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Outline & Acknowledgement

1. Disorder in CMT 
2. Conformal perturbation theory 
3. Disordered Holographic duality
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Single particle energy is off resonance, so the perturbation theory is convergent

• Protect information! in Many-body system? 

Naively, “off resonance” does not apply since there are O(N) states a state can tunnel to 

Nevertheless, people find evidences that ETH is violated, 
known as the many-body localization

[Nandkishore and Huse (2015)]

• A universality class—infinite-randomness fixed point? [Pal and Huse (2010)]
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• Disorder: translational symmetries are broken explicitly

Momentum conservation equation:

Using 

We find the Drude formula

Electrical conductivity is finite at small frequency

Disorder strength
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Disorder in CMT: transport

• Disorder is important for strange metal transport

[S. Kasahara et al., PRB (2010)]
• Spatially random interaction

If momentum is conserved: 
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which can be made more complicated by

Controlled IR fixed points for strongly coupled systems with finite disorder

• Non-relativistic fixed point

• Fermi surface

This talk: A random fixed point with a perturbative quenched quantum disorder at finite density
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Model

Perturb a clean       by a spatially random field          that couples to a scalar operator              

where

annealed disorder: disorder is dynamical

quenched disorder: 
disorder is non-dynamical

classical disorder: time-dependent

quantum disorder: time-independent[Aharony and Narovlansky (2018)]
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Let 

• Dynamical scaling exponent   

• Hyperscaling-violation e.g. Fermi surface 

• Harris criterion: 

or

[Harris (1974)]

e.g. Galilean symmetry 

Replica action:
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Disordered CFT

However, a line of fixed points for a marginal disorder?

This Lifshitz scaling was previously found using holographic duality [Hartnoll and Santos (2014)]
[Hartnoll, Ramirez and Santos (2016)]

At this new fixed point

[Ganesan and Lucas (2020)]
[Ganesan, Lucas and Radzihovsky (2022)]

The scaling dimension of the disordered operator is renormalized, resulting in an irrelevant 
disorder

Contradiction: an irrelevant disorder cannot support the Lifshitz scaling!
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Disordered CFT

The above is for marginal disorder

By turning on a relevant disorder ( )ν > 0

We find a Lifshitz fixed point

[XYH, Sachdev and Lucas (2023)]



Disordered holography

Global symmetry on the boundary (QFT) is dual to 
gauge symmetry in the bulk

• stress tensor    metric⟷

• U(1) current    U(1) gauge field⟷

Einstein-Maxwell-Dilaton model

This model is known to support nonzero charge density and generic z, θ

[Lucas, Sachdev and Schalm (2014)]
[Lucas and Sachdev (2015)]

[Huijse, Sachdev and Swingle (2012)]



Disordered holography

Disordered theory without using replica trick!

• disordered operator     scalar field 𝒪 ⟷ ψ

[Hartnoll and Santos (2014)]

The total action 

 encodes the scaling dimension B(Φ) [𝒪] = Δ

[XYH, Sachdev and Lucas (2023)]
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Holographic fixed point

Solve the bulk equations of motion

1) We are interested in the spatially homogeneous solution

inhomogeneity enters at 

[XYH, Sachdev and Lucas (2023)]

Stress tensors

2) We work in the IR scaling regime ( )r → ∞

Solve ODEs and ignore differences that are vanishingly small at IR ( )r → ∞
confirmed by numerics
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Holographic fixed point

We find

[XYH, Sachdev and Lucas (2023)]

UV-IR crossover energy is non-perturbatively large

1) For
consistent with CFT perturbation

2) For

[Goldman, et al., (2020)]



Summary & outlook

We find at a disordered fixed point at finite charge density

Outlook:

• Emergent scale invariance under inhomogeneous boundary condition using numerics

• Non-equilibrium fixed point?


