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Fig. 1. Multimode quantum storage of single photons: (a) The
histogram of single photon storage in one temporal mode
for 40 ns; (b) the histogram of single photon storage in 20
temporal modes for 100 ns; (c) the histogram of single
photon storage in 100 temporal modes for 500 ns; (d) the

enlarge of the rectangle regions in panel (c) 11l
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Fig. 2. The exploration of the multimode capacity in the
spatial domain of the quantum memory: (a) The setup is
used for exploration of the multimode capacity of the
memory; (b) graphical representation of the real part of
the reconstructed process matrix X2 in three dimensions;
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SPECIAL TOPIC—Advances in quantum coherence and quantum storage
. . *
Multimode solid-state quantum memory
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Abstract

The faithful storage and coherent manipulation of single photon state in a matter-system are crucial for
linear-optical quantum computation, long-distance quantum communication, and quantum networking. To
reach useful data rate in a large-scale quantum network, highly multimode quantum memories are required to
build a multiplexed quantum repeater. Rare-earth-ion doped crystal (REIC) is very promising material as a
candidate for multimode quantum storage due to the wide inhomogeneous broadening and long optical
coherence time. In this article, we review the recent advances in multimode quantum memories based on REICs.
First, we briefly introduce the properties of REIC and the atomic frequency comb protocol based on REIC.
Next, we review the achievements of multimode quantum memories based on REIC in recent years, including
frequency, temporal and spatial multimode storage. Afterwards, we review our experimental work on
multiplexed storage based on a multiple degree-of-freedom quantum memory. Finally, we introduce the
quantum mode converter and real-time arbitrary manipulations based on the multiple degree-of-freedom
quantum memory. The combination of storage and real-time manipulation in a device should enable the
construction of a versatility quantum repeater. This review highlights that multimode quantum memories based
on REIC can be found to possess some practical applications in developing the optical quantum information

processing in the near future.
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