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ABSTRACT

Aims. We present the results of a polarimetric survey of main-belt asteroids at Complejo Astronémico El Leoncito (CASLEO), San
Juan, Argentina. The aims of this survey are to increase the database of asteroid polarimetry and to estimate the diversity in the
polarimetric properties of asteroids.

Methods. The survey began in 1995 and a second period began in 2013 using the CASPOL polarimeter with a more sensitive detector
to study small asteroids, families, and special taxonomic groups. The data were obtained using this instrument at the 2.15 m telescope
of CASLEO.

Results. We present 128 observations for 82 asteroids of different taxonomic types. These results revealed phase-polarization curves
and polarimetric parameters for 20 asteroids, amounting to a total of 135 objects with sufficient good data in the Catalogue of Asteroid
Polarization Curves. Using the values obtained for the objects with a taxonomic classification, we obtained the mean polarimetric
parameters for 19 taxonomic types and the Barbarians. The asteroids with large mean scatter separation distances have a minimum
of the phase-polarization curve greater than —1%, slopes at the inversion angle of less than 0.12-0.15% per degree, and perihelion
distances 1.8 < g < 2.5 au; these measurements indicate the asteroids could have high or moderate albedos and that they are objects with
perihelia in the inner asteroid belt. These large mean scatter separation distance values could be the result of an electrostatic mechanism
acting on the small grains of the regolith, a manifestation of a coherent backscattering mechanism, or the result of a surface formed by
a mixture of dark and bright particles.
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1. Introduction

The light that we receive from any asteroid at visible wavelengths
consists of partially polarized light produced by the scattering of
the sunlight on the solid surface of the body. The polarization
is usually found to be linear with its azimuth either normal or
parallel to the scattering plane, which in the solar system is the
plane containing the asteroid, the Sun, and the Earth at the epoch
of observation. In polarimetry, the results of observations are
usually expressed using the parameter P, = (I, — 1))/(I. + 1),
where I, and /; are the intensities of the scattered light polar-
ized along the planes perpendicular and parallel to the scattering
plane, respectively.

The parameter P; is affected by the composition, roughness,
and other physical properties of the target and also depends on
the illumination conditions. The variation of the degree of linear
polarization as a function of the phase angle @, which is the angle
between the directions to the Sun and to the observer as seen
from the object, produces the so-called phase-polarization curve.
This curve is described by some polarimetric parameters that

*Table 1 is only available at the CDS via anonymous ftp to
cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.
u-strasbg. fr/viz-bin/qcat?]/A+A/626/A42

** Based on observations carried out at the Complejo Astronémico El
Leoncito, operated under agreement between the Consejo Nacional de
Investigaciones Cientificas y Técnicas de la Repiblica Argentina and
the National Universities of La Plata, Cérdoba, and San Juan.
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provide information about the properties of the surface (Dollfus
et al. 1989; Muinonen et al. 2002a; Kaasalainen et al. 2003). For
phase angles <20°, P, turns out to be negative, reaching a mini-
mum of polarization, Pp;,, at phase angles amin ~ 6—12°. Beyond
~20° of phase, the polarization changes sign at the inversion
angle, ag, and becomes positive, increasing linearly for larger
phase angles with a slope 4.

Although polarimetry provides useful information about the
physical properties of the asteroid surface, polarimetric observa-
tions of these objects are not easy to obtain because an asteroid
must be followed at several phase angles to study its polariza-
tion curve; this kind of coverage is difficult owing to constraints
such as object faintness, limited visibility, and weather prob-
lems. As a consequence, the database of asteroid polarimetric
measurements was very small until about 1990 and very few
objects had their polarimetric parameters well determined. Since
1995 we have made an extensive effort to conduct polarimetric
observations at Complejo Astronémico El Leoncito (CASLEO),
Argentina; the main objective has been to increase the avail-
able polarimetric database of main-belt asteroids. The first epoch
of this survey ended in 2012 and a second epoch started in
2013 using new and more sensitive equipment. This survey pro-
vided a large number of polarimetric measurements of main-belt
asteroids, including objects not observed before, and has the
advantage of being a homogeneous dataset that has always been
observed and reduced following the same procedures. These
data, combined with results previously published, were used
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to obtain phase-polarization curves and polarimetric parameters
of good quality for ~120 main-belt asteroids' (Gil-Hutton &
Garcifa-Migani 2017).

