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Okamura, Mingyang Zheng, Xiuping Xie, Tomoyuki Horikiri
FRIBXAANIL : Two—photon comb with wavelength conversion and 20—km distributionfor
quantum communication

$8 #5548 : Communications Physics

174, &5, H: 3 138(2020)
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B
Quantum computing and quantum communication, have been greatly developed in recent
years and expected to contribute to quantum internet technologies, including cloud
quantum computing and unconditionally secure communication. However, long—distance
quantum communication is challenging mainly because of optical fiber losses; quantum
repeaters are indispensable for fiber-based transmission because unknown quantum states
cannot be amplified with certainty. In this study, we demonstrate a versatile entanglement
source in the telecom band for fiber-based quantum internet, which has a narrow linewidth
of sub—MHz range, entanglement fidelity of more than 95%, and Bell-state generation even
with frequency multimode. Furthermore, after a total distribution length of 20—km in fiber,
two—photon correlation is observed with an easily identifiable normalized correlation
coefficient, despite the limited bandwidth of the wavelength converter. The presented
implementation promises an efficient method for entanglement distribution that is
compatible with quantum memory and frequency—multiplexed long—distance quantum
communication applications.
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Quantum repeaters, which are indispensable for long—distance quantum communication, are
necessary for extending the entanglement from short distance to long distance; however,
high-rate entanglement distribution, even between adjacent repeater nodes, has not been
realized. In a recent work by [C. Jones et al, New J. Phys. 18 (2016) 083015], the
entanglement distribution rate between adjacent repeater nodes was calculated for a plurality
of quantum dots, nitrogen—vacancy centers in diamond, and trapped ions adopted as quantum
memories inside the repeater nodes. Considering practical use, arranging a plurality of
quantum memories becomes so difficult with the state—of-the art technology. It is desirable
that high—rate entanglement distribution is realized with as few memory crystals as possible.
Here, we propose new entanglement distribution scheme with one quantum memory based on
the atomic frequency comb which enables temporal multimode operation with one crystal.
The adopted absorptive—type quantum memory degrades the difficulty of multimode
operation compared with the previously investigated quantum memories directly generating
spin—photon entanglement. It is shown that this scheme improves the distribution rate by
nearly two orders of magnitude compared with the result in [C. Jones et al., New J. Phys. 18
(2016) 083015] and the experimental implementation is close by utilizing state—of-the—art
technology.
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18&.55 4 : Physical Review A
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Z®D{th:DOI 10.1103/PhysRevA.99.042324
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Blind qguantum computation is a scheme that adds unconditional security to cloud quantum
computation. In the protocol proposed by Broadbent, Fitzsimons, and Kashefi, the ability to
prepare and transmit a single qubit is required for a user (client) who uses a quantum
computer remotely. In case a weak coherent pulse is used as a pseudo—single—photon source,
however, we must introduce decoy states, owing to the inherent risk of transmitting multiple
photons. In this paper, we demonstrate that by using a heralded single—photon source and a
probabilistic photon number resolving detector we can gain a higher blind state generation
efficiency and longer access distance, owing to noise reduction on account of the heralding

signal.
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