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Laser frequency stabilization experiment with fast and slow feedback

based on optical frequency comb
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Abstract: A highly stable laser source is a fundamental requirement for precision spectroscopy and
quantum state manipulation in ion-trap experiments. To meet the demand for laser frequency stability in
precision measurements with ytterbium ions, this work presents the design and implementation of a
fast-slow feedback laser frequency stabilization scheme referenced to an optical frequency comb. The
system extracts frequency error information by detecting the beat signal between a continuous-wave
laser and a comb tooth of the optical frequency comb, and employs a dual-loop feedback architecture:
a slow feedback loop compensates for long-term frequency drifts of the laser, while a fast feedback
loop provides high-bandwidth frequency tuning based on an acousto-optic modulator (AOM). To
mitigate the impact of the AOM diffraction-angle variation with driving frequency on optical path
stability, a double-frequency-shifting optical configuration based on the AOM is designed and

implemented. Experimental results show that, after locking the 934 nm laser to the optical frequency
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comb, the beat note linewidth is compressed to the Hz level, and the center frequency fluctuation is

reduced to +£3.6 mHz in 3 hours. The relative instability of the system reaches 4.55(4) X 1077 at 1 s and

1.6(4) x 107" at 1000 s, demonstrating excellent frequency locking performance and significantly

improved long-term frequency stability. Furthermore, this method can be extended to the simultaneous

locking of multiple lasers, providing a unified frequency reference for multi-wavelength laser systems

in ion-trap experiments.

Key words: optical frequency comb; laser frequency stabilization; acousto-optic modulator; fast-

slow feedback control
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Fig. 1 Schematic diagram of the frequency stabilization system
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Fig. 2 Beat-note spectra between the laser and the optical

frequency comb before and after locking
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Fig. 3 Beat frequency fluctuation over 3 h of continuous

operation after locking
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