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Introduction
To shed light on the formation of the solar
system we can analyze the history of the
asteroid belt, but this requires a good
understanding of the asteroid life cycle.
Asteroids are formed in collisions, their orbits
are changed by uneven re-radiation of the Sun’s
light (called the Yarkovsky effect), and they are
removed by resonant interactions with planets.
Of these, our understanding of the collisional
process is most in need of quantitative
verification. To address this, we improved
methods of assigning asteroid family
membership (i.e., finding sets of collisional
debris). We focused on the Koronis Zone, a
region which allows easy isolation of families.
We combined multiple catalogs, found and
began filling holes in the catalogs, reclassified
families, and learned more about how families
evolve.

Finishing Catalogs

Early Results

None of the catalogs we used were complete, and to some
degree we were able to fix this. Proper elements (average
orbits over millions of years that remove the smearing effect of
oscillatory terms) had been computed only for numbered
asteroids, but more than a third of asteroids are unnumbered.
We used Calvin’s supercomputer, Dahl, to compute proper
elements for all asteroids. In total, nearly 400,000 sets of
elements were computed over about a month.
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Resonant Influence
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When SDSS took its data, it used one constant exposure
time which overexposed the brighter asteroids. Since these
asteroids are the biggest and are usually the parents of
families, it’s critical to have good data on their color. Over
the summer, we installed and calibrated a set of color
filters on our New Mexican telescope which has allowed
us to begin taking our own data on the brighter asteroids.

In the case of the Raybatson family, we expected
the asteroids to spread out over time in semi-major
axis (a) due to the Yarkovsky effect, making a
slanted shape in its a-e plot and a flat shape on its
a-sini plot. But Figure 5 shows a sharp change in
shape at a equal to 2.85 on each plot, suggesting
something was disturbing the asteroids as they
spread past this point. We predicted and then
confirmed the presence of a weak resonance at
that very point. This shows that when
investigating general properties of families, small
resonances are important and must be accounted
for.

Building a Database
To search for families, we need as many ways
of looking at asteroids as possible. We
considered a number of catalogs: orbital
elements from the Minor Planet Center (MPC),
color data from the Sloan Digital Sky Survey
(SDSS), albedo data from the Wide-field
Infrared Survey Explorer (WISE), and phase
data from D. Oszkiewicz.
Asteroids families can be seen in Figure 1 as
clustering of the orbital elements. Figure 2 has
the same coordinates, but is colored by the
median phase parameter, which does not exhibit
a distinct dependence on family. Figure 3 is
colored by the median physical color of each
bin, and reveals a strong dependence on family.
Asteroids’ names change as their orbits become
better understood and catalogs use different
naming schemes, but through much bookkeeping we were able to match up asteroids in
our three useful catalogs and merge them
together. We made upgrades to our software to
facilitate exploration of the multiple dimensions
of the data.
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Figure 5. The shape of the family shows a strong discontinuity at a
equal to 2.85 AU, which corresponds to the 9-4-3 Jupiter-Saturn
resonance.

A New Parent
Figure 1. The Koronis Zone. Each point is one asteroid. The axes are orbital
elements: e is eccentricity, where less circular orbits have higher values; i is
inclination, the tilt of the orbit above or below the plane of the solar system; a, a
third element, is semi-major axis, or half the diameter of the orbit at its widest
point. Families will have similar e and i values, and thus cluster together on this
plot, but the Yarkovsky effect will spread them out in a over time.

Figure 3. But coloring each cell by a* (a measure of color) shows strong
differences between families.

Families normally form a funnel shape centered
on their parent in a plot of semi-major axis versus
asteroid size. The YORP effect (a variant of the
Yarkovsky effect) reduces the number density in
the center of the funnel. In Figure 4, the rightmost boxed asteroid, Wislicenus, had been labeled
the parent of a family occupying only the righthand side of the plot, but we now believe the leftmost boxed asteroid, Lundmarka, is the parent of a
much wider family, now showing the low-density
signature of the YORP effect.
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Figure 2. Coloring each cell with the enclosed asteroids’ average G value
(which comes from the phase data) reveals no structure.

Figure 4. A subset of the Koronis Zone, with the asteroids Wislicenus (right)
and Lundmarka (left) highlighted. The cutoffs on each side are the boundaries
of the Koronis Zone.
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