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The terms superconductivity and superfluidity refer to dissipationless flow in charged and ne-
utral systems, respectively. Superfluid exciton condensates, in which macroscopic phase co-
herence is established among pairs composed of electrons and holes in different bands, have
been realized only recently. Signatures of exciton condensation have been reported in quan-
tum Hall bilayers, in which electrons and holes are located in two separate two-dimensional
electron layers [1]. When the two layers of a bilayer exciton condensate (EC) are contacted
separately, it can exhibit remarkable transport anomalies associated with its neutral super-
currents. These properties provide an appealing platform for spectacular electrical effects in
EC-superconductor hybrid systems in which the charged superconducting order parameter
interfaces with the neutral EC order parameter. In this work we demonstrate that when two
superconducting circuits are coupled through a bilayer EC, the superflow in both layers is
drastically altered. If the same phase bias is applied to both junctions, no Josephson current
can flow through the system, a phenomenon we refer to as exciton blockade. When a phase
bias is applied to only one layer, on the other hand, it induces a superdrag counterflow super-
current of the same magnitude in the unbiased layer.

In our calculations we assume that the superconducting electrodes in each layer are se-
parated by a distance L. much larger than the exciton coherence length, and an independent
phase bias is applied to the top and bottom contacts. In the presence of these biases, Joseph-
son currents flow through the double layer. Because the EC is gapped, only dissipationless
counterflow can contribute to the Josephson current when L is long. We have considered both
the short- and long-junction regimes, with respect to the superconducting coherence length,
and the effect of a finite temperature.
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