Rydberg state detection of surface electrons on helium  with cryogenic LC circuit using frequency modulation 
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The exceptionally pure and homogeneous two-dimensional electron system formed by electrons floating on the surface of liquid helium (Surface Electrons/SEs) offers an ideal platform for realizing qubits due to its long coherence time of the electrons’ spin-state lasting seconds [1]. We propose an approach to qubit realization by coupling the spin state of surface electrons to the hydrogen-like Rydberg state, enabling qubit state transfer between the two states through an artificially induced interaction [2]. 
To do so, we integrated a high-Q factor (loaded Q-factor = 298, resonance frequency = ~ MHz) LC circuit with the image-charge detection technique [3]. In this work, we present the detection of the Rydberg state of many SEs using frequency modulation. The device consists of two sets of disk electrodes between which the SEs are held, and a microfabricated superconducting inductor. 
We apply a RF signal to the LC circuit and measure the reflectance whilst exciting the Rydberg transition by radiating ~140 GHz continuous microwave (MW) to SEs. By modulating the microwave frequency at 1 kHz, the vertical position of SEs is also modulated at 1kHz , causing the amplitude of the reflected signal from the LC circuit to be modulated as well. Thus, the Rydberg transition is detected as the amplitude-modulated reflected signal.  We also measured that the Rydberg transition frequency changes from 130 GHz to 170 GHz by varying the electric field between the two disk electrodes from 1 kV/m to 6 kV/m, which occurs due to the DC Stark shift.

	We acknowledge F. Gonzalez-Zalba for useful discussions on the LC circuit.


[1] Lyon, S. A. Phys. Rev. A 74.5, 052338 (2006).
[2] E. Kawakami, J. Chen, M. Benito, and D. Konstantinov, Phys. Rev. Appl. 20, 054022 (2023).
[3] E. Kawakami, A. Elarabi, and D. Konstantinov, Phys. Rev. Lett. 123, 086801 (2019).

