LABORATORY STUDIES FOR THE OPPOSITION EFFECT AND NEGATIVE POLARIZATION OF SIMULATED ASTEROID REGOLITHS
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In order to understand the photometric and polarimetric features in the present and future observational data on asteroids, laboratory measurements are needed on regolith-simulating samples. Furthermore, measurements are necessary for the verification of theoretical light scattering models. Results are here presented from new photometric and polarimetric measurements of samples with different structure and albedo. The studies were carried out by the laboratory polarimeter of Kharkov Observatory at the wavelength of 0.7 microns, for the phase angle range of 0.1-3.5 degrees. The polarimeter was calibrated with an analogous laboratory device at JPL. The main results are as follows. First, surfaces formed by smoked coatings of MgO and carbon soot, despite the extremely different albedo and opposition spikes, show prominent and rather similar negative polarization branches with minima near 1.5-degree phase angle and depth near 0.8 %. Scanning elecronic microscope images show that the surfaces consist of particles with sizes mainly less than the wavelength. Thus, some dark asteroids can, in principle, show the negative polarization minimum at extremely small phase angles, as it was recently discovered for bright asteroids.

Second, a strong particle-size dependence of negative polarization parameters was found for powdered dielectric surfaces. At the same time, the opposition effect characteristics were less sensitive to the changing particle size. We studied particle-size separates of alumina (0.1, 0.5, 1, 4, 7, and 12 microns). For sizes larger than 1 micron, the depth of the negative polarization branches did not exceed 0.2 %. It reached its maximum (near 0.8 %) for the 0.1 and 0.5-micron fractions. The result can be considered as an important test for the theoretical models of light scattering. Third, surfaces with fluffy submicron structure, like MgO coatings, show a dramatic dependence of negative polarization on the volume density. After compressing, the sharply asymmetric negative polarization branch of MgO coatings, with minimum near 1-degree phase angle, became symmetric with minimum near 10-degree phase angle.  The effect suggests that the regular (i.e., wide) negative polarization and the so-called polarimetric opposition effect (a narrow negative polarization surge at extremely small phase angles) may have a common origin, related to the coherent backscattering mechanism. 

