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= New Sources: Properties and Requirements;

s Actual Detectors:

= New Materials:

1. 3D Topological Insulators;
2. Graphene;

3. Transitional Metal Oxides;

= New THz beamline@SPARC LAB
= Conclusions and Perspectives,
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Applicazioni THz-IR
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Penetration vs. Chemical Recognizing
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Terahertz Sources

Laser based Sources:
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SPARC THz Source
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—. Chiadroni, F. Giorgianni, and S. Lupi, APL 2013



Synergy with SINBAD@DA®NE IR
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1. Fast Detectors—> Fast material response;
2. Broad Spectral range and flat response;
3. Non linear response;

4. Beyond the diffraction limit;



Conventional Detectors
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2D Dirac Materials

e

Graphene

2D zero gap semiconductor,
*When doped - 2D Dirac metal E(k)=hvgk;



Topological Insulators

D‘lrac Metallic Surface

Insulating state in the bulk due
to Spin-Orbit



T. Low et al.,
2014 8, 2

2D Electrodynamics
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2D Dirac Materials as Frequency
Transducers
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Non Linear THz effect In Topological

Insulators and Harmonic Generation
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2D Plasmonics

Plasma oscillations = density fluctuations of free-
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Plasmonics in Nanoporous Graphene
In collaboration with Y. Ito (Tokyo Univ.), A. Marcelli (INFN-LNF)
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F. D’Apuzzo et al, 2015
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ABSTRACT: A plasmonic analogue of electromagnetically induced transparency HgAEinetion (10 .

is activated and tuned in the terahertz (THz) range in asymmetric metamaterials 0 ) S— _— —

fabricated from high critical temperature (T,.) superconductor thin films. The ’,‘H\\ p-—|

asymmetric design pruvid[’_-; a near-field n::uup]ing between a supen'adiant and a §‘20 5 S .’n\\ —

subradiant plasmonic mode, which has been widely tuned through super- 15 I \ —

conductivity and monitored by Fourier transform infrared spectroscopy. The . . \ .
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sharp transparency window that appears in the extinction spectrum exhibits a
relative modulation up to 50% activated by temperature change. The interplay . IZE 'Us 40 T{K}P

between ohmic and radiative damping, which can be independently tuned and el S
controlled, allows for engineering the Blectmmagneﬁmﬂy induced transparency of

the metamaterial far beyond the current state-of-the-art, which relies on standard metals or low-T, superconductors.




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

Gonnelli, Politecnico Torino and INFN
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Metal-Insulator Transition in selected oxides
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VO, Films

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

A. Marcelli LNF-INFN
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VO, Transmittance vs. MIT
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V,0,based devices

(in collaboration with University of Pavia and IIT)

dy of transmittance vs THz intensity of V,04 resonators

Tunable THz Device ;

Gold

AlO,

LC Resonance
F. Glorgianni et al, unpublished




Sviluppo di detectors THz basati su HCTS

Torino+LNS+Roma [+LNF

e High-temperature superconducting (YBCO)
mg-above the liquid Nitrogen
temperature,

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

reducing the critical temperature (controlled AT, ) and increasing
the resistance versus temperature slope (ZR/ZT);

F —— YBCO irradiated
6 [ (4.2 GeV Au 4.84 10" ion cm?)
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SENSor

Device Layout

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

V1-Vv2 V2-Vv3
as-grown irradiated
YBCO YBCO
meander meander 2

3.

Three integrated devices:

1. one meander is
uniformly irradiated —
SeNnSOr (vyBco with reduced T,)

reference meander (as-
grown) for temperature
reference - thermistor

non-dissipative current
leads and voltage pads



‘ 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;



