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Study of quantum optics in metamaterial nanostructures

We study the photoluminescence (PL) and spontaneous emission of semiconductor nanoparticles doped in a 
metamaterial heterostructure. Metamaterials are a new class of artificial materials with optical properties determined 

by their classical atomic composition and nanoscale organization of their structural components. Metamaterials have unique 
electromagnetic properties which cannot be obtained from naturally occurring materials. Recently, metamaterials based on 
periodic arrangements of metallic nanocomposites have received special attention. They possess simultaneously negative 
effective dielectric permittivity and magnetic permeability for a range of frequencies in the electromagnetic spectrum. It is well 
known that the negative electric permittivity in noble metals leads to the formation of surface plasmon which may generate 
exceptionally strong localized electromagnetic fields. Heterostructures studies here are formed by fabricating a split-ring 
resonator and metallic rod metamaterial on a dielectric substrate. An ensemble of quantum dots (QDs) is doped near the 
interface in the heterostructure. The QDs interact with surface plasmon polaritons of the heterostructure. PL spectrum and 
spontaneous decay of excitons in the QD are studied. Our results indicate that the PL and spontaneous emission of the QDs are 
enhanced in the presence of the metamaterial when the exciton and surface plasmon frequencies are resonant. These findings 
are consistent with recent experimental studies. The present study can be used to make new types of nanoscale optical devices 
for sensing, switching and imaging applications based on metamaterials.
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