In this paper we report polarimetric observations obtained
during 2017 and 2018, which have not yet been published, and
we use these in combination with previously published data to
find polarimetric parameters for several asteroids. In Sect. 2 we
describe the observations, in Sect. 3 we present and discuss our
results, and in Sect. 4 we draw our conclusions.

2. Observations

Our observations were carried out during various observing runs
between April 2017 and November 2018 at the 2.15 m telescope
of CASLEO using the CASPOL polarimeter. The CASPOL
instrument is a polarization unit inserted in front of a CCD
camera that allows high precision imaging polarimetry. This
polarimeter was built following the design of Magalhaes et al.
(1996), and uses an achromatic half-wave retarder and a Savart
plate as an analyzer. The reduction and analysis of the images
are done in the usual way using the Image Reduction and Analy-
sis Facility (IRAF) tasks and scripts specially designed to reduce
observations made with CASPOL?. The polarimetric parame-
ters and errors are obtained from a least-squares solution to
the measurements made at different half-wave plate positions.
All the polarimetric measurements were made using a V-band
filter.

From the analysis of several standard stars, we found the
instrumental polarization to be fairly constant and stable, always
below 0.05%. Whenever possible, we observed the targets dur-
ing runs several weeks apart to obtain measurements during the
same apparition at different phase angles. Observing nights were
generally assigned around the new Moon to minimize the con-
tamination of sky polarization by moonlight. Each night, we
observed at least two zero-polarization standard stars and two
high-polarization stars to determine instrumental polarization.
The standard star data were obtained from Turnshek et al. (1990),
Gil-Hutton & Benavidez (2003), and Fossati et al. (2007).

We observed the targets consecutively several times each
night with individual exposure times long enough to reach
signal-to-noise ratios (S/N) > 40 in flux. Several measurements
of each object were co-added to improve the S/N of the measure-
ments at each position of the half-wave plate before obtaining
the best fit to the polarization vector. The measurement errors
were evaluated assuming a Poisson distribution and the final
uncertainty was calculated through error propagation along the
fitting process. After correcting for instrumental polarization,
we obtained the Stokes parameters with reduction programs
specifically designed for the CASPOL polarimeter; some modifi-
cations optimized the reduction to the specific needs of asteroid
polarimetry. These optimizations included computations of the
position angle of the scattering plane and polarization parame-
ter P.. The overall data reduction pipeline is essentially identical
to that previously used in Gil-Hutton et al. (2017). As a test of
the data reduction process, we analyzed the distribution of the
ratio of the U component of linear polarization to its error and
found that it is centered at zero, while all points differ from this
value by less than a few o, which supports the reliability of the
polarimetric measurements.

I These data are available on the web page of the Grupo de Ciencias
Planetarias at http://gcpsj.sdf-eu.org/catalogo.html

2 The IRAF package for the CASPOL polarimeter is available at
http://www.casleo.gov.ar
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3. Results

During this period of the survey we obtained 128 observa-
tions for 82 main-belt asteroids. Each asteroid’s name, date,
total integration time in seconds (7i,¢), phase angle (@), position
angle of the scattering plane (6), observed polarization (P)
and its error (op), position angle in the equatorial reference
frame (0) and its error (o), P;, and Bus taxonomic classifica-
tion (Bus 1999) taken from Bus & Binzel (2002) or Lazzaro
et al. (2004) are listed in Table 1. For 6 asteroids the Bus type is
not determined, therefore we used the taxonomic classification of
Tholen (1989) and these asteroids are indicated with bold type in
Table 1.

The data obtained for the asteroid (152) Atala confirm the
overall shape of a phase-polarization curve with an inversion
angle of ~15° and a small P,;,, which suggest a misclassification
as a S-type object (Fornasier et al. 2006). The polarization val-
ues obtained for (678) Fredegundis in combination with previous
published observations suggest that this object has significa-
tive variations in P;, which could be a result produced by the
change of the surface properties for different rotational phases.
The asteroids (107) Camilla, (307) Nike, and (346) Hermentaria
are observed for the first time.

With the data presented in this work it is possible to find
polarimetric parameters for 20 asteroids not included previously
in our Catalogue of Asteroid Polarization Curves®, increasing
to 135 the number of objects with phase-polarization curves of
sufficient quality to find their polarimetric parameters. As usual,
the phase-polarization curve was obtained by fitting the obser-
vations available for these objects to the function proposed by
Kaasalainen et al. (2003) and Muinonen et al. (2009), i.e.

