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Fermi Liquid Theory



Veronika Stangier Institute for the Theory of Condensed Matter11/25/224

Fermi Liquid Theory



Veronika Stangier Institute for the Theory of Condensed Matter11/25/225

Background

quantum 
critical

classical 
critical

ordered 
state

disordered 
state

T

pQCP

[1]

[3]

➔ Breakdown of the quasi-particle picture

➔ Anomalous transport properties

➔ Often: Superconductivity around QCP 

[1] https://commons.wikimedia.org/wiki/File:QuantumPhaseTransition.png 
[2] C. Mousatov, S. Hartnoll, E. Berg, PNAS 117 (6) 2852-2857 (2020)
[3] L. Taillefer, arxiv:1003.2972
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The Yukawa-SYK model

Exactly solvable

Critical solutions

Superconducting

Finite dimensions

I. Esterlis, J. Schmalian. Phys. Rev. B 100.11 (2019): 115132
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The Dirac-SYK model – normal state

Disorder average

Bi-local fields

Critical Solutions

J. Kim, E. Altman, X. Cao. Phys. Rev. B 103.8 (2021): L081113.
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The Dirac-SYK model – normal state

Disorder average

Bi-local fields

Critical Solutions

Exactly solvable

Critical solutions

Superconducting

Finite dimensions

(for large g)
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The Dirac-SYK model – normal state
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Disorder Average

Gaussian Unitary Ensemble Gaussian Orthogonal Ensemble

No superconductivity Maybe superconductivity?
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The Dirac-SYK model - superconducting state

Additional bi-local fields: Linearized Gap Equation
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The Dirac-SYK model - superconducting state

Additional bi-local fields: Linearized Gap Equation

➔ Solvable by tuning fermion-to-boson ratio
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The Dirac-SYK superconductor

Exactly solvable

Critical solutions

Finite dimensions

Superconductivity
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