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Abstract

Solid-state laser cooling, also known as optical refrigeration, is a technology that uses the interac-
tion between laser photons and matter to reduce the temperature of solids. This paper employs a
combination of theoretical derivation and numerical simulation to study the temperature field
characteristics of optical cooling based on cylindrical Ho3+:YLF crystals. A theoretical model of the
temperature field for Ho3+:YLF crystal optical refrigeration was established based on the heat
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conduction equation and the beam distribution of the pump laser. To optimize the performance of
the Ho3*:YLF crystal optical refrigeration system, the variations of the system’s temperature field
with sample size, doping concentration, beam quality, and beam waist radius were explored. Nu-
merical simulations were conducted under conditions of uniform and Gaussian distributions of
Ho3+ ion concentration to analyze the relationship between the temperature field and various
physical parameters. The influence of concentration non-uniformity (i.e., concentration variance)
on the temperature field was analyzed, and the critical concentration variance for cooling under
different doping conditions was calculated.
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Figure 1. Schematic diagram of the cylindrical Ho**:YLF crystal structure
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Table 1. Parameters required for the study of the optical refrigeration temperature field in Ho®*":YLF crystals
= 1 HO*YLF @iEAZH4SBRENHHRAESH
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Figure 2. Curve: System result of standard experiment
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Table 2. Average cooling power density P (10* W/m™) corresponding to the same CCayg (%) with different o (%)

% 2. F— CCayg (%), TE oo (%)X R FIIHNA TR ERE Payg (10° WM™

CCayg 0.3

Occ 0.239 0.225 0.212 0.191 0.165 0.130 0.107 0.090 0
Pavg -3.56 -0.90 1.26 4.48 7.62 10.85 12.27 13.01 13.05
CCavg 0.4

Occ 0.339 0.316 0.295 0.273 0.231 0.190 0.174 0.161 0
Pavg -6.65 —2.47 0.90 4.36 9.74 13.96 15.32 16.31 16.40
CCayg 0.5

Occ 0.426 0.396 0.361 0.345 0.322 0.298 0.272 0.250 0
Pavg —-7.18 —2.14 3.45 6.10 9.22 12.47 15.56 18.06 18.15
CCavg 0.6

Occ 0.520 0.494 0.463 0.428 0.392 0.376 0.369 0.361 0
Pavg —8.85 —4.25 1.026 6.83 12.53 14.91 16.03 17.31 17.51
CCavg 0.7

Occ 0.600 0.583 0.553 0.534 0.512 0.502 0.49 0
Pavg —6.72 -3.61 1.93 5.47 9.38 11.23 13.04 13.72
CCavg 0.8

Occ 0.681 0.6691 0.656 0.650 0.647 0.642 0.640 0
Pavg —2.66 -0.31 231 3.83 4.64 5.62 6.05 6.15
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Figure 3. Relationship between the average cooling power density of Ho®*":YLF crystals and the variance of Ho*" ion con-
centration
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Figure 4. Maximum cooling power density and critical variance for
Ho*":YLF crystals at different doping levels
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