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The Sachdev-Ye-Kitaev (SYK) model [1,2,3] describes a strongly-correlated quantum

many-body system with all-to-all disordered interactions. From the condensed-matter

perspective, it provides a phenomenological description of strange metals which exhibit

non-Fermi liquid behaviors [4]. On the other hand, the model is found to exhibit maximal

quantum chaos by saturating the Maldacena-Shenker-Stanford bound for the quantum

Lyapunov exponent of out-of-time-order-correlators [5]. The SYK model is also of great

interest from a cosmological point-of-view as it manifests the characteristics of a quantum

theory which is holographically dual to black holes with two-dimensional anti-de Sitter

horizons [1].

Motivated by these rich features, we present a proposal [6] for the analog quantum

simulation of the SYK model in a table-top cavity QED experiment consisting of a cloud of

fermionic atoms interacting with the eigenmodes of an optical cavity [7]. We theoretically

show how effective dynamics arise in this many-body system which are of the SYK $q=4$

form, i.e., all-to-all two-body interactions with randomly distributed amplitudes. We compare

and contrast the spectral properties of the effective Hamiltonian to those of the theoretical

SYK model.

Further, we present a numeric study of universal dynamics (initial state independence) of

equal-time correlators after global quenches into the SYK model [8,9]. Through large parts of

the evolution, these universal dynamics are well approximated by a Gaussian decay, which

we show to be described well by an effective master equation for the disorder-averaged SYK

dynamics.

Our work provides a stepping-stone for the realisation of the SYK model, thereby making the

complex dynamics of this strongly correlated system accessible in the laboratory. Not only

does this provide the enticing prospect of studying the many unique properties of this

model, but also of other strongly correlated variations along the way.
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