Excitation of self-induced surface states in parabolic geometry
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Non-diffracting beams are a class of optical waves that maintain their transverse intensity profile over long propagation distances, exhibiting self-healing properties [1-5]. These beams have found applications in the field of optical trapping, high-resolution imaging, and laser material processing, where precise beam control and long-depth focusing are essential [6]. They are a significant promise for a new class of optical lattice-writing light within their stability range [7], but their potential in nonlinear photonics remains unexplored [8]. Truncating photonic lattices leads to the formation of localized surface states demonstrated in 1D waveguide arrays and 2D photonic lattices [9]. The geometrical characteristics of Weber beams offer a specific level of control over the topology of lattice surface. 
We achieve the progress of these fields extending the concept of surface state generation by investigating the nonlinear propagation of non-diffracting Weber beams in photorefractive media. We present an approach for generating self-induced parabolic surface states in a photorefractive SBN crystal, utilizing a single-pass experimental setup with the optical induction technique. We systematically examined how these surface states characteristics depend on the beam parameters, orientation, and the strength of the nonlinearity. The formation of these surface states was observed without a pre-inscribed photonic lattice. This approach enhances the predictability and control of parabolic surface states, enabling new ways to manage diffraction, localization, and exploring novel nonlinear optical effects. Also, we investigate the linear propagation of a narrow Gaussian probe beam in a Weber aperiodic lattice inscribed in an SBN crystal to study surface effects. Such photonic lattices are naturally truncated, therefore build-up processes such as multiplexing or some kind of occlusion is avoided for their generation. Under specific parameter regimes, we observe oscillatory surface states near the lattice boundary, characterized by cyclic energy exchange between adjacent lattice sites. In both cases, such specific parabolic states are observed in the form of surface states extending across multiple adjacent parabolas, or edge parabolic states localized along the border parabola.
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