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Designing Atomtronic Circuits via Superfluid
Dynamics
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We propose an implementation concept for atomtronic circuit elements based on the criticality of superfluid
dynamics in specially designed Bose-Einstein condensates (BECs). Specifically, to obtain a logical 2-input
AND-gate, we employ a T-shaped BEC together with two mobile and one stationary Gaussian barrier, func-
tioning as Josephson junctions. The transistor-like behavior of the AND-gate can be identified by studying
the resulting non-equilibrium density distributions around the stationary barrier for different scenarios of the
deployable mobile barriers. Extending the original setup, we present a logical 4-input AND-gate in an attempt
to realize an advanced connected atomtronic circuit. In addition, we discuss the possibility of a universal set
of logical gates by establishing a connection to a logical NOT-gate motivated by the recent studies of Singh et
al. [1] by exploiting Josephson oscillations. Lastly, we illustrate the potential by merging NOT- and AND-gate
elements into an atomtronic NAND-gate.
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