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Multispectral line spectral analysis based on

cavity ring-down spectroscopy

YUAN Kang-jie', ZHOU Yue-ting', GONG Ting', YAN Xiang?, SUN Xiao-cong',
QIU Xuan-bing', LI Chuan-liang' "

(1. Shanxi Province Engineering Research Center of Precision Measurement and Online Detection Equipment,
Shanxi Center of Technology Innovation for Light Manipulations and Applications, School of Applied Science,
Taiyuan University of Science and Technology, Taiyuan 030024, China;

2. Shanxi Standard and Metrology Technology Institute, Shanxi Inspection and Testing Center,
Taiyuan 030012, China)

* Corresponding author, E-mail: clli@tyust.edu.cn

Abstract: Laser absorption spectroscopy (LAS) has been widely applied in atmospheric monitoring, industri-
al production, medical diagnostics, and other fields due to its high sensitivity, rapid response, and real-time
online detection capabilities. However, spectral overlap interference remains a major challenge in LAS. In
this study, a multispectral line spectral analysis approach based on cavity ring-down spectroscopy (CRDS) is
proposed. A CRDS gas detection system was developed using a custom-designed cage-type Fabry-Pérot cav-
ity, and seven acetylene (C,H,) absorption lines in the range of 6452 cm™ to 6453 cm™' were selected for in-
vestigation. Experimental results demonstrate that the system is capable of accurately measuring and filling
the multi-line absorption spectra of C,H, with a minimum detection limit of 3.517x10°® cm™, corresponding
to a minimum detection volume fraction of 4.37 x107°. Additionally, the intracavity pressure was precisely
measured using a calibrated high-precision vacuum gauge. By analyzing the pressure-broadening effects ob-
served in the absorption spectra, we calculated the pressure-broadening coefficients for three absorption lines,
achieving a relative deviation below 0.04. This study provides a novel method for multispectral line spectral

analysis in LAS, improving measurement accuracy and broadening its applicability.
Key words: cavity ring-down spectroscopy; multispectral line spectral analysis; trace gas measurement; pres-
sure-broadening parameter
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Fig. 2 Absorption lines and line intensities of C,H, in the
range 6452 cm™ to 6453 cm™
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Fig. 3 (a) Curve of ring-down time; (b) absorption coeffi-

cient curve and its fitting curve
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