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ABSTRACT

In this study, the morphology-induced dispersion anisotropy is examined in self-organized phononic
media generated from reaction-diffusion (RD) patterns. Two-dimensional patterns are produced using
the Gray-Scott model, and their characteristic wavelength and directional features are quantified by
spatial Fourier analysis. These patterns are mapped onto spatially varying material-property fields, and
wave-dispersion characteristics are computed using a scalar plane wave expansion method. Rather
than focusing solely on complete bandgap formation, the manner in which characteristic length scales
and morphological anisotropy influence band dispersion, equal-frequency contours, and group-velocity
directionality is examined herein. Results show that RD patterns induce pronounced anisotropic
dispersion even without a complete bandgap. The temporal evolution of morphology leads to systematic
changes in interface density, dominant wavelength, and spectral anisotropy, accompanied by
stage-dependent variations in low-order dispersion branches. Although the global linear correlation
between morphology anisotropy and dispersion anisotropy is weak in the present scalar-wave setting,
the results indicate that RD-derived patterns can serve as a useful self-organized platform for exploring

directional dispersion tailoring beyond conventional lattice-based metamaterials.
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Fig. 1 Representative reaction—diffusion-derived morphologies and their spatial Fourier spectra. Top row: spatial
patterns at the early, intermediate, and late stages of the reaction—diffusion evolution. Bottom row:
corresponding log-scaled FFT amplitude maps. The intermediate pattern exhibits the strongest directional
bias in the global spectral distribution, although the absolute anisotropy remains moderate because multiple
directional components coexist in the full-domain FFT
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Fig.3 Band structures and angular dispersion of representative RD-derived phononic media. Top row: scalar-

258

wave band structures for three representative morphologies. Bottom row: angular frequency variation of
the selected low-order branch at a fixed wave-number radius near the I’ point. The intermediate
morphology shows the strongest directional variation, indicating pronounced dispersion anisotropy
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Fig. 4 Equal-frequency contours and group-velocity directions for representative RD-derived media. Equal-fre-
quency contours are shown for the same target frequency on the selected low-order branch for the

three representative morphologies.

Arrows indicate the normalized group-velocity directions, v, =V, ,

g

sampled at fixed angular intervals along each contour. The intermediate morphology exhibits the largest
contour distortion among the three cases, although the overall anisotropy remains moderate under the

present scalar-wave setting
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