
Rishabh Jha

Institute for Theoretical Physics,


Georg-August-Universität Göttingen, Germany

Universal features of non-Fermi liquids & 
application to black holes

XVIth Quark Confinement and the Hadron Spectrum  
Cairns Convention Center, Cairns, Queensland, Australia

Wednesday, August 21, 2024



Ordinary Metals

• Fermi Liquid Theory:



Ordinary Metals

• Fermi Liquid Theory:



Ordinary Metals

• Fermi Liquid Theory:



Ordinary Metals

• Fermi Liquid Theory:



Ordinary Metals

• Fermi Liquid Theory:



Ordinary Metals

• Fermi Liquid Theory:

⟹ Quasiparticles



Ordinary Metals

• Fermi Liquid Theory:
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1. Level spacing                  Quasiparticles


2. Electrical resistivity        


3. Equilibration rate          

1/N ⇒

ρ ∝ T2

τ−1
eq ∝ T2
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Sachdev-Ye-Kitaev Model

⟹ No quasiparticles

Properties:
Non-integrable

Saturates Maldacena-Shenker-Stanford bound:





 : Analytically solvable!


Conserved  charge:


N → ∞

U(1)

S. Sachdev and J. Ye, PRL 70, 3339 (1993)
Kitaev, unpublished
Y. Gu, et. al., JHEP 02 (2020) 157
W. Fu, PhD Thesis (Harvard University, 2018)
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Combining SYK models:

retains solvability!
J. Maldacena and D. Stanford, PRD 94, 106002 (2016)
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✴ body hopping where 

2−
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2

,1,2}PRB 107, 235114 (2023) 
arXiv:2312.14644v2 [hep-th] 
arXiv:2407.20733 [cond-mat.str-el]

Generalization
d

q

Zanoci and B. Swingle, Phys. Rev. B 105, 235131 (2022)

Combining SYK models:

retains solvability!
J. Maldacena and D. Stanford, PRD 94, 106002 (2016)



Dynamics of a Dot at Large-q

MODEL:

J. C. Louw and S. Kehrein, PRB 105, 075117 (2022)

A. Eberlein, et. al. Phys. Rev. B 96, 205123 (2017)

Thermalization Transport Thermodynamics

Zero-dimensional

dot


(t > 0)


No transport!

Mean-field SYK phase transition

van der Waals 
universality class

Instantaneously

thermalizes!
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MODEL:

RJ and J. C. Louw, PRB 107, 235114 (2023) 
J. C. Louw, L. v. Manen and RJ, arXiv:2312.14644v2 [hep-th]

Thermalization Transport Thermodynamics

DOES NOT

instantaneously thermalize!


⇓
Finite equilibration rate

Nonequilibrium

charge  transport  
for -body hopping:2

⇓

Uniformly coupled 
& -body hopping:q/2

van der Waals 
universality class 

(again)
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Higher Dimensional Lattices

MODEL:

RJ and J. C. Louw, PRB 107, 235114 (2023)

Thermalization Transport Thermodynamics

FUTURE

RESEARCH

Nonequilibrium

charge  transport

⇓
Preserves closed-form


relation for charge dynamics

⇓
Finite equilibration rate

DOES NOT

instantaneously thermalize!
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J. C. Louw and S. Kehrein, PRB 107, 075132 (2023)

Large  coupled complex SYK model:−q

J. C. Louw, L. v. Manen and RJ, arXiv:2312.14644v2 [hep-th]

 Critical exponents: 

Ginzburg-Landau (mean-field)

 Both saturates MSS bound!

True for all large  SYK?−q

RJ, S. Kehrein, J. C. Louw, arXiv:2407.20733 [cond-mat.str-el]
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Dual to deformed JT gravity

Mapping fails for very low temperatures


Maximally chaotic


van der Waals universality
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SYK Dimension > 1+1

FUTURE

RESEARCH

Black Holes = SYK ?


Maximally chaotic




van der Waals universality
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Relation with Hawking-Page Transition

QBH

TH

Crit. point:
vdW universality

THP

Large BH

Small BH

Free AdS

SYK Charged Black Holes

J. C. Louw and S. Kehrein, PRB 107, 075132 (2023) 
J. C. Louw, L. v. Manen and RJ, arXiv:2312.14644v2 [hep-th] D. Kubiznak, R.B. Mann, JHEP 07 (2012) 033
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Thank you!

Hope you had a nice nap!
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Chaos



SYK & Black Holes Density of States

S. Sachdev, arXiv:2304.13744 

Comparison of many-body densities of SYK models and charged black holes with & without SUSY.

Black holes and SYK models without SUSY do not have delta function, nor a gap, but an exponentially 
dense spacing of levels down to E = 0.

Both black holes and SYK models with sufficient low energy SUSY have an energy gap ∆, above a delta 
function.



Thermodynamically Preferred Phase



Equation of State



Mott-Ioffe-Regel Limit



Bad Sheet

Xue-Yang Song, et. al., PRL 119, 216601 (2017)

RJ, S. Kehrein, J. C. Louw, arXiv:2407.20733  
[cond-mat.str-el]

See:

for true strange metal behavior!


