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ABSTRACT. We present the observed results of time variations of brightness and polarization with the rotation
of an asteroid for 3 Juno (S-type main belt asteroid) and 216 Kleopatra (M-type main belt asteroid). Taking into
account an empirical relation between the polarization and the albedo of an asteroid in Lupishko and Mohamed (1996,
Icarus 119, 209), we converted our polarimetric data to the time variation of albedo with the rotation of an asteroid. It
is found that the inhomogeneous distribution of albedo exists on the surface of both asteroids. Resulting modulation of
albedo for 3 Juno and 216 Kleopatra shows a variation between 0.14-0.20 and 0.08-0.14, respectively.

1. Introduction

It is widely accepted that the simultaneous observation of polarization and brightness of an
asteroid has a potential ability to yield the data for a rotational modulation of albedos on its
surface(see, e.g. Dollfus and Zellner 1979). When we have significant information for the
shape of the asteroid and its spin motion, the resulting rotational modulation of surface albedos
can be converted into the data for the inhomogeneous distribution of albedos on the surface of
the asteroid as shown in our previous paper (Nakayama et al 2000).

We present here the new result for asteroids 3 Juno and 216 Kleopatra, observed under our
continuous work on the observations of time variations in the photopolarimetric data of
asteroids associated with the rotation.

2. Photopolarimetric Observations

The data of observations were taken for 216 Kleopatra in November 6-9, 1999 at the
Dodaira Observatory using the 91cm telescope and for 3 Juno in August 3-7, 2000 at the
Okayama Observatory using the 91cm telescope. The HBS detector was applied in both cases,
where HBS is a spectro-photo-polarimeter with available wavelengths of 300-900nm. The
observational procedure at the Dodaira Observatory was noted in Nakayama et al. (2000), and
the details of the HBS instrument were reported in Kawabata et al. (1999). The data reduction
was performed using the IRAF package and the standard method for data analysis was applied
as described in Kawabata et al. (1999). The summary of the physical parameters of each
asteroid is given in Table I, where the parameters come from the data base in Lowell
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Observatory (ftp:/ftp.lowell.edu/pub/elgb/astorb.dat.gz), except for the size of the asteroid
from Dotto et al. (2000) for 3 Juno and Ostro et al. (2000) for 216 Kleopatra. The region of the
phase angle (Sun-asteroid-observer angle), where our observations were done, is also given in

the right column in Table 1.
Table I
a(AU) e i(deg) Type Peri.(hr) albedo size(km) phase angle
Juno 2.667 0.258 1296 S 7.21 0.24 234 4.8-5.9

Kleopatra 2.717 0.253 13.13 M 5.385 0.12  217*94*81 8.1-8.7

3. Results and Discussion

We performed our photopolarimetric observations near the phase angle of ¢_min, at which
the minimum polarization P_min occurs. It is well known that an empirical relation between
Pmin in % and the albedo A of the asteroid exists (see Lupishko and Mohamed 1996). Namely,

logA = -1.22 log|Pmin| - 0.92 1)
We will apply this relation to deduce the albedo of asteroid from our polarimetric observations.

3 Juno

The asteroid 3 Juno is the third largest asteroid with a diameter of about 234 km and its
physical parameters, such as pole direction, rotational period and lightcurve have been
detected, e.g. Dotto et al. (1995). Birch and Taylor (1989), and Schroll et al. (1981) have
supposed that possible color spots on the surface may cause diversity in the lightcurves
reported before. Broglia and Manara (1990) have performed polarimetric observation for 3
Juno to obtain the evidence for a rotational modulation predicted by such hypothsis of color
spots. The result was, however, negative and no significant evidence was found in the period
analysis.

In order to investigate the surface structure of 3 Juno, we have conducted the
photopolarimetric observation. Qur lightcurve agrees with the previous result by Schroll et al.
(1981), i.e. featuring two maxima and minima during one rotational period (Fig.1.a).Our
polarization data in Fig.1.b suggest that a significant variation of polarization with the rotation
of the asteroid appears. It is found that the amplitude of the variation in polarization curve is
about 0.18 %, centering at -0.622%. The mean polarization degree was obtained from the data
of HBS averaged over the wavelengths of 500-600nm weighted by the brightness. Equation
(1) suggests the relation of dA/A=1.22dP/P, when dP/P=dP_min/P_min is assumed. Therefore
the variation of albedos of about dA/A=0.35 is expected from the variation of polarization.

