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Sharp Fano Resonances and Slow Light

Inspired by the study of atomic resonances, researchers have 
developed a new type of metamaterial. Their work paves the way 
toward compact delay lines and slow-light devices.
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etamaterials�crystalline-like sub-wavelength arrangements of electromagnetic resonators�
can exhibit exotic optical properties, such as negative refraction and cloaking, most of which 
have no counterpart in natural media. Metamaterial structures could one day be used to 
develop a wide variety of devices with enhanced and unusual functions, ranging from super-

lenses to electromagnetic cloaks. Metamaterials are also expected to play a key role in the development of 
all-optical data processing chips.

Now, a new direction has emerged in metamaterial research. Scientists are looking to realize narrow, 
low-loss resonances and strongly dispersive behavior in planar, two-dimensional structures of sub-wavelength 
thickness by using interference e� ects that suppress radiation leakage. � ese advances will greatly expand the 
metamaterial playground to encompass sensors, compact delay lines and coherent light-emitting devices. 

At the core of this new approach lies an intriguing analogy with the famous quantum phenomenon of 
electromagnetically induced transparency (EIT). Following the � rst observation by Fedotov et al. that the 
electromagnetic response of certain metamaterials provides �another classical analog of the narrow resonances 
observed in electromagnetically induced transparency,� recent studies show that, by mimicking this quantum 
phenomenon, the dispersive properties of such planar metamaterials can lead to slow-light propagation and 
long pulse delays in the microwave, terahertz and optical parts of the spectrum.

Fano resonances: electromagnetically induced 
transparency and dynamical damping
A typical approach to achieving sharp spectral features involves the so-called Fano resonances that occur due 
to the interference of di� erent excitation pathways. In the simplest case, Fano interference requires a quasi-
bound state coupled to a continuum�which results in two channels of excitation, a direct one and an indirect 
one through the quasi-bound state. Constructive and destructive interference of these two channels leads to 
very narrow resonance lineshapes. Such resonances are used in the well-known phenomenon of EIT, where a 
pump and probe beam are applied at di� erent dipole transitions of an atom vapor that share the same excited 
state; transitions between the two ground states are not allowed. 
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