Topological properties of polariton lattices
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Topology: from electrons to photons

Topological invariants (Chern #)
Quantum Hall effect

| || o = — @ ¥, x (uk)|iVy|u(k)) - ds
N CL, ] Cown 2T

SOURCE

w integral over the first Brillouin zone

_—Upp
10410

w
=
i

2

.

K. v. Klitzing, et al.,
PRL 45, 494 (1980

-

Topological insulator

Conduction band

Surface states

Energy

Fermi level

L ccccccncssssnnnssfocccpeccnncnccnnnnnnnns

Valence band

Topological protection

Momentum



Topology: from electrons to photons

Topological invariants (Chern #)
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Topology: from electrons to photons

Protected chiral transport
Quantum Hall effect
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Topology: from electrons to photons

Direct measurement
of topological invariants
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Novel photonic architectures
PT symmetric bound states

Topological defect
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= Hamiltonian engineering in a polariton system |

= Measurement of topological invariants in a Fibonacci potential

.




Microcavity polaritons
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Microcavity polaritons
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Quasi-crystals

Quasi-crystals ‘ no translational symmetry
‘ long range order (we can predict the atomic position at any point)

18t observation : Schectman et al. PRL 53, 1951 (1984)

5-fold symmetry
in X-ray pattern
of AIMn alloy

Explanation by Levine and Steindhardt PRL 53, 2477 (1984)
A\

— Penrose tiling



1D Fibonacci quasi-crystal
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Fractal spectrum
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Gap-labelling thorem

SHES!

kpg= (p+qo ) - Topological gap invariants?

Periodicity?
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Topological invariants in 1D quasi-crystals

= Quasi-crystals: a 1D + 1D system Aubry-André model
Long range order, no periodicity
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Fibonacci cavity
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Fibonacci cavities
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Interface states

Gap-labelling
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Spectral winding of interface states

Gap-labelling
theorem
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Spectral winding of interface states

Scattering matrix

Experiment calculation
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Lasing in topological edge modes

Combine:
 Photonic structure with topological edge modes

 Cavity with gain



The SSH Hamiltonian
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The SSH Hamiltonian with polaritons

T=5K
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The SSH Hamiltonian with polaritons
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The SSH Hamiltonian with polaritons

T=5K
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Lasing in topological state
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Topological robustness of lasing

Chiral symmetry of the SSH Hamiltonian _
* Spectrum is symmetric

1 ik around E=0
HOO = (0, PR (Hod=0 My T

t + t'e tka 0 _
tte * Localized states have
energy E=0

If chiral symmetry preserved (off-diagonal disorder): edge states are unaffected
(no gap closing)




Topological robustness of lasing

Chiral symmetry of the SSH Hamiltonian _
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Robustness to breaking chiral symmetry

On-site disorder Change energy of first pillar
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Robustness to breaking chiral symmetry

On-site disorder Change energy of first pillar
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Robustness to breaking chiral symmetry

On-site disorder Change energy of first pillar
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Robustness to breaking chiral symmetry
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Polariton honeycomb lattice
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Polariton honeycomb lattice

—> Topological edge states

Related to bulk invariants
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Perspectives: polariton Chern insulator
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Emulation with polaritons at LPN

Topological invariants Lasing in topological Dirac physics
in Fibonacci quasi-crystal edge states |
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