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damping term takes the form k = (yu — 7yy)/2. From
Fig. (4) we obtain y, =0.6,7,, =1 which yields
k = —0.2. If we consider d = 204y where 13 = 894 nm,
we obtain a significant cross damping at a distance of
~18 pum from the metasurface. It is worth mentioning that
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Metasurface-Enabled Remote Quantum Interference

Pankaj K. Jha," Xingjie Ni,' Chihhui Wu,' Yuan Wang,' and Xiang Zhang"*"
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Transition metal dichalcogenides (TMDCs) of the form MX2 (M. Mo,W;X . S,
Se, Te)
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Spontaneous Exciton Valley Coherence in Transition Metal Dichalcogenide Monolayers
Interfaced with an Anisotropic Metasurface

Pankaj K. Jha,m Nir Shitrit,m Xuexin ch,1 Yuan Wang,l and Xiang Zhangl‘z‘=F

PHYSICAL REVIEW LETTERS 121, 116102 (2018)
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Metasurface-Mediated Quantum Entanglement
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Metasurface-Enabled Generation of Circularly Polarized
Single Photons Adv. Mater. 2020, 32, 1907832
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and Sergey |. Bozhevolnyi*
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Photon Pairs from Resonant Metasurfaces Nano Lett 2021, 21, 4423-4429

Tomas Santiago-Cruz,’:“"‘V Anna Fedotova,” Vitaliy Sultanov, Maximilian A. Weissflog, Dennis Arslan,
Mohammadreza Younesi, Thomas Pertsch, Isabelle Staude, Frank Setzpfandt, and Maria Chekhova
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Stav et al., Science 361, 1101-1104 (2018)

Quantum entanglement of the spin
and orbital angular momentum

of photons using metamaterials

Si-based geometric phase Tomer Stav!*, Arkady Faerman®, Elhanan Maguid®, Dikla Oren’, Viadimir Kleiner?,

metasurface (GPM)

FE: BHAFRIEE

FIFE ) B AE

1

IH)|f=0)=\/§

V)|e = 0) = L (Jo;) —|o-))|¢ = 0)

GPM
j0:)|€) 2 |oz) |[¢+AL)

(los) +o-))l¢ = 0)

Erez Hasman’t, Mordechai Segev't

Fig. 1. Entanglement between spin and OAM on a single photon. A single photon vertically
polarized is arriving from the left, as illustrated by the yellow wave packet representing the electric
field amplitude. This photon carries zero OAM, as illustrated by the yellow flat phase fronts. The
single photon passes through the metasurface nanoantennas (purple) and exits as a single-particle
entangled state, depicted as a superposition of the red and blue electric field amplitudes, with the
corresponding vortex phase fronts opposite to one another.
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N-photon M
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2 2
1 e 90‘ A\
Density matrix
p N-fold correlation
H Reconstruction H

Fig. 1. Concept of quantum state imaging via nanostructured flat
optics. (A) Sketch of a metasurface being used to image an input N-photon
polarization state into an M-spot image. At the top right is a scanning electron
microscopy image of the fabricated all-dielectric metasurface. Green
crosses represent photons; purple blocks on the metasurface represent
nanoresonators. (B) The top image is a sketch of three interleaved gratings
for M = 6. The middle image shows, with orange arrows, the corresponding

Wang et al., Science 361, 1104-1108 (2018)

Quantum metasurface for
multiphoton interference
and state reconstruction

Kai Wang', James G. Titchener’?, Sergey S. Kruk’, Lei Xu'®, Hung-Pin Chung"?*,
Matthew Parry’, Ivan I. Kravchenko®, Yen-Hung Chen™?, Alexander S. Solntsev'”,
Yuri S. Kivshar', Dragomir N. Neshev', Andrey A. Sukhorukov'*
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projective bases as vectors on the Poincaré sphere; black arrows indicate
the coordinate axes. Shown at the bottom are the minimum number of
required spots to fully reconstruct the initial quantum state for different
numbers of photons N, where optimal-frame choice of projective bases
exists forM = 6, 8, 12, 20, ... . (C) An example of correlation measurement
with N = 2 and M = 6, with several time-frame measurements combined
into a two-dimensional correlation image.
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Fig. 1 Spatial entanglement and disentanglement of a two-photon state at a metasurface
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Metasurface interferometrv toward
quantum Sensors Georgi et al. Light: Science & Applications (2019)8:70

Philip Georg'ﬂ, Marcello Massaro', Kai-Hong Luo ! Basudeb Sain®', Nicola Montaut', Harald Herrmann',
Thomas Weiss?, Guixin Li®, Christine Silberhorn' and Thomas Zentgraf ('
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HONG, CK (HONG, CK) QU, ZY (OU, ZY) MANDEL, L (MANDEL, L) ,
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A non-unitary metasurface enables continuous
control of quantum photon-photon interactions
from bosonic to fermionic

Quanwei Li"?, Wei Bao
Xiang Zhang (1=

12, Zhaoyu Nie @, Yang Xia®", Yahui Xue ™', Yuan Wang', Sui Yang®'and
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Fig. 1. Schematic of the cold atom device with the dielectric metasurface optical
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respectively. After the reflection on the mirrors, all the beams are overlapped with
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A dielectric metasurface optical chip for the generation
of cold atoms Zhu et al., Sci. Adv. 2020; 6 : eabb6667

Lingxiao Zhu'?*, Xuan Liu***, Basudeb Sain®*, Mengyao Wang'*, Christian Schlickriede®,
Yutao Tang?, Junhong Deng>#, Kingfai Li?, Jun Yang?, Michael Holynski', Shuang Zhang’,
Thomas Zentgraf®, Kai Bongs', Yu-Hung Lien'*, Guixin Li®4!
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Metasurfaces for quantum photonics PERSPECTIVE

https://doi.org/10.1038/541566-021-00793-z

Alexander S. Solntsev©'%, Girish S. Agarwal? and Yuri Yuri Kivshar ©3%

NATURE PHOTONICS | VOL 15 | MAY 2021 327-336 |
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Topological protection of continuous frequency
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Introducing topological protection into the Purcell enhancement
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