no. 7 
(February 2020): 075207, https://doi.org/10.1103/PhysRevB.101.075207.

51. M. He, Y. Cao, J. Lin, Z. Ju, B. Wu, and E. Wu, “Ultrafast Optical 
Modulation of the Fluorescence From a Single‐Photon Emitter in Sili
con Carbide,” Photonics Research 12, no. 5 (May 2024): 941–946, https:// 
doi.org/10.1364/PRJ.517734.

52. K. Powell, L. Li, A. Shams‐Ansari, et al., “Integrated Silicon Carbide 
Electro‐Optic Modulator,” Nature Communications 13, no. 1 (April 
2022): 1–7, https://doi.org/10.1038/s41467‐022‐29448‐5.

53. T. Fan, A. H. Hosseinnia, A. A. Eftekhar, S. R. M. Vangapandu, X. 
Wu, and A. Adibi, “Racetrack Microresonator Based Electro‐Optic 
Phase Shifters on a 3C Silicon‐Carbide‐on‐Insulator Platform,” Optics 
Letters 46, no. 9 (May 2021): 2135–2138, https://doi.org/10.1364/OL. 
422560.

54. R. Wang, L. Cai, J. Li, and Q. Li, “Investigation of the Electro‐Optic 
Effect in High‐Q 4H‐SiC Microresonators,” Optics Letters 48, no. 6 
(March 2023): 1482–1485, https://doi.org/10.1364/OL.482844.

10 of 10 Nanophotonics, 2026

 21928614, 2026, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/nap2.70015 by U

niversitatsbibliothek Stuttgart, W
iley O

nline L
ibrary on [20/03/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1117/1.AP.6.6.066007
https://doi.org/10.1038/s41586-020-3030-1
https://doi.org/10.1038/s41586-020-3030-1
https://arxiv.org/abs/2409.03932v1
https://doi.org/10.1038/S41567-025-02873-1
https://doi.org/10.1515/NANOPH-2024-0581
https://doi.org/10.1515/NANOPH-2024-0581
https://doi.org/10.1038/s42254-021-00382-7
https://doi.org/10.1021/ACSPHOTONICS.5C00353
https://doi.org/10.1103/PhysRevB.109.195434
https://doi.org/10.1063/1.2348781/327139
https://doi.org/10.1063/1.2348781/327139
https://doi.org/10.1063/1.4948249
https://doi.org/10.1021/ACSNANO.0C02784
https://doi.org/10.1038/s41567-019-0476-x
https://doi.org/10.1002/ADMA.202403274
https://arxiv.org/abs/2411.03036v1
https://doi.org/10.1021/ACSPHOTONICS.7B00676
https://doi.org/10.1021/ACSPHOTONICS.7B00676
https://doi.org/10.1117/1.AP.3.3.034001
https://doi.org/10.1021/ACSNANO.1C00466
https://doi.org/10.1021/ACSNANO.1C00466
https://doi.org/10.1038/nphoton.2011.56
https://doi.org/10.1038/nphoton.2011.56
https://doi.org/10.1063/1.4890619/930543
https://doi.org/10.1103/PhysRevB.101.075207
https://doi.org/10.1364/PRJ.517734
https://doi.org/10.1364/PRJ.517734
https://doi.org/10.1038/s41467-022-29448-5
https://doi.org/10.1364/OL.422560
https://doi.org/10.1364/OL.422560
https://doi.org/10.1364/OL.482844

	Tunable Skyrmion, Meron, and Skyrmion Bag Textures in Surface Phonon Polariton Lattices
	1 | Introduction
	1.1 | Topological Surface Phonon Polaritonic Lattices
	1.2 | Tuning of Topological Properties in the Electric Field
	1.3 | Tuning of Topological Properties in the Spin Angular Momentum and Electric Field Spin
	1.4 | Theoretical Considerations
	1.5 | Topological Charge Conservation and Recombination Effects

	2 | Discussion
	3 | Methods
	Author Contributions
	Acknowledgement
	Funding
	Conflicts of Interest
	Data Availability Statement


