The quest for negative refraction at visible wavelength:  metamaterials, photonic crystals and exciton polaritons
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Materials that exhibit negative refraction have the potential for many interesting properties, such as flat slab imaging and super-resolution.[1]  To date, negative refraction has only been achieved for GHz frequencies, and then only with engineered materials lacking microscopic homogeneity, i.e. metamaterials and photonic crystals.  These materials will be reviewed.  We are working on fabrication and testing of nanoscale metamaterials in the Wake Forest University Nanotechnology Center.  We will briefly describe our approaches.  Agranovich et al have shown that a negative group velocity is necessary and sufficient for a material to refract negatively.[2]  We will discuss additional aspects of the relation of negative group velocity to negative refraction.  
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Agranovich et al further asserted that excitons with negative effective mass can exist in some unspecified crystals.[3]  As illustrated in Fig. 1, this would result in an exciton-polariton with a negative group velocity, which opens the possibility of negative refraction in a homogeneaous molecular crystal.[3, 4]  We would like to initiate discussion with the exciton research community about where one might expect to find excitons with a negative effective mass.  Even if such excitons are realized, the region where the slope of the polariton dispersion curve becomes negative seems likely to occur at a much larger wave-vector than that of the light the exciton couples with.  The momentum needed to access such a state must be considered if exiton-polaritons are to be a basis for negative refraction.      
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Figure 1: Schematic dispersion curves for (a) exciton with negative effective mass and overlaid non-interacting photon; (b) the resulting exciton-polariton, which exhibits a region with negative dispersion.











