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Abstract In passive space exploration, the target signals are typically extremely weak and the detec-
tion system needs to achieve high sensitivity and low noise requirements. To satisfy these demands, cold
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optics has become indispensable. This method integrates optical components (such as lenses and mirrors)
into cryogenic environments and combines them with cryogenic detectors to fulfill the detection needs.
However, conventional optical design is constrained by the limited cooling capacity of spaceborne instru-
ments. The research presents a cold optical model based on multi-reflection and optimizes the window
size design according to this model. The cold optical experiment conducted in this research demons-
trates a strong correlation between the predicted results and the experimental results, thereby confir-
ming the effectiveness of the proposed model. The optimization of the window size is a critical factor in
reducing thermal leakage and improving the overall performance of the system. From an optical perspec-
tive, the optical path delivers the desired signal; however, from a thermal perspective, it also introduces
heat, imposing a thermal load on the cryogenic system. Engineering design must therefore strike a ba-
lance between these competing optical and thermal constraints. This research not only advances the field
of cold optics but also provides a practical solution for the design of high sensitivity, low-noise detection
systems in space applications. The proposed model and experimental validation offer a robust founda-
tion for the development of more efficient and reliable cold optical systems, contributing to the advance-
ment of space exploration technology. The method and results presented in this paper can serve as a refe-

2026, 46(3)

rence for further research and development in the field of cold optical systems.
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Table 1 Comparison of experimental measurement results and simulating results
4 K cold plate 20 K cold plate 80 K cold plate M4 Detector
(Point A) (Point B) (Point C) (Point D) (Point E)
Fully closed Simulation/K 44 - 88.2 88.7 -
Experiment/K 4.5 - 89.0 92.0 -
Detector coupling Simulation/K 4.4 19.5 88.2 — —
Experiment/K 4.6 20.6 89.0 - -
Optical path coupling  Simulation/K 4.4 19.8 83.0 85.0 —
Experiment/K 4.4 20.2 88.0 90.0 —
Detector and optical ~ Simulation/K 4.4 19.2 83.0 85.1 4.5
path coupling .
Experiment /K 4.7 19.6 88.0 90.4 4.4
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Comparison of theoretical calculations and
experimental measurements at 4 K

Detector and optical

Project path coupling
Model calculation/mW 124.8
Experiment/mW 128.0
Cooling power/mW 130.0
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Structural diagram of the test system (a) and imaging results (b)
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