Orbital edge states in photonic lattices
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Emerging physics in the solid state
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Topological photonics: edge states
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Photonic lattices: new opportunities

PT symmetric bound states

Topological defect

End facet

I el SR A
DL LR LR L NL R LB TR B T R B BRSO RLE B LR

S. Weimann et al., Nat. Mater. 16, 433 (2017)

ITopoIogicaI pumps

S. Mukherjee et al., Nat. Commun. 8, 13918 (2017)
Y. E. Kraus et al., PRL 109, 106402 (2012)

Topological insulator lasers

B. Bahari et al., Science 358, 636 (2017)

Measurement
of topological invariants

dge states e states

-2.5 -15 -0.5 0.5 1.5 2.5
(w = wn)/J

S. Mittal et al., Nat. Photonics 10, 180 (2016)

W. Hu et al., PRX 5,011012 (2015)
F. Cardano, et al., Nat. Commun. 8, 15516 (2017)



= Hamiltonian engineering in a polariton system

= Lasing in orbital SSH edge states

= Measuring topological invariants

In quasicrystals




Microcavity polaritons

T=5K 2D (MBE grown)
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Confined polaritons

gapped spectrum  photonic

T=5K 2D (MBE grown) smg_l: E#\Iar 1586 orbitals
~ 1584
2 e« d
e-beam E ™
Bragg mirror etc;ing % 1580 ~— P
o 1578 « S
Quantum well [€FY:{S

1576

Bragg mirror 4030200 0 10 20 30 40

Angle 6 (°)

Other techniques: Stanford, Lausanne, Wirzburg, Berlin, Sheffield, Cambridge, Southampton,
Crete, Michigan...
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Confined polaritons

gapped spectrum  photonic
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Coupled micropillars
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Confined polaritons

T=5K 2D (MBE grown)
e-beam
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Lasing in topological edge modes

 Photonic structure with topological edge modes

« Cavity with gain




1D lattice with topological edge states

Polyacetylene

H = z ta,b*,, +tat 4 1by + H.C.
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The SSH Hamiltonian
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SSH lattice
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The SSH Hamiltonian with polaritons
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Orbital bands

Detection
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Orbital bands: edge states

Detection
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Orbital bands: edge states

1st Brillouin zone

Momentum space

P. St-Jean et al., Nat. Photon. 11, 651 (2017)
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Lasing in topological edge states

Threshold behaviour
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Topological robustness of lasing
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Blueshift (peV)

Theoretical calculation
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Robustness to break down of chiral symmetry

Experimental observation
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Robustness to break down of chiral symmetry

Blueshift (pneV)
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Experimental observations

P. St-Jean et al

Localization only weakly affected by on-site disorder

Relative intensity on first pillar




Measuring topological invariants

Quasi-crystals ms) no translational symmetry
=) long range order
m) topological properties (high windings)

Penrose tiling



Fibonacci sequence |

Substitution method

A— BA

B— A
S1=A 1 <— Length of the Fibonacci “word”
So=BA 2

Let A and B be the 2 values of an energy potential:
A

>| WB

o

o | wa
S,~ABABAABAABABAABABAABA,

Position



Fibonacci potential

Top view
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Fractal spectrum
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Synthetic dimension in 1D quasi-crystals

=) Characteristic function: periodic in ¢
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Synthetic dimension in 1D quasi-crystals

=) Characteristic function: periodic in ¢
Y. E. Kraus et al., PRL 109, 106402 (2012)

+1 wap

Xi = SgH[COS(QJTjG_l +¢) — cos(ro ]

|

site

/\

-1 Wpg

phason Golden mean

“Cut & Project” Method

3
o o

E

>

e o )

o)

c

o o =
e o
® o o o o o o o o o
© o o o e o o o o o

Fibonacci potential: periodic in ¢



Synthetic dimension in 1D quasi-crystals

=) Characteristic function: periodic in ¢
Y. E. Kraus et al., PRL 109, 106402 (2012)
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Fibonacci cavity
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Interface states
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Fibonacci cavities
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Interface states
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Spectral winding of interface states

Measurement of topological invariants in Gap-labelling
a quasi-crystal theorem _
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Polariton honeycomb lattice

Energy (meV — 1577)
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Polariton honeycomb lattice: edges
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p-bands — zigzag edge
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Perspectives: polariton Chern insulator

=) Polariton Chern insulator
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Emulation with polaritons honeypol.eu

TOpOlogical invariants Dirac physics
in Fibonacci quasi-crystal
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Spin-orbit Nonlinear
Flat band physics coupling  Josephson junction
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Hawking physics
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