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TOPOLOGICAL NANOPHOTONICS
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MOTIVATIONS
Robustness of subwavelength modes against: 

1. Unidirectional light propagation
2. Low threshold lasing
3. No scattering from sharp bending
4. Disordered domain



TOPOLOGICAL PLASMONIC CHAIN...



SSH MODEL: PLASMONIC CHAIN
Su-Schrieffer-Heeger

CW Ling et al., Opt. Express 23, 2021 (2015) 



SSH MODEL: PLASMONIC CHAIN
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SSH MODEL: PLASMONIC CHAIN
Edge states
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TOPOLOGICAL PLASMONIC CHAIN

● TE and TM are different
● Long range interaction break the chiral symmetry
● Not Hermitian Hamiltonian
● Band are complex
● Retardation Induced Phase Transitions



TOPOLOGICAL PLASMONIC CHAIN

Pocock et al., ACS Phot. 5, 2271 (2018)



Disorder

TOPOLOGICAL PLASMONIC CHAIN

Pocock et al., ACS Phot. 5, 2271 (2018)



PLASMONICS WITH TOPOLOGICAL INSULATORS

Light
+

Topological 
Insulator

Nanoparticle
● Bulk insulator
● Topological protected conducting states on the 

surface

Bi2Se3



WHAT DO WE EXPECT...

Bi2Se3

● Strong THz EM 
enhancements

● Protected particle 
plasmons

● Nano-sources for 
non-local and non-dipolar 
transitions

 
● Topological Quantum dot



LIGHT + TOPOLOGICAL INSULATOR NANOPARTICLE

Bi2Se3



LIGHT + TOPOLOGICAL INSULATOR NANOPARTICLE

...the perturbation (light) induces a time dependent 
surface charge density! 

Fermi Energy and Radius dependence
Siroki et al., Nature Comms., 12375, (2016)



SURFACE TOPOLOGICAL POLARITON

Siroki et al., Nature Comms., 12375, (2016)

Bi2Se3



EXPERIMENTAL EVIDENCE OF STOP MODES

Stefano Lupi, 
Sapienza University of Rome 
Cecilia Mattevi, 
Imperial College London

Under Review



TOPOLOGICAL NANOPARTICLE LESING



RETARDATION INDUCED TRANSITIONS PHASE 

PLASMONIC CHAIN: PROTECTED HOTSPOTS 

TOPOLOGICAL QUANTUM DOTS

CONCLUSIONS

TOPOLOGICAL PHOTONICS: RICH PHYSICS 
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TOPOLOGICAL QUANTUM DOTS (STOP MODE)



TOPOLOGICAL NANOPARTICLES
● Topological surfaces states are a bulk property!

Do we have enough bulk in a nanoparticle?



TOPOLOGICAL INSULATOR NANOPARTICLE

Quantized Bands
A is a constant entering surface Dirac 
equation that determines the energy 
spacing of surface states



…+LIGHT
● A simple system (Sphere, Bi2Se3)
● A simple perturbation (circularly polarized light)
● Time dependent Perturbation Theory to the Imura simplified 

four-band Hamiltonian of Bi2Se3



SURFACE TOPOLOGICAL POLARITON (STOP MODE)

SToP mode:

Interaction of α phonon 
and surface states

Siroki et al., Nature Comms., 12375, (2016)



SURFACE TOPOLOGICAL POLARITON (STOP MODE)

● Rabi Splitting (g>0.1)
● Total Screening
● Quantum behaviour at room temperature… ???

Siroki et al., Nature Comms., 12375, (2016)