It is found from Figures la and 1b that no clear relation between the lightcurve and
polarization-curve appears, while the higher polarization in the darker phase was reported in 4
Vesta (cited in Dollfus and Zellner (1979), and Dollfus et al. (1989)).

To construct the phase angle dependence of polarizaion for 3 Juno, we have compiled our
data with other data reported in the Asteroid Polarimetry Database (APD) in the Small Bodies
Node (SBN) of the Astronomy Department of the University of Maryland
(http://pdssbn.astro.umd.edu/SBNast/archive/APD/apd.tab). Figure lc shows the resulting
polarization curve as a function of phase angle. From the result of polynomical fitting, we can
deduce the parameters of the polarization curve, i.e. P_min = - 0.74% at »_min=9.68° and the
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polarimetric slope h=0.10% deg™ at the inversion angle « = 19.4+ (see Fig.1.c). By using
the equation (1), we convert the polarization degree of - 0.74% into the albedo value of 0.17
which value is rather small compared with that of 0.24 derived from IRAS data
(http://pdssbn.astro.umd.edu/SBNast/archive/IMPS/diamalb.tab). This discrepancy may come
from the different method to derive the albedo.
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Fig. 1. (a) Lightcurve of 3 Juno observed at V band (420nm). The amplitude is about 0.15
magnitude, where a prograde rotation with a data period of 7.210 h was applied. (b)
Polarization curve of 3 Juno at the wavelengths of 500-600nm weighted by the brightness.
Cross marks represent values weighted by their counting rate in each tenth region of one
rotation peroid. (c) Phase-angle * dependence of the linear polarization P for asteroid 3 Juno.
The solid line is the empirical P-e relation.

I

216 Kleopatra

Although asteroid 216 Kleopatra (M-type asteroid) is one of the large asteroids with a
diameter of 217x94x81km, a relative shortage of the visible observations is caused by its low
albedo of 0.12. Recently Ostro et al. (2000) have detected 216 Kleopatra by using an S-band
(2380 MHz, 12.6cm) radar system. Their resulting image of 216 Kleopatra reveals that its
shape is like a “dog-bone” and the radar observation also suggests that the surface bulk density
is about 3.5 g cm™, consistent with a solid enstatite-chondritic surface with porosity of < 60%.

In order to study the inhomogeneity of the surface of 216 Kleopatra, we conducted the
simultaneous photopolarimetric observations in November 6-9, 1999 at the Dodaira
Observatory. Unfortunately the spin axis of Kleopatra almost turned to a line of sight when we
observed. Therefore, the time variation of brightness and polarization with the rotation of the
asteroid was small.

In Fig.2a, it is found that the amplitude of our lightcurve is about 0.1mag. This small
variation, compared with others of 0.13-1.lmag (http://pdssbn.astro.umd.edu/SBNast/
archive/L.C/Ic.tab), comes from the unfavorable spin direction. That is, since we observed 216
Kleopatra in an almost pole-on view, the variation of its cross section hardly changed during
one rotation period. However, as shown in Fig.2b, a significant variation of albedo appears.
We need more reliable polarization data for 216 Kleopatra to study this feature. Since our
observation was done near the expected o_min of about 10°, it is not irrelavant to assume that
the average polarization degree obtained here is P_min. This assumption, using equation (1),
leads to the albedo of 0.11, which is consistent with IRAS albedo, 0.12 (http://pdssbn.astro.
umd.edu /SBNast/archive/IMPS/diamalb.tab).
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Fig. 5. (a) The lightcurve of 216 Kleopatra with a rotation period 5.385 hrs obtained from

November 8 to 9, 1999. (b) The polarization and converted albedo variation of 216 Kleopatra
with a polynomial fitted curve.

4. Conclusions

Significant variations of brightness and linear polarization degree with rotation have been
found in two asteroids 3 Juno and 216 Kleopatra, while no clear correlation between the
variations of brightness and polarization appears. Such time variation of polarization with the
rotation of the asteroids suggests the existence of the inhomogeneous distribution of albedos
on the surface of the asteroids, which may be caused by the differences in material
compositions and/or surface roughness in small scale, compared with the visible wavelength.
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