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 superconductive phase  in 3D:

φ4 Field theory with minimal coupling to em field  (Ginzburg-Landau )

Anderson-Higgs mechanism  adds a mass to the em field:

 Meissner effect 
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Thermal fluctuations at  T~ Tc

 fluctuations at T~0

when >>1    vortices are stable excitations 
                 with a logarithmically decaying repulsive 

interaction  
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order parameter decays algebraically with distance  in 2D

2D thin film  

Berezinskii-Kosterlitz-Thouless transition
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At the boundary  of  
a free vortex:
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NbN  film

comparison   Js - μ : 

 μ :  energy required to create a vortex core

The larger is the ratio μ/Js the harder is to spot the BKT transition

 μ   rules, not  Js 



Graphene/SiC : CRHEA-CNRS, Valbonne  and  CNRS, Montpellier 

Junction:  Chalmers, Göteborg , Measurement: CNR Naples

 D.Massarotti et al.  PRB 94, 054525 (2016)



Superconducting junctions
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Extrapolation for  Tc0

 B. I. Halperin and D. R. Nelson, 
 Jou.Low Temp. Phys. 36,599 (1979)

��(T ) ⇡ ln�1(T/Tc0)

1

R
� 1

RN
=

1

R0

Tco

T � Tco
; T > Tco.

Aslamazov-Larkin 
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Red$rectangles$indicate$the$measured$junc2ons,$the$first$number$(for$instance$in$200;4)$
indicates$the$distance$between$the$Al$electrodes$

Condensa(on energy  loss in vortex core  
>>  Superconduc(ng s(ffness 

Berezinskii-Kosterlitz-Thouless
(BKT)

as in 2D-XY model

  Large b,  large Tc0 - TBKT 
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p
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⇡2

2
Js

µ/Js ⇠ 6÷ 7here 



Vortex dynamics  in magnetic field 

hysteresis of the 
critical current



Increasing 
magnetic field 

Fraunhofer 
diffraction  

only  for one 
direction sweep 



CuO2  plane

at temperatures very near to the critical one  the 3D fluctuation regime takes place. Here the size of the Cooper 
pairs along the c-axis is so large that the peculiarities of the layered structure do not play any more role 

Possible view:



observable signatures of KT physics in a layered three-dimensional (3D) system? 

3-d XY model H = �
X
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MC results: 
increasing K ratio  Tc tends to  

 3D isotropic XY model  

a: average diameter of vortex loops 

S.R.Shenoy &Chattopadhhyay 
PRB 51 (1995)



gives 

When 3rd dimension matters 

BKT correlation length 

2D  scaling   still feasible until  
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S.Hikami & T.Tsuneto.   Progress of Theoretical Physics 63 ,387 (1980) 



Duality  vortex -Cooper pair

Vortex: E =
�0
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if 

Alternative view: Lawrence-Doniach model

In-plane:  free vortex dynamics; Interlayer:  Cooper pair hopping ⇢c >> ⇢ab
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At nano-level



Amorphous 2D Ga Films

Jaeger et al  PRB34,4920 (1986)
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Quantum provides classical Langevin approach with noise current 
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2 mm

Elements on Device Fabrication

• Structure of the YBCO electrodes: (001) vs (103)

• Study of the feasibility of (103) 
YBCO film electrodes

• Sputtering deposition performed 
in Naples

+ Enhanced proximizzation effect

- More challenging patterning 
process

1 mm

Courtesy of D. Montemurro (Unpublished)

High Critical Temperature Superconductor: YBCO

YBCO details:
TC=92K
Δ(0)=20-25meV
λa

L (nm)=(150-300) nm;
λb

L=λa
L /2; λc

L=1000nm
ξa=ξb=(1-3)nm; ξc=0.24nm 
Ha

C2=Hb
C2=250T; 

Hc
C2=120T

 

Figura 3.2: Simmetria in onda d della funzione d’onda: (a) Plot nello spazio

dei k; (b) ampiezza della gap | ¢ | ; (c) plot della fase in funzione della

direzione nel piano a-b.

Esistono una serie di risultati sperimentali che manifestano questo tipo di

simmetria del parametro d’ordine per i superconduttori ad alta temperatura

critica [1].

3.4 Diagramma di fase per i materiali cuprati

I cuprati e, nel caso in esame, l’YBCO hanno un particolare diagramma di

fase che viene riportato in figura 3.3.                                                                                                   

 
Figura 3.3: Diagramma di fase dei cuprati, dove viene riportata la

temperatura critica in funzione del drogaggio di buche (±).
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Universal Conductance fluctuations 

YBCO grain boundary
 Josephson Junctions 

A.T. et al, Phys. Rev. B 79, 024501(2009)



Amplitude (color) of the correlation in the (I, ΔB) plane







Imada, Fujimori, and Tokura: Metal-insulator transitions 



• In superconductors non perturbative coupling between matter and radiation


• Low dimensionality enhances the role of quantum fluctuations


• Vacuum of 2D  thin superconducting films include vortex anti.vortex pairs as 
quantum fluctuations


• Same in layered structures  as HTc superconductors. 


• Quantum properties of HTc superconductors can be seen in transport as 
universal conductance fluctuations


• HTc materials are strongly correlated electron systems and additional fluctuations 
can be present when doping and moving away  from the parent Mott insulator 

Conclusion


