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Summary
To shed light on the formation of the solar
system, we can analyze the history of the
asteroid belt. This requires a good
understanding of the asteroid life cycle’s
three main components. Collisions breaking
up large asteroids cause new asteroid
FORMATION. Uneven re-radiation of sunlight
(the Yarkovsky effect) causes ORBITAL
EXPANSION OR CONTRACTION. Either
subsequent collisions or ejection by Jupiter’s
resonant gravitational nudges result in an
asteroid’s LOSS. Of these, our understanding
of the collisional process is most in need of
quantitative verification. Also, we need to
know which loss mechanism is most
common. To help address these needs, we
computed improved estimates of collisional
disruption timescales—how long asteroids
last before a destructive collision. Our work
offers improvements by separately
considering FOUR DISTINCT ZONES in the
asteroid belt, by explicitly accounting for
RELATIVE VELOCITIES in a collision, and by
estimating a FRESH SIZE DISTRIBUTION of
asteroids. The results will have applications
in our own work and also broadly for studies
in any zone of the asteroid belt.

Size-Frequency Distributions

Timescales

To know how long an asteroid will last, we also need to know the number and size of
asteroids that might hit it. This requires having a size-frequency distribution (SFD), which
gives the number of asteroids of each size. We computed a zone-by-zone SFD.
Catalog Completeness
The starting point is a fresh catalog of asteroid orbits. Since new asteroids are still being
discovered, we need to determine a completeness limit: a brightness above which all
asteroids have been found. Figure 2 shows that such a cutoff can easily be determined.

With sizes and probabilities, we can compute
collisional disruption timescales: how long an
asteroid of a certain size will last before
destruction. For each “target” diameter, we add up
the probability of disruption from each “impactor”
size. Smaller impactors are more numerous but
must collide faster, which is less likely. The
timescale is the inverse of the total probability.

Albedo Distribution
Asteroid brightnesses must be converted into sizes using an albedo: the fraction of
incoming light an asteroid reflects. WISE, an infrared satellite, measured the albedos of a
large sample of asteroids, and Figure 3 shows its distribution in each zone after
accounting for catalog completeness. Often, one albedo is assumed for all asteroids;
however, Figure 3 shows that an average albedo accurately describes very few asteroids,
illustrating the advantage of the full distribution.

Figure 5 shows our zone-by-zone timescales and
the old, whole-belt timescale function. We are
currently analyzing our result, but the new shape
shared by each zone promises interesting
conclusions. Most asteroids are expected to
experience disruption sooner, giving less
prominence to loss via orbital resonances.

Computing SFDs
Knowing the albedo distribution for a given size, we can statistically determine a
brightness distribution from an SFD. However, we observe brightnesses and albedos and
need to do an inverse computation to find the SFD. We accomplished this mathematically
delicate task by adjusting a trial SFD until its resulting brightness distribution matched the
observed one. In this way, we computed the size-frequency distributions in Figure 4.

Figure 5. Average time before collisional disruption as a function of
asteroid diameter. Our results show asteroids in outer zones survive
longer than those in inner zones but all zones share a shape distinct
from the old, whole-belt computation.

Applications

Collision Probabilities
To compute collisional disruption timescales,
we must know how often an asteroid will be hit
by other asteroids. We took a representative
sample of 1000 asteroids from each of the four
zones of the asteroid belt and used code written
two summers ago to compute average
probabilities of collision between asteroids for
each possible pairing of zones.

Figure 1. Average collision probabilities as a function of relative velocity for
pairings of 1000-asteroid samples from different zones. Pairings were selected
to illustrate the variety of distributions.

Figure 2. Number of asteroids discovered in the past year in each zone, as a
function of brightness. (Smaller magnitudes are brighter.) On the left (bright)
side of each hump, all asteroids have been discovered.

Figure 1 shows collision probabilities as a
function of impact velocity for different zone
pairings. Neighboring zones produce larger
probabilities but at lower velocities. Destructive
collisions require either a large impactor or a
fast collision. This was oversimplified by past
computations, which used one average
probability and velocity.
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In the Koronis Zone (i.e. Zone 3a), we can count
large, distinct sets of collisional rubble, indicating
how many large asteroids have been disrupted in
the zone. This implies a collisional timescale
above a certain size. Then we will adjust an
asteroid-strength parameter so our computed
timescale for large Zone 3a asteroids better
matches our observed timescale. This will refine
our understanding of asteroids’ physical strength.
Comparing collisional timescales with timescales
for other processes will show which loss
mechanism most affects different asteroid sizes.
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Figure 3. Distribution of asteroid albedos for each zone. The average albedo
traditionally used is an insult to the bimodality of the distributions.

Figure 4. Size-frequency distributions computed from each zone’s albedo and
brightness distributions. The differences in shapes indicate distinct collisional
histories.
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