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Introduction:  Atmosphereless celestial bodies exhibit negative 
branches of polarization (NPB) of light scattered at small phase 
angles. Usually, NPB has parabolic shape, but for some cases, e.g., 
Jupiter’s moon Europa, it is bimodal (pluses in Fig. 1) [1]. This fea-
ture has also been found with laboratory measurements in [2]. It was 
shown the bimodal shape of NPB to be caused by albedo spottiness 
of the light scattering surface. We consider here another mechanism. 
The NPB of regoliths is believed to be due to superposition of a 
single and multiple light scattering [3,4]. So, if NPBs of single and 
miltiple scattering have different widths, then one can anticipate the 
total NPB to be bimodal. Here, we verify this idea with our com-
puter model of light scattering by particulate media.  

Model:  We simulate regolith-like surfaces with semi-infinite 
random particulate media having the macroscopically flat boundary. 
To simulate single scattering we use the data for irregular particles 
of the Locon volcanic ash [5]. The size parameter of the particles is 
x ≈ 90 (x = 2πr/λ, where r is the radius of the particles and λ is the 
wavelength). The model uses a ray-tracing method accounting for 
electromagnetic phases of direct and time-reversal trajectories [3,4]. 
The packing density of the model medium studied is 0.1. Our 
method takes into account both the shadow-hiding effect and coher-
ent enhancement of backscattering.  

Results and discussion: Dark points in Fig. 1 present NPB of 
the “average” particle of the Locon volcanic ash [5]. Note that here 

we smoothed experimental data [5]. Solid line in Fig. 1 presents 
results of our simulation for the model medium composed of irregu-
lar particles of the Locon volcanic ash. As one can see our calcula-
tions qualitatively reproduce bimodality of Europa’s NPB. Thus, we 
can conclude that if single particles of a medium possess NPB and 
multiple scattering in the medium is strong, then the shape of re-
sulted NPB can be bimodal. Additional possibility is if the single 
particles have no own NPB, but NPBs of low and high orders of 
scattering are of strongly different widths, then the resulted NPB 
shape can be bimodal too. 
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