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Abstract: 
In this talk, I will present recent advances in waveguide quantum electrodynamics using superconducting artificial atoms and spin ensembles.

In the first set of experiments [1], we show that a single artificial atom can dynamically control the velocity of microwave light via two distinct mechanisms, both leveraging the interplay between radiative and non-radiative decay rates near a mirror. The first method exploits mirror-induced interference to tune the radiative decay, while the second uses the Autler–Townes effect to manipulate non-radiative decay through atom pumping. When half the radiative decay rate exceeds the non-radiative rate, a positive group delay is observed; the reverse condition yields a negative group delay.

In the second set of experiments [2], we exploit resonant dipole–dipole interactions between distant spin ensembles coupled to a mirror-terminated coplanar waveguide (CPW) to realize an on-demand, all-to-all coherent network. This platform enables selective coupling and decoupling among four spin ensembles. Moreover, by adjusting their positions along the CPW, we achieve collective coupling and demonstrate coherent energy exchange among multiple ensembles in the time domain. These results highlight the potential of this device as a medium-scale all-to-all network architecture, well suited for advancing the study of many-body physics.
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