Andreev molecule in parallel InAs nanowires
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Coupling individual atoms via tunneling fundamentally changes the state of matter: electrons

bound to atomic cores become delocalized resulting in a change from an insulating to a metallic

state. A chain of atoms could lead to more exotic states if the tunneling takes place via the
superconducting vacuum and can induce topologically protected excitations like Majorana or
parafermions. Toward the realization of such artificial chains, coupling a single atom to the
superconducting vacuum is well studied, but the hybridization of two sites via the superconductor was
not yet reported. The peculiar vacuum of the BCS condensate opens the way to annihilate or generate
two electrons from the bulk resulting in a so-called Andreev molecular state.

Recently, InAs nanowire became the most promising platform to realize novel superconducting qubit
concepts like Andreev-qubits, Gatemons, or Majorana box qubit. In our work, we demonstrate for the
first time strong hybridization between two Andreev states via superconductor link between [1]. The
strong coupling of artificial atoms was achieved using a novel nanostructure, where parallel InAs
nanowires are connected by an epitaxially grown superconducting link [2]. Besides the characterization
of the spectrum of the Andreev molecule, we also present a minimal model, which reproduces the
outlined attributes of the novel molecular state.
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Left: Artistic view of our device. Right: schematics of the realized Andreev-molecule system.
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