Pu(@) = Ao [exp (—Aﬁl) — 1|+ Asa, )

where Ap, A, and A, are constant coefficients. The phase-
polarization curve was then used to find @min, @9, Pmin, and A.
These polarimetric parameters can be used to find the index of
refraction n, and the product of the wave number, k, and the
mean scatter separation distance, d, applying the procedure used
by Gil-Hutton & Garcia-Migani (2017) in the expressions for
amin and ag proposed first by Shkuratov (1989) and later also
used to discuss polarimetry results for miscellaneous random
media of scatterers (Muinonen et al. 2002b). This expression is
a convenient approximation which makes it possible to obtain
physically meaningful parameters within the interference mech-
anism, although there are other possible mechanisms capable of
producing negative polarization (Shkuratov et al. 1994). Table 2
lists for these 20 asteroids the values of ap;, and its error,
P.in and its error, aq and its error, 4 and its error, n, kd, and
the Bus taxonomic classification. It is important to mention
that the asteroids (41) Daphne, (119) Althaea, (130) Elektra,
(200) Dynamene, (237) Coelestina, (243) Ida, (503) Evelyn, and
(863) Benkoela, included in Table 2, are objects that do not reach
phase angles larger than ~21° because their orbits have semi-
major axes larger than ~2.7 au, therefore it is not possible to
observe these asteroids for phase angles larger than the inversion
angle. Nevertheless, in these cases the phase-polarization curve
obtained is sufficient to define useful polarimetric parameters.
On the other hand, the data obtained allowed us to find
tentative phase-polarization curves and polarimetric parameters
for the asteroids (52) Europa, (57) Mnemosyne, (72) Feronia,

3 The catalog is available on the web page of the Grupo de Ciencias
Planetarias at http://gcpsj.sdf-eu.org/catalogo.html
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Table 2. New asteroids with polarimetric parameters and values of n and kd.

