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From Links to Logic: Building a Distributed Quantum Computing Testbed

Abstract: As quantum processors approach the projected limits of monolithic scaling, the
architectural path toward fault-tolerant, large-scale systems increasingly points toward modular,
Distributed Quantum Computing (DQC) frameworks. However, bridging the gap between localized
quantum coherence and field-deployed entanglement remains a formidable systems-engineering
challenge.

In this talk, we detail the development and deployment of the QUANT-NET testbed, a multi-node
research infrastructure that integrates trapped-ion processors with telecom-compatible
entanglement substrates over fiber. We focus on our two-level control design, which provides a
critical abstraction layer between low-level hardware pulses and high-level entangled links. This
dual-control approach allows for the dynamic orchestration of quantum resources via an open-
source protocol stack, effectively shielding the application layer from the quantum physical-layer
complexities.

We conclude by discussing how this "lab-to-field" framework informs our current research trajectory
toward heterogeneous qubit integration. By exploring the inclusion of neutral-atom arrays and
ensemble-based interfaces, we aim to define the interoperability requirements and control
architectures necessary for a unified, heterogenous quantum network.



