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Supplementary Note 1. Band structure of acoustic guided mode resonance  27 

To analyze the band structure of the acoustic guided mode resonance in the 28 

proposed acoustic topological metagrating model, we consider the complex wavevector 29 

of the guided waves, which must satisfy the condition: 30 

(𝑘𝑥 + 2𝜋𝑛/𝛬)
2 + 𝑘𝑦

2 = 𝑘0
2 (S1) 31 

where 𝑘𝑥 and 𝑘𝑦 represent the wavevector components in the 𝑥  and 𝑦  directions, 32 

respectively, and 𝑘0 = 𝜔/𝑐0 depends on the sound speed in air. For the 1st-order mode 33 

(i.e., 𝑛 = 1) and real 𝑘𝑥, the conditions for guided mode resonance can be expressed as 34 

follows: 35 

|𝑘𝑥 + 2𝜋/𝛬| < 𝑘0, when 𝑘𝑦 is a real number (S2) 36 

|𝑘𝑥 + 2𝜋/𝛬| > 𝑘0, when 𝑘𝑦 is an imaginary number (S3) 37 

Eq. (S2) and Eq. (S3) indicate that the guided mode in the y-direction may exhibit two 38 

different propagation modes: a propagating wave mode and an evanescent wave mode. 39 

To achieve a propagating wave mode in the y-direction, the necessary condition can be 40 

represented as: 41 

𝑛eff > 𝑛0 (S4) 42 

where 𝑛eff  is the effective refractive index of the acoustic grating, and 𝑛0 is the 43 

refractive index of air. Meeting this condition requires the medium of the acoustic 44 

grating to have a larger effective refractive index (i.e., a smaller sound speed) than air, 45 

which poses significant experimental challenges. In fact, in our proposed acoustic 46 

topological metagrating model, the effective refractive index of the acoustic grating is 47 

much smaller than that of air, making it impossible to support a propagating wave mode 48 

in the y-direction. Consequently, only Eq. (S2) can be satisfied. In contrast, in general 49 

optical gratings, this refractive index condition is typically met, allowing for the 50 

emergence of two distinct guided mode resonance modes, corresponding to Eq. (S2) 51 

and Eq. (S3), respectively. 52 

This implies that, for our proposed acoustic metagratings, the guided mode 53 

resonances occur below the sound cone. Due to the introduction of an impedance-54 

discontinuous spacer in our acoustic topological metagrating model, the original single 55 

band splits into two bands, both of which lie below the sound cone, as shown in 56 

Supplementary Fig. 1a. In contrast, for optical gratings, the guided mode resonances 57 

can occur both below and above the light cone, naturally resulting in two bands that can 58 

open a bandgap, as shown in Supplementary Fig. 1b. These bands exhibit band 59 
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inversion and possess distinct topological characteristics (i.e., different Zak phases). 60 

Given these differences in band structure, we propose a mechanism of spontaneous 61 

symmetry breaking-induced real-space topological phase transition, which does not 62 

rely on traditional band topology. This approach overcomes the traditional constraints 63 

on the refractive index of the medium, offering a novel pathway for achieving 64 

topological effects in acoustic systems. 65 

 66 

Supplementary Note 2. Derivation of the effective Hamiltonian for topological 67 

metagrating based on rigorous coupled-mode theory 68 

  The schematic of the acoustic metagrating is illustrated in Supplementary Fig. 2. 69 

The metagrating consists of rectangular bars periodically arranged alongside a spacer 70 

in air. The air region is segmented into four parts, and the velocity potentials in these 71 

four regions Ⅰ, Ⅱ, Ⅲ, Ⅳ are denoted by Φ1, Φ2, Φ3 and Φ4, respectively. The acoustic 72 

impedance of the grating is significantly higher than that of air, thus the boundary of 73 

the slit, i.e., the region between the rectangular scatterers, can be considered as a hard 74 

boundary. Since the height of slit is substantially larger than the wavelength, we 75 

neglected higher-order decaying waves in the slit region to simplify the guided modes. 76 

Consequently, the acoustic field in the four regions can be expressed as follows: 77 

{
 
 
 

 
 
