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Modern experiments in particle, astroparticle physics, and cosmology, particularly those probing for New
Physics, are increasingly relying on quantum sensors to achieve unprecedented sensitivities. These include
efforts to determine the absolute neutrino mass scale, search for neutrinoless double beta decay, detect po-
tential dark matter candidates, or measure the B-mode polarization of the cosmic microwave background
(CMB) to test the inflationary model of the early universe. Achieving these goals requires the development
and simultaneous readout of large-scale arrays of cryogenic detectors, often ranging in the tens or hundreds
of thousands. Frequency-Division Multiplexing readout techniques, such as microwave SQUID multiplexing,
are critical enablers of these ambitious programs.

To support this, we are developing the Quantum Interface Controller (QIC), a modular and scalable readout
system shared across several experiments in these domains. This technology is also used in quantum comput-
ing since superconducting qubit characterization and control require similar high-fidelity microwave-based
instrumentation. This system supports full-stack end-to-end signal processing. The room-temperature elec-
tronics perform digital synthesis of the required microwave tones and implement real-time demodulation of
the detector signals using FPGA-based firmware and a user-friendly software stack to process the results.

We present the architecture of this multi-purpose readout system, discuss the modular implementation of the
signal processing firmware, and describe the supporting software tools developed for control and data han-
dling. One part of the system is the CryoDE (Cryogenic Detector Emulator), a digital detector twin integrated
directly into the firmware, which enables hardware-in-the-loop (HIL) testing of the entire signal processing
chain. This feature allows for rapid iteration and validation of firmware and system performance without
requiring access to the full cryogenic infrastructure. This common readout infrastructure is adaptable to the
needs of each experiment; currently, it is being deployed in support of the ECHo (neutrino mass), BULLKID-
DM (dark matter), and QUBIC-upgrade (CMB) experiments, improving development efficiency and long-term
maintainability. This contribution provides an overview of the current status of the data acquisition systems
within these efforts and will show selected results of recent tests with prototype detector systems.
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