Asteroid Umin~ Oay, Prin op,. 70 Ta, h oy, n kd Tax
o o % % < o %/o %/o
(26) Proserpina 878 0.86 -0.685 0.147 1956 035 0.1139 0.0095 1.732 11.234 S
(37) Fides 694 129 -0.743 0.296 2024 051 0.0788 0.0149 1740 21.058 S
(41) Daphne 1040 138 -1.512 0430 2257 017 0.2288 0.0240 1.858 9.067 Ch
(43) Ariadne 892 0.64 -0.444 0.078 20.16 0.57 0.0699 0.0037 1.754 11.323 Sk
(49) Pales 929 159 -1.823 0.700 2134 0.15 0.2636 0.0353 1.799 11.168 Ch
(93) Minerva 8.66 1.1I8 -1.070 0.316 1847 0.20 0.2041 0.0219 1695 10.563 C
(119) Althaea 896 125 -0.673 0212 1946 034 0.1179 0.0127 1.732 10.537 SI
(130) Elektra 824 165 -1960 0.853 2196 0.8 0.2171 0.0453 1812 15.707 Ch
(200) Dynamene 9.80 045 -1.863 0.195 2148 0.4 0.2903 0.0105 1.812 9.789 Ch
(216) Kleopatra 771 055 -0.964 0.158 21.73 040 0.0998 0.0072 1.800 18.139 Xe
(237) Coelestina 814 197 -0.643 0346 19.56 043 0.0939 0.0199 1724 13.681 S
(243) 1da 8.31 .23 -0.691 0.239 18.03 0.31 0.1307 0.0144 1.675 11342 S
(268) Adorea 897 093 -1165 0260 1925 0.9 02106 0.0173 1.726 10308 X
(345) Tercidina 9.83 096 -1468 0314 21.06 0.16 0.2435 0.0180 1.799 9.382 Ch
(354) Eleonora 880 144 -0483 0.170 1935 048 0.0831 0.0121 1.726 10.959 SI
(374) Burgundia 413 063 -0.830 0.107 19.60 0.66 0.0602 0.0070 1.710 62.492 S
(503) Evelyn 11.01 .36 —-1.241 0358 24.14 0.23 0.1723 0.0159 1.920 8.718 Ch
(757) Portlandia 484 085 -1052 0.251 1619 0.34 0.1192 0.0074 1.583 35939 Xk
(863) Benkoela 791  0.69 —-0464 0.110 1827 052 0.0775 0.0067 1.677 13.222 A
(1627) Ivar 10.25 440 -0362 0.333 2147 0.65 0.0615 0.0207 1.820 8.638 S
Table 3. Mean values of the polarimetric parameters, n and kd for different taxonomic types.
Asteroid N @y  Oq,, Prin op,, 70 T gy h o n o kd O
o o % % o o %/O %/O
A 2 692 206 -0.511 009 1871 0.80 0.0610 0.0216 1.69 0.02 29.51 23.03
B 12 791 086 -1320 0.20 18.10 149 0.2305 0.0244 1.67 0.06 1293 2.63
C 8 822 099 -1535 022 1940 127 0.2521 0.0344 172 0.05 11.79 2.51
Cb 6 790 096 -1231 024 1769 213 0.2279 0.0463 166 0.08 12.87 2.58
Ch 15 9.64 057 -1647 023 2136 0.87 02580 0.0332 1.81 0.04 10.26 1.85
L 4 818 189 -0.794 0.05 2012 197 0.1116 0.0223 175 0.09 14.37 6.42
Ld 2 641 043 -0.771 024 16.63 357 01208 0.0148 162 0.13 19.36 2.77
K 3 975 094 -0.846 046 2196 232 0.1422 0.0588 1.81 0.09 9.53 0.78
R 1 794 0.00 -0368 0.00 20.03 0.00 0.0485 0.0000 1.74 0.00 15.07 0.00
S 25 7.83 131 -0.714 010 2047 114 0.0886 0.0191 176 0.04 16.65 1043
Sa 2 828 045 -0.777 010 20.71 152 0.1000 0.0228 1.77 0.06 14.23 0.41
Sk 3 825 056 -0.608 018 19.76 0.70 0.0861 0.0200 1.74 0.03 13.65 2.02
S1 10 791 .13 -0.670 0.16 20.08 129 0.0938 0.0140 174 0.05 14.83 5.07
T 1 918 0.00 -0.754 0.00 2326 0.00 0.0849 0.0000 1.87 0.00 13.12 0.00
A\ 3 762 075 -0.654 0.09 20.04 146 0.0706 0.0203 176 0.05 1341 5.95
X 9 828 097 -1.032 016 2032 1.07 0.1318 0.0538 1.77 0.04 14.56 5.62
Xc 7 726 215 -0.706 051 1951 176 0.1020 0.0904 170 0.09 20.02 17.38
Xe 8 6.89 .21 -0.515 038 19.84 211 0.0654 0.0400 1.71 0.08 19.18 8.93
Xk 3 850 2.04 -1.289 0.4 20.00 390 0.1440 0.0576 175 0.18 1996 13.98
Bar 5 1221 080 -1410 0.16 2846 1.69 0.1512 0.0478 2.11 0.06 9.27 2.53

Notes. The Barbarians are indicated as Bar-type.

(94) Aurora, (96) Aegle, (118) Peitho, (313) Chaldaea, (339)
Dorothea, (350) Ornamenta, (357) Ninina, (381) Myrrha, (402)
Chloe, (455) Bruchsalia, (471) Papagena, and (579) Sidonia.
This increases to 50 the objects in the catalog for which phase-
polarization curves and polarization parameters of very good
quality can be obtained with very few new observations.
Among the 135 asteroids with a phase-polarization curve
of good quality included in the catalog there are 129 with a
Bus taxonomic classification. Therefore it is possible to use
their polarimetric parameters to find mean values for the differ-
ent taxonomic types. Table 3 lists for 19 taxonomic types and
the Barbarians the number of objects with known polarimetric
parameters in that type, and the mean value of @uin, Pmin, @0, 5,

n, kd, and their errors. In agreement with the results of Canada-
Assandri et al. (2012), the largest errors appear for X-class types
because the Bus taxonomy does not take into account the albedo
of the asteroids; in each of these types there are mixed objects
classified as E-, M-, and P-type in the Tholen taxonomy (Tholen
1989), which have different albedo and polarimetric properties.
There are also several taxonomic types with only 1 or 2 objects
with known polarimetric parameters, such as A-, R- or T-type,
for which their mean values must be taken with care until more
objects of these types are included.

