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Introduction:  We present theoretical modeling for 

scattering and absorption of light by the particulate 
surfaces of small Solar System bodies. The modeling 
entails the following physical characteristics of the 
particulate surface: the porosity of the particulate me-
dium; the random rough interface between the surface 
and free space; and the size, shape, and optical proper-
ties of the scatterers. In particular, the theoretical mod-
eling accounts for the coherent-backscattering and 
shadowing effects. Our primary goal is to provide a 
quantitative assessment of the opposition phenomena, 
that is, the opposition effect in brightness and the nega-
tive branch of linear polarization, observed for atmos-
phereless Solar System bodies. 

Methods: In these initial studies, the multiple-
scattering model is based on radiative transfer and co-
herent backscattering for wavelength-scale spherical 
scatterers [1] together with the computation of shadow-
ing effects using a medium of spherical volume ele-
ments large compared to the wavelength [2]. The ra-
diative-transfer coherent-backscattering portion of the 
model accounts for the so-called ladder and cyclical 
interaction diagrams in multiple scattering among the 
spherical scatterers constituting the large spherical 
volume elements. Extinction within the volume ele-
ments is assumed to be exponential.   

The model utilizes a size distribution of spherical 
scatterers within a surrounding medium as well as a 
refractive index distribution. The scatterers can be ma-
terial particles in free space or voids within host mate-
rial. The size distribution is assumed to follow the in-
verse Gamma distribution that approaches asymptoti-
cally a power-law size distribution. The distribution of 
refractive indices is introduced in order to mimic the 
effects due to nonspherical scatterers and a heteroge-
neous surface.  

For example, for a complex random medium com-
posed of pure water ice, the model can assume relative 
refractive indices for spherical scatterers between 
1/1.31 (voids in ice) and 1.31 (ice particles in free 
space). Thus, in the spirit of effective medium theories 
for electric permittivities, the refractive index is con-
strained within a range set by the refractive index of 
the material. Currently, the refractive index distribu-
tion is accounted for by discrete weights for the differ-
ent refractive indices at input.  

The numerical radiative-transfer coherent-
backscattering code takes as input pre-computed Mie 
scattering characteristics for media weighted on the 
basis of the corresponding volume fraction. The cur-
rent example includes 10 different media, each with 
the same size distribution of spherical scatterers (as-
ymptotic power-law index is 3). The material refrac-
tive index assumes the values 1.2+i0.001, 1.3+i0.001, 
1.4+i0.001, 1.5+i0.001, and 1.6+i0.001. One half of 
the spherical volume elements consists of material 
particles in free space; whereas, the other half consists 
of voids in material.  

Results and discussion:  We have carried out ex-
ample multiple-scattering computations for weakly 
absorbing silicate-rich media where the real part of the 
relative refractive index varies between 1/1.6 and 1.6, 
and the asymptotic power-law index is 3. Realistic 
opposition effects and negative polarization branches 
result from the computations. The computations have 
been repeated for three wavelengths assuming similar 
optical properties. The results show a realistic, weak 
dependence of the intensity and polarization on the 
wavelength.  

Conclusion: We describe a multiple-scattering 
model based on spherical scatterers. The model is ca-
pable of reproducing the opposition phenomena ob-
served for small Solar System bodies, that is, the oppo-
sition effect and the negative linear polarization. The 
model constitutes a reference model for more approx-
imate approaches. It is our goal to apply the model to 
the polarimetry and photometry observed for transnep-
tunian objects [3,4], Centaurs, as well as main-belt and 
near-Earth asteroids and planetary satellites [5]. Fur-
thermore, the present modeling can be extended to the 
interpretation of active remote sensing of asteroids at 
radar wavelengths [6]. 
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