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Introduction:  Solar light scattered by isolated 
particles and regolith-like surfaces at large 
scattering angles close to the direction of 
backscattering often exhibits the opposition 
phenomena: intensity surge (IS), i.e. nonlinear 
enhancement of intensity, and negative polarization 
(NP) [1]. We apply the Discontinuous Galerkin 
Time Domain (DGTD) numerical method [2] and a 
model of randomly irregular particles [3], examples 
of which are shown in Fig. 1, to study the changes 
in the scattering angle functions of the intensity and 
linear polarization of scattered light over a wide 
range of size parameters X = πd/λ, where d is the 
largest particle dimension and λ is the wavelength, 
from the wavelength-scale with X = 10 to the nearly 
geometrical optics regime of X = 150. Additionally 
we consider an extreme case of very large particles 
and apply a Monte Carlo geometrical optics model 
[3]. 

Results: Figure 2 demonstrates the main results 
of our DGTD simulations. One can distinguish three 
main features in the linear polarization curves (Fig. 
2a): the NP feature at scattering angles < 120º, 
which is manifested especially for rather small 
particles; the positive polarization maximum; and 
the NP branch near backscattering. For the first time 
we can compare such curves calculated with a 
numerically accurate method in the size range from 
small scale to the scale that is much larger than λ. 
Interestingly, all the main linear polarization 
features are preserved in the entire size range, 
including the NP feature at backscattering that 
becomes small but does not disappear (Fig. 2b). We 
note the increasing role of the wave effects for 
amplitudes and inversion angles, where the 
polarization degree changes its sign. 

Fig. 2c shows the intensity dependencies of light 
scattered near the backscattering direction. One can 
see that single isolated particles are able to produce 
significant enhancement that can be a component of 

the intensity opposition effect observed for 
planetary regoliths. The degree of the IS 
enhancement correlates with the changing strength 
of the NP feature as the size parameter increases. As 
one may see, the IS becomes narrower with 
increasing the particle size. For rather large particles 
this result can be applied for interpretation of the 
opposition spike of the Saturn rings [4].  

Conclusion: With the DGTD method we are 
able to do systematic light scattering simulations for 
the size parameters up to X = 150. In the size range 
from X = 10 to 150 the polarization scattering angle 
curve does not change qualitatively. The 
backscattering negative polarization feature is 
preserved up to the sizes where GO approximations 
becomes valid and can be reproduced without 
accounting for wave effects. 
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Fig. 1. Examples of the simulated irregular 

particles.  

Fig. 2.  Linear polarization vs. scattering angle calculated with the DGTD method for so-called GRF parti-
cles [3] with different size parameters from X = 10 to 150 and the complex refractive index m = 1.5 + 0i. 
Plot (a) shows the full range of scattering angles, (b) and (c) show, respectively, the polarization degree and 
intensity dependencies near backscattering for the same particles as in (a). 


