
ESTIMATING MAXIMUM POLARIZATION OF LUNAR SURFACE FROM OBSERVATIONS WITH 
LIMITED PHASE-ANGLE COVERAGE.  Chae Kyung Sim1, Sungsoo S. Kim1, Sukbum A. Hong1, and Minsup 
Jeong2, 1Kyung Hee University, Yongin, Gyeonggi, Republic of Korea (cksim@khu.ac.kr), 2Korea Astronomy and 
Space Science Institute, Daejeon, Republic of Korea 

 
Introduction: PolCam, an wide-angle polarimetric 

camera will be onboard the Korea Pathfinder Lunar Or-
biter (KPLO) which will be launced in late 2020. One 
of the science goals of PolCam is to build the polarimet-
ric map of the lunar surface of latitudes up to ±70° from 
its orbit. Since the polarimetric observations has been 
done only on the terrestrial ground, PolCam will per-
form the first ever far-side polarimetry. 

PolCam observations will provide us with the polar-
imetric properties [1] and grain size [2] along with its 
evolutionary pathway [3]. These will be useful for the 
study of space weathering on the Moon and the landing 
site selection for future lunar missions.  

As the degree of polarization (P) is a function of 
phase angle (α), it is necessary for a region to be meas-
ured its P at several various cases of α. It is expected 
that PolCam can marginally construct the polarization 
phase curve for the whole lunar surface (except for polar 
regions of latitudes higher than ±70°) during the ~1 year 
of KPLO mission. If there happens to be unexpected, 
large observational gaps or an abrupt termination of the 
mission, it may hinder PolCam to achieve its goals. Here, 
we investigate how to recover the phase curve in case of 
a region with such unfortune, whose P has been meas-
ured only at limited coverage of α, in preparation of Pol-
Cam mission.  

Data and Method: The polarimetry data were ob-
tained in 2013 July 14 to August 1 using a 15-cm re-
flecting telescope at the side of Lick Observatory, Cali-
fornia, USA [1]. The phase angle coverage was from 40° 
to 120°, which corresponds to the positive branch of po-
larization (α > 40°). The maximum of polarization (Pmax) 
occurs at phase angle around between 100° and 110° (α 

max), varying from place to place.  
It is known that the polarization phase curve, P(α), 

can be estimated by a semi-emperical formula [4], 
  𝑃𝑃(𝛼𝛼) =  sin2(𝛼𝛼−∆𝛼𝛼)𝑊𝑊

1+cos2(𝛼𝛼−∆𝛼𝛼)+𝐷𝐷
  , 

where α is the phase angle, Δα is the shift of αmax from 
90°, W is the width of the phase curve, and D is the 
amound of depolarization. The map of Pmax was ob-
tained by fitting the formula to the observed P at vari-
ous α. 

We also investigated the distribution of derived pa-
rameters. Then we fitted the phase curve again fixing 
Δα and/or W to their mode values and/or their relation-
ship between, reducing the number of free-parameters 
to be fitted. The Pmax values derived using the original 
fitting-formula and/or its reduced forms are compared. 

Assuming a few unfortune cases of limited α-cov-
erage, we study the Pmax discrepancies of the sparse-
observation cases from the fully-covered one. 

The iron map derived from Clementine/UV-Vis [5] 
was used to distinguish between maria and highlands. 

Results: We found that Δα and W correlates each 
other and tend to regulates reciprocally when fitting the 
phase curve with the original formula [4]. The abrupt 
changes of derived Δα and W (which are believed to 
originates from varying condition of the observing 
nights) offset each other so that result in a seamless Pmax 
map. Caution should be taken when interpreting the 
physical meaning of Δα (or αmax) that is derived from 
the phase-curve fitting. 

As the two parameters’ roles seem to be related each 
other, We construct Pmax maps again with fixed Δα 
and/or W. The mode values, Δα =14.8° and W=0.832 are 
used. We also considered the relationship between Δα 
and W, log𝑊𝑊 = 0.207 − 1.22 ⋅ Δ𝛼𝛼 . Resulted Pmax|Δα, 
Pmax|W, Pmax|Δα,W, and Pmax|W=W(Δα) are tightly correlated 
to the Pmax derived above. Restriting Δα and/or W have 
little influence on derived Pmax when carefully dealt. In 
case of PolCam, mode values of Δα and W that are de-
rived using the ground-based observation set can be 
used for the first guess. As the data from the lunar orbit 
piles up, these parameters can be updated. 

Reducing the free-parameters of the fitting formula 
will help us to fit the phase-curve and estimate Pmax 
when α-coverage is limited in an unfortunate case of in-
completed mission. With fixed values of Δα and W, we 
simulated the cases of four different α-coverages: α < 
120°, α < 105°, α < 90°, and α < 75°. We focus only on 
the observational gap at phase angles around the typical 
α max that may result in a meaningless fit. The results 
show that when the largest phase-angle of the observa-
tional set is less than 75°, error in the estimated Pmax can 
be up to ~0.9 %p (Fig. 1). When the data set has at least 
one observation obtained at α >75°, error in Pmax is less 
than 0.5 %p. These errors are from comparisons among 
α-limited cases of Pmax|Δα,W and they increase when the 
results are compared to the Pmax with Δα and W as free-
parameters. 

References: [1] Jeong, M. et al. (2015) Astrophys. 
J., 221, 16. [2] Dollfus, A. 1998, Icarus, 136, 69. [3] 
Jeong, M. et al. (2018) Astrophys. J., 869, 67. [4] Ko-
rokhin, V. V., & Velikodsky, Y. I. (2005), SoSyR, 39, 
45. [5] Lucey, P. G. et al. (2000), J. Geophys. Res., 105, 
20297. 

 

1721.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)



 
Figure 1 Correlations and root-mean-square errors 
(RMSE) between 𝑷𝑷𝐦𝐦𝐦𝐦𝐦𝐦|𝚫𝚫𝚫𝚫,𝐖𝐖  and 𝑷𝑷𝐦𝐦𝐦𝐦𝐦𝐦𝚫𝚫<𝟏𝟏𝟏𝟏𝟏𝟏†|𝚫𝚫𝚫𝚫,𝐖𝐖 , 
𝑷𝑷𝐦𝐦𝐦𝐦𝐦𝐦𝚫𝚫<𝟏𝟏𝟏𝟏𝟏𝟏†|𝚫𝚫𝚫𝚫,𝐖𝐖 , 𝑷𝑷𝐦𝐦𝐦𝐦𝐦𝐦𝚫𝚫<𝟗𝟗𝟏𝟏†|𝚫𝚫𝚫𝚫,𝐖𝐖 , and 𝑷𝑷𝐦𝐦𝐦𝐦𝐦𝐦𝚫𝚫<𝟕𝟕𝟏𝟏†|𝚫𝚫𝚫𝚫,𝐖𝐖 . Red and 
blue lines correspond to highlands and maria, respec-
tively. The contours are for the 5th, 25th, 50th, 75th and 
95th percentiles. 
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