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Robust and asynchronous entanglement manipulation of telecom photons
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Quantum communication offers a wide range of significant applications such as quantum communication and
quantum computation. When we look at practical optical -fiber—based quantum communication over a long distance,
photons at telecom bands (around 1310 nm and 1550 nm) should be used to benefit from a low photon loss in
an optical fiber. In this thesis, we developed telecom—band entangled photon pair sources using spontaneous
parametric down conversion (SPDC), and performed experiments towards long—distance quantum communication.
Our work is divided into following two parts.

The first study is the protection of photonic entangled states from decoherence in an optical fiber.
Distribution of entangled photon pairs between distant two parties is an important prerequisite for performing
various kinds of quantum communication protocols. However, entanglement is easily degraded due to the
disturbance such as phase fluctuations. So far, several schemes which protect the quantum states from
disturbance have been proposed, and proof-of—-principle experiments have been performed by using pho— ton pairs
at visible wavelength. We experimentally demonstrate one of such schemes called entanglement extraction scheme
by using telecom photons, in which a maximally entangled photon pair is extracted from two photon pairs decohered by
collective phase noise. We observed the fidelity of 0.73 + 0.07 for the extracted state, which shows that the extracted state is
entangled.

The second study deals with timing synchronization—free experiments using telecom—band asynchronous photon
pair sources. In this method, cw-pumped SPDC and time-resolved measurement enable us to per— form quantum
communication protocols without synchronizing distantly located SPDC sources. We first present a new method
to determine the Hong—Ou-Mandel visibility in this regime, which is used as the standard criterion for
evaluating the indistinguishability of the photons. By using this method, we experimentally demonstrated
high-visibility HOM interference and observed the HOM visibility of 0.87 = 0.04, which is as high as that observed in pulsed
regime. Second, we demonstrate extended entanglement manipulations in timing synchronization—-free manner. We
demonstrated entanglement swapping and generation of three-qubit GHZ state, and observed the fidelities of 0.84+ 0.04 and 0.70

+ 0.05 for the entanglement swapping and generation of the GHZ state, respectively.
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