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We propose a reflectance model for high-albedo 

particulate surfaces that can be used in 

interpretation of polarimetric and photometric 

observations of atmosphereless celestial bodies. The 

model takes into account the noncoherent (diffuse) 

and coherent components of radiation scattered by a 

random discrete medium. The noncoherent 

component is calculated within the vector radiative 

transfer theory, while the coherent one is 

determined as a solution of the equation describing 

the interference component in the backscattering 

domain (the weak-localization effect). To take the 

near-field effects into account, randomly oriented 

clusters of spherical particles are considered as an 

elementary volume. As was shown in [1, 2], such an 

approach is correct for non-absorbing or weakly 

absorbing media. Comparison of the model results 

with the measured phase profiles of polarization of 

light reflected by a smoked coating of magnesium 

oxide [3, 4] revealed their good agreement [5]. A 

potential of the proposed approach was illustrated 

by the interpretation of the polarization 

measurements of the ice moons of Saturn [6]. The 

model allowed us to estimate some properties of the 

surfaces of these celestial bodies [7], though a range 

of phase angles available for observations of these 

moons from the Earth is very narrow (less than 6). 

In this report we show in more detail that the 

proposed model can successfully be used for 

interpretation of polarimetry of densely packed 

though non-absorbing or weakly absorbing media. 

In application to the ice moons of Saturn, we 

manage to estimate the concentration of scatterers 

in the medium, their smallest size, and the portion 

of the surface area generating the negative branch of 

polarization (see Figure). For Rhea, the estimated 

packing density of particles on the surface, 

participating in the opposition effects, is mostly 

around 15%, while their smallest size is of the order 

of the wavelength of the visible light. For 

Enceladus, a small number of measurement points 

in the polarization phase dependence (as compared 

to that for Rhea) results in wider ranges of the 

estimated parameters and they can hardly be 

considered as reliable. Since the weak-localization 

effect is characteristic of disperse (porous) media, 

we may estimate a portion of such surface areas by 

the determined portion of the surface regions 

generating the negative branch of polarization. This 

mostly yields 0.27-0.3 for Rhea and a somewhat 

wider range, 0.26-0.6, for Enceladus. Measurements 

of polarization performed in more detail at several 

wavelengths and accompanied by the photometric 

data would undoubtedly make it possible to 

estimate the surface properties of Rhea and 

Enceladus more reliably.  

The absence of laboratory measurements of 

characteristics of light reflected by samples with 

reliably controlled parameters (the shape, size, 

refractive index, and packing density of particles) 

does not allow us to specify the limits of 

applicability of the described model. However, we 

suppose that observations of medium-albedo objects 

can be interpreted with this approach at least at 

qualitive (not quantitate) level. 

 
Figure. Right panels: the measured values of the 

linear polarization of light reflected by Rhea (top) 

and Enceladus (below) in the visible spectral range 

(symbols) are compared to the best fitting medium 

models, whose parameters are listed in the left 

panel. Left panel: the phase dependence of the 

relative intensity according to the specified models. 

Designations: m is the refractive index of particles, 

N is the number of constituents in clusters, x is their 

size parameter,  is the relative concentration of 

scatterers in the medium,  is a portion of disperse 

surface areas contributing to the negative 

polarization branch, and str describes the fractal 

type of clusters with the prefactor 8.0 and the fractal 

dimension 2.5 or 3.0.  
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