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Abstract: 
High-quality superconducting qubits are extremely sensitive to their surroundings; in particular, radiation from the cryogenic environment can profoundly affect their performance. Conversely, this high sensitivity can be utilized to characterize the radiation environment within the cryogenic system. Ensuring a "hygienic" cryogenic environment is key to superconducting qubit performance, therefore paving the way to a fault-tolerant quantum computer.

In this work, we employ high-quality superconducting qubits to investigate the impact of the cryogenic environment. By reducing the EJ/EC ratio of a superconducting transmon qubit, we measure qubit parity switching events induced by radiation and material strain relaxation1,2. These highly sensitive qubits enable detailed examination of the cryogenic environment and material behavior. We compare several setups that demonstrate an improvement in qubit temperature from 61.55 mK down to 17 mK, corresponding to a residual excited state population of 0.01% for a 3 GHz qubit, by reducing the radiation-induced transition. Furthermore, we analyze parity switching mechanisms to quantify the quasiparticle events. Building upon recent work3, our optimized sample packaging achieves an ultra-low switching rate of 0.069 Hz. By monitoring switching events, we observe a continuous decay in switching rate, which was reported recently in Ref. 2.

Our results present a comprehensive approach to establishing a radiatively hygienic, low-IR environment for characterizing high-quality superconducting qubits4. Addressing these environmental factors is crucial for advancing the development of robust quantum computing systems.
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