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Quasi-Dark States: A New Frontier in Light Enhancement and Control based on metasurface structures

Hicham. Mangach 1,2 , Abdenbi. Bouzid 2 , Younes. Achaoui 2 , and Shuwen. Zeng Abstract: Quasi-dark states in optical metasurfaces has a significant impact on the control of electromagnetic fields at subwavelength scales. These exceptional states, resembling bound states, have resulted in unparalleled light enhancement and a dramatic increase in the quality factor under the resonance condition. This phenomenon has been recently employed for refractometric sensing and near-field imaging. In this study, we demonstrate a hybrid metasurface without inversion symmetry, revealing a quasi-bound state in the continuum with a remarkable field enhancement at subwavelength scales.

Metasurfaces have emerged as a promising synthetic material with a finite extended constituent [START_REF] Lee | Metasurfaces with bound states in the continuum enabled by eliminating first Fourier harmonic component in lattice parameters[END_REF]. In fact, this subwavelength depth characteristic has proven to be a viable option in several aspects, including reducing the usage of high-consumption materials and streamlining overall manufacturing procedures, as they do not require a deep anisotropic profile akin to photonic crystals and metamaterials. Recently, these planar structures have exhibited their ability to shape the wavefronts as one can tune the structure, which leads to the emergence of a diverse range of lenses with different focus [START_REF] Khorasaninejad | Achromatic metasurface lens at telecommunication wavelengths[END_REF]. Moreover, with the optimized structure, a light-matter enhancement through the emergence of a quasi-bound state in the continuum is observed, thereby providing a novel perspective on amplifying electromagnetic intensity at a subwavelength scale. Recently, the concept of bound states in the continuum has stimulated the interest of the quantum mechanics community, as it demonstrates the mathematical possibility of high-energy electrons in a quantum wall can exhibit a localized state, commonly known as a dark state [START_REF] Rybin | Supercavity lasing[END_REF]. The Schrödinger equation's all-encompassing nature has bestowed upon phenomenon with versatility and ease of implementation across various disciplines, including optics, acoustics, and mechanics. Non-radiative sources, in particular, have attracted great interest due to their capacity for confining light to a nanoscale dimension. This property holds immense potential for various applications, including light enhancement at nanoscale in dielectric material with near-zero energy dissipation, in contrary to their plasmonic counterparts. Thus, the strong light confinement based on the quasi-dark state generated on the metasurface has bolstered for enhanced near field imaging, and increase of the refractometric sensitivity of optical devices [START_REF] Wang | All-dielectric crescent metasurface sensor driven by bound states in the continuum[END_REF]. Here, in this work, we have proposed a hybrid metasurface that integrates a non-centrosymmetric dimer made of Indium Tin Oxide (ITO) deposited on a Silicon Dioxide (SiO2) substrate.

The unit cell has a spatial period of a and a total thickness T defined as the sum of h1 and h2. A detailed geometric parameters can be found in Figure 1. We have obtained the transmission and reflection amplitude at the lower and uppermost parts of the structure. These results were prompted by the impingement of y-polarized light upon its uppermost region, indicates a manifestation of significant light-matter interplay with a quality factor of 2.6x10 7 . In Figure 2, the illustrations of the calculation of the electric field norm in both the far field and near field are presented, demonstrating a strong confinement of energy associated with the emergence of quasi-bound states in the continuum under the resonance condition. 

Figure 1 :

 1 Figure 1: Schematic figure of the unit cell of our metasurface in 2D and 3D, with a variety of geometrical parameters, including: a = 750 nm, b = 95 nm, c = 70 nm, w = 210 nm, h1 = 200 nm, h2 = 700 nm and h3 = 140 nm . The transmission spectra (red curve) and reflection spectra (blue curve) of the quasi-bound state at the resonance.

Figure 2 :

 2 Figure 2: (a) The Far-field pattern at resonance, and (b) the Near-field distribution in (X,Z) and ( Y,Z) planes, respectively.
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