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We acquired dense rotational lightcurves for the
taxonomic A-class asteroid 446 Aeternitas during three
apparitions in 2006, 2007-2008, and 2009. Our results
show that 446 Aeternitas is a prograde rotator, has a
distinct angular shape, and is moderately elongated.
Several planar areas in the convex shape model suggest
concavities, possibly large craters or saddles. These
features suggest that 446 Aeternitas is likely to be a
collisional fragment. We found a pole solution of f =
+52°, A = 356° with no mirror solution apparent.
However, low chi-square pole solutions centered on
ecliptic longitude A = 210° cannot be ruled out, leaving
the ecliptic longitude of 446 Aeternitas unconstrained.
Lightcurves measured over three asteroid apparitions
were used during the inversion process to determine a
refined rotational period of 15.73743 + 0.00005 h.
Typical errors for ecliptic latitude and longitude values
are + 10 degrees.

The taxonomic A-class asteroids are thought to represent olivine-
rich mantle remnants (Reddy et al., 2005), or possibly core-mantle
boundary fragments of shattered protoplanetary bodies from the
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early solar system (Cruikshank and Hartmann, 1984; Gaffey et al.,
2002). If so, it is reasonable to expect they should be relatively
abundant among the asteroid population. However, A-class
objects are extremely rare. Overall, the A-class asteroids represent
<1% of the total number of individual spectrally surveyed asteroids
(17 out of ~2150) from the four major asteroid taxonomic surveys
conducted during the last three decades. The apparent scarcity of
these objects poses a significant paradox for our understanding of
asteroid evolution (Xu et al., 1995) and for studies of the
dynamical evolution of the early solar system (Bottke et al., 2006).

The main-belt asteroid 446 Aeternitas was discovered on 1899
October 27 by M.F. Wolf and A. Schwassmann at Heidelberg.
Chruikshank and Hartmann (1984) were the first to suggest a
meteorite/parent-body connection for the A-class asteroids, linking
near-infrared (NIR) spectra of two A-type objects with the pure
olivine assemblage of the brachinite meteorites or the olivine/iron-
alloy pallasite meteorite group. Lucey and Keil (1998) compared
NIR spectra of 446 Aecternitas and three other A-types to olivine
samples from the U.S. Geological Survey spectral library, and
concluded that the olivine silicate assemblage for A-class objects is
solely represented in the meteorite collections by pallasite
meteorites. Sunshine et al. (2007) analyzed nine olivine-rich
asteroid NIR spectra (including Aeternitas) and concluded that the
majority (7 out of 9) are forsteritic olivine and therefore sample
differentiated mantle sources from melted ordinary chondritic
material (e.g. pallasites).

In order for mantle material to be exposed, the parent body must be
fragmented or its deep interior exposed by large impacts (Reddy et
al., 2005). Therefore, we are interested in resolving the shapes of
the known A-class asteroids in order to determine if their
morphology is consistent with collisionally-derived fragments.

The Lightcurves: 446 Aeternitas has previously reported rotational
periods of 15.85 + 0.01 h (Florczak et al., 1997), 15.736 + 0.001 h
(Fauerbach et al., 2008 — Figure 1), 15.740 £+ 0.003 h (Lucas et al.,
2011 — Figure 2), and 15.7413 + 0.0004 h (Behrend, 2011). The
three most recently derived periods are in excellent agreement and
compare well with our previously unpublished lightcurve of 446
Aeternitas from the 2007-2008 apparition (Figure 3), which
yielded a period of 15.7405 + 0.0005 h.

