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Abstract: 
We report on the studies of decoherence processes of a ballistic quantum interferometer in the presence of a radio-frequency (RF) electromagnetic (EM) field and surface acoustic wave (SAW). The device comprises an Aharonov-Bohm (AB) ring sandwiched between two interdigital transducers (IDTs), where the AB ring serves as a phase sensor and the IDTs function as a controlled source of environmental noise. By employing the IDTs with RF signal to launch a SAW train through the ring, we extract the decoherence rate, associated with the dephasing process induced by the thermal fluctuations of the RF-EM field, SAW, and the acoustoelectric current, from the AB oscillation amplitude. Consequently, we find the RF-EM field-induced phase-breaking effects without thermal heating and, more importantly, identify the optimal conditions for operating SAW to minimize dephasing. The underlying mechanism responsible for the decoherence is attributed to the enhancement of charge-charge interactions in the presence of the RF-EM field and SAW. Our findings have significant implications for the development of flying-qubit techniques utilizing surface acoustic effects, offering new avenues for solid-state quantum information processing and quantum computing applications.
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