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Mavericks

MgB2 39K       2001           Akimitsu
Cuprates ~100K     1986     Mueller & Bednorz

FeSC ~50K      2006 Hotsono

Quantum critical points ©

Superconductivity



Librarians

Control

Pb ~7K   Al ~1K  Sn ~3.7K Nb ~9.3K

Thinner
Cleaner
Smaller

BCS + …. Abeles, Tinkham, Devoret, Goldman, Xue, Kern, Di
Fazio, Schoen, Halperin, Leggett,Blatt….

Thin films
Josephson Junctions

Nanowires



Enhancement Tc?

No
Control

Theory Drifts
Trial and error

Mavericks meet Librarians

Understanding Tc?
Experimental

Control

Conventional SC in low dimensions
Artificial heterostructures LAO/STO…
Refined high Tc

Learning to design SC



Cuprates high Tc Heterostructures

Bozovic et al., Nature 455, 782 (2008)

Higher Tc!!



LaAlO3 /SrTiO3 Heterostructures

Triscone et al. , Nature 456 624 (2008)

Control

Mannhart et al., Nature 502, 528 (2013)

No chemical doping
Electric Field Effect

Tunability



STM

Epitaxial
growth

No impurities
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Transient Superconductivity

ARPES

Femtosecond
Pulses

Pump & Probe



Far from
equilibrium

Novel
pairing

Nano
Engineering

Research
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Engineering granular
materials

Tc=1.3Tcbulk

Tc=1.5Tcbulk

Tc=3.0Tcbulk!!!

Optimal but realistic

Size Variance Packing

Mayoh, AGG. Phys. Rev. B 90, 134513 (2014)
James Mayoh
Cambridge



Global Tc ?Grey = No SC

L ~ 5nm

JJ Array

Mean field
Percolation

Open grain

BCS
Semiclassical

T

AGG et al. Nature materials 9 (2010) 550



Percolation?

Inhomogeneities

Tc?
T

#SCgrains

Charging effects

Phase fluctuations?



= 1= 5
Packing = Cubic, BCC, FCC

= 0.25
Enhancement!

Patent

Mark Blamire
Cambridge



Global Tc in
disordered thin
films?
Mayoh, AGG, arXiv:1412.0029

Solution for Al
puzzle?



Unbroken Phase Broken phase

TcT(t) 〈 〉 = 0= Δ , , ?≠ 0
=

The out of equilibrium
birth of a superfluid

Phys, Rev. X, Accepted,
arXiv:1407.1862

Hong Liu
MIT

Paul Chesler
Harvard =



Kibble
J. Phys. A: Math. Gen. 9: 1387. (1976)

Vortices in
the sky

Causality
Generation

of
StructureCosmic strings

Weyler, Nature 2008

Krusius, 2006
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Zurek
Nature 317
(1985) 505

Tc



KZ scaling with the
quench speed

Too few defects



Adiabatic at tfreeze?
Defects without a
condensate?

PRX, Accepted

> > is relevant

Chesler, AGG, Liu

Issues with KZ Too many defects



Scaling
Linear responseSlow Quenches>

Frozen Coarsening Adiabatic
Frozen AdiabaticKZ

US
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Strongly coupled
field theory in d

N=4 Super-Yang Mills
CFT

Anti de Sitter space
AdS

Weakly coupled
gravity  in d+1

AdS/CFT Maldacena1997

Easy to compute in the
gravity dual

Detailed
dictionary&

QCD Quark gluon plasma

Holographic superconductivity

2003
2008
2012 Quantum criticality, non-equilibrium..
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Adiabatic

Non adiabatic



~25 times less defects
than KZ prediction!!Relevant for 4He ?

Slow

FastSlow

Fast

∼ ( / ) /

∼ log( )= 1 − /



Out of equilibrium

Optimization of SC

Intrinsic topological SC at
and out equilibrium

Novel ground
states

Disorder, many-body
localization

Thermalization and steady
non-thermal states

Many-body Efimov

Bounds on transport
properties

Inhomogeneous
correlated matter
Interfaces
Heterostructures



Thanks!

EU network
EPSRC funding
ERC funding



Many body
Efimov Physics

Efimov 70’s

Bound states

Scaling



RGM Born-Oppenheimer