The Model: Dense photometric observations of 446 Aeternitas
were acquired over three apparitions in 2006, 2007-2008, and 2009
(Table I) at the Evelyn L. Egan Observatory (MPC code H72) on
the campus of Florida Gulf Coast University, Fort Myers, Florida.
Lightcurve analyses were performed using MPO Canopus v.10.3 to
produce 28 individual lightcurve data sets, these data were then
inverted using the Kaasalainen code (Kaasalainen et al., 2001a;
2001b) in the LCInvert v.2.3 processing software. A period search
function was performed in LClnvert, starting with the synodic
periods derived from the 20062009 lightcurves, to yield a sidereal
rotational period for the asteroid. This period was input as a “free”
parameter in the “Medium” (50 iterations each of 264 test
orientations in 15° increments of B and A) pole-search function
using discrete, fixed longitude-latitude pairs, which generated an
initial ecliptic latitude P and longitude A best-fit pole solution
(Figure 4).

The results of this initial pole search are shown in Figure 4. Dark
blue indicates the lowest values of log(chi-square) in the range of
possible pole solutions. Colors progress toward bright red with
increasing log(chi-square) with the highest value indicated by
maroon (dark red). An initial pole solution centered near ecliptic
latitude B = +45° and longitude A = 0° is apparent, however low
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log(chi-square) values centered near § = +60° and A = 210° cannot
be ruled out as a possible pole solution (Figure 4).

The most probable solution centered near f = +45° and A = 0° was
then refined by running the pole search function again, allowing
the preliminary pole solution as well as the sidereal rotational
period to be free parameters in 50 more iterations. The iteration
that produces the lowest relative standard deviation and chi-square
value is the most probable solution of the pole orientation and
convex hull shape model of the asteroid. Figure 5 shows the phase
angle bisector (PAB) longitude plot for the dense lightcurve data
used in the modeling. The PAB longitude coverage could be
improved with more data, as such we inverted two separate shape
models that included a sparse set of USNO Flagstaff data (173
photometric data points). These iterations greatly improved the
PAB longitude coverage, however, the chi-square values (~4.2) for
both models yielded unacceptable results, and therefore only the
dense lightcurve data was used in the final model.

Our results show that the A-class asteroid 446 Aeternitas is a
prograde rotator, has a distinct angular shape, and is moderately
elongated (Figures 6 and 7). Several planar areas in the convex
shape model suggest concavities, possibly large craters or saddles.
These features suggest that 446 Aeternitas is more likely to be a
collisional fragment than an intact object. The solution for the pole
orientation of § = +52°, A = 356° (Figure 7 and Table II) stood out
from 264 trial solutions with no mirror pole solution apparent.
However, low chi-square pole solutions centered on ecliptic
longitude A = 210° cannot be ruled out, leaving the ecliptic
longitude of 446 Aeternitas unconstrained (Figure 4). Twenty-
eight input lightcurves measured over three asteroid apparitions
were used during the inversion process to determine a refined
rotational period of 15.73743 + 0.00005 h (Table II).

As a test of the robustness of the convex shape obtained for the
asteroid, actual lightcurve sets were compared to the synthetic
model lightcurve (based on a reference time and geometry). The
lightcurve fits obtained matched the synthetic lightcurves very
closely (Figure 8). Typical errors for ecliptic latitude and

longitude values using robust photometric data are + 10° for this
method; this error estimate is based on comparisons with in situ
spacecraft exploration of asteroids and from laboratory
experimental data (Kaasalainen et al., 2005).
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Figure 1. Lightcurve of 446 Aeternitas from the 2006 apparition

(Fauerbach et al., 2008).
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Figure 2. Lightcurve of 446 Aeternitas from the 2009 apparition
(Lucas et al., 2011).
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Figure 3. Previously unpublished lightcurve of 446 Aeternitas from
the 2007-2008 apparition.
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Figure 4. Plot of the log chi-square values obtained from the initial
pole-search function. Dark blue represents the lowest chi-square
value.
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PAB Longitude Distribution: 446

7 Figure 7. Shape model of 446 Aeternitas shown in ecliptic view with
pole solution (z-axis) of B = +52°, A = 356° indicated. In this view the
observer and asteroid are on the ecliptic plane (asteroid on
ascending or descending node of orbit) with phase angle of 0°. The
Figure 5. PAB longitude distribution of the dense lightcurve data (red IRAS determined diameter of Aeternitas is 45.4 km for scale.

circles) used in the model.
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