Quantum supremacy with many-body systems:
Merging thermalization with complexity theory
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Abstract

Quantum supremacy is the ability for
guantum computers/devices to efficiently
solve a well-defined computational task that
is guaranteed to be inefficient for classical
computers. The most common task to realise
quantum supremacy in near-term quantum
devices is sampling from the output
probability distribution, demonstrated with
53 superconducting qubits by Google[1].
Despite being able to outperform classical
computers, sampling from a complex
quantum system has very few direct useful
applications. Early proposals for realizing
guantum  supremacy include  boson
sampling, random quantum circuits and 2D
Ising models. We have managed to extend
this family to include to driven many-body
systems in  analog quantum simulators
settings. The work is based on complexity
theory arguments and supports earlier
infuitions and heuristic claims, that is indeed
computational hard to simulate complex
quantum dynamics. Our result opens the
path for a multitude of analog platforms to
showcase and benchmark quantum
supremacy, including cold atoms, ions and
superconducting qubits. The connection
was made via showing that sampling from
the output distribution of thermalizing driven
many-body systems is #P hard and the
hardness is connected with the quantum
phase matter is in. Recently, in collaboration
with USTC China, an experiment has been
performed where some of our predictions
were checked in cold atom setup [3].
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Figure 1: Sketch of the proof that is hard to
sample from driven many-body systems
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Figure 2: A driven opfical laftice such as the one
used in [3] to perform the experiment
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