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superconductive phase in 3D:

(p* Field theory with minimal coupling to em field (Ginzburg-Landau )
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Anderson-Higgs mechanism adds a mass to the em field:

i 1 4 3D .2
. Meissner effect _ s e (T. - T)
B A2(T) mc?
\ A
— = Ginzburg-Landau parameter
—S 'S

Vacuum | Superconductor

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



order parameter decays algebraically with distance in 2D

2D thin film

Berezinskii-Kosterlitz-Thouless transition

At the boundary of

a free vortex:
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N\ = Pearls length of the
free vortex

Jg = stiffness
of the “ordered” phase
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M : energy required to create a vortex core

comparison Jg-M:
The larger is the ratio W/Js the harder is to spot the BKT transition
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(b) contact junction = contact
Au Au

graphene
SiC

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

Junction: Chalmers, Goteborg , Measurement: CNR Naples
D .Massarotti et al. PRB 94, 054525 (2016)



Superconducting junctions

v Josephson junctions v'Josephson equations
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I R / Ry [ Thk

Name nm Q nA k<2 K mK b
J200-1 200 720 4 8.5 0.23
12002 200 425 5

Red rectangles indicate the measured junctions, the first number (for instance o , , , -

indicates the distance between the Al electrodes J200-3 200 410 10 1.4 0.35 130 6.1
J200-4 200 470 S50 1.0 0.5 135 3.6
J300-3 300 370 30 1.3 0.38 173 7.2
J400-1 400 650 0 16.0 0.285
J600-1 600 440 0

[ Large b, large T - TBKT]
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Condensation energy loss in vortex core
>> Superconducting stiffness

Berezinskii-Kosterlitz-Thouless
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(BKT)
as in 2D-XY model
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Vortex dynamics in magnetic field
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hysteresis of the
critical current
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Possible view:

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

HgBa,CuO,,; YBa,Cu0,.; La,, Sr,CuO, TI,Ba,CuOg,;
(Hg1201) (YBCO) (LSCO) (T12201)

Cu

La.Sr

CuO2 plane




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

3-d XY model H = — Z ZK“ [COS V,ﬂi — 1]

MC results:

iIncreasing K ratio T¢ tends to

3D isotropic XY model

a: average diameter of vortex loops

S.R.Shenoy &Chattopadhhyay

PRB 51 (1995)
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BKT correlation length f ~ 4 EXP (ﬂ' / \/ 1 — TK)
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Alternative view: Lawrence-Doniach model

In-plane: free vortex dynamics; Interlayer: Cooper pair hopping pc > > Pab
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Layer Ginzburg-Landau condensate and Josephson coupling between layers
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At nano-level Hj=» { -t —FEs[cos(6; —0i—1) —1]
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Coherent tunneling of phase slips provides a quantum resistance:
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Also in : Amorphous 2D Ga Films

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



High Critical Temperature Superconductor: YBCO
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YBCO grain boundary
Josephson Junctions [: r
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Universal Conductance fluctuations

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



<dg(H+AH)dg(H)>
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Amplitude (color) of the correlation in the (I, AB) plane



Conductance fluctuations
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FIG. 1. Metal-insulator phase diagram based on the Hubbard
model in the plane of U/r and [illing n. The shaded area 1s in
principle metallic but under the strong influence of the metal-
insulator transition, in which carriers are easily localized by
extrinsic forces such as randomness and electron-lattice cou-
pling. Two routes for the MIT (metal-insulator transition) are
shown: the FC-MIT (filling-control MIT) and the BC-MIT
(bandwidth-control MIT).

Imada, Fujimori, and Tokura: Metal-insulator transitions



Conclusion

e In superconductors non perturbative coupling between matter and radiation
e Low dimensionality enhances the role of quantum fluctuations

e 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

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



