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Fig. 1. Experimental setup of generation for continuous variable entangled light and its transmission through

optical fibers.
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Abstract

Continuous variable (CV) quantum entanglement is an essential resource for quantum computation and communi-
cation protocols. The use of CV quantum entanglement at a telecommunication wavelength of 1.5 um in combination
with existing fiber telecommunication networks offers the possibility to implement long-distance quantum communica-
tion protocols like quantum key distribution (QKD) and applications such as quantum repeaters, quantum teleportation
in the future. In spite of the fact that the optical power attenuation of light in a standard telecommunication fiber is
lowest at a wavelength of 1.5 um, the entangled states will interact with fiber channels and the disentanglement will
occur. It is one of the important factors restricting the development of long distance quantum information. In this
paper, CV entangled state at 1.5 pm telecommunication band is obtained by using a type-II periodically poled KTP
(PPKTP) crystal inside a nondegenerate optical parametric amplifier (NOPA). A wedged PPKTP is used for implement-
ing frequency-down-conversion of the pump field to generate the optically entangled state and achieving the dispersion
compensation between the pump and the subharmonic waves. By controlling the temperature and the length of the
PPKTP crystal, a triply resonant optical parametric oscillator with a threshold of 80 mW is realized. Einstein-Podolsky-
Rosen (EPR)-entangled beams with quantum correlation of 8.3 dB for both the amplitude and phase quadratures are
experimentally generated by using a single NOPA at a pump power of 40 mW and an injected signal power of 10 mW
when the relative phase between the pump and injected signal is locked to . The generated entangled state is coupled
into a single-mode optical fiber, and the transmission characteristics of the generated EPR entangled beams through
standard single-mode fibers are investigated experimentally and theoretically. A fiber polarization controller is used
to compensate for the polarization state variation induced by random fluctuations of birefringence of the single mode
fiber when the light propagates along the fiber, and to keep the polarization of light linear at the fiber output. A
0.21 dB quantum entanglement could still be observed for the EPR-entangled beams transmitted through a 50-km-long
single-mode fiber. The theoretical prediction considering the excess noise in fiber channel is in good agreement with the
experimental result. The generated CV quantum entanglement is highly suitable for the required experiments, such as
CV measurement-device-independence QKD based on standard fibers, owing to the fact that the tolerance of the excess
noise in the quantum channel can be enhanced significantly with respect to a coherent state if EPR-entangled beams

are used.
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channel
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