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Superfluid stiffness T = 0
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8 site cluster DCA U = 6t
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Compare with number of cariers

Peets et al. PRL 2009, Phillips and Jarrell, PRL 2010



Superfluid stiffness

U = 5.6 U = 6.2 U = 7

U = 9 U = 12 U = 16
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Condensation energy



Condensation energy

U = 8t, 4 sites – DCA 
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Condensation energy
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U = 6t,  T = 1/60, 8 sites – DCA 
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The glue



Superconductivity in general

Analog to weakly and strongly
correlated antiferromagnets



Cartoon « BCS » weak-correlation picture

p
1

2V p U p p p

E p
1 2n E p

Exchange of spin waves?
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Tc with pressure
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A cartoon strong correlation picture
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Pitaevskii Brückner: 
Pair state orthogonal to repulsive core of Coulomb interaction
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Hartree-Fock :

d-wave in mean-field



Retardation

Raising the questionP.W. Anderson D.J. Scalapino
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Im an and electron-phonon in Pb
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The glue
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The glue and neutrons
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Dome vs Mott (CDMFT)
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The
superconducting
order parameter

scales like J

Strength of pairing: cuprates



Cumulative order parameter:

Anomalous Green function

Anomalous spectral function

Frequencies important for pairing
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YBa2Cu3O7 :

In cuprates:
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We expect superconductivity to disappear when:

In weakly correlated case 
U/W < 1

In mean-field strongly
correlated case

Resilience to near-neighbor repulsion V
(Scalapino)

S. Sorella, et al. Phys. Rev. Lett. 88, 117002 (2002)
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Resilience to near-neighbor repulsion
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V also increases J



J increases with V
explaining better pairing at 

low frequency

But V also induces more 
repulsion at high frequency, 

explaining the negative
impact at high frequency on 

binding

Binding aspects of V



Two gaps in underdoped regime of 
cuprates
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U = 8t
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Superconducting gap in STM
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Experiment vs Theory, STM
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Evolution of SC gap and pseudogap with n
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Local moment and Mott transition
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Effect of disorder
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Summary

• There is retardation
• Strongly and weakly

correlated SC differ
– Penetration depth
– Resilience to V



Organizing principle

• Is the pseudogap (PG) a crossover or a 
phase transition ?

• Relation between CDW and the PG ?
• Why CDW peaked at 12% doping ?
• Origin of nematicity ?
• Why a dome of SC ?
• Why superconducting ?
• Does a one-band model capture the key 

physics ?
• AFM QCP important?
• Lessons from other SC?
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C’est fini…
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