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Fig. 1. (a) Experimental setup; (b) experimental energy levels of "Rb atomic (PBS, polarization beam splitter; D(PD,), single
photon detector (detector); HWP, half wave plate; QWP, quarter wave plate; Etalon, F-P Etalon; HR,—HRj, highly reflecting
mirrors; BF, bandpass filter; BS, nonpolarizing beamsplitter; PR, partially reflecting mirror; 80/20 FC, 80:20 fiber coupler; AOM,

acousto optic modulator; PC, phase compensators; ot (o~ ) represents right (left) polarization of emitted photon; W(R) repres-

ents writing (reading) field).
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Fig. 2. Time sequence of experimental cycle.
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Fig. 3. Excitation probability as the function of the detun-
ing of locking light beam.
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Fig. 6. Real and imaginary parts of the reconstructed density matrices of the two-photon entangled state (x = 1% ).
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Abstract

Entanglement between a photon and an atomic memory is an important tool for quantum repeater
research. By using the Duan-Lukin-Cirac-Zoller (DLCZ) process in the atomic ensemble, quantum entanglement
between a photon and an atomic spin-wave memory is produced. With the further development of quantum
information, it is necessary to put forward higher requirements for the diversity and controllability of quantum
memory. In this work, we experimentally demonstrate an optical memory in cold atomic ensemble with
enhanced fiber-cavity and high-fidelity optical memory for the first time. We design a fiber cavity to enhance
the coupling strength between light and atomic ensemble and then improve the optical retrieval efficiency.
Unfortunately, the use of fiber cavity may lead to the decrease of fidelity. Therefore, it is vital to realize high
fidelity in the enhanced fiber-cavity optical memory. The cavity has a round-trip length of 1.5 m and a free
spectral range of 190 MHz. The finesse (F) of the cavity with the cold atoms in the DLCZ condition is
measured to be ~18. In cavity-enhanced DLCZ scheme, we use a fiber cavity instead of a stationary cavity. If a
stationary cavity is used, the signal light will be reflected by the end mirror of the cavity and then pass back
through the atoms. The storage of the backward signal light will generate a short-wavelength spin wave and
then lead to a rapid decoherence of the memory. When cavity is locked by using the PDH frequency locking
technique, we observe that the production probability of the Stokes photons is increased by 4.6 times higher
than that without cavity and retrieval efficiency of atomic spin wave is increased by 1.6 times that without
cavity due to the optical cavity enhancement effect. The presented cavity-enhanced storage shows that the
retrieval efficiency is ~22%, corresponding to an intrinsic retrieval efficiency of ~40%, at the same time the
fidelity of the quantum state is ~92%. The accomplishment of this project will provide another effective way of

realizing long-distance quantum communication and large-scale quantum network construction.
Keywords: Duan-Lukin-Cirac-Zoller protocol, iber cavity, cavity-enhanced optical memory, high fidelity
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