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· Revisits the wall-collision relaxation mechanism from the perspective of long-range kinetics within the conventional framework, extending the physical understanding and introducing three elementary microscopic parameters: adsorption energy, charge transfer, and diffusion barrier which govern the sequential stages of inelastic collision, hyperfine depolarization, and surface migration respectively.
· Introduces Lusser's law from reliability engineering into wall-collision relaxation studies for the first time, establishing a product-type cumulative relaxation damage factor that enables direct quantitative evaluation and priority ranking of coating anti-relaxation performance.
· Establishes an optimal DFT analysis framework for large-scale organic/inorganic interfaces, enabling non-destructive theoretical acquisition of the three core microscopic parameters with calculated performance rankings matching experimental relaxation time orders.
· Validates the universality of the cumulative relaxation damage factor across different alkali-metal atoms, demonstrating its applicability in identifying optimal atomic sources and guiding operating temperature optimization for quantum sensing instruments.

