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Introduction: The sunlight reflected by the lunar
surface is partially polarized by the ensemble of the
grains of various size and composition, and the micro-
structure of the regolith [1, 2]. In order to study the sur-
face of the Moon by means of polarimetry, the maxi-
mum polarization (Pmax) should be constructed since the
degree of polarization is dependent on the phase angle
a. Then, the median grain size can be estimated using
polarimetric and photometric data, which will be useful
to study the space weathering on the Moon and to deter-
mine the landing site for a future lunar mission [1, 3].

Despite the usefulness of polarization on the lunar
surface, the polarimetric observations from the lunar or-
bit have never been performed so far. As a prior study
for successful mission of the Polarimetric Camera (Pol-
Cam) which will be onboard the Korea Pathfinder Lunar
Orbiter (KPLO), we investigate the accuracy of Pmax de-
termination in a limited phase-angle coverage case us-
ing the ground-based polarimetric data [3]. Following
the empirical formula to fit the polarimetric phase curve
with a three-parameter proposed by Korokhin & Ve-
likodsky [4], we intensively deal with the “positive”
branch of polarization.

The Pmax map of the lunar nearside has been con-
structed from the polarimetric data obtained at the phase
angles (a) ranging from 40° to 120° from the ground [3].
Then, we investigated the reliability of Pmax obtained as-
suming a sparse distribution of @. We found that the fit-
ting formula of the polarization curve by Korokhin and
Velkodsky is indeed a one-parameter function in the
positive polarization regime (a > 40°), implying that
Pmax can be reliably obtained from a limited number of
P observations (& > 90°) in the positive polarization re-
gime. Thus, we expect that constructing the Pmax map of
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the Moon from the space mission can be completed even
the case of a sparse and/or scarce distribution of a.
Data and Method: The P observations were made
in 2013 July 14 to August 1 using a 15-cm reflecting
telescope at the site of Lick Observatory with the best
seeing at 1” for the whole near-side of the Moon. The
phase angles range from 40° to 120° [3]. The Pmax was
constructed using the empirical formula provided by
Korokhin & Velikodsky (2005) to the observed P,
sin?(a—Aa)W
P(O() = 1S-cosz((a—A;)+)D (1)
where a is the phase angle, Aa is the shift in omax from
90°, W is the width of the curve, and D is the amount
of depolarization. The Pmax was obtained by fitting the
above equation to the observed P using the ¥> minimi-
zation as a downhill simplex method[5].

First, since we focus on the positive branch, we op-
timized the equation (1) by reducing the number of
free-parameters keeping Aa and/or W constant and an-
alyzed the results of Pmax|w or Pmax|a« as a function of
the two parameters (Aa and D or W and D) and the
Pmax|ae,w as a function of an one parameter (D). Sec-
ond, we investigated the effect of @ coverage on the
Pmax assuming a limited phase-angle coverage case.

Results and Conclusions: We have studied the
characteristics of the polarimetric phase curve for the
Moon to completely construct the polarimetric map
considering the future space mission. First, the maps of
Pmax, @max, and W for the whole near-side Moon were
constructed fitting the phase curve as a function of
three parameters (Aa, W, and D, Fig. 1). The region
with longitudes less than £15° has been excluded be-
cause the a-limitation of a ground-based observations
causes a large uncertainty on the Pmax estimation [3].
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Fig. 1: Maps of Pmax, @max, and W in B-band. The region with longitudes < +15° has large uncertainty, so that has been excluded from quantita-
tive analyses throughout this work. The color scales are in unit of %, degree, and arbitrary, respectively.
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Fig. 2: Correlation between Pmax and Pmax|w, Pmax|aa, Pmax|ae,w ,
where Pmax are results from fitting the formula with three parameters
(Aa, W, and D), Pmax|w 0or Pmax|aq are results from that with fixed W
or Aa, and Pmax|ae,w are results from that with fixed Ae and W. The
red color indicates highlands, while the blue color indicates the ma-
ria. The contours are for the 5th, 25th, 50th, 75th, and 95th percen-

tiles. The dashed lines indicate the one-to-one.

The amax and W maps have discontinuities around the
longitudes of +30° which are also due to limitations of
the ground-based observations that observe the eastern
and western regions on the Moon at different days. De-
spite these discontinuities on the maps of @max and W,
the Pmax map had continuous values because the amax
and W were complements of each other.

Second, the phase curve of the empirical formula
was simplified with an average of value either Aa
or/and W (Pmax|w, Pmax|aa, and Pmax|ae,w). The compar-
ison of between Pmax and Pmale, Pmax|Aa, and Pmax|Au,W
indicated that the Pmax can be obtained from a single
parameter function (Fig. 2). A single parameter func-
tion was comparable to the Umov law[6]. In addition,
the validation of a single parameter function were ex-
amined in terms of the fixed value and effects of outli-
ers. The variation on the fixed value had little affect on
the results of Pmax and Pmale, Pmax|Au, and Pmax|Au,W-
The outliers from the relationship between Pmax and
Pmax|ae,w were defined to be 10% smaller or larger than
the differences between them, which caused the mean
absolute biases of 0.45% and 0.54% for the maria and
highlands, respectively.

Third, we assumed a limited phase-angle case due
to the high-latitudes of the observing side or fault ob-
servations due to a mal-function of the mission instru-
ment. We calculated the Pmax,imitea When the phase an-
gles were limited to be less than 80°, 90° or 100°. The
comparison between Pmax and Pmaxlimited confirmed
that the Pmax|ae,w calculated from a single parameter
function by keeping Aa and W constant works well
when the largest phase angle is over 90° (Fig. 3).
Therefore, we would have to get the data when the « is
greater than at least 90° in order to complete the map
of Pmax for the entire lunar globe from a space mission.

In conclusion, the Pmax could be satisfactorily esti-
mated from the Polarimetric Camera (PolCam)
onboard Korea Pathfinder Lunar Orbiter (KPLO). Po-
larimetric data from the lunar orbit will provide im-
portant information on the characteristics of the lunar
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regolith allowing us to understand the effect of the
space weathering on the airless body.
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Fig. 3: Correlation between Py and Poee® [ sqw, Poar |aows

P&y ows and Poyaylagw, Where P, are results from fitting the

formula with phase angles from 40 to 120°. P&s300r900r 100,
are results from that with limited phase angles by 80°, 90°, 100°, re-
spectively. The dashed lines indicate the ono-to-one. The color and
contour are the same as Fig. 2.
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