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Abstract: Laser-induced thermoelastic spectroscopy (LITES) technology has been widely used in trace
gas detection due to its high sensitivity and selectivity. This technology uses a small, low-cost quartz tun-
ing fork instead of an expensive photodetector as the detection element, retrieving gas concentration infor-
mation by detecting the change in light intensity after the interaction of a laser with the analyte gas. To im-
prove the detection sensitivity of the LITES sensing system, a Herriot-type multipass cell with an effec-
tive optical path length of 17 m was designed. Additionally, a beat frequency (BF) modulation and de-

modulation scheme was proposed to shorten the response time. The developed BF-LITES sensing system
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can complete the measurement of the entire signal within a measurement cycle of 800 ms, which shortens
the signal measurement cycle by a factor of 25 compared with the 20 s measurement cycle of a traditional
LITES system. The BF-LITES sensing system was experimentally constructed, and through optimiza-
tion of parameters such as modulation frequency, modulation depth, and scan rate, the final measured de-
tection sensitivity for methane gas was 256. 74 ppb. Allan variance analysis showed that the detection sen-
sitivity increased to 6. 71 ppb when the averaging time was increased to 81 s. Compared with traditional
LITES sensing systems, the designed BF-LITES sensing system has higher detection sensitivity and fast-
er response time, and has high application potential in environmental monitoring, industrial process con-
trol, and medical diagnostics.

Key words: laser-induced thermoelastic spectroscopy; beat frequency modulation and demodulation tech-

nology; Herriot-type multi-pass cell; quartz tuning fork
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