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ABSTRACT

Merons, as a member of quasiparticle family characterized by half-integer of the skyrmion topological charge with nontrivial topological tex-
tures, are of great interest in various branches of physics. Here, we report the first experimental observation of a meron texture configuration
in acoustic waves. A squared metastructure is designed to support the spoof acoustic surface wave, forming meron lattice patterns in the
acoustic velocity field vectors. The experimental results indicate that the meron textures can be moved and shaped by tuning the phase and
amplitude differences between the excited sound sources, respectively. To demonstrate the topologically protected character of meron against
structure defects, we further measure the acoustic pressure and velocity field distributions on a defective surface. The acoustic meron texture
not only provides potential applications toward topologically robust ways to manipulate vectorial characteristics of the acoustic waves but
also instills confidence for exploring other members of the quasiparticle family, such as the acoustic hopfion in acoustic waves.

Published under an exclusive license by AIP Publishing. https://doi.org/10.1063/5.0217864

Topological textures, which refer to nontrivial distributions of
physical vector fields in real space, arouse great interest in different
branches of physics, with various configurations such as vortices,1,2

skyrmions,3,4 merons,5–7 and hopfions.8,9 Skyrmion is a prominent
topological texture, which is characterized by a real-space topological
number (i.e., skyrmion number). The nontrivial topology of the sky-
rmion texture protects the vector field distribution against structure
defect and intrusion. With advanced topological property, skyrmions
in magnetic materials have grown into a large research field, giving rise
to various topological textures, including N�eel type,10 Bloch type,11

anti-type,12 and so on. Topologically protected spin textures hold
promise for applications in data manipulation for future spintronic
devices. Recently, skyrmion vectorial textures are constructed in pho-
tonics for electric/magnetic fields,13–15 spins,16,17 and phononics for
acoustic velocity field,18–21 as well as water waves for instantaneous
displacements of the water-surface particles.22 These skyrmion-like
textures discovered in classical waves unveil novel topological modes
for linking the quantum systems and the classical wave systems, which
may be useful in manipulation of vector fields of classical waves.

Meron, a vectorial texture characterized by half-integer of the
skyrmion topological charge mapping from half three-dimensional
(3D) spherical hypersurface as a kind of quasiparticle, is discovered in
chiral magnetic materials,23 optical system in real space,13,24 and
moment space.25 Recently, with the development of the structured

acoustic field, the vectorial properties and acoustic spin are deeply
explored for acoustic waves.26–31 The advancement in the knowledge
of acoustic vectorial field holds promise for exciting opportunities to
explore acoustic topological textures, such as skyrmionic lattice forma-
tions on a hexagonal acoustic metasurface,18 tunable localized acoustic
skyrmionic modes on acoustic metastructures,19,20 and polarization
singularities, topological M€obius-strip structures, and skyrmionic tex-
tures in 3D polarization fields of inhomogeneous sound waves.32

However, as an indispensable member of the family of topological vec-
torial texture, acoustic meron and antimeron have not been reported
in acoustic systems. The experimental realization of acoustic meron
will provide confidence for constructing various topological textures in
acoustic field and enrich applications in robust vectorial acoustic com-
munication and data storage.

In this work, we experimentally observe that the N�eel-type meron
lattice configuration of acoustic velocity fields can be supported on a
squared metastructure. The spoof acoustic surface waves, with their
evanescent nature, are supported on the structure surface to form the
meron and antimeron patterns in acoustic velocity field distributions.
We demonstrate that the topological texture can be moved and shaped
by controlling the phase and amplitude difference between the acoustic
sources in our setup. We also experimentally observe the topological
robustness of the meron pattern against structure defects by measuring
the pressure and velocity fields. The acoustic meron texture not only
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provides potential applications toward topologically robust ways to
manipulate vectorial characteristics of the acoustic waves but also pro-
vides confidence for exploring various topological textures in the
acoustic domain, such as acoustic hopfion, acoustic knot, and so on.

