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Hamiltonian engineering in a polariton system

Lasing in orbital SSH edge states

Measuring topological invariants

in quasicrystals
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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

Su-Schrieffer-Heeger, PRL 42, 1698 (1979)
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The SSH Hamiltonian

A B A B A B

NO edge state

Dimerization 1

Edge states

� =1� = � � ± �� ±  ��
��

= 0
Winding number: Winding number:

k k

Dimerization 2

1st unit cell 1st unit cell

SSH lattice
1st unit cell

Gap = 2|t - t’| Gap = 2|t - t’|

E
n

e
rg

y

t > t’ t < t’

Edge states

| ± = 1
2�

#$%& �
±1

cot* � = �′ �⁄
sin �
 + cot �


Same dispersion

Eigenfunctions are different



E1

E2

E3
Px Py

Px sub-space Py sub-space

The SSH Hamiltonian with polaritons
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Orbital bands
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Detection

θ → momentum

1st Brillouin zone
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Orbital bands: edge states
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1st Brillouin zone
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Orbital bands: edge states
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Lasing in topological edge states

• Optimisation of exciton-photon denuning: gain

• Higher lifetime (localised state)
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Topological robustness of lasing

� � = 0 � + �′#%�/
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�, 12 = 0  (chiral symmetry)

1. Eigenspectrum is

symmetric around E=0; 

2. Localized states have 

energy E=0

Energy and localization of the edge state 

are robust against hopping energy fluctuations

Theoretical calculations
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Theoretical calculation

� = 	 �
��
� + �′

�
���
�

�
+ �. �. �3�
�

�

Upper P-band

Excitation power (mW)

1 10

B
lu

e
sh

if
t

(μ
e

V
)

0

1

-1
Lower P-band

Upper P-band

Lower P-band

B
lu

e
sh

if
t

(μ
e

V
)

0

1

-1

U1 (mW)

0.2 0.4 0.6 0.80

Experimental observation

Robustness to break down of chiral symmetry

P. St-Jean et al., Nat. Photon. 11, 651 (2017)

Gapped states robust against

on-site energy perturbation



P. St-Jean et al., Nat. Photon. 11, 651 (2017)
Localization only weakly affected by on-site disorder

Robustness to break down of chiral symmetry



Measuring topological invariants

Quasi-crystals no translational symmetry

long range order

topological properties (high windings)

Penrose tiling



Substitution method

Fibonacci sequence

Let A and B be the 2 values of an energy potential:
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T=10 K
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Synthetic dimension in 1D quasi-crystals

Characteristic function: periodic in 4

phason
(“synthetic” dimension)

site Golden mean

Y. E. Kraus et al., PRL 109, 106402 (2012)
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“Cut & Project” Method

*5

Fibonacci potential: periodic in 4

Characteristic function: periodic in 4

phasonsite Golden mean

Y. E. Kraus et al., PRL 109, 106402 (2012)
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Quasi-crystal bands can be
associated topological invariants

Appearance of edge states

edge state edge state

Traverse the gap when varying 4

Characteristic function: periodic in 4

phasonsite Golden mean

Y. E. Kraus et al., PRL 109, 106402 (2012)
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phason
(PERIODIC ∈ [0,2π]

site Golden mean

Fibonacci cavity

* AB->BA

AB->BA

Interface states

Effective Fabry-Pérot cavity of zero length but finite round-trip phase :;/<

gap label

Accessible in the spectral properties

E. Levy et al., arxiv:1509.04028 (2015)
J. Kellendonk & E. Prodan arXiv:1710.07681



Fibonacci cavities
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Interface states
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Spectral winding of interface states

Experiment
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Measurement of topological invariants in 
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Polariton honeycomb lattice
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See also: N. Y. Kim, et al. NJP 15, 35032 (2013)
K. Kusudo et al., PRB 87, 214503 (2013).



Armchair

Polariton honeycomb lattice: edges

Milicevic et al, 2D Mater. 2, 034012 (2015)

20 µm



p-bands – zigzag edge

Bulk zigzag edge
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Perspectives: polariton Chern insulator

4 µm
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Topological invariants
in Fibonacci quasi-crystal
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