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Combinations bands; 

Excitons; 

Gaps in semiconductors 

THz region: Collective Excitations in Macromolecules and exotic electronic materials 

IR Units: 200 cm-1=300 K= 25 meV = 50 mm = 7 THz 



 

Applicazioni THz-IR 
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Penetration vs. Chemical Recognizing 
 



Terahertz Sources 



SPARC THz Source 

Electron 

beam 

energy 

Charge t 

(bandwidth) 

THz pulse 

energy 

E-field 

THz@SPARC 120 MeV 500 pC 150 fs 

(3 THz) 

≈30 mJ MV/cm 

Free Electron Laser 

SPARC@LNF 

E. Chiadroni, F. Giorgianni, and S. Lupi, APL 2013 



The optical layout 
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Requirements 

1. Fast Detectors Fast material response; 

2. Broad Spectral range and flat response; 

3. Non linear response; 

4. Beyond the diffraction limit; 
 



Conventional Detectors 

INFRARED THz 



2D Dirac Materials 

Graphene  
•2D zero gap semiconductor; 

•When doped  2D Dirac metal E(k)=ħvFk; 



(Bi2Se3;  

Topological Insulators  

L 

s 

Insulating state in the bulk due  

to Spin-Orbit L 

s 

s 

Dirac Metallic Surface 



2D Electrodynamics 
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2D Dirac Materials as Frequency 

Transducers 
According to the classical equation of motion one electron in an 

electric field E is accelerated with a momentum variation dp/dt=-

eE. 

E=E0coswtp=(-eE0/w)sinwt 
Massive Electrons 

 

 

 

 

For n electrons one has an 
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Linear current vs. E 
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Unlinear current vs. E 
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]/ pF

Electromagnetic Momentum Fermi Momentum 

Putting w/2=1 THz and pF, Q=1 for E≈100 KV/cm then the 

optical functions start to be dependent on the applied electric 

field. 

For instance: T=T(w,E0)Induced Transparency 

Harmonic Generation 

Actually the linear/non-linear regimes can be  

estimated through the ratio  



Non Linear THz effect in Topological 

Insulators and Harmonic Generation 

(Bi1-xInx)2Se3 x=0 

x=0.1   

Linear Region 

Massive Electrons 

Dirac Electrons 

F. Giorgianni , E. Chiadroni et al, submitted 2015 



2D Plasmonics 

Plasma oscillations = density fluctuations of free-

electrons 

Plasmons in the bulk oscillate at wp determined  

by effective mass m* and 3D charge density N  



w p 
Ne2

m* 0

Plasmons at a metallic surface can strongly interact with light 

forming propagating hybrid mode: Surface-Plasmon-Polariton 

SPP 

Confinement effects  result in resonant SPP modes in  

nanoparticles (localized plasmons) 



Plasmonics in Nanoporous Graphene 
in collaboration with Y. Ito (Tokyo Univ.), A. Marcelli (INFN-LNF) 

F. D’Apuzzo et al, 2015 



Ribbons Rings 

Disks 



2D Tunable Plasmonics 
in collaboration with J.G. De Abajo (Spain), R. 

Gonnelli, Politecnico Torino and INFN 

J. G. De Abajo et al,  ACS Nano 



MIT 

Z. Yang et al., Annu. Rev. Mater. Res. 41, 337 (2011) 

Metal-Insulator Transition in selected oxides  



VO2 Films 
In collaboration with Z.Y. Wu, Univ. of Science and Tech. Hefei China and 

A. Marcelli LNF-INFN 

 

 

 

 



VO2 Transmittance vs. MIT 

Strong Dependence on T 

VO2 Bolometer  

and THz Camera  

F. D’Apuzzo et al, unpublished; I. Lo Vecchio et al, PRB 2015 



V2O3 based devices 
(in collaboration with University of Pavia and IIT) 

Study of transmittance vs THz intensity of V2O3 resonators  

Tunable THz Device 

Low THz Field Transmittance 

LC Resonance 

T<TMIT 

T>TMIT 

F. Giorgianni et al, unpublished 



• High-temperature superconducting (YBCO) 

detector, operating above the liquid Nitrogen 

temperature; 
 

• Local nanostructuring with high energy heavy ions (HEHI) for 

reducing the critical temperature (controlled Tc ) and increasing 

the resistance versus temperature slope ( R/ T ); 

Sviluppo di detectors THz basati su HCTS 
Torino+LNS+Roma I+LNF 

Control of Tc      Tc = 2 K  

Slope      R/T > 5 kW/K 

Increased   (higher 

sensitivity) 

 



Device Layout 

sensor 

Nucl. Instrum. Methods B 272, 291 (2012) 

Three integrated devices: 

1.  one meander is 

uniformly irradiated – 

sensor (YBCO with reduced Tc) 

2.  reference meander (as-

grown) for temperature 

reference - thermistor 

3.  non-dissipative current 

leads and voltage pads 
THz 

radiation 



Project for a THz Beamline 

F. Giorgianni, et al 



Conclusioni e Prospettive 

1) C’e’ estremo interesse nella generazione e uso della radiazione THz per  

diagnostica e esperimenti di spettroscopia e biomedica; 

 

2) La sorgente THz a SPARC e’ estremamente competitiva in ambito mondiale 

E≈1.5 MV/cm; B≈1T con durate inferiori a 100 fs;  

 

3) Costruzione di una beamline esterna al bunker di SPARC; 


