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Abstract: Complex systems and materials provide promising pathways to innovative solutions for quantum
technologies. Drawing on recent research, the talk explore some situations where complexity enables
advanced functionalities.

Recent advances in creating van der Waals heterostructures hosting ultrathin electronic states and in
fabricating hybrid Josephson nanostructures have opened new research avenues for understanding and
controlling the exotic electronic properties and functionalities emerging in these hybrid systems.

The talk focuses on the potential offered by integrating twisted van der Waals heterostructures into
superconducting quantum devices. Specifically, it shows how the d-wave nature of the order parameter in
cuprate heterostructures significantly impacts quantum coherence, potentially enabling the realization of a
qubit with inherent topological protection against charge-noise-induced relaxation and quasiparticle-induced
dissipation, dubbed the flowermon [1]. Next, it presents a quantum device [2] comprising two twisted cuprate
junctions integrated into a Superconducting Quantum Interference Device (SQUID) loop and threaded by an
external magnetic flux. By adjusting the external flux and the twist angle, this device can be tuned into various
regimes, each hosting distinct potential landscapes: a symmetric "twist-based" double-well potential, a
"plasmonic" potential, and a "flux-biased" double-well potential. The critical flux at which the circuit enters the
flux-biased regime is a special point where the spectrum exhibits a supersymmetric structure. This point marks
a change in the symmetry properties of the excited state and leads to significant modifications in the system's
coupling to external noise fluctuations and, consequently, in the decoherence rates.
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Fig. 1 Phase diagram of the twisted heterostructures SQUID device.
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