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Broken TR symmetry Preserved TR symmetry

CICERE 00 ¢
Oneway edge states Spinlocked oneway edge states
Quantum Hall state All the advantages of Quantum spin Hall state
topological protection
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Fromcondensed matter tgohotonics:

photonic crystalsg semiconductors of light

1-D 2-D 3-D

periodic in periodicin periodic in
one direction two directions three directions
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(Princeton University Press, Princeton , 2008).
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Topological order for photons

Broken TR symmetry and Floquet
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Preserved TR symmetry

Edge between PTI and POI Geometries of mota-atoms
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Analogue of Quantum Hall Effect:

OneWay Edge States in 2D Magnetic PC
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Topological order for photons

Photonic Dirac spectrum Topologically trivial photonic lattice

W

> Topological charge

Topological photonic lattice

Dirac monopoles Topological charge
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Topological order for photons

TR broken topological TR 1nvariant topologica

photonic lattice photonic lattice
Pseudo-spin up (1) Pseudo-spin down (|)
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Topological order for photons

Topologically trivial
A photonic lattice

W

ok,

TR broken topological
A photonic lattice
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TR 1nvariant topological

A Spinup (1
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Role of Symmetry and Gauge Potentials

In Topological Phases

t NBASNWSR ¢w a@YYSGONER Syadz2NBa (KS LINBa
spins/helicities) in fermionic systems but not in bosonic.

= = d) - - d)
= - unperturbed fermionic lattice potential = -unperturbed bosonic lattice potential
&) ... 4 # - gauge (SO) potential &) Photonicgauge potential
inducing topological transition (band crossing) (SO or pseudmnagnetic)
5= 1 - and> 0 inducing topological transition
D=D = and> P

Robustness is insured by TR symmetry
(no magnetic defects are allowed).
Doublets generated by TR are locked to their

ConsequenceTR alone is not sufficient for
topological order for bosons, i.e. no topological
phase analogous to fermionic TR phase is poss

propagation directiong, spin-locking. _
A Solution: nonTR symmetry protected phases.
Quantum spin Hall state
- Conduction band
}Spin“down” £ iGap M
‘ V(/ [spincug> = Valence band Whered is a spatial or internal symmetry
B A4 > . operator generating a doublet state
Momentum g pseudospin degree of freedom

Kane, C. & Mele, E. J.Phys. Rev. LetB5, 146802(2005). 10 5 ()
Hasan, M. Z. & Kane, C. L., Rev. Mod. Phys. 82,386452010). JJ ( J [ (

Qi, X:L. & Zhang, &., Rev. Mod. Phys. 83, 166710 (2011).



Photonic topological insulator:
|. Duality of EM field as the pseudspin generating symmetry

Duality in free space follows by the symmetry of Maxwell equations with respect to electric ar
magnetic fields: O(y)© ( ghp

Broken by materials respons&UHit can be restored by
(meta0 YIF 0OSNALFf Qa RSaAAIY D
In dual material = ,7] = , duality
transformation operator, which satisfié3

phallows emulating spin degree of freedom.
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Photonic topological insulator:

ll. Bianisotropy as the gauge field

Zz
yL
X

0.0
M

r

K(K"

M

Khanikaeet al., Nat Mater. 12, 233(2012.

r T Quand| ‘KU QHpfwhere FU| .oTToT

-55 -50 -45 -40 -35 -3030 35 40 45 45 55
K' 919 K




Known approach: gyroelectric r T ljor gyromagnetic response
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Our approach: bianisotropy or magnetelectric coupling*
More general constitutive relationg Tl . FUQHy and|  ‘HU . HU OHE
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Bi-isotropic materials Bi-anisotropic materialsietamaterials(split
(chiral molecules, subwavelength helixes) rings andnyparticles)
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Pseudogyroelectric + pseud@yromagnetic

More general constitutive relationg 7y "Qkuand | ‘KU QR
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2-D MetaCrystal Photonic Crystal
comprised of metamaterial inclusions

(eNa) O ela O ela
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ABYy restoring polarization
degeneracy] =" ,7 = we
emulate spin degree of freedom
ABianisotropy works as an effective
spin-orbital coupling responsible for
the topological transition
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Khanikae\et al., PhotonicTopologicalnsulators Nat. Mater. 12, 233(2012.




Photonic Topological Insulators: QSHE

& pAEDNARAO®AT AOAAU

Design |
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Awithout bianisotropy (no gap): photonic
crystal with double Dirac point

Awith bi-anisotropy (gapped PBS): photonic
QSHE insulator




Topological invariants of the photonic topological insulator

Khanikae\et al., PhotonicTopologicalnsulators Nat. Mater. 12, 233(2012. 16



o | |- Topological phase [ - Trivial phase
Matching gaps of trivial ' T ———4

and nontrivial insulators
to avoid leaks
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(i) Robustness against scattering (1) Tunneling through the cavity at any
by sharp bends frequency within the gap (not only &abry

Perot resonances)
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Khanikae\et al., PhotonicTopologicalnsulators Nat Mater. 12, 233(2012.
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Reconfigurable photonic topological insulator

m<0
Non-trivial

I |
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Topological edge states

Reconfigurable domain wall
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Reconfigurable guiding along arbitrarily shaped pathways

Two 60 deg. bends Two 90 deg. bends
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Robustness against disorder

Experimental demonstration of ballistic transport of the topological edge modes through
randomly shaped domain walls and disordered regions
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Demonstration of spirlocking of the topological edge states

Experimental proof of spidocked wavedivision of an edge mode at
a four-port topological junction.
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1) Moving to optical domain
i) Rich3DLIK & a A O0ayYy 2Seéef LRAyOa | yR
i) Avoiding magnetic materials:

symmetry-protected topological order without breakina TR

B  Cubiccell (001) view c a Weyl points ¢ Brillouin zone
schematic (Berry charges)
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{ 2 f @loup:ASPmmetrprotected topological
photonic crystal in three dimensions, Ling Lu et al.,
Nature Physic42,337¢340(2016).

A. Slobozhanyuk, S. H. Mousavi, X. Ni, D. Smirnova, Y. S. Kivshar, & A. B. Khanikaev,
Nature Photonic41, 130136 (2017)doi:10.1038/nphoton.2016.253



2D alldielectric photonic topological metasurface

Degeneracy between magnetic and electric dipolar modes of the cylinders-eti@léctric

bianisotropy
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bulk modes
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LINEAR

LCP




3D Photonic duabymmetric metacrystal

Weak topological insulatog stacking of 2D Tls

Degeneracy between magnetic and
electric dipolar modes of the cylinder
+ alkdielectric bianisotropy
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