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Enhancement?
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Recent Atomic scale
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Ultrasmall
Grains

von Delft, Braun, Larkin, Sierra, Dukelsky,
Yuzbashyan, Matveev, Smith, Ambegaokar
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BCS fine until 8/ Ay ~ 1/2

BCS sharp transition

Al electrode

4P 10 nm size scale
Tinkham et al., PRL 74, 3244 (1995)
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It's exact. | did it
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Richardson no transition

J. von Delft et al., Phys. Rep., 345, 61 (2001)
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Quantum Fluctuations

Richardson’s equations
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Cuprates high T. Heterostructures
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Fractal distributions of
dopants enhances SC in
cuprates

Enhancement of T,
by disorder

Bianconi, et al., Nature 466, 841 (2010)

Inhomogeneities ) Higher T,

PRL 108, 017002 (2012)



A >> 0 .

Heiselberg (2002): harmonic
potentials, cold atom

Kresin, Ovchinnikov, Boyaci

(2007) : Spherical, too high T,

Peeters, et al, (2005-): BCS,
BdG in a wire, cylinder..

Devreese (2006): Richardson

equations in a box

Olofsson (2008): Estimation
of fluctuations in BCS
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Al grain g
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ke =17.5 nm-l <
A, = 0.24mV
For L< 9nm leading b ;';-5 — =
correction comes =0
from density-density L = 6nm, Dirichlet, §/A,=0.67
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L = 10nm, Dirichlet, 6/A,,= 0.08



Single, Isolated Sn
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Josephson
long-range order junctions

IN nanograins?
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long-range
S order in 1d? ,
A. Lobos M. Tezuka

Maryland Kyoto

Phase coherence in 1d by
power-law hopping

AGG et al., arXiv:1212.6779



1d Hubbard + power-law hopping
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Short-range T U<0 SC over CDW
hopping Clean Korepin
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Mirlin, Fyodorov
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Disorder Rigol, Relano, AGG

Power-law U<0 u=1/2
o =1 + =% Shastry

Gebhard and Ruckenstein




Bosonization
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Self-consistent harmonic approximation (SCHA)
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(A(x;)) ~ (e} = 0

Phase slips suppressed
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Bosonization:Correlations
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From SC to =" ”; (7 — 1)

Quantum L \(ﬁi — 1) 7y, — Agﬁm e
magnetism TR +H.e.
Anderson XXZ Spin
Pseudo-sp_ln chain
representation |
Heisenberg

chain




Variable-Range Interactions in Trapped lon

Quantum Simulators
Islam, Monroe.. 1210.0142, Bollinger, Britton... Nature 484, 489 (2012)
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Nano meets high

Holographic grains



Finite Size

+
Strong
interactions ? Tough for even
conventional
superconductors

Holographic

superconductivity In
Way confined geometries?

Santa Barbara

Santos
Santa Barbara

AGG, et al., PRB, 86, 064526 (2012)



Holographic principle

Maldacena’s conjecture

AdS/CFT correspondence

t'Hooft, Susskind, Weinberg, Witten....

Strongly coupled Weakly coupled
field theory in d “ gravity in d+1

N=4 Super-Yang Mills Anti de Sitter space
CFT AdS



Extra dimension?

Geometrization of Wilson RG

field theory living
on the boundary

&nti-deﬁiﬂer space
Strongly coupled
I

lo

Gravitational theory in
the bulk



Holography beyond string theory

2003 QCD Quark gluon plasma

Gubser, Son
2008 Holographic superconductivity
2012

Hartnoll, Herzog, Horowitz

Quantum criticality, non-equilibrium..
Zaanen, Sachdev, Philips

Easy to compute In the & Detalled

gravity dual dictionary




An answer looking for a guestion

| do not know

Complex scalar

Spontaneous breaking
U(1) at low T

Finite u



Simplest dual gravity theory
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Equations of motion:
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+EXxperimental

control | - ' 1966

Al electrode -V/2

1995

+ P red |Ct|Ve Al electrode Al particle
power 4% 10 nm size scale
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Nature Physics 6, 104 (2010), Science 324, 1314 (2009).



Next

Theory Experiments

Heterostructures Control on high T,
Collections of grains heterostructures

Topology Control on grains

Non-equilibrium arrangements

Substantial enhancement of T,

THANKS!



