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Fig. 1. (a) Tapered waveguide acting as an optical cloak; (b) far-field imaging with breaking diffraction limitation using plasmonic

lens with adiabatic change structure; nanofocusing using tapered plasmonic waveguides; (c¢) the emulation of black hole using a sil-

ver microsphere sandwiched by a metal-insulator-metal structure; (d) nanofocusing using metallic nanoparticle with structure singu-

larity; (e) a transformation compacts three dimensions into two dimensions.
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Fig. 2. (a) The schematic of gravitational lensing effect; (b) the emulation of the gravitational lensing of the black hole using adia-

batic change dielectric waveguides on a photonic chip; (c) the light trapping of an artificial black hole; (d) the schematic of Ein-

stein ring; (e) the emulation of Einstein ring using adiabatic change dielectric waveguides on a photonic chip; (f) the experiment re-

sult of the emulation of Einstein ring; (g) the light propagation on Riemann’s space; (h) the experimental result of conformal Tal-

bot effect; (i) digital coding using the conformal Talbot effect.
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Fig. 3. (al)—(a3) Skin cloaking: (al) Schematic of skin cloaking using metasurfaces; (a2) the reflection case with skin cloaking;
(a3) the reflection case without skin cloaking. (bl), (b2) A gradient-index metasurface used to convert a freely propagating wave to
a surface wave: (bl) Schematic picture describing the near-field scanning technique; (b2) the experimental result using near-field
scanning. (cl)—(c5) Metasurface waveguide for manipulating surface plasmons: (c1) Schematic illustration of a metasurface made of
periodic metallic gratings; (c2) a scanning electron microscope image of a device; (c3)—(c5) images of SPP refraction at metasurface
waveguides. (d1), (d2) Topological transitions for surface plasmon propagation using grapheme metasurface: (d1) Effective conduc-
tivity tensor of the uniaxial metasurface waveguide; (d2) isofrequency contours of grapheme metasurface waveguides. (el)—(e3) The
asymmetric propagation of electromagnetic waves using metasurface waveguide: (el) Schematic diagram of a metasurface wave-
guide; (e2) the fabricated sample; (e3) the experimental result. (f1), (f2) The manipulation of waveguide modes using a metasurface

waveguide: (f1) Schematic of a working device; (f2) the experimental result demonstrates mode converts.
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Fig. 4. (a) Schematic of cosmic string with negative mass density using metasurace waveguides; (b) the electromagnetic scattering
in the spacetime of cosmic string with positive mass density; (c¢) the experimental results to emulate negative cosmic string; (d) the

experimental results to emulate positive cosmic string; (e) the schematic of mimicking Bremsstrahlung radiation of moving particles;

(f) the scanning electron microscope image of a sample; (g) the experimental result of surface plasmon rays.
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Fig. 5. (a) Propagating electromagnetic waves on a sphere waveguide; (b) the propagating electromagnetic waves on a saddle wave-

guide; (c) the observation of accelerating wave packets on a sphere waveguide; (d) the interference of electromagnetic waves on a

sphere waveguide; (e) schematic of the coupling scheme of the light to the paraboloid waveguide; (f) curvature effects on diffraction;

(g) the geodesic lens on a curved space; (h) the side view of experimental cone structure; (i), (j) the experimental results of electro-

magnetic waves scattered by the cone structure.
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Fig. 6. (al)—(a4) Simulation of relativistic zitterbewegung using the one dimensional binary waveguide system: (al) Schematic of
the one dimensional binary waveguide system; (a2) the dispersion relation of the waveguide; (a3) the experimental results; (ad) the
simulation results. (bl)—(b4) Simulation of pair production in vacuum using the curved waveguides: (bl) Schematic of the one di-
mensional curved waveguide; (b2) the dispersion relation of the waveguide; (b3) the experimental results; (b4) the simulation re-
sults. (cl), (c2) Simulation of Majorana fermions: (cl) Schematic of the waveguide system; (c2) the experimental results.
(d1)-(d3) Simulation of neutrino oscillations: (d1) Schematic of two vertically displaced binary waveguides; (d2) transverse section

of the structure; (d3) the experimental results.
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Fig. 7. (a) Waveguide sites on the curved space; (b) the waveguide evolutions related with curvature of space; (c) the schematic of

pair production near the event horizon of black hole; (d) a sample fabricated by femtosecond direct writing method; (e) the experi-

mental result; (f) the evolution of the pair production.
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SPECIAL TOPIC—Optical metamaterials

Research progress of analogical gravitation on
optical metamaterial chips”
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Abstract

Optical metamaterial is a kind of artificially designed microstructured material. Its occurrence breaks the
localization of traditional material design thinking and provides a new paradigm for artificially controlling
electromagnetic waves on a micro-nano scale, especially realizes optical properties beyond conventional
materials in nature. Furthermore, metamaterial has the ability to couple electromagnetic waves into the sub-
wavelength regime, meeting the high-speed development of modern science and technology, which puts forward
new requirements for high performance, miniaturization and integration of optical components. Therefore,
optical chips based on metamaterials bring many encouraging applications such as in perfect imaging that
breaks through the diffraction limit, multifunctional integrated optics, etc. In addition, metamaterial photonic
chips can also simulate some phenomena in general relativity, especially exploring some phenomena that have
not been experimentally proven. This review paper briefly introduces the study of analogical gravitation based
on different kinds of photonic chips on the basis of metamaterials. In the end, there present the summary and

outlook about the current development, advantages and challenges of this field.
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