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Introduction: Smoothed-particle hydrodynamics 

(SPH) codes and discrete element granular codes each 
have distinct methodologies and handle different 
physics; thus they have correspondingly distinct 
physical regimes where they are applied. SPH codes 
treat the media as continuous (smooth transitions 
across space), typically handle shock physics, and 
often keep an account of internal energies, 
temperatures, phase-transitions between states, etc. 
This makes them suitable for use in computing the 
outcomes of high-energy, supersonic collisions. They 
are less appropriate for systems that include sharp 
transitions in density or energy or to low-energy, long-
run granular dynamics problems where subtleties of 
different frictional effects are important. This latter 
regime is precisely where the soft-sphere discrete 
element method (SSDEM; [1]) is most appropriately 
used. Software advances aided by increases in 
available processing power have allowed users to push 
the boundaries of the regimes where these particular 
numerical strategies can be suitably applied. This is the 
case for both SPH and SSDEM [2,3], and, currently, 
there are transitionary regimes where each can be used 
appropriately despite their distinct methodologies. 

The concept of catastrophic disruption—the 
threshold energy required to disrupt and disperse 50% 
of the initial mass to infinity—has been effectively 
used as a benchmark criterion between certain 
continuum and discrete element codes [4-6]. Here we 
look at multiple criteria, beyond the catastrophic 
disruption threshold, by examining in detail outcomes 
of a small set of particular disruption/reaccumulation 
scenarios. 

Approach: Schwartz et al. [7] used both SPH and 
SSDEM to show that catastrophic disruptions of TNO- 
and KBO-like bodies can produce bilobate cometary 
aggregates consistent with Rosetta spacecraft data of 
Comet 67P/Churyumov-Gerasimenko [8]. The 
procedure, simplified here but detailed in [7], consisted 
in computing catastrophic disruptions of bodies close 
to 10 km in size at a range of impact speeds using SPH 
[9], then taking the post-disruption state and 
computing the gravitational reaccumulation phase 
using the SSDEM implementation [10] in N-body code 
pkdgrav [11,12]. 

The low-speed impacts computed in SPH are well 
within the regime suitable for pkdgrav, and so we are 

now running these using only SSDEM in order to 
assess similarities and differences in outcomes using 
the two procedures. We will present a comparison that 
will include remnant sizes, shapes, spin-states, velocity 
dispersions, etc. Consistency of the two procedures 
depends on differences in how the codes compute the 
collision and the material parameters of the two codes, 
respectively; this includes an accounting for the 
treatment of pore-crushing in [13]. Additionally, this 
study also gives us insight into the procedures 
employed to translate the SPH code into our granular 
code, crucial to many ongoing studies (e.g., [3, 
14,7,15]). We will also present on much needed direct 
comparisons between SPH parameter values and their 
corresponding pkdgrav parameter values. 

Predictive collision models: This study serves as 
an early step toward the goal of refining appropriate 
transition regimes for these distinct numerical 
approaches and ensuring that the methodologies and 
parameter values used are consistent. 

The outcomes of collisions between Solar System 
bodies have typically been characterized by scaling 
laws (in the case of catastrophic disruption-threshold 
scaling, see [16] for a review). Toward a similar end, 
recent advances have been made applying machine-
learning techniques to discern the outcomes of Solar 
System giant impacts. In the case of [17,18], the 
software trained on a certain set of existing impact 
simulations [19] that include the input conditions and 
their quantified outcomes—a high-dimensional 
parameter space. The result is a fully data-driven 
model with the ability to predict the outcomes given 
arbitrary collisions as they occur during the course of a 
Solar System N-Body simulation. 

The predictive power of a scaling law or surrogate 
model of course depends on the accuracy and 
robustness of the data. It cannot reliably predict 
outcomes in a regime outside the training set. The 
outcomes of giant collisions depend primarily on the 
masses, material constituencies, relative speeds, and 
impact inclinations. At smaller sizes (< few × 103 km), 
friction begins to become important and must be 
included as a parameter. At smaller sizes still, and 
dependent on the collisional speeds involved (and the 
desired extent of remnant characterization), frictional 
effects may no longer be accounted for by a single 
parameter and the effects from individual types of 
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friction (e.g., rolling, sliding, “twisting,” and their 
corresponding elastic and plastic components) may 
each need to be accounted for separately. Although this 
expanded parameter space further highlights the utility 
of employing a predictive algorithm, the task 
represents a further challenge in that we must 
understand where the transitions between these 
regimes occur and the appropriate simulation 
techniques to use to generate the expanded training set 
data. 

Studies such as this are therefore crucial to the 
building of a robust database of impact simulations 
that we will use to continually expand the parameter 
space and sophistication of our surrogate models. 
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