Entangled-photon generation via biexcitons in nano-structures
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Generation of UV entangled-photon pairs by hyper-parametric scattering (HPS) in CuCl has been reported recently.[1] It shows much higher efficiency than the usual generation method by parametric-down conversion (PDC). In the HPS process, resonantly created biexcitons with no angular momentum collapse with the generation of polarization-correlated photon pairs satisfying the angular momentum conservation law. Although the bulk crystal was used in ref. 1, it is significantly promising to study the HPS process in nano-structures from the viewpoint of device implementation and of the capability of increasing performance by manipulating quantum characteristics of confined excitonic systems. For the sake of this purpose, we have constructed a full quantum theory considering the nonlocal nature of the weakly confined excitons. This theory enables us to treat arbitrary shaped nano-to-macro scale crystals in arbitrary dielectric environments, and to calculate the polarization correlation of generated pairs, and also to evaluate the ratio between number of correlated pairs (signal) and uncorrelated ones (noise), which come from coincidentally collapsed different biexcitons. These are the essential progresses, for the study of HPS in nano-structures, from the previous studies such as the pioneering work by Savasta et al.[2]
As a demonstration of our method, we calculate the HPS scattering intensities, two-photon coincidences and their polarization correlations in CuCl films, where the phenomenological model of biexcitons is given so that the calculated results can be compared with the experimental ones. As a result, it is revealed that the HPS signal clearly reflects the peculiar mode structure of the exciton-polaritons confined in nano-structures. Also, we evaluate the correlated-pair intensities, where the incident power is tuned to satisfy S/N = 1, as the performance of the entangled-photon generation. It turns out that the film with a thickness range of a few hundred nanometers shows the maximum performance. Although the signal intensity of the HPS is usually very weak in nano-structures for the usual degenerate two-photon excitation of biexcitons, we can overcome this problem by using the induced excitation with two incident beams having different colors. It significantly increases the signal intensity to the same order of that by the bulk crystals. We find the conditions of the film thickness and the incident frequencies, where the high performance and the high efficiency can be realized simultaneously. This result indicates the great potentiality of nano-structured crystals as the source materials for the generation of entangled-photon pairs.  
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