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BCS relations

(CLTCT—m) =A

1. order parameter ~ excitation gap ~ Tc

2. superfluid density ~ Fermi energy (suppressed
phase fluctuations)

1. large coherence length (overlapping pairs)



Superconductors coherence length
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Breakdown of BCS and Fermi Liquid Theory

Cuprates: Keren et al.
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Superconductor to Insulator transition
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SF — Mott in Cold Atoms
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Bose Hubbard Model
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Hall Coefficient Map
Sebi Huber, Netanel Lindner, PNAS 2011
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Lattice-induced Hall sign reversals



Strong Coupling O(2) Theory

collective excitations
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Critical Energy Scales

Recent results: Higgs mode is not overdamped in d=2!
Podolsky, AA, Arovas, PRB (2011)
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Higgs mode in cold atoms

Experiments at MPI: Endres et al. (Nature, 2012)
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T=0 AC Conductivity of Hard Core Bosons

Lindner AA, Phys. Rev. B81, 054512, (2010).
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Conductivity of O(2) superfluid

Daniel Podolsky, AA and Dan Arovas, PRB 84, (2011)
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AC conductivity of superconductors

O(2) (bosonic) theory
Podolsky, AA Arovas, PRB (2011)
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AC Conductivity — QMC numerics
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PHYSICAL REVIEW B 66, 144514 (2002)

Optical studies of charge dynamics in optimally doped Bi,Sr,CaCu,0g, 5

, J.J. Tu* C. C. Homes.! G. D. Gu! D. N. Basov.? and M. Strongm
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Higgs threshold in SC Films

Sherman et al. (under review)
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Signature of Quantum Criticality
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The “Linear Resistivity Problem”
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Resistivity of Hard Core Bosons

N. Lindner and AA, PRB 81, (2010).
Continued Fractions Kubo calculation
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Cuprates: universality of Resistivity slopes

Amit Keren'’s group
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Summary

Short coherence length superconductors have different
dynamics and transport than conventional BCS theory.

Breakdown of BCS relations between gap, OP, and Tc
Hall sign reversals

A soft (critical) amplitude / Higgs mode.

Higgs threshold in optical conductivity.

Asymptotic linear resistivity above Tc.

Linear resistivity, with a slope related to SF density.