We implement the acoustic meron modes by constructing a
tetragonal lattice on a metasurface, and four speakers are placed at
four corners of the structure to create interference of acoustic surface
waves along the x and y directions for forming the meron mode as
shown in Fig. 1(a). The square lattice consists of 400 individual cells,
20 in length and 20 in width. Figure 1(b) gives the details of the struc-
ture parameters as follows: the height of the unit cell H ¼ 36mm, lat-
tice constant a ¼ 10mm, height of the square hole h ¼ 30mm, lattice
model total side length L ¼ 200mm, and the side length of the square
hole b ¼ 6mm. Spoof surface acoustic waves (SSAWs) can be formed
by coupling the sound from speakers to the structure, the velocity field
and pressure field of SSAWs on the structure surface are shown in
Fig. 1(c). The color of the structure represents the pressure field distri-
bution, and the arrow above the structure corresponds to the velocity
field vector of the SSAWs. The SSAWs are generated by local oscilla-
tions inside a single hole and the intercoupling between adjacent holes,
and the wave decays exponentially in the z direction into the air region.
Their propagation characteristics are affected by geometric parameters.
Thus, we also calculate the dispersion relationship of the structure with
different h values along the high symmetry direction of the square lat-
tice as shown in Fig. 1(d) by using the pressure acoustic model of com-
mercial software COMSOLMultiphysics,33

kSSAW ¼ x
c

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ b

a

� �2

tan2
x
c
h

� �s
; (1)

where x ¼ 2pf is the angular frequency. The wave vectors’ relation of
SSAW satisfies k2SSAW � k2z ¼ k20, where kz is the z component of the
wave vector, and k0 is the wave vector in free space.

In order to experimentally observe the acoustic meron lattice, we
use 3D printing technology to make samples as shown in Fig. 2(a).
Before starting the experimental measurement, we first simulate acous-
tic meron lattice based on the commercial software COMSOL
Multiphysics in a pressure acoustic frequency domain module. We
construct a lattice model of the same size and set the model as a resin
material. The length of meron formed at the center of the structure is
set to be l, and the distribution diagram of sound pressure field and
velocity field of meron’s eigenmode calculated are shown in Fig. 2(b).
When we set the lattice constant a ¼ 10mm, the height of the square
hole h ¼ 30mm, the side length of the square hole b ¼ 6mm, and the
excitation frequency f ¼ 2200Hz, we can get kSSAW ¼ 75:67m�1.
When the Fabry–P�erot (FP) resonance condition is satisfied, the
SSAWs in the x direction interfere with each other to produce standing
waves, which can be expressed asffiffiffi

2
p

2
kSSAWL ¼ mpþ c m ¼ 1; 2; 3…ð Þ; (2)

where L is the total length of the structure, and m is the order of the
resonance mode. c is the phase shift caused by the edge of the struc-
ture. When we set L ¼ 20 cm, m ¼ 3, we can get the reflection phase
c ¼ 0:4p. The calculated reflection phase c is plugged into the formulaffiffi
2

p
2 kSSAWl ¼ pþ c, so the length l ¼ 82mm. It can be observed that
the arrows of the velocity field are distributed in a regular configura-
tion on the surface of the sample, and the direction of the arrows in
the same row is constantly flipped from 0 to p

2, forming N�eel-type
meron, or from p

2 to p, forming N�eel-type antimeron.34 The absolute
value of the out-of-plane sound velocity field reaches its maximum
value at the center of each meron (or antimeron) and gradually
decreases. The topological properties of the vector field configuration
can be characterized by the skyrmion number S,18

S ¼ 1
4p

ð ð
~n � @~n

@x
� @~n

@y

� �
dxdy; (3)

where~n ¼ ReðvÞ
Re vð Þj j. In our meron lattice, S can be defined by the distri-

bution of the sound velocity field. The two-dimensional (2D) velocity
field vector can be expressed as a distribution spread out by a parame-
terized sphere by latitude a(u) and longitude b(q), as shown in
Fig. 2(c). A vector on a three-dimensional sphere can be defined as (r,
b, u), which corresponds to a vector on a two-dimensional plane by
the coordinates (q, u). Therefore, S can also be represented as the
following:14

S ¼ 1
2

ðR
0
sin b qð Þdq

 !
1
2p

ð2p
0

da uð Þ
du

du

 !
¼ p �m; (4)

where p ¼ 1
2 cos bðqÞ½ �jq¼R

q¼0 , defining the polarity and

m ¼ 1
2p a uð Þ½ �ju¼2p

u¼0 , defining the vorticity. From the velocity field dis-

tribution in the unit cell of the meron lattice as shown in Fig. 2(c), we
can see that the velocity field arrow rotates from the vertical direction
at the center to the horizontal direction at the edge. According to the
mapping relation, the meron mode corresponds to a half

