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Dual-Wavelength Laser Fiber Phase Noise Suppression Based on
Ultra-Cold Erbium Atoms

Liao Wenmin, Zhang Sihui, Duan Yuqing, Wang Jie', Wu Haibin
State Key Laboratory of Precision Spectroscopy, East China Normal University, Shanghai 200241, China

Abstract The additional phase noise of a sub-Hz linewidth laser transmitted in the fiber to excite the Hz-linewidth transition
of erbium is actively compensated for using the fundamental laser of the cooling laser in the ultracold erbium atom system. To
perform heterodyne beat detection and implement the compensation feedback without affecting the power of the original sub-
Hz linewidth laser (1299 nm), we injecte the broad-linewidth fundamental laser of the cooling light at a similar wavelength
(1166 nm) from the output end of the fiber. The phase noise of the narrow-linewidth laser caused by temperature and
vibration in fiber transmission is suppressed when the noise of the two lasers is almost the same. The linewidth of the beat
frequency signal of the transmitted laser is narrowed from 14.6 Hz to 11. 6 mHz and the stability of the optical-frequency
transmission link is improved from 1.6 X 107" to 6. 5> 107" in 1000 s, meeting the optical-frequency transfer needs of a
start-of-the-art optical clock. This optical-frequency transfer scheme can be used as an alternative where the power of the
transmitted laser is insufficient or physical space is limited. The scheme is also applicable for simplifying the source setup on
branching optical-fiber networks.
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single-wavelength laser (laser); dual-wavelength laser (laser 1 and laser 2); partial reflection (PR); dichroic
mirror (DM); acoustic-optic modulator (AOM); fiber for dual-wavelength laser (fiber); polarization beam
splitter (PBS); Faraday rotator (FR); photoelectric detector (PD); servo system (servo); voltage controlled

oscillator (VCO)
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Fig.1 Schematic of fiber phase noise suppression system. (a) Schematic of traditional single-wavelength fiber phase noise suppression

system; (b) schematic of dual-wavelength fiber phase noise suppression system
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Fig. 2 Experimental apparatus of the system
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Fig. 3 Typical linewidths and Lorenz fit results of beat signals of fiber phase noise suppression system. (a) Before locking the single-wavelength

fiber phase noise suppression system; (b) after locking the single-wavelength fiber phase noise suppression system; (c) before locking the

dual-wavelength fiber phase noise suppression system; (d) after locking the dual-wavelength fiber phase noise suppression system
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