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Probing quantum contextuality with superconducting circuits1

ARKADY FEDOROV, MARKUS JERGER, YAREMA RESHITNYK, The Uni-
versity of Queensland, MARKUS OPPLIGER, ANTON POTOCNIK, MINTU
MONDAL, ANDREAS WALLRAFF, ETH Zurich, KENNETH GOODENOUGH,
STEPHANIE WEHNER, Delft University of Technology, KRISTINN JULIUSSON,
Quantronics, SPEC, IRAMIS, DSM, CEA Saclay, NATHAN K. LANGFORD, Delft
University of Technology — Quantum physics cannot be reconciled with the classi-
cal philosophy of noncontextual realism. Realism demands that system properties
exist independently of whether they are measured, while noncontextuality demands
that they do not depend on the order in which different measurements are made.
The Bell-Kochen-Specker theorem states that noncontextual realism cannot repro-
duce the measurement statistics of a single three-level quantum system (qutrit).
Noncontextual realistic models may thus be tested using a single qutrit without
relying on the notion of quantum entanglement which enables the better-known
Bell violations. Using a superconducting qutrit with deterministic, binary-outcome
readouts, we violate a noncontextuality inequality while addressing the detection,
individual-existence and compatibility loopholes. Demonstrating state-dependent
contextuality of a solid-state system is also an important conceptual ingredient for
universal quantum computation in surface-code architectures.
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