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Introduction: At small phase angles ¢, the Moon
reveals a negative polarization branch in the sense of
the definition, P(a) = (I, —1))/({,+1)), where I, and J; are
intensity components [e.g., 1,2]. At ¢<50° the func-
tion P(c) has a shape near to parabolic. The function
can be characterized with parameters Py, iy, and A
that are the depth of the branch, inversion angle (where
P =0), and slope of P(a) at a = ay,, respectively. For
the Moon |Py;i,| = 1% and aj,y = 23°. These three pa-
rameters have only barely been studied over a few se-
lected areas with Earth-based observations [2-5]. These
parameters have yet fairly poor interpretation, and they
are independent of other optical characteristics. They
potentially are important in future explorations of the
Moon and other atmosphereless celestial bodies with
spacecraft.

The Korea Pathfinder Lunar Orbiter (KPLO),
scheduled for launch in 2022 as the first step of the
Korean Lunar Exploration Program, will orbit the
Moon at an altitude of 100 + 30 km during its nominal
mission of up to 12 months. The spacecraft will map
the polarization characteristics of the Moon using the
Wide-Angle Polarimetric Camera (PolCam). In partic-
ular, these measurements can be used to map the pa-
rameters Giny, |Pminl, and 4 [6,7].

Observations, processing, and results: In antici-
pation of KPLO data, we map the polarimetric parame-
ters using data of photometric and polarimetric obser-
vations of the Moon, which were conducted at the
Maidanak Observatory (Uzbekistan) using the 60-cm
Zeiss-600 telescope [4,8]. For the lunar observations
we used a CMOS camera with an array 5184x3456
pixels with light filters R(0.61 um), G(0.52 um), and
B(0.48 um). Data obtained at 0.52 um here are used.
The camera is equipped with a polarizer. A series of
observations of an area consists of 12 full rotations of
the polarizer. In each rotation, 8 positions of the polar-
ization axis are used for measurements. We study here
a west portion of the lunar nearside, which comprise
Mare Nubium (Fig. la), using 20 series of measure-
ments at the following phase angles: -39.75°, -38.12°, -
36.42 °, -29.24°, -26.67°, -17.65°, 8.41°, 9.69°, 10.23°,
10.66°, 22.3°, 23.28°, 23.94°, 24.61°, 28.14°, 28.23°,

31.54°, 38.89°, 39.57°, 46.78° with resolution near
0.7".

The primary image processing includes accounting
for dark current and separation of flat field. The latter
was calculated using observations of the evening or
morning sky. Instrumental polarization parameters
have been assessed also using the star-polarimetric
standards and measuring the Arago point, the point of
the sky near sunset or sunrise, where the degree of po-
larization is close to zero. We also made a Gaussian
convolution of images in order to decrease the noise
contribution, then, images were coregistered with the
rubber-sheet algorithm [9] and averaged for each posi-
tion of polarizer axis. Next, the relative intensity / and
olarizatin degree P, were calculated.
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Figure 1. (a) Map of the equigonal albedo at o= 9.5°;

(b) Map of the parameter |P,;,| calculated with polari-
metric measurements at the six phase angles.

A photometric calibration was carried out using the
Akimov disk function as discussed in [2]. We used the
least-square method and carried out an approximation
of the phase dependences of polarization degree in
each image pixel with a polynomial of third degree
with zero at @ =0

P(a) = Cia'+ G+ Csa, (1)
where C), C,, and C; are constants for each pixel.
Equation (1) allows computation of the polarimetric
parameters |Ppi|, 0y, and A, accounting for non-
parabolic shape of P(«).
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The map of |P,,;,| is shown in Fig. 1b. We note that Discussion: Mare Nubium is located south of the
bright craters have low values of |P,;,|. This confirms center of the scene shown in Fig. 1a. An image of the
results presented in [3]. The highest |Py,,| is character- parameter |P,| does not reveal a clear boundary be-
istic of rather dark, but not darkest, areas. Figure 2a,b tween mare and highland regions. Several areas with
show images of the parameters ai,, and / calculated intermediate albedo are more apparent using this pa-
using measurements at 20 phase angles. One may see rameter. This may indicate the increased presence of
that brighter regions have larger «;,,, excepting bright, dust component of the lunar regolith.
young craters. Some of them even show a,, smaller In Fig. 1a the arrow shows a formation, which is a
tanthat of old highland areas. photometric anomaly [10]. We see that this detail is not
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1 an anomaly in the polarimetric parameters o;,, and 4.

There are a few places where the inversion angle is
relative small (dark spots in Fig. 2a), which appear
independent of albedo. We may suggest that these are-
as consist of regolith having larger concentrations of
coarse particles. This feature is characteristic of imma-
ture regions. A map of the parameter 4 shown in Fig.
2b inversely correlates with the albedo map of Fig. 1a,
as one may expect. Indeed, this correlation is the basis
of using the polarimetric method of albedo determina-
tion of asteroids [11].

Conclusion: We present results of mapping the po-
larimetric parameters |Ppl, @i, and A for the west
portion of the lunar nearside. The Mare Nubium is
clearly seen in the parameters |P,;,| and o;,,. The pho-
tometric anomaly indicated by the arrows in Fig. la are
not shows up in distribution of the polarimetric param-

The image of the parameter /4 resembles a negative eters |Poinl, Giny, and /2. There are several areas with
of the equigonal albedo (cf. Figs. la and 2b). This is a relative low values of aj,, that may indicate coarser,
consequence of the Umov effect [2]. and perhaps younger, regolit.h.
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Figure 2. Maps of the parameters a;,, and /, respective-
ly, (a) and (b) calculated with polarimetric measure-
ments at the 20 phase angles.
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Fig. 3. Map of the angle ratio o/, calculated with
polarimetric measurements at the 20 phase angles.