Adding the data for the asteroids with polarimetric param-
eters of good quality, along with the data of objects with
a tentative phase-polarization curves good enough to obtain
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Fig. 1. Relation between Py, and kd for 169 asteroids. The B-type
objects are indicated with red squares, C-type with red circles,
Cb-type with red triangles, Ch-type with red inverted triangles, L-type
with blue squares, Ld-type with blue circles, K-type with blue triangles,
T-type with blue inverted triangles, X-type with green squares, Xc-type
with green circles, Xe-type with green triangles, Xk-type with green
inverted triangles, S-type with yellow squares, Sa-type with yellow
circles, Sk-type with yellow triangles, Sl-type with yellow inverted tri-
angles, A-type with black squares, R-type with black circles, V-type
with black triangles, the Barbarians with black inverted triangles, and
those objects without taxonomic type in the Bus taxonomy with black
stars.
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Fig. 2. Relation between /& and kd for 169 asteroids. The objects are
indicated with the same codification indicated in Fig. 1.

acceptable polarimetric parameters, results in a total of 169 aster-
oids with data that can be used to search for correlations between
the polarimetric parameters, n, kd and the orbital elements. In
general, no significant correlations appear between these param-
eters with the exception of the known correlations i, vs. kd and
ap versus n (Gil-Hutton & Garcia-Migani 2017), but it is possi-
ble to obtain interesting results from plots of kd against Py, 7,
and the perihelion distance, g.

Figures 1-3 show the relations between kd and Py, £, and
q, respectively. Taking into account that the observations used
for these calculations were made in V band, the scatter separa-
tion distance obtained is between 1 and 6 um with a significant
concentration for d < 2 um, but ~10% of the objects have
d>?2 um and they are concentrated in the regions |Py| < 1%,
h<0.12-0.15%/° and 1.8 < ¢ <2.5 au. The first two conditions
indicate that the asteroids with large kd are possibly those with
high or moderate albedos, and the third condition indicates that
these objects seem to have perihelion distances in the inner
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Fig. 3. Relation between g and kd for 169 asteroids. The objects are
indicated with the same codification indicated in Fig. 1.

region of the asteroid belt below the 3:1 mean motion resonance
with Jupiter. The taxonomic types of these objects are mainly
S- or X-class, which also agrees with what is expected in the
inner belt.

To better understand this group of asteroids at high values of
kd we calculated the mean scatter separation distance for spher-
ical particles of the same size, which are in contact with each
other and resting at the surface. The results obtained indicate
that the mean scattering distance between two particles is about
half the radius of the particles. Thus to have a mean distance
between the scatters of d=~ 1.5 um or d~5 um, the particles
should have radii of =3 or ~10 um, respectively. The former
case represent the ~90% of the objects in Figs. 1-3, which could
mean that most regoliths are composed of relatively fine par-
ticles, while the second case suggests the presence of larger
particles on the surface of the remaining objects. In fact, the
returned regolith sample of the asteroid (25143) Itokawa reveals
that most particles range from 10 to 50 um in size (Nakamura
et al. 2011). But Itokawa is a rubble pile and a very small Apollo
object whose regolith could lose the fine particles produced by
micro-collisions owing to several physical processes.

It is also possible to propose a different scenario to explain
the ~10% of the objects with large particle separations if the
electrostatic forces acting over the small grains of the regolith are
taken into account. As is well known, the surfaces of asteroids
are exposed to solar wind plasma and solar UV radiation, result-
ing in a positive surface potential (Mendis et al. 1981; Lee 1996).
These effects could contribute to the generation of two important
currents over the surface, which are responsible for developing
a photoelectron sheath over the lit side. Since the upper layer of
the regolith on a small body may be considered as an effective
insulator, the regolith dust particles has a non-zero charge while
resting on the surface and, under certain conditions, the elec-
tric force on small particles would exceed the gravitational force
causing dust particles to detach from the surface or, at least, sep-
arate from each other. This mechanism has been used to explain
the smooth flat deposit seen on (433) Eros (Robinson et al. 2001;
Hughes et al. 2008) and the horizon glow on the Moon (Criswell
1972) caused by fine particles of the lunar regolith (Greenberg
et al. 2007).

