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Abstract: Laser frequency noise is the dominant noise source in space-based gravitational wave detection
systems. A multi-stage suppression approach is planned, employing PDH (Pound-Drever-Hall) cavity-lock-
ing pre-stabilization, arm-locking, and time-delay interferometry. However, with the advancement of pi-
cometer-level measurement, unequal-arm interferometric frequency stabilization using free-space laser links

has emerged as a popular alternative to the PDH cavity-locking pre-stabilization scheme. This approach can
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effectively utilize existing space laser interferometers without requiring additional ultra-stable reference cav-
ities. Based on the first-generation interferometric optical platform of the Taiji program, this paper verifies
the feasibility and effectiveness of an unequal-arm interferometer frequency stabilization scheme using the
existing interferometric optical path. Experimental results show that the free-running laser frequency noise is

12

reduced by approximately one order of magnitude overall, reaching 3 kHz/Hz'* at 1 Hz. Noise analysis re-

veals that in the 0.2 Hz—1 Hz band, the main limiting factor is the background noise of the interferometer. In
the 0.1 Hz—1 mHz band, the dominant noise source is the power noise of the free-running laser. Future work

1/2

will focus on further reducing the interferometer noise to 1 pm/Hz'"* and exploring the feasibility of replacing

the PDH cavity-locking scheme with frequency stabilization using the existing interferometric optical path.

Key words: laser interferometry; unequal-arm interferometer; laser frequency stabilization; PID control
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Fig. 1 Optical path design of interference optical bench. Left: Front side; Right: Back side. M: mirror, BS: beam splitter (R/T:
50/50), BSa: beam splitter (10/90), BSb: beamsplitter (90/10), BSc: beam splitter (1/99), BSd: beam splitter (99/1),
PBS: polarizing beam splitter, FIOS:fibre injector optical subassembly, P-A: periscope in side A, P-B: periscope in side

B, HWP: half waveplate, QWP: quarter wave plate, Telescope-1/F: telescope interface, TM-I/F: test mass interface,

PAAM:point ahead angle mechanism, BSMG: beam shrinking mirror group, QPD: quadrant photodiode.
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