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Abstract

Objective Managing the parasitic heat load caused by fluorescence is essential for improving the net cooling power of cryogenic optical
refrigerators, particularly in parallel configurations. The thermal links must conduct efficient cooling while blocking the anti-Stokes
fluorescence (920—1100 nm) from reaching the cold finger. This study aims to design and numerically evaluate several thermal-link
geometries for an optical cryocooler with parallel configuration, focusing on maximizing the fluorescence escape capability and minimizing

the parasitic heat load.

Methods Six thermal-link geometries (labeled A—F) were proposed based on two physical strategies, namely optical-path guiding and
surface-scattering control. A three-dimensional model was developed using an optical simulation software. The model included a Yh™:
LLF cooling crystal as a uniform isotropic fluorescence source, an Mgk, thermal link, and an absorbing baffle. The surfaces of the
thermal links were assigned varying Lambertian scattering percentages (0-100%) to represent different roughness levels. A photodetector
was placed at the cold-finger end to quantify the escaping fluorescence energy. Performance was evaluated using the fluorescence escape
coefficient (7,.,) , defined as the ratio of detected fluorescence power to total emitted power. Results and Discussion The simulation
results showed that the fluorescence escape coefficient decreased considerably as the surface roughness (Lambertian scattering
percentage) increased for all geometries, confirming that the scattered light was more likely to escape laterally. Regardless of surface

roughness, the F-lype geometry achieved the best performance, particularly under fully Lambertian scattering conditions (100%) , and
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its 7, value reached 0. 013. This finding is attributed to its geometric features and surface scattering, which effectively randomize the

fluorescence direction and increase the optical path length, thereby maximizing lateral escape and minimizing axial transmission to the

cold finger.

Conclusions

This study demonstrates that both geometry and surface roughness are decisive factors in controlling fluorescence

propagation in thermal links for parallel optical refrigerators. An F-type geometry with a rough surface exhibited the best performance.

These findings provide practical design guidelines for optimizing thermal links in high-power optical cryocoolers, contributing to

improved system efficiency and expanded application potential in fields such as space instrumentation and quantum sensing.
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Fig.1 Principle of anti-Stokes fluorescence cooling
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Fig.2 Structure of cryogenic optical cooler
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Fig.3 Schematic of the dual-crystal refrigeration in parallel

configuration
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