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Abstract:We investigate subwavelength resonances for the three-dimensional Helmholtz
system with quadratic and cubic nonlinearities. By employing the Dirichlet-to-Neumann
map and establishing the well-posedness of corresponding auxiliary boundary value
problems, we derive necessary and sufficient conditions that characterize nonlinear
resonance phenomena. Building on these results, we obtain explicit asymptotic formulas
for subwavelength resonant frequencies and their associated eigenfunctions in both the
quadratic and cubic settings. The analysis provides a unified theoretical framework for
nonlinear subwavelength resonances, offering new insights that may inform the design of
nonlinear resonant structures in photonics and acoustics.
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