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Abstract

Based on the rate equation theoretical model of Ho:YLF crystal under negative tuning pumping,
analyze the specific process of energy transfer involving upconversion level transitions. Consi-
dering the influence of the ETU process on laser cooling, establish a universal multi-level refrige-
ration model compatible with LITMoS testing to study refrigeration processes involving multiple
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energy transfers. Theoretical derivation combined with numerical simulation compares and veri-
fies the fitting effect of the multi-level refrigeration model with the two-level model and analyzes
its applicability under different temperature conditions. Compared with the two-level model, the
multi-level model improves the accuracy of fitting experimental data by 22.26%. As the system
temperature decreases, the refrigeration efficiency shows a decreasing trend.
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Figure 1. The energy level transition schematic diagram of
Ho** doped fluoride crystal optical refrigeration
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Figure 2. (a) A comparison schematic diagram of the optical refrigeration efficiency fitting between the 1% Ho:YLF
dual-level model and the multi-level model; (b) The schematic diagram comparing the fitting results of the optical refrigera-
tion efficiency between the 1% Ho:YLF two-level model and the multi-level model
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Figure 3. (a) Resonant absorption coefficient of 1% Ho:YLF at different ambient temperatures; (b) Prediction of cooling ef-
ficiency at different ambient temperatures using the multi-level model; (c) Variation of cooling efficiency from 300 K to 80
K; (d) Prediction of the lowest cooling temperature by the multi-level model
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Figure 4. 1% Ho:YLF crystal cooling efficiency varies with pump light in-
tensity and pump wavelength
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