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Research and Application of Metasurfaces in Quantum Optics

Zhu Xiaoshu, Liu Jun, He Juanzi, Wang Shuming , Wang Zhenlin, Zhu Shining
National Laboratory of Solid State Microstructures, School of Physics, Nanjing University,

Nanjing, Jiangsu 210093, China

Abstract Metasurfaces are optical elements that use two-dimensional planar microstructures to control the light
field. In recent years, the research and application of metasurfaces in quantum optics have received more and more
attention. The metasurface is able to realize the miniaturization and integration of quantum devices. In addition, it
can also improve the luminous efficiency and quality of quantum light sources. Based on the combination of quantum
optics and metasurfaces, this article introduces the latest research and progress in five aspects, including quantum
plasmonics, the use of metasurfaces to optimize quantum light sources, the use of metasurfaces to measure and
manipulate quantum states, the application of quantum optics, and the quantum vacuum engineering of quantum
emitters. Finally, some potential applications of metasurfaces were prospected.
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Fig. 1 Phase control of metasurfaces. (a) Finite difference time domain (FDTD) simulation results of electric field scattered

by metasurface show that vertically incident light waves are deflected; (b) using metasurfaces to generate vortex

beams'™ ; (¢) SEM micrograph of designed metalen

(36]

(341,
;

(d) holographic projection based on metasurface™” ;

(e) full-color printing with TiO, metasurface™ " ; (f) experimental light intensity profiles for achromatic metalens at

various incident wavelengths (white dashed line indicates position of focal plane)™”
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Fig. 2 Quantum surface plasmon polaritons. (a) Quantum entanglement property of surface plasmon polaritons is observed

first™ ; (b) energy-time entanglement after photon-SPP-photon conversion process of photon pairs™ ; (¢) quantum

tunneling effect between two adjacent surface plasmon resonators™ ; (d) single-photon source excites surface

plasmon monopole propagating on nanowires™"
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Fig. 3 Optimize quantum light sources with metasurfaces. (a) Combining CBR-HBR with quantum dots to produce
entangled photon pairs” ; (b) metasurface is designed to convert QD emissions from the two paths (labeled by 1

and 2) into two opposite circularly polarized beams that propagate along directions with angles of 8, and @, relative to

the surface normal of metasurface, respectively”™” ; (¢) quantum emitter stimulates SPP to couple with metasurface

and produce spin single photons™ ; (d) subwavelength pillars extending from surface of single-crystal diamond

substrate are designed to create high-numerical-aperture metalens for coupling NV-center photoluminescence into

73],

collimated beam in air"™ ; (e) photoluminescence spectra of original and coupled single-photon emitters
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Fig. 4 High-dimensional multiphoton entanglement source based on optical metasurface
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Fig. 5 Measurement and manipulation of quantum states.
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gains orbital angular momentum by applying geometric phase; (d) theoretically calculated density matrix of each Bell
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(d) simulated reflection field intensity distribution of y dipole; (e) simulated reflection field intensity distribution of

x dipole; (f) relationship between population of two excited states of quantum emitter and time
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