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Abstract: We report on the new way of achievingrgheansmission and reflection resonances in sub-
wavelength structured artificial materials.

Here we report the first experiential results omeav type of planar metallic metamaterials, whittoves
exceptionally narrow transmission and reflectioopsbands. The development of structure with a lagonance
quality factor and narrow resonant spectral bancrusially important for developing photonics metdearials such as
negative index media, polarization and frequendgcsige surfaces etc.

We achieve the high quality resonances by introdua symmetry breaking in the shape of metal siohs
forming the metamaterial. The new type of metanmténat we report here is formed by a periodi@grof identical
sub-wavelength planar metallic “particles”, whiate atructured in the form of an asymmetrically tsphig (ASR) and
placed on a dielectric substrate (see Fig. 1a).A3R-structure exhibits a very sharp resonant nespaevith the quality
factor at least one order of magnitude large tihat typically encountered in the existing metamaleand frequency
selective surfaces. We show that the nature ofhipk-Q response can be associated with so-callestd or dark
modes - anti-symmetric current modes excited in the Af%fRtcles, which are weakly coupled to free-spatke |
Coupling to such modes is usually forbidden untessparticles have a certain structural asymmaéignifestation of
the resonant properties depends on the type cyttmenetry breaking. For the case of asymmetricalli 6ngs shown
in Fig. 1a (a metallic ring split into 2 unequalrigd the metamaterial exhibits an ultra-narrow nesa reflection stop-
band near 5.5 GHz (see Fig. 1b).
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