 Φ1 = ∑ 𝐴𝑛

∞

𝑛=−∞

exp (𝑗(𝑘𝑥 + 𝑞𝑛)𝑥 + 𝑗𝑘𝑦(𝑦 − 𝑑)) , 𝑦 > 𝑑

Φ2 = 𝑈(𝑥)[𝐵1exp(𝑗𝑘𝑛𝑦) + 𝐵2exp(−𝑗𝑘𝑛𝑦)], 0 < 𝑦 < 𝑑

Φ3 = 𝑈(𝑥)[𝐶1exp(𝑗𝑘𝑛𝑦) + 𝐶2exp(−𝑗𝑘𝑛𝑦)], −𝑑 < 𝑦 < 0

Φ4 = ∑ 𝐷𝑛

∞

𝑛=−∞

exp (𝑗(𝑘𝑥 + 𝑞𝑛)𝑥 + 𝑗𝑘𝑦(𝑦 + 𝑑)) , 𝑦 < −𝑑,

(S5) 78 

where  𝑘𝑥 and 𝑘𝑦 represent the wavevector components of delocalized waves in the 𝑥 79 

and 𝑦  directions, respectively, and satisfy the condition (𝑘𝑥 + 2𝜋𝑛/𝛬)
2 + 𝑘𝑦

2 = 𝑘0
2 . 80 

The term 𝑘𝑛 denotes the imaginary wavevector component of the localized guided 81 

mode inside the slit along the 𝑦-direction. The Bragg wavevector is represented as 𝑞 =82 

2𝜋/Λ. Based on the rigorous coupled mode theory, we utilize the continuity conditions 83 

at the interface between these four regions to derive the coupling among guided modes. 84 

To support the SSB, it is essential to facilitate weak coupling between the guided modes 85 

on either side of the slit, which is enabled by the spacer composed of high-impedance 86 

material. Given that the thickness of the spacer is significantly smaller than that of the 87 

grating, it is appropriate to characterize it as a continuity condition described by an 88 
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effective transfer impedance calculated as 𝑍eff = (𝑍u − 𝑍l)/𝜌0𝑐0 , where 𝑍u and 𝑍l 89 

represent the acoustic impedances of the upper and lower sides, respectively, and 𝜌0 90 

and 𝑐0 are the density and sound speed of air. The characteristics of the spacer enable 91 

us to approximate that the velocities on both sides are equal, while the velocity 92 

potentials are different. Therefore, the continuity condition near the spacer can be 93 

represented as: 94 

{
 
 

 
 𝑗𝑍eff
𝑘𝑛

𝜕Φ2

𝜕𝑦
= Φ2 −Φ3

𝜕Φ2

𝜕𝑦
=
𝜕Φ3

𝜕𝑦
.

(S6) 95 

Combining all continuity conditions among the four regions, we obtain the resonance 96 

condition for guided modes 𝜓 = (𝐵1, 𝐶2)
𝑇: 97 

(
𝑍eff(𝑅1 − 1)/2 − 𝑅1 1

1 𝑍eff(𝑅2 − 1)/2 − 𝑅2
)𝜓 = 0. (S7) 98 

where 𝑅1 = 𝐵2/𝐵1, 𝑅2 = 𝐶1/𝐶2  depends on the impedance properties of the 99 

metagrating surface and represents the proportionality relationship between the guided 100 

modes propagating in opposite directions. Under this condition, the system can be 101 

described by a Hamiltonian that characterizes the band structures for two distinct 102 

symmetries, whereby Eq. (3) reduces to the form of a (1+1)-dimensional static Dirac 103 

equation: 104 

𝐻𝜓 = (
𝑍eff

𝑍eff − 2
− 𝑅)𝜓 = 𝐸(𝑘0)𝜓, (S8) 105 

where the Hamiltonian can be expressed as: 106 

𝐻 = 𝑚𝜎𝑧 +
2

𝑍eff − 2
𝜎𝑥.  (S9) 107 

 108 

Supplementary Note 3. Experimental realization of topological metagrating in 109 

two-dimensional plane 110 

 To experimentally validate the numerical simulations presented in Fig. 2c and Fig. 111 

2d, we constructed the metagrating within a planar acoustic waveguide with height 112 

equal to the metagrating thickness ( < 1/2𝜆 ), ensuring strict two-dimensional 113 

confinement of the acoustic field. The metagrating sample is fabricated using ABS 114 

plastic, comprising two semi-infinite gratings joined at the interface: the left side has 115 

slit width 0.71𝛬 with spacer transfer impedance |𝑍L|  =  1200, while the right side has 116 

slit width 0.67𝛬 with |𝑍R|  =  120. 117 
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As shown in Supplementary Fig. 3a, to precisely measure the confined wave 118 

distribution, the operating frequency is set to 3070 Hz, which is scaled relative to the 119 