To test this hypothesis, we run a simulation of the electro-
static process on asteroids following the simplified, monoton-
ically decreasing sheath potential model described by Colwell
et al. (2005) and Hughes et al. (2008). This model assumes that
the solar UV radiation strikes the surface and releases electrons
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of at least the same energy of the incoming photons; at the same
time the solar wind hits the surface, thereby producing an elec-
tron current. If the photoemission process results to be more
effective than the solar wind charging process, then the sun-
lit surface becomes positively charged. On the other hand, dust
grains also release electrons through the photoelectric effect, and
collect solar wind electrons and photoelectrons from the photo-
electron sheath in a similar way as happens on the surface. This
process is time dependent and results in a variation of the grain
charge, which in turn produces repulsion between the grain and
the surface which, in the case in which it overcomes the force of
gravity, produces the separation of the particles from the surface.

As mentioned previously, the particle charging mechanism
is determined by the currents over the surface. Therefore, to cal-
culate the photoelectron currents arrived at and emitted from
the grains we assumed that the asteroid surfaces have pho-
toemissive properties similar to the lunar regolith. Then, the
photocurrent at a distance d (in au) from the Sun is Iy =
5.88 x 10°/d? electrons (cm?s)~' (Willis et al. 1973; Senshu et al.
2015) and the average photoelectron temperature measured for
a lunar regolith is kg7 = 2.2eV (Willis et al. 1973). For the
solar wind current, however we assumed that the solar wind
electron density is constant at a given distance of the Sun,
New ~ 5/d? electrons cm™ (Mendis et al. 1981) and that the solar
wind electron temperature is kg T = 10eV. In our case we also
assumed an asteroid gravity of 0.5 x 10~2 m s~2 that is equivalent
to that of Eros and a heliocentric distance of 2.5 au. We calcu-
lated the electric and gravity forces acting on a mesh of 10 x 10
particles of 0.4 um in radius resting on the surface of the asteroid;
these particles are the candidates to be lifted from the surfaces
by levitation. If the initial mean scatter separation distance on
the surface was on the order of 1 um or less, we find that these
particles detach from the surface after a short time and begin
to levitate reaching a mean separation between the particles of
~5 pm, which corresponds to the high values of kd found in
this paper. Then, it is also possible to understand the high val-
ues of kd observed on some asteroids as a consequence of the
presence of a cloud of levitating fine regolith particles over their
surfaces produced by an electrostatic repulsion process.

There are also other possibilities to explain these objects.
Since a shift of polarization minima toward small phase angles
are directly related with large kd (Gil-Hutton & Garcia-Migani
2017), it is possible to assume that it could be a manifestation of
the coherent backscattering mechanism similar to that observed
in high albedo objects (Mishchenko et al. 2006) or perhaps a
result of a surface formed by dark and bright particles (Bagnulo
et al. 2006). But to discern the acting mechanism with confi-
dence, it will be necessary to detect and study more objects with
large kd.

4. Conclusions

Using the CASPOL polarimeter at Complejo Astronémico El
Leoncito, we obtained 128 polarimetric measurements for 82
main-belt asteroids of different taxonomic types. The asteroids
(107) Camilla, (307) Nike, and (346) Hermentaria were observed
for the first time.

The observational data allowed us to find phase-polarization
curves and polarimetric parameters for 20 asteroids, reaching
a total of 135 objects with sufficient good data in the Cata-
logue of Asteroid Polarization Curves. Using the values obtained
for 129 objects classified in the taxonomy of Bus (1999), the
mean polarimetric parameters for 18 taxonomic types and the
Barbarians were obtained. On the other hand, the data obtained

allow us to find tentative polarization parameters for 15 asteroids
not included previously in the catalog.

No significant correlations appear between the polarimetric
parameters, n, kd and the orbital elements, with the excep-
tion of the known correlations ap,;, vs. kd and g versus n
(Gil-Hutton & Garcia-Migani 2017), but the asteroids with large
kd have |Ppnin| < 1%, h<0.12—-0.15%/° and 1.8<g<2.5au,
indicating they have high or moderate albedos and perihelion
distances in the inner region of the asteroid belt. These large kd
values could be the result of an electrostatic mechanism acting
on the small grains of the regolith, thereby producing dust par-
ticles to detach from the surface and separate each other. This
could be a manifestation of a coherent backscattering mecha-
nism or the result of a surface formed by a mixture of dark and
bright particles, but in any case objects with large values of kd
must be the subject of deeper studies in the future.
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