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In this work we present results from simulations of planetesimal collisions in order to gain a greater understanding of protoplanetary formation and planetesimal evolution. Typically, such collisions are divided into two regimes: those dominated by material strength and those dominated by self-gravity. We have conducted a series of numerical simulations of collisions in the gravity regime using a direct N-body method to explain the shape,  topology, and size distribution of gravity dominated asteroids in  our Solar System.  Our previous numerical experiments have been concerned with low-speed collisions between ``rubble piles'', gravitationally bound aggregates of loose material. These experiments shed light on the collisional dynamics of the protoplanetary disk when encounter speeds are comparable to the surface escape speed (about 1 m/s for km-sized planetesimals of 2 g/cc bulk density). Ultimately we seek to find a description for rubble pile collisions that can be implemented in planetary formation simulations.

We have investigated the outcome dependence on spin, impact  parameter, speed, coefficient of restitution, size and density distribution  of the constituent particles, and the internal organization of the constituent  particles. We have done this in order to  systematically increase the complexity and realism of the rubble piles. From the results of these simulations we found that: 1) our rubble piles were relatively easy to disperse, even at low impact speed; 2) the macrodynamics of the rubble pilecollisions is at least somewhat independent of the particle size, density distributions, and their respective internal organization; 3) collisions can change the internal configuration of a rubble pile. This means that having realistic distributions of particle characteristics is relatively unimportant for planetary formation models. Another way to make the collision scenarios more realistic is to vary the impactor sizes. This is importantbecause it is much more likely that a large body in our Solar System will be hit by a smaller body than one of equal dimension since population increases significantly with decreasing size. In an attempt to understand the effect of mass ratio on the collision outcome we present results from a series of mass ratio studies. The experiments include three models of mass ratio 1:3, 1:6, and 1:9. The mass ratio is limited because the smaller body needs to be massive enough to cause damage to the larger body at low speeds. This alone limits the mass ratio to no more than 1:10 from preliminary results with unequal-size impactors in phase one. The collision parameter space has been finely sampled at small speeds and near-grazing impact parameters to investigate the tidal regime. The parameter space includes higher speeds and smaller impact parameters in order  to sample the critical erosion contours. Findings indicate how the critical  disruption curve changes with mass and allows us to compare our results with experiments.

