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Abstract: Quantum theory has a temporal composition, which is expressed under many different operational frameworks. Here, points in time are
imbued with a Hilbert space structure, and quantum states are passed between times through a series of experimental interventions. A multi-time
quantum process, therefore, carries the same complex properties as a many-body quantum state. This invites the question: to what extent can
temporal correlations be as interesting as spatial ones, and how can we access them? One particular avenue through which this structure manifests is
in open quantum systems. System-environment dynamics can precipitate non-Markovian processes by which correlations persist between different
times. Recently, the advent of high-fidelity quantum devices has made it possible to probe coherent quantum systems. In this talk, I will discuss my
recent work in which we show how this serves as a novel test bed to capture many-time physics. We build frameworks to extract generic
spatiotemporal properties of quantum stochastic processes, show how process complexity may be manipulated, and elevate user-control into the
theory to make it self-consistent. Remarkably, many of these complex features are already present in naturally occurring noise, and hence the results
have direct application to the development of fault-tolerant quantum devices. I will also briefly discuss some of my future research goals: the
existence of exotic temporal phenomena and how emergent spatiotemporal features can be captured through renormalisation group approaches; the
learnability of spacetime quantum correlations and avenues here to quantum advantage; and the taming of correlated noise in quantum devices
through bespoke error suppression and error correction. 
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