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INCIPIT: THE LASER

Pump:
1. Flashlamp
2. Another Laser
3. Electric Current
4. Chemical Reaction
5. ...

Components of a typical laser:
1. Gain medium
2. Laser pumping energy
3. High reflector
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Topological 

Quantum Dots
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TOPOLOGICAL NANOPHOTONICS
Robustness of subwavelength modes against: 

1. Unidirectional light propagation
2. No scattering from sharp bending
3. Robust to disordered and perturbation
4. Single nanoparticle THz lasing

Insulating bulk

Conducting edge states



SHRINKING TI TO THE NANOSCALE 
Insulating bulk

Conducting edge states



TINPS AS QUANTUM DOTS
● Energy levels ~0.1-10 THz for 50-100 nm nanoparticles
● ∝1/R and defined by quantum numbers s,n,m

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



TOPOLOGICAL-QDS TRANSITIONS

50 nm  Bi2Se3 
nanoparticle
LH-polarized 



TOPOLOGICAL-QDS LASING

T=0 K



MONTE CARLO SIMULATIONS
R = 50 nm, Laser frequency ~ 6 THz

T=0 K, can we do better?



THERMAL PUMP

2ω problem!



TOPOLOGICAL-QDS LASING



THERMAL NEAR-FIELD ANDTAMM PLASMONS

A.V. Shchegrov et al., PRL, 85, 7, 2000 M. Kaliteevski et al. PRB, 76, 165415, 2007

DBR



TOPOLOGICAL-QDS LASING



ENERGY DISCRETIZATION OF TINPS

LASING SCHEME IS POSSIBLE

THERMALLY INDUCED LASING

CONCLUSIONSwww.GianniniLab.com



Info: www.Plasmonica.it/2020school
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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



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



TOPOLOGICAL QUANTUM DOTS (STOP MODE)


