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What limits T, in a superconductor ?




Pairing Phase Coherence

Complex Order Parameter:
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In conventional superconductors pairing precipitates order

To>T, =1

Material To[K] || To[K] || Tc[K]
Pb 7.9 || 6x10° 7.2
Nb3Sn 18.7 || 2x10? 17.8




Example: Granular superconductors

Pairing
is established on each grain at bulk T_

The film’s T_ is determined by inter-grain

Phase Ordering
Tp >T. =Ty

Granular niobium film




Exotic Metal
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Given a system with a high pairing scale ¢ ¢ but with T,
reduced by phase fluctuations, can one design a composite
system in which




Couple the strong-pairing superconductor to a metal with a
large phase stiffness

e large T,

to !

large T,

The superconductor’s phase stiffness is enhanced via Josephson
tunneling through the metal

Pairing is suppressed in the superconductor owing to the same
delocalizing events (proximity effect)

Best or worst of both worlds?
What is the optimal 15 ? What is the optimal TC?



10 nm x = 0.35
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Role of charge transfer, strain? ~ Gozar etd. (Nature 2008)



Te max ~ 014t

JUj=t

BCS BEC
Pairing limited Phase-stiffness limited
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Berg, Orgad and Kivelson (PRB 2008)
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e Decouple the interaction:
—UfL il fi = =ALfanfiy = NSl S Ay = Ufirfiy)

 Solve the BdG equations in the presence of twisted boundary cond.
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e Competition between phase stiffness and the proximity effect

e T.reaches a maximum for tI'a 1/, ¢

e As t:¢o!

T |

1 ; the maximal T, approaches the full pairing scale:
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Berg, Orgad and Kivelson (PRB 2008)



*Assume {3/t T < Ay == |A|l = Ay ~ U/2

 Integrate out the fermions

Sy = E/ dTZ@Q
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Decays exponentially for I‘,J larger than the thermal length
andas 1/ r2 for shorter separations
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The bare phase stiffness 102: d (—) J
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Using it in the BKT criterion ,OS(T)— To gives [, ~ ( ) J
a

thus implying in the clean limit 7. ~ tjl_/3
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Wachtel, Bar-Yaakov and Orgad (PRB 2012)
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e Ps is massively renormalized

ol ~ Jln

ANa =4
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Inter-block mean field approximation:

_ J _
Hﬂ,{pz—gmg—JZM-m M:<m>gMF
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e Ps is rapidly suppressed by fluctuations on scales smaller than \

e As pg approaches (2/7)T vortex fluctuations on scales larger than A
drives the BKT transition.



Sy = m/ dTZ 0-0;) / deT,ZK(T@j,T — 7" cos[0i (1) — 6, (7")]
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Coarse grain space-time:




At small 7| :

, Up QA%
T, ~ Ag, — —
.~ min(Ag » ) exp { T Z)tinaQI

e Quantum phase fluctuations exponentially suppress 1.
from its value based on thermal fluctuations only.

* Disorder has no effect on 7.
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* No sign problem: “exact” Quantum Monte Carlo

e At lower T and larger U use Monte Carlo Mean Field method:
includes thermal but not quantum fluctuations.
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At large U/t near T

c,max *

 Amplitude fluctuations are negligible

e T is obtained by adjusting t» to

c,max

a point that maps the bilayer onto a
single layer attractive Hubbard model
with an optimal U/t ratio.
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At large t/U :

* T_ .. Seems to exceed the maximal T_ of the 2d attractive Hubbard

c,max

model towards the highest possible value Tp=U/4.



 Renormalization of the phase stiffness is important in systems
with long range phase couplings.

e A system with a large pairing scale ¢ g but low phase stiffness
can form a high-T_ superconductor when coupled to a metal
provided that: 1. The coupling is optimal: t0'® Y4 ¢

2. Large metallic bandwidth: W A ¢ g

* The induced phase couplings decay as r—d,

A thin metallic coating is therefore better than a thick one.

* Disorder has little effect on T_. Imperfect interface can actually
increase the interlayer coupling and benefit the enhancement.



