UV photon entanglement through biexcitonic states

Keiichi Edamatsua,b*, Goro Oohataa,c, Ryosuke Shimizub*
aResearch Institute of Electrical Communication, Tohoku University

bCREST, Japan Science and Technology Agency (JST)

cERATO Semiconductor Spintronics Project, JST

Entanglement is one of the key features to quantum info-communication technology. Although parametric down-conversion has been used so far to generate highly entangled pairs of photons, entangled photon sources using semiconductors are desired for practical applications [1-3]. We reported the first experimental evidence of the generation of UV entangled photons via biexcitons in a semiconductor (CuCl) crystal [4]. Here we show our recent experimental results that exhibit a higher degree of entanglement and demonstrate the violation of Bell's inequality. Figure 1 shows an example of polarization-correlation measurements of the photon pairs. We find clear polarization correlations for the coincidence signal at =0, in accordance with the theoretical prediction of the polarization-entangled state
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where |X(i (i=1, 2) denotes the polarization state (H: horizontal, V: vertical, L: left circular, and R: right circular) of each photon. The density matrix of the two-photon polarization state derived from quantum tomographic analysis exhibits the fidelity F=0.85 to the ideally entangled state (1), indicating that the generated photon pairs are highly entangled beyond the classical limit (F=0.5). We also evaluated Clauser-Horne-Shimony-Holt (CHSH) type Bell's inequality of our photon pair state. The obtained S-value was S=2.34(0.10>2, indicating that our state clearly violated the inequality. This is the first experimental demonstration of the violation of Bell's inequality by use of photon pairs generated directly from a semiconductor. 
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