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Experimental Progress of Strongly Coupling
between Optical Cavity and Atoms

Li Gang', Zhang Pengfei', Yang Pengfei'?, Wang Zhihui', Zhang Tiancai'
' State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of Opto-Electronics,
Collaborative Innovation Center of Extreme Optics, Shanxi University, Taiyuan, Shanxi 030006, China;

* Institute of Big Data Science and Industry, Shanxi University, Taiyuan, Shanxi 030006, China

Abstract The strongly coupled system between optical cavity and atoms is a basic system in the research of
quantum physics, which not only has important physical significance, but also provides an ideal system for the
generation of key technologies and the research of key devices of quantum information, quantum computation and
quantum precision measurement. The experiment of the strongly coupled interaction between cavity and atom has
been developed since 1990s. After years of research, great progress has been made in the strong coupling between
single atom and optical cavity and the coupling between atomic ensemble and optical cavity. With the progress of
quantum manipulation technology of multi-atom array, the strongly coupled system of controllable multi-atom array
and optical microcavity has become an important research direction of cavity quantum electrodynamics in recent
years. However, the strong coupling between the deterministic controllable multi-atom array and the cavity is still
faced with great technical challenges at present, and the number of controllable atoms remains at two. The main
experimental progress and corresponding experimental schemes of the strongly coupled cavity quantum
electrodynamics system in the optical frequency region in recent years are briefly reviewed, and the future
development is prospected.
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Fig. 2 Schematic diagrams of single-atom laser and its energy levels

[ (a) Schematic diagram of single-atom laser, where

single atom is trapped inside FP cavity, and 2; and £, are pump light; (b) schematic diagrams of energy levels of

single atom laser and coupling between pump and optical cavity
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Fig. 3 Schematic diagram of photon blockade device”™ . (a) Schematic diagram of strongly coupled single-atom cavity QED
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single-photon blockade (I) and two-photon blockade (II); (c) energy level coupling under cavity driving; (d) energy

level coupling under atom driving; (e) vacuum Rabi splitting under cavity driving and atom driving
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single-atom cavity QED"? . (a) Atom-to-photon qubit mapping; (b) photon-to-atom qubit mapping
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Fig. 6 Realization of entanglement of remote atoms in quantum network by using single-atom cavity QEDM? .

(a) atom-

photon entanglement is generated at the first node, and photon is written into single atom at the second node;

(b) entanglement of remote atoms in quantum network
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Fig. 7 Quantum logic gate between remote atomsH™ .

(a) Conceptual drawing of distributed quantum computation;

(b) schematic diagram of realization of quantum logic gate between remote atoms; (c) quantum circuit

corresponding to logic gate; (d) principle of atom-photon logic gate
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generated “cat state”; (c) reconstructed
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Fig. 16 Quantum simulation of Dicke model™ . (a) No phase transition occurs when intensity of lateral pumping light is

Y
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less than critical value; (b) when pump intensity is greater than critical value, superradiance occurs along with self-
organization; (c¢) conceptual drawings of energy levels and light fields; (d) excitation path of quantum state under

action of cavity and pump light
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Fig. 17 Quantum simulation of spin-exchange of atoms™"

. (a) Dispersion interaction between strontium atoms and cavity;
(b) schematic diagram of spin-exchange of atoms; (c) phase distortion related to J, and energy gap between

collective states of atoms with total spin J and J —1 caused by XJ%
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. (a) Energy level diagram of * Rb, coupling of two

ground states driven by microwave field, and coupling of |1) and excited state driven by optical cavity; (b) probe

light is blockaded as long as one atom is on state | 1); (c) generation process of atomic entangled state expressed by

Husimi-Q function on Bloch sphere;

(d) distribution of Husimi-Q functions on Bloch sphere corresponding to

collective spin states of different atoms
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(23] (a) Energy levels of  Rb; (b) evolution
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effect; (c) trajectories of atomic spin states on Bloch sphere under different microwave driving modes without
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coupled with cavity, evolution of Husimi-Q functions corresponding to trajectory I (upper row) and Il (lower row)

under non-destructive measurement
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