simulation parameters to accommodate the experimental sample dimensions. The 120 

periodicity is 𝛬 =  0.1 m with 5 periods on each side. The experimental setup employs 121 

a line array of speakers positioned beneath the waveguide to generate plane acoustic 122 

waves incident normally onto the metagrating. The acoustic pressure amplitude and 123 

phase at different positions are measured through small apertures drilled on the top 124 

surface of the waveguide. The entire setup is surrounded by absorbing material to 125 

eliminate unwanted boundary reflections. 126 

The measurement results substantiate the presence of localized standing waves 127 

near the interface along the surface of the metagrating, with the acoustic intensity and 128 

phase distributions shown in Supplementary Fig. 3b and Supplementary Fig. 3c, 129 

respectively. The acoustic intensity reaches maximum at the interface and decays 130 

exponentially toward both sides, with decay rate consistent with the theoretical 131 

prediction. Due to the real-space topological transition, a phase jump of 𝜋  for the 132 

reflected wave is observed near the interface. This phase discontinuity validates the 133 

proposed real-space topology where the topological invariant is defined by the sign of 134 

the Dirac mass. As shown in Supplementary Fig. 3d, the measured reflected wave phase 135 

distribution shows good agreement with simulation results. 136 

 137 

Supplementary Note 4. Robustness analysis of acoustic Jackiw-Rebbi states  138 

Due to topological protection, acoustic Jackiw-Rebbi states exhibit inherent 139 

robustness. To analyze this robustness, we provide numerical simulations illustrating 140 

the relationship between transmittance, structural defects, and material properties. 141 

Specifically, we investigate the robustness of Jackiw-Rebbi states against deviations in 142 

scatter size, spacer thickness, and the acoustic impedance of the materials. 143 

(a) Robustness against deviations in scatter size 144 

Considering random structural defects that lead to size inconsistencies among the 145 

scatters (i.e., the rectangular bars in the metagrating), we assume, without loss of 146 

generality, that the lengths 𝐿 and widths 𝑊 of the bars follow a normal distribution, 147 

given by: 148 

𝐿~𝑁(𝐿0, 𝜎1𝐿0),𝑊~𝑁(𝑊0, 𝜎1𝑊0), (S10) 149 

where 𝐿 and 𝑊 correspond to the dimensions that enable the Jackiw-Rebbi states in the 150 

absence of deviations. The relative standard deviation 𝜎1 determines the magnitude of 151 
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the structural defects. Variations in the scatter size disrupt the periodicity and mirror 152 

symmetry of the structure and hinder the guided mode resonance to some extent. As a 153 

result, the resonance strength of the acoustic Jackiw-Rebbi state is expected to decrease, 154 

which can be observed in the transmission spectrum. As shown in Supplementary Fig. 155 

4a, as 𝜎1 increases, the central frequency experiences random shifts, and the Q-factor 156 

decreases accordingly. Simulation results indicate that a high transmission peak can still 157 

be maintained under moderate deviations (with 𝜎1 < 2% ), as illustrated in 158 

Supplementary Fig. 4b, which demonstrates the robustness of the Jackiw-Rebbi states 159 

against deviations in scatter size. 160 

 161 

(b) Robustness against deviations in spacer thickness 162 

Given that the spacer in the metagrating is very thin, manufacturing errors can lead 163 

to uneven acoustic impedance of the spacer. Without loss of generality, we assume this 164 

unevenness is caused by deviations in the spacer thickness 𝐷, which follows the normal 165 

distribution:  166 

𝐷~𝑁(𝐷0, 𝜎2𝐷0), (S11) 167 

where 𝐷0 is the spacer thickness that enables the Jackiw-Rebbi states in the absence of 168 

deviations. The relative standard deviation 𝜎2 determines the degree of unevenness. 169 

Variations in the thickness of the spacers disrupt the periodicity of the metagrating, 170 

causing shifts in the resonance frequencies of both the even and odd modes, and 171 

consequently altering the spectral splitting. However, since the curvature difference 172 

between the two bands is sufficiently large, the band crossing is almost unaffected by 173 

changes in the spectral splitting, ensuring the persistence of the Jackiw-Rebbi states. To 174 

verify this, as shown in Supplementary Fig. 4c, the transmission spectrum shows 175 

minimal changes as 𝜎2 increases. Simulation results, depicted in Supplementary Fig. 176 

4d, indicate that the transmission maximum remains above 0.89 even when 𝜎2 reaches 177 

