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Definition: Bound States in the Continuum (BICs) are non-radiative optical modes confined
within the radiation continuum of free space.

Introduction
Key Features: Ultrahigh Q factors, topological vortex configurations in momentum space.
Mechanism: Destructive interference of resonances in coupled channels.
Friedrich-Wintgen . . :
(FW) BICs Original FW BICs near avoided crossings.
Types —— Symmetry-protected BICs at I point due to structural symmetry.
Accidental BICs arising from mode coupling without symmetry protection.
PhySIC.a l Plane wave/ BlO.Ch wave Analytical tools to determine the conditions under which far-field radiation cancels.

Mechanisms Perspective

Multipolar Perspective — Radiation: Vanishing multipole components in specific directions.

Polarization Vortices: Winding number (topological charge) defines

momentum-space singularities.
Topological Properties P =

Conservation: Topological charges remain invariant under parameter changes.

Properties: Finite Q factors with weak continuum coupling.
Quasi-BICs
Generation: Derived from symmetry-protected BICs via perturbations.

Light Propagation Field Confinement: Zero-index modes, negative refraction, enhanced evanescent fields.

Exploited Manipulation Spectral Control: Ultranarrow filtering, Goos-Hanchen shift enhancement.

Effects Optical Vortices: Momentum-space polarization generates Pancharatnam-Berry phases.
Topological Effects
Spin Hall Effect: Spin-dependent beam shifts via topological phase gradients.

Large Rabi splitting and Bose-Einstein condensation.

Light—Matter Int ti
£ arterinteractions Nonlinear Enhancement: Harmonic generation efficiency orders of magnitude higher

than conventional designs.

PCSELs: High-power operation (>50 W CW output), single-mode emission.

~ Lasing -— Materials: GaAs, perovskites demonstrate room-temperature lasing.

Applications Beam Control: Vortex beam and chiral beam generation.

High-Q Resonators: Sensing based on high-Q factors of BICs and quasi-BICs.
- Sensing {

Chiral Sensing: Molecular barcoding and circular dichroism enhancement (FOM=80.6).

Future Directions: High-order BICs, moiré/quasicrystal systems, synthetic dimensions.

Technological Potential: Integration into quantum photonics, integrated circuits.

Challenges: Advancements in fabrication techniques for precise structure engineering.
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