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Analysis and Simulation of the Optical Parameter Dependence of Sum
Frequency Generation Signal Gain

SUN Yabo, WANG Guohua, NIE Jing

(School of Instrumentation and Optoelectronic Engineering, Beihang University, Beijing 100191, China)

Abstract: The microscopic size of water molecules during the condensation process from gas to liquid is extremely small
and difficult to observe, which is a bottleneck in the process of quantifying humidity metrology. As an important method for
studying the dynamic evolution of interface water molecules, sum-frequency generation (SFG) is a key support for promoting
the transformation of humidity metrology from classical macroscopic thermodynamics to a quantum-based framework. The
SFG experimental platform has the characteristics of complex structure, extensive experimental parameters, highly coupled
between various parameters. To address this issue, a gain-factor-based intensity analysis method is proposed to optimize SFG
experimental conditions and obtain higher signal-to-noise ratios, which extracts optical parameters in the traditional SFG in-
tensity calculation model, and establishes a signal gain model for the effects of SFG angle, polarization, and wavelength. The
model is applied to simulate the influence of the incident angles of infrared and visible light, central wavelength, and polariza-
tion combinations on the SFG signal gain at the air/water interface. Among them, there is a synergistic response between the
incident angle and polarization combination of infrared and visible light, which requires joint optimization design. However,
the effect of light wavelength is mainly related to the nonlinear polarization resonance response of the sample material. Matc-
hing infrared frequency with molecular vibration frequency is the key to improving output efficiency. This model provides a
theoretical basis for selecting laser parameters., optical path design, and signal enhancement strategies in SFG experiments,
which is of significance for the high-precision analysis of water phase transition dynamics and the quantum-oriented develop-
ment of humidity metrology.

Keywords: quantum-level humidity measurement; sum frequency generation spectrum; interface selectivity; gain simula-

tion; resonance-enhanced spectroscopy; experimental optimization design
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