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Abstract

Linking multiple quantum processors via a quantum interconnect is a promising approach to realizing
large-scale, fault-tolerant quantum computation. Quantum multiplexing refers to encoding high-
dimensional quantum information onto a single photon by exploiting multiple degrees of freedom or
multiple components within a single degree of freedom. This technique is expected to enable more
efficient quantum communication.

In this work, we consider the adoption of quantum multiplexing in an interconnected fault-tolerant
quantum computing architecture. We analyze how such multiplexing affects the logical error rate of
an error-corrected communication channel using surface codes and hypergraph product codes. While
multiplexing can offer significant resource savings, it also converts photon-loss errors into correlated
errors, which can degrade code performance. However, we demonstrate that this detrimental effect can
be substantially mitigated by employing an appropriate strategy for assigning qubits to photons—making
multiplexed communication viable with both higher throughput and improved fidelity. We also place our
analysis in the context of recent developments in fault-tolerant quantum computation, highlighting how
quantum multiplexing aligns with emerging architectural trends.
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