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logical physics phenomena, such as integer quantum Hall effect, quantum spin Hall effect, topological semi-
metals and higher order topological insulators, have successively realized in photonic system. Thanks to the
clean energy band, simple design and accurate production of samples, the optical system has gradually be-
come an important platform for studying physical topological models and novel topological phenomena. To-
pological photonics provides new methods to manipulate light fields and photons. The topological protected
edge states can realize the propagation of photons which immune to material defects and impurity. Such ideal
transport states are unprecedented in traditional optics, which may lead to radical changes in novel integrated
optical devices. In this review, based on the two-dimensional optical system, we briefly introduce the excit-
ing developments of topological photonics, such as photonic integer quantum Hall effect, photonic quantum
spin Hall effect, photonic Floquet topological insulators, topological Anderson insulators and photonic high-
er order topological insulators. We focus on the topological insulators mentioned above and its topological
model and novel topological phenomena. Finally, we conclude with the novel topological effects in optics

and their applications in novel optical device.

Key words: photonic topological insulators; photonic integer quantum Hall effect; photonic quantum spin

Hall effect; photonic Floquet topological insulators; topological Anderson insulators; photonic

higher order topological insulators; topological protected edge state
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Fig. 1 (a) Experimental setup of 2D optical integer quantum Hall effect consisting of gyromagnetic ferrite rods and metal

walls'”. (b) Simulated propagation of chiral edge states around obstacles in the presence of a vertical magnetic field”.

(c) Theoretical topological gap map as a function of the magnetic field and the frequency, in which the topological in-

variants of each band gaps are labeled by its gap Chern number®". (d) Experimental topological gap map™'. (e) and (f)

represent the schematic of experimental and theoretical edge states with different gap Chern numbers”", respectively,

in which gray part is bulk bands and the red lines represent the edge states.
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Fig. 2 (a) Schematic of reconfigurable topological metacrystal'®.Moving the relative position of the metal ring to the metal
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Fig.3 (a) Effective magnetic field generated by dynamic control of photonic cavity array!''®. (b) Helical waveguide array

made by laser direct writing technology®". (c) Projected band diagram of spiral waveguide R=8 um®". (d) The experi-

mentally measured light intensity distribution of the output facet, the yellow ellipse shows the position of the input

beam®¥, (e) Four different coupling modes(J;-J;) in one propagation cycle®. (f) Schematic diagram of finely engin-

eered waveguide structure, the propagation direction z axis and time axis are equivalent®”). (g-h) Experimental measure-

ment diagram of field intensity distribution, chiral edge states that are not scattered by corners (g) and defects (h)"7.
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Fig. 4 (a) Hybrid structure composed of a one-dimensional straw and a two-dimensional honeycomb lattice of helical wave-

guides?”. (b) Breaking the parity symmetry of the structure causes a trivial bandgap!*”. (c) Sufficiently strong dis-
order induces a non-trivial bandgap"?”\. (d) Phase diagram showing the trivial and topological phases as a function of
the detuning mass m, and disorder strength w!'*”. (¢) Experimental measurement diagram in topological trival phase!’.
(f) Add sufficient disorder, experimental measurements in the Anderson topological phase!?”. (g) Schematic diagram
of disorder introduced by rotating dielectric scatterers'**!, (h) The partial picture of the photonic crystal, the lattice con-
stant @=17.5 mm"*®. (i-j) Experimental measurement diagrams of field intensity distribution!*, chiral edge states that
are unidirectional propagation (i) and without scattering (j) through defects. (k) A simulation diagram of the Bott index

C,. With increasing disorder strength, the trival band gap closes and reopens as a nontrival band gap"**.
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Fig. 5 (a) Schematic of the photonic quadrupole topological system composed of ring resonators*”. (b) At nonzero quantized

quadrupole moment the measured spatial intensity profiles shows the localized corner modes!™”. (¢) At zero quantized

quadrupole moment the measured spatial intensity profiles shows the corner modes coupling to the bulk modes™".

(d-e) A second-order photonic system composed of dielectric materials™’"**], (f-g) The electric field profiles measured

experimentally in the microwave range showing the localized corner modes!"™ ", (h) Schematic diagram of the

photonic crystal structure with kagome lattice®). (i) Experimentally measured densities of states™*. (f-g) The experi-

mentally measured field profiles respectively show the type I corner state (j) and the type II coner state (k)!
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