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Introduction:  When large asteroids experience a 

catastrophic impact they can produce a huge number of 
resulting fragments that, with the help of their self-
gravity, can re-accumulate into a family of smaller 
asteroids. Previous research has found that the reaccu-
mulation following collisions can match many proper-
ties of orbit- and spectra-linked asteroid families [1]. 
These events have also been found to produce orbiting 
debris explaining some of the satellites found around 
large asteroids [2]. One of the most important insights 
from these studies is the expectation that all but the 
largest asteroids are likely re-accumulated fragments 
from a previous catastrophic collision [1]. Numerical 
simulations of asteroid collisions typically work in two 
stages. First, a smoothed particle hydrodynamics 
(SPH) code is used to simulate the shock and fracture 
of the target asteroid. Second, a gravitational N-body 
code is used to simulate the gravitational re-
accumulation of the fragments.  Here we explore up-
graded capabilities for accurately transitioning between 
these two stages using alpha-shape modeling. Alpha 
shapes allow us to resolve particle overlaps at the end 
of the SPH stage, reduce the resolution of the simula-
tion to enable faster computation time, and set the 
packing fraction and bulk density of the asteroid before 
the handoff to the N-body code. This technique allows 
us to perform N-body calculations using a soft-sphere 
discrete element method (SSDEM) that can accurately 
preserve the shape and spin information constitutent 
particles as they reaccumulate. 

 
N-body code capabilities: Numerical simulations 

of asteroid collisions typically require two stages. First, 
a hydrodynamics code (SPH) is required to model the 
shock and fracture of a target asteroid. Second, a gravi-
tational N-body code is used to model the gravitational 
reaccumulation of the fragments. We use pkdgrav for 
the reaccumulation stage [3]. Over the years new capa-
bilities have been added to the code that permit differ-
ent choices for handling this stage. The classic ap-
proach treats collisions as perfect-merging events, 
where colliding pairs of particles are replaced with a 
sphere of the combined masses [1]. A recent advance 
with pkdgrav is the SSDEM implementation [4] in 
which particles are permitted to overlap slightly as a 
proxy for surface deformation, and collisions are fi-
nite-duration events mediated by damped 
spring/dashpot restoring and disspative forces. With 
SSDEM it is possible to include much more realistic 

surface forces (static, sliding, rolling, and twisting fric-
tion) and shape effects. 

 
SPH to N-body: Some adjustments must also be 

made to the transfer procedure from hydrodynamics 
collision outcomes to initial conditions for the N-body 
particle code. Since all particles must be kept in the 
simulation, they must be converted from SPH formats 
to physically reasonable particles—meaning masses 
and radii that relate to asteroid-relevant density values. 
Due to the nature of SPH simulations, and the need to 
transfer to a N-body gravity code in less than 1 gravita-
tional time (in those cases where no gravity is modeled 
in the SPH), there can be significant particle overlaps 
when scaled to an asteroidal density.  Previous studies 
[1] used “perfect merging” for a single timesteps to 
handle these particle overlaps. However, this technique 
typically leads to large variations in particle size and 
densities, and physically unrealistic packing structures.  

 
Alpha Shapes: In order to better handle the transi-

tion from SPH to an N-body simulation, we employ the 
use of alpha shapes to obtain a geometric shape model 
of the disrupted core of the asteroid at the end of the 
SPH simulation (see Fig. 1). Alpha-shape modeling [5] 
is a computational geometry technique that enables the 
construction of concave shapes that encompass a set of 
N points in euclidean space. Similar to a convex hull, 
the shape that is generated is a triangulated tiling.  

 

 
Figure 1. End-state of an SPH simulation. A 50 km-
radius asteroid is impacted by an 18 km impactor at an 
impact speed of 5 km/s and an impact angle of 75 de-
grees. This glancing collision creates an irregularly 
shaped core that can be modeled using alpha shapes.  
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Figure 2. A shape model of the asteroid core shown  in 
Fig. 1 using alpha shapes [5].  
 
The "alpha" in the name denotes the single parameter 
the algorithm requires to generate the shape, and it 
reflects the "resolution" of the tiling created. The 
choice of alpha would be linked to the "resolution" of 
the simulation, i.e., the typical particle size in the SPH 
simulation. Once a shape model of the asteroid’s core 
is generated (Fig. 2), it can be used to “carve out” the 
same shape from a procedurarly generated (e.g., hex-
agonal-close-packed or random-close-packed) or 
gravitationally settled particle aggregate, which con-
tains no particle overlaps.  

In this manner, the heavily overlapped particles in 
the SPH-generated core are replaced with non-
overlapping particles. The proposed new technique has 
the following protocol: 

 
1. Isolate “core” from “ejecta”. 
2. Generate a shape model for core. 
3. Generate a particle aggregate through proce-

dural-generation or gravitational collapse. 
4. Use shape model to carve out the aggregate 

into the new resampled core.   
5. Use a nearest-neighbor search to map mo-

mentum from original SPH file to the 
resampled core, while incrementally adding in 
particles from the “ejecta” and resolving over-
laps in the “ejecta” through merging.  

 
In Fig.3 we show an example output of this pipeline. 
This figure highlights the ability of the technique to 
accurately reproduce the velocity distribution of the 
original SPH output. 
 
 

 

 
 

Figure 3. Example of outcome of new technique to 
resample the end-state of an SPH simulation. These 
cases show a 50-km radius target impacted by an 18 
km impactor at a speed of 5 km/s and at an angle of 60 
degrees. The top panel shows the original 400,000 par-
ticle SPH simulation. The bottom panel shows the re-
sult of our new technique: a resampled 50,000 particle 
initial condition with all particle overlaps resolved. 
Each particle is colored by its speed.   
 
This technique enabled a suite of N-body reaccumula-
tion simulations using SSDEM. We studied the de-
pendence of outcomes on the re-sampling resolution, 
and soft-sphere friction and shape parameters.  
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