12%, confirming the robustness of the Jackiw-Rebbi states against deviations in spacer 178 

thickness. 179 

 180 

(c) Robustness against deviations in acoustic impedance of the materials 181 

The materials used in the metagrating must have sufficiently high acoustic 182 

impedance relative to air to approximate an acoustic hard boundary condition. When 183 

material properties of the metagrating change, the ratio of acoustic impedance between 184 
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the metagrating and air is altered, denoted as: 185 

𝜉 = 𝜌1𝑐1/𝜌0𝑐0, (S12) 186 

where 𝜌1 and 𝜌0 represent the mass densities of the metagrating material and air, 187 

respectively, while 𝑐1 and 𝑐0  denote their respective sound speeds. In the theoretical 188 

model, the hard boundary condition assumption means the Jackiw-Rebbi state 189 

conditions are independent of this impedance ratio. However, in practical scenarios, 190 

variations in 𝜉 can cause slight shifts in the guided mode resonance frequency, which 191 

can be observed in numerical simulations. As illustrated in Supplementary Fig. 4e, the 192 

overall profile remains largely unchanged, although the central frequency of the 193 

Jackiw-Rebbi states decreases with increasing 𝜉 . The simulation results in 194 

Supplementary Fig. 4f show that the transmission maximum remains above 0.92 within 195 

the acoustic impedance range ratio of 1600 to 2000, exhibiting the robustness of the 196 

Jackiw-Rebbi states against variations in the acoustic impedance of the materials. 197 

 198 

(d) Robustness against deviations in vertical position of the spacer 199 

The emergence of the Jackiw-Rebbi state requires paired exceptional points with 200 

opposite masses across the interface. When the spacer is centered at the symmetry plane 201 

(𝑚0 = 0 ), the non-Hermitian system resides in the PT-symmetry-broken phase that 202 

supports the topologically protected zero mode. When the spacer undergoes vertical 203 

displacement 𝛿𝑦 from the centered position, an effective mass bias 𝑚0 is introduced, 204 

where m0 is proportional to the displacement. For small displacements satisfying 205 

|𝑚0| < 𝜅 , the mass still changes sign across the interface and the system remains in 206 

the PT-broken phase, preserving the Jackiw-Rebbi state. However, when |𝑚0| > 𝜅  , 207 

both effective masses acquire the same sign, the exceptional points annihilate each other, 208 

the system transitions to the PT-unbroken phase, and the Jackiw-Rebbi state disappears. 209 

Therefore, the Jackiw-Rebbi state is robust against vertical displacements below the 210 

critical threshold. To verify this theoretical prediction, we performed numerical 211 

simulations of the transmission spectrum as a function of spacer displacement, where 212 

the relative displacement is defined as:  213 

𝛥 = 𝛿𝑦/2𝑑 , (S13) 214 

where 2𝑑 represents the total height of the double-well potential. The simulation results 215 

demonstrate that when 𝛥 < 1%, which corresponds to the PT-broken phase, the system 216 

maintains high transmittance with the Jackiw-Rebbi state preserved, as shown in 217 
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Supplementary Fig. 4g and Supplementary Fig. 4h, confirming the robustness of the 218 

Jackiw-Rebbi states against vertical spacer displacements. 219 

 220 

Supplementary Note 5. Realization of Jackiw‑Rebbi states in three‑dimensional 221 

space 222 

To realize Jackiw‑Rebbi states in a three‑dimensional experimental setup, we 223 

extend the theoretical model to a planar metagrating structure based on coupled-mode 224 

theory. In this generalized three‑dimensional configuration, the acoustic field above the 225 

metagrating surface supports evanescent waves that decay along the out‑of‑plane (z) 226 

direction, expressed as: 227 

Φ1 = ∑ ∑ 𝐴𝑛

∞

𝑚=−∞

exp(𝑗(𝑘𝑥 + 𝑞𝑛)𝑥 + 𝑗(𝑘𝑥 + 𝑞𝑚)𝑥 + 𝑗𝑘𝑧(𝑦 − 𝑑)), 𝑧 > 𝑑

∞

𝑛=−∞

 (S14) 228 

In this three‑dimensional space, the acoustic field distribution in the xy-plane does 229 

not affect the propagation characteristics of the guided modes in the z-direction. 230 

