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Electric resistivity of standard metals

: residual resistivity (impurity scattering) 

: Fermi liquid theory (electron-electron scattering)

: Bloch-Gruneisen theory 

(electron-phonon scattering)



Hall transport of standard metals

Hall angle

Controlled by the same Fermi liquid electronic scattering 

time that determines



The puzzle of strange metals

In reality,

much more!



Current panorama (experiments)

no universally accepted set

of defining properties 



Current panorama (theory)

(too) Many theories but none of them really successful

In fact, notice how the Hall angle property does not appear in the 

table (because none of the theories would explain it)



Applied Holography

Use gravitational models to study

strongly-coupled field theories

(in this case: condensed matter)



Current panorama (holography)



Current panorama (holography)

Not a single model able to 

capture the resistivity and 

Hall angle of strange metals



An interesting idea



A few (important) comments

(1)

(2)

No concrete realization of this 

scenario in a holographic model



The most famous holographic model

Einstein-Maxwell-

Dilaton-Axion model



Why is it famous?

Because it realizes a large class of scaling IR geometries 

that correspond to quantum critical points with nontrivial 

scaling exponents (and it reproduces linear in T resistivity)

etc…



The (minimal) task

Linear in T resistivity is not enough.

In fact, many models can get that.

Reality: not even two properties captured!



A (less famous) problem

No-go theorem for a large class of 

Einstein-Maxwell-Dilaton-Axion models!

Way out?

• More complex models (so far, failed)

• Move away from T=0 (will see…)



A more detailed proof

In this paper, we show that the linear axion holographic Gubser-Rocha 

model, which presents a single momentum relaxation time, fails in 

this respect and therefore is not able to capture the transport 

phenomenology of strange metals. We prove our statement by means 

of a direct numerical computation, a previously demonstrated scaling 

analysis, and also a hydrodynamic argument.



The global situation and our mini problem

Task: finding a 

(holographic) model 

with a regime with linear 

in T resistivity and 

quadratic Hall angle

(not yet a strange metal)



Main novelty

We will search in an intermediate

temperature window and not necessarily

force the scalings to persist down to zero 

temperature

No strange quantum critical point, rather 

a strange intermediate scaling regime 



Model (nothing new)

• IR scaling solutions at zero magnetic field

• Critical exponents depend on parameters in the potentials V, Z,Y

• Large class of IR fixed points



Approach (minor details)



An intermediate ‘’strange’’ window

Linear in T 

resistivity and 

quadratic in T Hall 

angle between 

Tmin and Tmax

For better understanding, let us define:



High-temperature cutoff

The high-T cutoff is controlled 

by the dimensionless 

momentum relaxation rate.

This is consistent with the 

needed incoherent limit (T<<k) 

Momentum relaxation is the 

‘’operator’’ supporting the 

intermediate fixed point and 

deforming the UV AdS into it



Low-temperature cutoff

The low-T cutoff is controlled by the

magnetic field B (relevant in the IR)
Apparent Sqrt[B] behavior



Strange metal 

region
Strange metal 

region

UV (~AdS4) UV (~AdS4)

IR  IR 

The strange metal region



Bulk interpretation

IRUV UV IR

Pure bulk quantity

Geometrization

of the RG flow

Emergent intermediate scaling (eta) geometry in the bulk

corresponding to the boundary strange metal region



Final picture

Concrete holographic model

realizing strange 

metal magneto-transport 

(albeit) in an intermediate

temperature range 

Strange metal

region

Deviation from 

strange metal behavior:



Comparison with real materials

Strange metal behavior

from quantum critical point

with tuning parameter B

(e.g., heavy fermions) 

Nature volume 424, pages 524–527 (2003)

Cuprates are 

different because

Tmin decreases with

B there 

https://www.nature.com/


To do/in progress

1.Compare  in more detail to realistic materials

2.Deepen the condensed matter interpretation

3.Understand better the two cutoffs and possible 

universal collapse of data

4.Explore the large B regime

5.Explore other properties 

6.Finishing the paper ☺
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