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Quantum emitters

● Quantum dots, color centers / crystal lattice defects, trapped atoms / ions / molecules
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Quantum emitters

● Quantum dots, color centers / crystal lattice defects, trapped atoms / ions / molecules

● For all practical applications, we want strong coupling to the EM field

● Ideally - coupling to a single channel

● Ideally - tunable coupling between 0 and “strong”
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Topological photonics
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Topological photonics

● Wide range of systems to which a “topological invariant” can be 

associated

● In many cases there’s an associated “edge state” protected w.r.t. 

disorder and obstacles

Wang, Chong, et al., Nature 461, 772–775 (2009)
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Quantum Hall and Quantum Spin Hall

M. Hasan, C. Kane, Rev. Mod. Phys. 82, 3045 (2010)
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Quantum Hall and Quantum Spin Hall

● Requires external magnetic field

● Single edge state

M. Hasan, C. Kane, Rev. Mod. Phys. 82, 3045 (2010)

Quantum hall
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Quantum Hall and Quantum Spin Hall

● Requires external magnetic field

● Single edge state

● Intrinsic due to spin-orbit interaction

● Helical edge states (spin-direction coupled)

● Protected against non-magnetic disorder

M. Hasan, C. Kane, Rev. Mod. Phys. 82, 3045 (2010)

Quantum hall Quantum spin hall
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In photonics

● Requires external magnetic field

● Single edge state

● Hard to achieve at optical frequencies and 

in compact devices

● Intrinsic due to spin-orbit interaction

● Helical edge states (spin-direction coupled)

● Not protected against (some) structural 

disorder

Quantum Hall Quantum spin Hall

Hafezi, Demler, et al., Nature Phys. 7, 907–912 (2011)
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Time-reversal symmetry

Lu, Joannopoulos and Soljačić, Nature Photonics 8 (2014)
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Pseudo-spin Quantum Hall effect

Create an operator U with U2 = -1 

due to the spatial symmetry
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Topological quantum interface

Barik, Karasahin, et al. Science 359.6376 (2018)
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● We can control which channel a quantum dot emits to

Topological quantum interface

σ+ σ-
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● We can control which channel a quantum dot emits to

Topological quantum interface

● Scattering protection against (some) disorder

σ+ σ-
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