FIG. 1. Schematic structure and simulation results of the meron mode formed by the
acoustic velocity field. (a) An acoustic metasurface with periodic perforations can be
used to support the spoof surface acoustic waves (SSAWs), and acoustic meron lat-
tice is excited by the interference of sound waves generated through the loud-
speakers. (b) The unit-cell structure of the acoustic metasurface with structural
parameters. (c) The sound velocity vector field propagates in a metasurface structure,
and the direction is indicated by the arrow. (d) Dispersion curves at different depths
of square holes with fixed side length b ¼ 6mm and lattice constant a ¼ 10mm.
The upper right illustration shows the corresponding first Brillouin region.
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parameterized sphere, and the skyrmion number of a meron in the lat-
tice is S ¼ 0:5 for the meron mode and S ¼ �0:5 for the antimeron
mode. We draw the boundary of Vz ¼ 0 by using COMSOL software
and calculate the skyrmion number integral of meron within the cen-
tral boundary, and the skyrmion number value is 0.495, close to 0.5. In
fact, the physical mechanism behind the meron lattice is the superposi-
tion of two pairs of counter propagating SSAWs along x and y direc-
tions, the velocity field z component of the meron lattice can be
theoretically expressed as

Vz ¼ 2p0
q0x

e�kzzkz cos

ffiffiffi
2

p

2
kSSAWx

� �
þ cos

ffiffiffi
2

p

2
kSSAWy

� �� �
; (5)

where p0 is the incident wave amplitude, and q0 is the mass density of
air. From Eq. (5), we can find that the Vz will be the largest at the cen-

ter of the meron unit cell [see Fig. 2(c)] for
ffiffi
2

p
2 kSSAWx ¼ 0 andffiffi

2
p
2 kSSAWy ¼ 0, while the z component will be zero at the meron

boundary for
ffiffi
2

p
2 kSSAWx ¼ 6p=2 and

ffiffi
2

p
2 kSSAWy ¼ 6p=2.

Next, we observe the meron lattice in the experiment. Four speak-
ers serve as point sources placed 1 cm around the sample. The sine
wave signal generated by the signal generator (AFG1022, Tektronix) is
amplified in the power amplifier (CPA2400, SinoCinetech) and passed
through a splitter box (FM02–12D, Tatsukawa) to drive the speakers.
We use a free-field microphone (MPA416, BSWA TECH) to measure
the pressure above the sample with intervals of 0.3 cm along the sur-
face of each cell of the lattice and record the sound pressure intensity.

The simulated and experimental results are shown in Figs. 2(d) and
2(e). In order to characterize the distribution of the meron mode, we
measure the velocity field distribution at the green dotted line in Figs.
2(d) and 2(e) by using a WL-AVS-3D vector microphone.18,35 We
normalize the components of the measured sound velocity field Vx

and Vz and display the processed data in the x-z plane. In fact, due to
the high symmetry of the tetragonal lattice, the velocity field distribu-
tion on the y-z plane is no different from that on the x-z plane. The
results of numerical simulation and experimental measurement are
shown in Fig. 2(f). The red arrow at the top shows the results of
the simulation, and the blue arrow at the bottom shows the results of
the experiment. It can be seen that the direction of the velocity field is
continuously rotated from 0 to p

2, which is consistent with the simu-
lated results, and proves the meron lattice pattern.

In this section, we will show how to manipulate the acoustic meron
lattice shift by controlling the phase and amplitude difference between
two pairs of speakers. We place point source at four corners about 1 cm
away from the sample to excite the meron mode at frequency
f ¼ 2200Hz. The phases of the four speakers are numbered as Un with
n ¼ 1; 2; 3; 4. When the phase U1 ¼ p

2 and U3 ¼ � p
2, with the phase

U2 and U4 remaining at 0, the simulated out-of-plane sound velocity
field Vz and the sound pressure field distribution on the structure surface
are shown in Fig. 3(a). The meron lattice moves along the purple arrow
(diagonal direction of the x and y axes) with a distance of kSSAW=4.

