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Outline
1. Properties of 3D Topological Insulators;

2. Introduction to Plasmonics;

3.   Observation of Terahertz Dirac Plasmons in 
TIs:

• TI Ribbon-Array Plasmons in a strong magnetic 
field;

• TI Ring-Array Plasmons;
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Physical properties of TIs

An insulator with non trivial topology cannot be 
smoothly transformed into a trivial insulator ! there 

must be a Quantum Phase Transition at the 
boundary in which the insulating gap goes to zero

Presence of metallic edge states at the 
interface with vacuum or any trivial dielectric

Xia et al, Nature 
Physics 2009
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TIs for novel applications
Topological Insulators

(Bi2Se3, Bi2Te3, ..)

2D intrinsic 
transport

n2D≥ 1013 cm-2

vF≥ 107 cm/s

Dirac fermions:
high tunabilitySpin-

momentum
locking
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(Bi2Se3, Bi2Te3, ..)

2D intrinsic 
transport

n2D≥ 1013 cm-2

vF≥ 107 cm/s

Dirac fermions:
high tunability

NOVEL APPLICATIONS

Spintronics Plasmonics
GMR valves, magnetic QU-bits Biosensing, light subwavelength 

confinement, THz sensors

Spin-
momentum

locking
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Plasmons
Plasma oscillations = density fluctuations of free-electrons

Plasmons on 2D electron systems
on 2DEG or 
graphene
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Plasmons at the interface 
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dielectric can strongly interact 
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Light Excitation of Plasmons
Additional Wave-vector !micro/nano-structures

Light
Plasmon
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Light Excitation of Plasmons
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Bi2Se3

Plasmons
Plasma oscillations = density fluctuations of free-electrons

Plasmons on 2D electron systems
on 2DEG or 
graphene

!p / k

P. Di. Pietro et al., Nature 
Nanotech. 8, 556 (2013)

microribbon arrays
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TI Ribbon-Plasmons in a strong magnetic field (I)

Terahertz Spectroscopy in Faraday 
configuration from 

700 GHz to 7 THz at 1.2 K and from 0 
to 30 T at HMFL-Nijmegen (NL) on 

Bi2Se3 ribbon arrays

In Topological Insulators the cyclotron frequency  is 
comparable 

to the Plasmon frequency (for micrometric patterning)

          
First observation of 

magnetoplasmons on TIs  
Measure of the 

cyclotron
 mass          
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TI Ribbon-Plasmons in a strong magnetic field (II)

M. Autore at al., ACS Photonics 2, 1231–1235 (2015)

T = 1.6 K
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TI Ribbon-Plasmons in a strong magnetic field 
(III)

Magnetoplasmon frequency Cyclotron frequency

data fitted by Fano model data fitted by Drude model in magnetic field

M. Autore at al., ACS Photonics 2, 1231–1235 (2015)
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TI Ribbon-Plasmons in a strong magnetic field 
(IV)

M. Autore at al., ACS Photonics 2, 1231–1235 (2015)
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Outline
1. Introduction to Plasmonics;
2. Properties of 3D Topological Insulators;
3.   Observation of Terahertz Dirac Plasmons in 
TIs:

i) TI Ribbon-Array Plasmons;
ii)   TI Ribbon-Array Plasmons in a strong magnetic 
field;
ii) TI Ring-Array Plasmons;

lunedì 21 settembre 15



Plasmons in Bi2Se3 Ring-Arrays: data 
Drude-Lorentz 
response for 

unpatterned samples

M. Autore et al., Adv. Opt. Mat. 3, 9 (2015)
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Plasmons in Bi2Se3 Ring-Arrays

Plasmon-Plasmon hybridization

Anti-Bonding

disk

anti-dot

Bonding
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Plasmons in Bi2Se3 Ring-Arrays
Plasmon-Plasmon hybridization

+
Plasmon-Phonon hybridization
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Plasmons in Bi2Se3 Ring Arrays: data vs model
(in collaboration with F. J. Garcìa de Abajo, ICFO Barcelona) 

 

Bonding and antibonding plasmons if we artificially 
switch off the phonon
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Conclusion 
• We have Dirac 2D plasmons on the surface of TIs;
• Plasmons survive at room-T;
• Tunability via B field, hybridization, pl-ph coupling 

make TIs a good platform for plasmonics

• Modulation of plasmon absorption through an 
electrostatic gating! THz devices; 

• Magneto-optical measurements;
• THz Time Resolved Spectroscopy!Plasmon lifetime; 

Spin-channel excitations;                        

Perspectives 
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Thank you for your attention!
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Collective excitations through Topological 
Phase Transition in (Bi1-xInx)2Se3     (I)

A Topological Phase Transition 
occurs between x=0.03 and x=0.07

[L. Wu et al., Nature Phys. 9, 410 (2013)]

[M. Brahlek et al., PRL. 109, 186403 (2012)]

What happens to 
collective 

excitations 
through the 
transition?
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Collective excitations through Topological 
Phase Transition in (Bi1-xInx)2Se3    (II)

Firstly we studied single particle excitations in (Bi1-xInx)2Se3  thin 
films with several x values

Drude-Lorentz fits 
allowed us to 

extract the single 
particle scattering 

rate

A sudden collapse in the single particle lifetime 
appears across the topological transition as a loss of 

topological protection

*[L. Wu et al., Nature 
Phys. 9, 410 (2013)]

*

M. Autore et al., submitted to NanoScale (2015)
lunedì 21 settembre 15



Collective excitations through Topological 
Phase Transition in (Bi1-xInx)2Se3    (II)

We studied plasmon excitations in ribbon arrays of (Bi1-xInx)2Se3  with 
W=8μm and several x values

Same behavior as single particles 
! strong indication of topological 

protection of collective modes

Fano fits 
allowed us to 

extract the 
plasmon 

scattering rate

M. Autore et al., submitted to NanoScale (2015)
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Time-Resolved THz dynamics of Dirac 
Plasmon in Bi2Se3 Topological Insulator

In collaboration with C. Hauri and C. Vicario, PSI (SW)

Optical-Pump THz-Probe
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Temporal Dynamics Vs Pump 

Evolution of Dirac Plasmon 
Parameters Evolution of Drude Parameters

Single Particle DynamicsPlasmon Dynamics
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