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Abstract: Quantum memory is a crucial device for the storage and retrieval of photonic quantum states,
serving as a cornerstone for quantum communication, quantum computing, and quantum metrology.
Significant progress has been achieved in various physical systems and storage protocols. Among these, warm
atomic ensembles have garnered considerable attention due to their inherent advantages, including room-
temperature operation, low preparation cost, and strong light-atom interactions. Raman quantum memory
protocol stands out for its suitability in high-speed quantum information processing, offering broad bandwidth
and effective storage of ultrashort pulses. This review focuses on recent progresses in quantum memory based
on warm atomic ensembles employing Raman protocol. We introduced key performance metrics of quantum
memory, elaborated on the principles and characteristics of the Raman protocol, and summarized the latest
theoretical and experimental advancements, as well as discussed the future research prospects.
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Fig. 5 Schematic diagram of velocity-selective pumping
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Glossary
DBR=Distributed bragg reflector
MMB=Metamorphic buffer
OPO=Optical parametric oscillator
BP=Bandpass filter
EOM=Electro-optic modulator
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Table 1 Representative Raman quantum memory and their key parameters

No. Representative work Storage efficiency Storage time Working wavelength Bandwidth Signal photons
1 Nature Photonics 2010, 4(4): 218-221 15% 12.5 ns 852 nm ~GHz  Weakly coherent light
2 Physical Review Letters 2011, 107(5): 053603 >30% 4 ps 852 nm 1.5 GHz Weakly coherent light
3 Physical Review Letters 2016, 116(9): 090501 9.5% 95 ns 852 nm 1.2 GHz Weakly coherent light
4 Physical Review A 2018, 97(4): 042316. 14.6% 5.4 ns 852 nm ~GHz Single photon
5 Nature communications 2019, 10(1): 148. 82.6% 1.1 ps 795 nm ~MHz  Weakly coherent light
6 Physical Review Letters 2023, 131(15): 150804 77% 1us 795 nm 100 MHz Weakly coherent light
7 Science Advances, 2024, 10(15): eadi7346. 12.9% 1 ns 1529.3 nm 1 GHz Single photon
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