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Abstract

Solid-state laser cooling, with its advantages of being silent, pollution-free, and miniaturized, holds
broad application prospects in fields such as photodetector cooling, sensor cooling, and spacecraft
cooling. This paper discusses solid-state laser cooling using pulsed light as the pump source. Taking
Yb3+-doped fluoride crystal (Yb3+:YLiF4) as an example, we further establish a more precise four-
level model based on the density matrix, systematically analyze the dynamics under pulsed pumping,
and propose an optimized excitation scheme for the cooling system. By simplifying the two-level
model, we analytically determine the optimal pump duration corresponding to the extremum of
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excited-state particle numbers and compare it with the numerical solution of the four-level model.
Combining the variation relationships of resonance absorption cross-section and background ab-
sorption cross-section with temperature, we incorporate them into the cooling efficiency formula.
Finally, we simulate the variation relationships of cooling power density and cooling efficiency with
pulse duration and temperature.
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Figure 1. Schematic diagram of the
four-level refrigeration model
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Figure 2. The number of particles with different light intensities varies over time, and the light intensities are as follows: (a) 5
x 107 W/m?; (b) 2 x 10'8 W/m?; (c) 5 x 10'8 W/m?; (d) 1 x 10" W/m?
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Figure 3. Simple two-level model
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Figure 5. Relationship between extreme particle number and light intensity /,: (a) Excited state, (b) Ground state
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