Similarly, when the phasesU2 ¼ p
2 andU4 ¼ � p

2, with the phases
U1 and U3 remaining 0, we can see that the arrow representing the

FIG. 2. Acoustic meron simulation and experimental measurement of sound pressure distribution and velocity field distribution. (a) Schematic diagram of the experimental
setup. (b) Simulation diagram of the meron mode formed by the acoustic velocity field. The direction of the acoustic velocity field is shown by the arrow. (c) The mapping rela-
tionship between two-dimensional plane and three-dimensional sphere. (d) and (e) The simulated and experimentally measured sound pressure fields are distributed on the sur-
face of the sample. (f) The arrows of the simulated (red arrows) and experimental (blue arrows) velocity fields are shown on the sample surface at the green dotted lines in (d)
and (e).
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sound velocity field has been moved up by a distance of kSSAW=4 along
the purple arrow (the opposite diagonal direction of the x and y axes).
The distribution of sound pressure field and sound velocity field on
the surface of the structure before and after the movement are shown
in Figs. 3(a) and 3(b). The physical mechanism is that adding the p

2
phase by the loudspeakers along the diagonal direction of x and y will
add a phase factor into x and y components, Eq. (5). Thus, the velocity
field components Vz will move diagonally along x and y directions.
The arrow representing the sound velocity field still conforms to the
meron model after changing the phase, which confirms the motion of
the meron lattice. Moreover, we can also deform the meron lattice by
controlling the amplitude of the sound sources on the same side. We
adjusted the amplitudes of one- and three-sided speakers by a factor of
3, and the resulting meron shape is shown in Fig. 3(c). It can be seen
that the meron lattice is gradually stretched and combined with other
merons, eventually leading to large deformation.

To demonstrate the topological property of the meron lattice
against the structure defect, we introduce the defect of the purple frame
of Fig. 4(b) to break the squared structure. Through the simulation cal-
culation and comparison, it is found that the distribution of the sound
velocity field of the lattice after the introduction of defects will not
change significantly even if the surface sound pressure field has some
changes. The defects are placed at x¼ 2 and 3 cm, and we simulate the
sound pressure diagram at the red dotted line in Fig. 4(a) and the blue

dotted line in Fig. 4(b), and the specific details are shown in Fig. 4(c).
The introduction of defects in the hole causes the sound pressure dis-
tribution to be asymmetrical along the x direction, and the distribution
of the overall sound pressure field on the surface is slightly distorted.
However, the distribution of the sound velocity field is not greatly
affected, and it changes only slightly near the defect. We use the same
measurement method to measure the sound velocity field data of the
blue dotted line in Fig. 4(b) on the surface of the structure, and then
normalize the measured data and draw it in vector form. The simula-
tion and experimental results are shown in Fig. 4(d). Based on the fact
that the arrow representing the sound velocity field does not change
much after the introduction of the defect, the results show that the
meron lattice has good robustness to structure changes.

Summarily, we theoretically propose and experimentally observe
that the N�eel-type meron lattice configuration of acoustic velocity fields
can be realized on a squared metastructure. The spoof acoustic surface
waves with the evanescent nature are supported on the structure surface
interfere to form the meron and antimeron pattern of acoustic velocity
field distributions. Furthermore, we also observe that the meron lattice
can be moved and shaped by controlling the phase and amplitude differ-
ence between the acoustic sources. The acoustic meron texture provides
potential applications toward topologically robust ways to manipulate
vectorial characteristics of the acoustic waves. In addition, the topologi-
cal phase transition between trivial and nontrivial can be modulated by
simply reducing or expanding the size or distance of unit cells in the lat-
tice. By modulating the symmetry of the lattice, we may be able to get
more physical applications of acoustic merons.36–38

This work was supported by the scientific research projects of
colleges and universities in Anhui Province (Grant No.
2022AH040114) and the University Synergy Innovation Program of
Anhui Province (Grant No. GXXT-2022-015).

FIG. 3. Manipulation of acoustic meron lattices by adjusting phase and amplitude of
the sound waves of the two pairs of speakers at the boundary. (a) The meron lattice
can be moved diagonally along the x and y axes by changing the phase of n ¼ 1
and n ¼ 3 from 0 to p

2 and � p
2. The purple arrow indicates the direction of move-

ment. (b) Similarly, the meron lattice can move in the opposite diagonal direction of
the x and y axes by changing the phase of n ¼ 2 and n ¼ 4; from 0 to p

2 and � p
2,

respectively. (c) Deformation of acoustic meron lattice by increasing the amplitude
on the same side.

FIG. 4. Robustness of the acoustic meron lattice. (a) and (b) The meron model gen-
erated on the surface of the structure and the comparison diagram with the defect.
(c) and (d) Sound pressure comparison diagram with and without defect and simula-
tion and experiment diagram of sound velocity field. The green solid line represents
the defect location along the blue dashed line on the sample surface in (b).
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