Excitation of Bound States in the Continuum with
Radially Polarized Beams
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The last decade has witnessed an effervescent
interest in exploiting Bound States in the Con- 9
tinuum (BIC) in both dielectric and plasmonic ] W\Y
metasurfaces for many applications [1,2]: las- ]
ing, nonlinear optics, electromagnetically induced o
transparency, polarization conversion, and sensing, = s
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quasi-BICs, modes with large, but finite, Q-factors normalized to the incident power Py for infinite and fi-

that can couple to the far field. But the same phys- pjte arrays as a function of beam width. (d) Q-factor for
ical mechanism that gives rise to their diverging infinite and finite arrays as a function of beam width
Q-factors makes their excitation from the far-field

notoriously difficult.

Here, we report the excitation of quasi-BICs in periodic arrays of z-oriented elongated polarizable ob-
jects using structured beams (Figure 1a). Exploiting a semianalytical approach based on the combination
of the coupled dipole model and the angular spectrum representation of a light beam [3|, we demonstrate
that tightly focused radially polarized beams are capable of exciting quasi-BICs more efficiently than
any tilted plane wave [4]. For infinite square arrays (lattice period a) of loss-less objects with resonant
wavelength A, = 1.5a, we show that increasing wg (a variable proportional to the beam width) leads
to stronger and spectrally narrower collective resonances (Figures lc and d). Nevertheless, while the
extinction efficiency saturates, the Q-factor increases exponentially with wg, evidencing the excitation
of a quasi-BIC. For finite arrays the behaviour is significantly different (Figures lc and d). For beam
widths smaller than the array size, two different quasi-BICs are excited. The first mode initially follows
the behaviour of the infinite array, to later vanish. For the second mode, the extinction efficiency and
the Q-factor grow and significantly surpass those of the infinite array. More importantly, these conditions
lead to much more efficient quasi-BIC excitation than for any tilted plane wave. For larger beam widths,
the @-factor saturates and the extinction efficiency worsens, eventually vanishing. Our results provide a
solid theoretical framework to analyse, understand, and optimize the excitation of quasi-BICs in finite
arrays by means of radially polarized beams.
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