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ASTEROID COLLISION FREQUENCIES: VARIATIONS IN SPACE AND TIME. 
D.R. Davis (Planetary Science Institute, Tucson AZ), P. Farinella (Universita' di Pisa, Pisa, Italy), 
and M. Carpino, Osservatorio Astronomico di Brera, Milano, Italy) 

We investigate the variation across the main asteroid belt of the collision rate and impact 
speed for a complete sample of large (D >50 km) asteroids. Collision rates and velocities are 
fundamental to studies of asteroid collisional evolution and most such studies to date have been 
based on simple, approximate estimates of the intrinsic collision probability, Pi obtained by applying 
a particle-in-a-box model (PIAB), that is by assuming that all bodies are homogeneously distributed 
in an interaction volume, W, where they can move freely between collisions with their own random 
speeds. For any pair of bodies, the average number of collisions in a time interval At can be easily 
estimated as AVAtlW, where V is the average relative velocity and A is the collision cross section (for 
small bodies such as asteroids, neither V nor A are significantly affected by mutual gravity). 
Therefore, we get Pi .: n V/W. From the average values of asteroidal semimajor axes, eccentricities 
and inclinations, one derives the approximate estimates V = 5 km/s and W = km3, and therefore 
the PIAB model gives a mean intrinsic collision probability of about 5 x lo-'' km-2 yr-' for main-belt 
asteroids (Wetherill 1967). 

The basic assumptions of the PIAB model are incompletely satisfied for a set of orbiting 
bodies such as the asteroids. Therefore, several investigators (Opik 1951, Wetherill 1967, Kessler 
1981, Greenberg 1982) developed more rigorous approaches to the problem, while at the same time 
introducing various approximations to keep it mathematically and computationally tractable. 

We are going to systematically apply the algorithm of Wetherill (1967), which provides a 
definite improvement over the PIAB approach and at the same time is simple enough to allow a 
computer program based on it to be run for hundreds of thousands of orbit pairs, in order to explore 
the mutual collision rates among 682 main-belt asteroids larger than 50 km diameter, which is 
approximately the smallest size for which we have a complete sample. Figure 1 shows the variation 
of the intrinsic collision probability across the main asteroid belt based on the osculating orbits of 
our 682 asteroids. Results using proper elements are virtually identical (Farinella and Davis, 1992). 
The mean value of Pi for all asteroids is 2.84k0.64 x 1@18 km-2 yr-'; this is about half of the PIAB 

value given above, as first pointed out by Wetherill (1967). We have calculated Pi using the fiction 
that all asteroids can interact, i.e., that all orbits cross. This, of course, isn't true but this method 
simplifies the calculation of quantities such as collisional lifetime and cratering rates by allowing us 
to use the total asteroid population rather than just the subset of asteroids whose orbits cross that 
of the given target body. Thus, if there are Ns asteroids capable of shattering a target asteroid of 

radius R, then the frequency of shattering impacts is given as P , . R ~ - N ~ ,  where Pa is the mean 
intrinsic collision probability for the target asteroid. Figure 2 gives the variation in mean impact 
speed across the asteroid belt; the mean value is 5.8621.81 kmls and shows very little variation with 
semimajor axis for our asteroid sample. 

We also investigated the temporal variation by integrating the orbits of 223 asteroids larger 
than 100 km diameter for 50,000 years and computing the mean collision rate; Figure 3 gives these 
results. There is essentially no variation in the mean collision rate over our sample of 223 asteroids, 
although collision rates for individual asteroids can show large variations. 

Collision rates and velocities for the largest member of four popular families were computed 
for both the background asteroid belt and for intrafamily collisions. Table 1 gives these results, and 
we feel that the intrafamily collision rate is substantially higher than that with nonfamily asteroids, 
although the collision speed is relatively low for the Themis and Koronis families. 
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Figure 1. Running box mean with 2 la variation in the intrinsic collision probability as a function of semimajor 
axis. The running box contains 10% of the total sample population of 682 asteroids. Osculating elements were 
used for this and the following figures. Units of intrinsic collision probability are 10-l8 km-2 yr". 

References: (1) Wetherill, G.W. (1967). J. Geophys. Res. 72,2429-2444. (2) opik, E.J. (1951) Proc. 
Royal Irish Acad. 54A, 164-199. (3) Kessler, D.J. (1981). I c a m  48,39-48. (4) Greenberg, R. (1982). 
Astron. J. 87, 184-195. (5) Milani, A., et al. (1990). I c a m  88, 292-335. (6) Farinella, P. and 
D.R. Davis (1992), submitted to I cam.  

Figure 2. Running box of the mean impact speed 
with semimajor axis. 

4.0 

3.7 

g 3 . 4  - 
3.1 

e 
2.8 

c 

s2.5 - 
- .  - 
5 2 . 2  
U 

- - g n 1.9 1.6 

- 
1.3 

1.0 

Figure 3. Mean intrinsic collisional probability 
for 223 large asteroids as a function of time. 
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Table la. Average intrinsic collision rates, average collision velocity, and number of crossings of the largest 
members of the four most populous asteroid families with all other asteroids >50 km, using proper elements. 
Table lb. Same as part (a) except that the averages and standard deviations have been computed using a 
sample of the 30 lowest-numbered family members, and using osculating orbital elements. 
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158 Koronis 
221 Eos 

Largest Family 
Asteroid 

15 Eunomia 

Part b 

4.12 
3.06 

Collision Rate 
1 ~ ' ~  w2 yrS1) 

6.18 

Part a 
Velocity & Standard 
Deviation ( W s e c )  

6.322 2.50 

Collision Rate 
1 0 - 1 8  km-2 yil) 

3.17 

4.38 + 1.70 
5.322 1.22 

Velocity & Standard 
Deviation (km/sec) 

6.1021.16 

13.5 
5.41 

1.5220.28 
4.422 2.04 


