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I review progress in the theoretical interpretation of asteroid photometry and polarimetry, in particular, the ubiquitous opposition effect and negative linear polarization. I assess the feasibility of a modern single multiple-scattering model for both observed phenomena, accounting for coherent backscattering and shadowing. In striving toward such a model, it is desirable to minimize the number of free parameters---however, the relevant physics of light scattering by particulate media must be accounted for.  It is enlightening to consider a Gaussian geometrical model for an asteroid with a regolith. The global shape of the asteroid can be described by the Gaussian random sphere with a suitable covariance function for the radius vector. The rough local surface elements on the asteroid can be modeled by the Gaussian random interface. The regolith particle size and shape distribution can be described by the Gaussian sphere that automatically includes the lognormal size distribution. Furthermore, the number of particles as per unit volume can be a lognormal random process. Even though such a Gaussian approach allows direct computations of regolith scattering characteristics, it will always be an approximation of real asteroids. The optical properties of regolith particles can be described by a complex refractive index. However, it is evident that, in real asteroid regoliths, a distribution of refractive indices manifests itself in close correlation with the geometrical properties of the particles. I consider the feasibility of a single, simplified multiple-scattering model that accounts for the key physics of light scattering (e.g., coherent backscattering and shadowing) and is still applicable in the interpretation of asteroid photometric and polarimetric observations. For efficient application, numerical computations can be collected into a database with rapid access. Last but not least, the theoretical modelling must be subject to the strict scrutiny of profound laboratory experiments.