Therefore, similar to the two‑dimensional case, the acoustic field inside the slit is 231 

described as a superposition of two guided modes propagating in opposite directions, 232 

given by: 233 

Φ2 = 𝑈(𝑥, 𝑦)[𝐵1exp(𝑗𝑘𝑛𝑧) + 𝐵2exp(−𝑗𝑘𝑛𝑧)], 0 < 𝑧 < 𝑑 (S15) 234 

Here, 𝑘𝑥, 𝑘𝑦 and 𝑘𝑧 represent the wavevector components outside the metagrating 235 

in the 𝑥, 𝑦, and 𝑧 directions, respectively, and satisfy the condition (𝑘𝑥 + 2𝜋𝑛/𝛬)
2 +236 

(𝑘𝑦 + 2𝜋𝑚/𝛬)
2
+ 𝑘𝑧

2 = 𝑘0
2 . The term 𝑘𝑛 denotes the wavevector component of the 237 

guided mode inside the slit along the z-direction. Compared to the two‑dimensional 238 

case, the metagrating introduces an additional wavevector component 𝑘𝑦. However, the 239 

form of the guided mode resonance condition remains unchanged: 240 

{
 

 
𝑗𝑍eff
𝑘𝑛

𝜕Φ2

𝜕𝑧
= Φ2 −Φ3

𝜕Φ2

𝜕𝑧
=
𝜕Φ3

𝜕𝑧
.

(S16) 241 

This implies that, while the acoustic field distribution in the plane parallel to the 242 

metagrating surface differs between two‑dimensional and three‑dimensional 243 

configuration, it is identical in the direction perpendicular to the metagrating surface. 244 

This consistency allows for the resonance mode to undergo spectral splitting by 245 

introducing an acoustic potential barrier, which results in the formation of paired even- 246 

and odd-parity resonant modes, as shown in Supplementary Fig. 5a and Supplementary 247 
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Fig. 5b. When the intensity and phase distributions of the incident plane wave are as 248 

shown in Supplementary Fig. 5c and Supplementary Fig. 5d, it can be observed that the 249 

acoustic field distribution of the guided modes in the yz-plane for the metagrating 250 

closely resembles that of the two‑dimensional case. Notably, the spontaneous symmetry 251 

breaking mechanism we propose is unrelated to the topological properties of the bands, 252 

which implies that the specific distribution of the eigenmodes is not crucial for the 253 

emergence of interface states. When these guided modes with different parity undergo 254 

crossing, an acoustic Jackiw-Rebbi state emerges, which aligns with the mechanism of 255 

the two‑dimensional case. 256 

However, it is important to note two key differences between the Jackiw-Rebbi 257 

states in two‑dimensional and three‑dimensional configuration, despite the similarities. 258 

First, due to the higher dimensionality, the interface state transitions from a point-like 259 

state in two‑dimensional case to a line-like state in three‑dimensional case. Second, the 260 

presence of a wavevector component in the y-direction reduces the group velocity 261 

𝜕𝑘0/𝜕𝑘𝑥 in the x-direction, leading to an increase in the bandwidth and a reduction in 262 

the Q-factor of the acoustic Jackiw-Rebbi state. 263 

 264 

Supplementary Note 6. Simulation setup of acoustic metagratings 265 

(a) Simulation setup of the metagrating in two-dimensional plane 266 

The metagrating shown in Fig. 2(c) consists of two finite-length metagratings 267 

joined together. For the right-side metagrating, the rectangular bars have a length of 268 

𝐿 = 4.1 mm, width 𝑊1 = 2.4 mm, and a periodicity of Λ = 7.3 mm, with 25 periods in 269 

total. The spacer between the bars has a thickness of 𝐷 = 0.073 mm. For the left-side 270 

metagrating, the rectangular bars maintain the same length 𝐿 = 4.1  mm, but have a 271 

reduced width of 𝑊2 = 2.1 mm, while the periodicity remains Λ = 7.3 mm, also with 272 

25 periods. The spacer thickness here is 𝐷 = 0.73 mm. The surrounding medium is air, 273 

with a density of 1.29 kg/m3, and a sound speed of 343 m/s. The spacer has a density 274 

of 1000kg/m3 and a sound speed of 1000 m/s.  275 

The incident plane acoustic wave propagates perpendicularly to the surface of the 276 

metagrating, with a perfectly matched layer (PML) applied around the simulation 277 

domain to eliminate reflections. The reflected pressure is obtained from COMSOL 278 

Multiphysics simulations by calculating the scattered acoustic field under an incident 279 

background field. The simulation domain is discretized with a maximum mesh element 280 
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size of 𝜆/6 , where 𝜆 is the wavelength in air at the operating frequency. Acoustic field 281 

distributions are simulated at different frequencies ranging from 41,000 Hz to 43,000 282 

