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Physical Motivation

Non-Hermitian Photonics



Photons on chip

Guiding light in integrated systems

Waveguides
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Recent developments

Realization of EP3

Topological insulator laser: theory
Science 359 (6381), eaar4003, (2018).

Topological insulator laser: Experiments
Science 359 (6381), eaar4005 (2018).
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Exceptional Points

Non-Hermitian Degeneracies



2x2 Non-Hermitian Matrix

e Complex spectrum
« Non-orthogonality
 Exceptional points
« Energy in not conserved
o Ultra-sensitivity
Non-Hermitian
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A non-Hermitian matrix has complex eigenvalues in general
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Exceptional Points
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Eigenvalues and eigenvectors coalesce: Exceptional Point (EP)



Higher order EPs
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Amplification and Sensitivity close to EPNs
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Can spectrum alone determine dynamics?

/ \ / \
M= 11 M o=| -1 5
0 -1 \ 0 -2
A, =-1-1<0 A, =-1-2<0
ezM
) |
‘2> v‘1> 0 0.5 1 1.5 2 2.5 , 3

) =D exp(ip,z)+|2)exp(iB,z) (W, |, )=(11)+(2|2)+(2[1)exp (iAp 2)+cc



Pseudospectrum
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Pseudospectrum of a PT-matrix with EP2



Pseudospectrum of a PT-matrix with EP4



Extreme Sensitivity close to EPNs

Perturbation theory: AC()EP2 = 2K 1/28 1/2,

AwEP3 = 1 5,23¢173

J. Wiersig, Physical Review A 93, 033809 (2016), W. Chen, et al., Nature 548, 192 (2017) H. Hodaeli, et al, Nature, 548, 187 (2017).
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Dissipative Higher order EPs

Dissipative EPN’s

Non-perturbative approach

Pseudospectra on the Complex Plane



Part A:

Higher order Exceptional points in lattices

Infinite Optical lattices



HEPs in infinite optical lattices
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Trimerized lattice - EP3
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Tetramerized lattice - EP4
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Sensitivity around HEP's
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Part B:
Extreme behaviour around HEPs

Sensitivity vs Robustness



Complex Su-Schrieffer-Heeger Lattices



Nonlinearly induced complexity and topology




Topological Protection against Fluctuations
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Structured Perturbations
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Structured Pseudospectrum

NH- SSH interface lattice

Loss Gain

Physical Perturbations

Diagonal perturbations: Change of the potential strength and the gain/loss amplitude

Off-Diagonal perturbations: Change of the coupling coefficient between waveguides
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