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Applications of gauge/gravity duality to quantum criticality and strange metals

Strange metals are a fascinating family of quantum materials, where charge transport differs
considerably from Fermi liquid theory, the theory of conventional metals. Their resistivity
scales linearly with temperature, while their frequency-dependent, ac conductivity shows
frequency over temperature scaling. These are signatures of quantum criticality.

At a quantum critical point, temperature is the only scale, which is why physical observables
are scaling. This is not quite what is observed in strange metals: indeed, their linear in
temperature resistivity is in fact not compatible with the simplest version of quantum
criticality, which would predict a constant resistivity. Thus, a scale has apparently not
decoupled. Further, their ac conductivity shows a Drude peak centered at zero frequency, also
in contradiction with simple quantum critical arguments. Put together, this phenomenology is
suggestive of strong electronic interactions.

On the other hand, gauge/gravity duality is a first-principle framework to capture the
dynamics of strongly-coupled states of matter. It originates from string theory, where it was
discovered as a duality with a specific supersymmetric gauge theory. In the limit of infinite
rank of the gauge group and large coupling, this gauge theory is dual to Einstein gravity
coupled to a number of matter fields, in a higher number of spacetime dimensions. Thus, by
solving the gravity equations, we can access the correlation functions of the dual field theory.

In this doctoral project, we will focus on holographic black hole spacetimes where the metric
and the matter fields have special scaling properties near their horizon, and which are dual to
unconventional, low or zero temperature critical states. We will investigate the spectrum of
collective excitations in the complex frequency plane, and ascertain how they affect the ac
conductivity at finite frequencies. We will also study nonlinear response and the time-
dependent relaxation of currents far from equilibrium, and the effect of collective excitations
on the return to equilibrium.
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