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Abstract:

Universality refers to the emergence of general properties of complex systems that are independent of
precise microscopic details. Quantum thermalization is an example arising from out-of-equilibrium
dynamics of strongly-interacting quantum many-body systems, where a local region over time becomes
well described by a Gibbs ensemble governed only by a small handful of system parameters, e.g.
temperature and chemical potential. The extensive amounts of entanglement generated between the
local region and its complement (the "bath") is key to the emergence of such universality.

In this talk | will present a new kind of universal behavior arising from certain classes of quantum chaotic
many-body dynamics, going beyond conventional thermalization. | will describe how a single many-body
wavefunction encodes an ensemble of pure states supported on a small subsystem, each of which is
correlated with a (projective) measurement outcome of the bath in a local basis. Then, | will show how
the distribution of these quantum states approaches those of uniformly random ones, i.e. the ensemble
forms what is known as a "quantum state design" in quantum information theory. Our work offers a new
perspective to study quantum chaos, and establishes bridges between quantum many-body physics,
guantum information and random matrix theory. Moreover, it provides a practical and hardware-efficient
method to generating pseudo-random states, opening up new ways to design applications for quantum
state tomography and bench-marking in near-term quantum devices.
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