Hz, and the normal transmission coefficient is calculated as the ratio of the averaged 283 

sound intensity of the transmitted wave to that of the incident wave across the 284 

metagrating. 285 

 286 

(b) Simulation setup of the metagrating in three‑dimensional space 287 

The metagrating shown in Fig. 4(a) has overall dimensions of 0.2 m×0.2 m and 288 

consists of two equal-area rectangular metagratings joined together. One of the 289 

metagratings (on the positive x-axis side) contains periodically arranged apertures, each 290 

of which is a square (viewed from above) with a side length of 𝑊1 = 5.5 mm, depth 291 

𝐿 = 4 mm, and a periodicity of 𝛬 =7.5 mm. The other metagrating (on the negative x-292 

axis side) also has periodically arranged apertures, with a slightly smaller square side 293 

length of 𝑊2 = 5.2 mm, depth 𝐿 = 4 mm, and the same periodicity of 𝛬 = 7.5 mm. The 294 

spacer thickness in this case is 𝐷 = 0.01 mm. The surrounding medium is air, with a 295 

density of 1.29 kg/m3 and a sound speed of 343 m/s. The material of the metagrating is 296 

steel, with a density of 7850 kg/m3 and a sound speed of 5300 m/s. The spacer is made 297 

of aluminum, with a density of 2700 kg/m3 and a sound speed of 6300 m/s. 298 

The incident plane wave propagates along the z-axis, with periodic boundary 299 

conditions applied to the lateral boundaries of the unit cell to simulate an infinite 300 

periodic structure, and PMLs placed at the top and bottom of the computational domain 301 

to absorb outgoing waves. The simulation domain is discretized with a maximum mesh 302 

element size of 𝜆/6 in the air regions and 𝜆/10 in the solid regions to ensure accurate 303 

resolution of the acoustic field. Acoustic field distributions are simulated at different 304 

frequencies ranging from 41,000 Hz to 43,000 Hz, and the normal transmission 305 

coefficient is determined by the ratio of the averaged sound intensity across the top and 306 

bottom surfaces of the metagrating. 307 

 308 

Supplementary Figures  309 
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 310 

Supplementary Fig. 1 | Band structure comparison between acoustic and optical guided mode 311 

resonances. (a) The red and blue lines represent two distinct bands, both of which lie below the 312 

sound cone. (b) The red and blue lines represent two bands that can occur both below and above the 313 

light cone. 314 

 315 

 316 

Supplementary Fig. 2 | Schematic of the acoustic topological metagrating model. The spacer of 317 

negligible thickness (colored in red) and the one-dimensional binary lattice (colored in grey) are 318 

aligned with the x-axis. The period of the metagrating is designated as 𝛬, where the rectangular 319 

scattering unit has a width of (1 − 𝑎)𝛬, with 0 < 𝑎 < 1, and a height of 2𝑑. 320 

 321 
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 322 

Supplementary Fig. 3 | Experimental observation of Jackiw-Rebbi states in acoustic 323 

metagrating within a two-dimensional planar acoustic waveguide. (a) Experimental setup. (b) 324 

Measured confined wave intensity distribution. (c) Measured confined wave phase distribution. (d) 325 

Comparison between measured and simulated reflected wave phase distributions. 326 

 327 
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 328 

Supplementary Fig. 4 | Robustness of the JR State against four types of deviations. (a) 329 

Transmission spectra under deviations in scatter size. (b) Maximum transmittance as a function of 330 

deviations in scatter size. (c) Transmission spectra under deviations in spacer thickness. (d) 331 

Maximum transmittance as a function of deviations in spacer thickness. (e) Transmission spectra 332 

under deviations in acoustic impedance of the materials. (f) Maximum transmittance as a function 333 

of deviations in acoustic impedance of the materials. (g) Transmission spectra under vertical 334 

displacement of the spacer. (h) Maximum transmittance as a function of relative displacement 𝛥. 335 

 336 
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 337 

Supplementary Fig. 5 | Acoustic field distributions of metagrating in three‑dimensional space. 338 

(a) The normalized acoustic pressure distributions of the even and odd eigenmodes within one 339 

metagrating period, shown in a 3D Cartesian coordinate system, obtained through simulations. (b) 340 

The normalized acoustic pressure distributions of the even and odd eigenmodes in the yz-plane, 341 

averaged along the x-direction. (c) Acoustic intensity and (d) phase distributions of the measured 342 

incident sound wave generated by the 8×8 ultrasonic transducer array. 343 


