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Outline

e Homogeneously disordered materials, grains, islands...

e Preformed superconducting islands in a metallic matrix
e Phase transition

e Dephasing

e Fluctuation-induced superconducting islands close to T.
due to mesoscopic fluctuations



Uniform materials, grains, islands

e Homogeneously disordered e Granular superconductors,
bulk materials Josephson junction arrays
Cooper-channel attraction A grains (|Ale’?) 4+ weak links

elpi
! ¥

e Superconducting islands in a metallic matrix

Phases like in grains
Inter-island transport like in films




Two mechanism of T, suppression

e Fermionic mechanism
homogeneously disordered films

mean-field BCS theory 4+ Coulomb correction to A(E)

vanishing of A — vanishing of |A|

e Bosonic mechanism
granular superconductors,
Josephson junction arrays

superconducting grains (|Ale!?) connected by weak links

fluctuations of ¢ suppress macroscopic phase coherence



Superconducting-metal transitions



Films: Coulomb suppression of T,

Finkelstein (1987)

Coulomb correction to the Cooper channel at E < 7 1:

E E RG equation for \(E):
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Grains: Superconductive transition

From local to global coherence
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Columb blockade regime:
C(1) = exp(—E¢cT)
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Islands on a film: what’s the difference?

e Josephson proximity coupling:

1
Ej(r) x e/, Ly =/D/2nT
T

short-range at 7' > D/b?
long-range at T' < D/b?

e Single-island phase dynamics:
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Andreev conductance of the island
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Ambegaokar, Eckern, Schon

(4 > 1 kills the Coulomb blockade
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What about the QPT? Always superconductive?




Weak Coulomb blockade

2
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at the time scale 7 ~ 1/F¢
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Effective charging energy: | Ec ~ Ec(GY Larkin (2003)




Andreev conductance + multicharge action

2D

Depends on the ratio Gp/Gp:
G%/Gp(w), Gr < Gp
Ga(w) ={ 1/Gp(w) = ! In E
Gp(w), Gr > Gp drg dw

At w such that Gy ~ Gp(w)
there is still no Coulomb blocking

Multicharge proximity action: Sags = G4 Tr(QsA)” == > 7, Tr(QsA)”"
L

Renormalization of ~'s due to

e phase fluctuations EC ~ e 3 1V9
e w-dependence of Gp(w)
e Cooper-channel renormalization Feigel’'man, Larkin, M.S. (2001)




Islands: Superconductive transition

T

ne ~ d 2e 31V ni =1/b° (x J)

islands concentration

h 2

At fixed n;, QPT takes place at R ~
i O P O~ 2 In2(b/d)

inter-island distance J k island size



Dephasing due to Andreev reflection



Dephasing due to Andreev scattering off the islands

Larkin, Feigel’'man, M.S. (2004)
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Dephasing in homogeneous films
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Abrahams, Wolfle, et al. (1985)




Droplets near the superconducting transition



Fluctuations near T,

|

T hermal

|

Due to disorder




Thermal fluctuations: disorder and dimensionality

film of thickness d:

wire of area S:

Ginzburg number

clean dirty
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Fluctuations due to disorder

Linearized gap equation: A(r) = )\/K(r,r') A(r') dr’

N —

¢ Mean field e Exact solution: localized
superconducting droplets at T > TMF.

disorder
dependent!

(AE)) = A f (K@@ — 1)) (AG)) dr

Uniform solutions: A(r) = const

mesoscopic disorder at T = 0, H — H.(0):
Spivak, Zhou (1995)
Galitski, Larkin (2001) 0Heo 1
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Mesoscopic fluctuations near 7.
are smaller than thermal fluctuations

Can they become large?

Yes, close to the Finkelstein’s g,




Ginzburg-Landau expansion
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A quasiparticle propagating at energy E
feels the pairing potential Aw(()

1 w(C)

(in the limit of large
suppression of T.)




Ginzburg-Landau expansion: result
_ A2 A2 6 A |4
FlA] = / {Q(T/Tﬂ—lnm +IVAP + S|4 ]dr

«, 3 and ~ are the usual GL parameters for dirty superconductors, and

A= Aw(r) =

Gi is the same as in the absense
of the Coulomb repulsion:




Mesoscopic fluctuations of the kernel K(r,r’)

F®? = / dr dr’ A*(r) (Ué(r =)0 K(r,r’)) A(r")

E (K(r — 1)) + 6K (r, 1)

| Aol

(0K (r1,12)6 K (r3,14))) =

NERE \r\'jw L Mesoscopic

fluctuations
of return probability

Length scales: o ((0K(r1,r2)0K(r3,rs))): decays at r; —r; ~ Ly = /D/T,

e superconductive coherence length &(T) = Ly /75 > Ly

From the viewpoint of the superconductive system, fluctuations of K(r,r’)
are short-ranged and characterized by a single number:

= /l((ﬁK(I‘l, I"g)5K(I‘3, I‘4)>> dl‘g d[‘g dI”4



Superconductor with fluctuating T,

Superconductor with fluctuating 7, (loffe, Larkin (1981)):

F= / { [(T/T. — 1) + sa(r)]|AP +~4|VAP? + %ﬁr“} dr

7¢(3) cosh? n— ) o(r —r')

(a(r)da(r)) = 8m4 DT (\/QTG Tt

GL equation looks like a Schrodinger equation with random potential
Zittartz, Langer; Halperin, Lax (1966)

Instantons



Mesoscopic vs. thermal fluctuations

I: Concentration of SC islands: P ~ exp —T — I
0q T
0.4
04 =
g(g — 9'.:)

Broadening of the transition
due to mesoscopic fluctuations

Thermal fluctuations
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Conclusions

h 2
e2 In?(b/d)

e Quantum superconductor-metal transition at R ~
in a proximity-coupled array of islands

e Dephasing due to Andreev reflection off the superconducting
islands dominates over AAK dephasing in a wide temperature
range T < G AT,

e Giant mesoscopic fluctuations near 1. suppressed by Coulomb
effects
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