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Introduction:  Size-frequency distributions 

(SFDs) are important diagnostic tools in understanding 
the results of a wide range of fragmentation events 
because (1) the overall shape of the SFD (average 
power-law slope index, size of largest remnant vs. 
smaller debris, etc.) characterizes the nature of the 
impact (catastrophic vs. cratering, size/speed of impac-
tor, oblique vs. head-on) and (2) detailed features of 
the SFD (sizes at which slope changes occur, etc.) can 
offer important clues to internal structure (e.g., charac-
teristic size of chondrules or other structural sub-
units). 

Here we investigate the morphology of size-
frequency distributions resulting from impacts into 
100-km diameter parent asteroids, represented by a 
suite of 160 SPH/N-body simulations conducted to 
study asteroid satellite formation [1], and compare 
these modeled SFDs with those of observed main-belt 
asteroid families. 

Model Description:  We model the collision phase 
of cratering and catastrophic impacts between two 
asteroids with the 3-dimensional SPH code SPH3D 
[2], which models shock propagation in elastic solids, 
utilizing a plastic yield criterion for intense deforma-
tion together with an explicit fracture and dynamic 
fragmentation model acting on the principal tensile 
component of the stress tensor during brittle deforma-
tion.  Gravitational self-compression of the target dur-
ing the impact phase is treated as an overburden stress 
that must be exceeded before fracture can initiate [3].  
We utilize a Tillotson equation of state model [4] for 
basalt.  Once the impact phase of the simulations is 
complete (ejecta flow fields established with no further 
fragmentation/damage), the outcomes of the SPH mod-
els are handed off as the initial conditions N-body 
simulation using the code pkdgrav [5-7].  pkdgrav 
is a scalable, parallel tree code with the ability to rap-
idly detect and accurately treat low-speed collisions 
between particles, allowing for realistic modeling of 
the formation of rubble pile accumulations among 
ejected fragments. 

The spherical basalt projectiles range in diameter 
from 10 to 46 km (in equally-spaced mass increments 
in logarithmic space, covering six discrete sizes), im-
pact speeds range from 2.5 to 7 km/s (generally in 1 
km/s increments), and impact angles range from 15° to 

75° (nearly head-on to very oblique) in 15° incre-
ments. 

 
Figure 1. Examples of the size-frequency distributions 
(SFDs) of fragments resulting from SPH/N-body simulations 
of impacts between asteroids, suggesting the range of mor-
phologies represented in the full suite of results.  Cumulative 
number of fragments is plotted versus fragment diameter for 
impacts with a 30º impact angle; impactor diameter increases 
from 10 km to 46 km top to bottom; impact speed increases 
from 3 km/s to 7 km/s left to right. 

Results and Discussion:  The fragment SFDs re-
sulting from the suite of 160 SPH/N-body simulations 
display a wide range of morphologies (Fig. 1).  For a 
given impact speed, the shape of the SFD tends to be 
more ‘concave’ for the smallest impactors (cratering 
events) and more ‘convex’ for the largest impactors 
(supercatastrophic disruption).  At the transition point 
where ‘concave’ cratering SFDs begin to transform 
into more linear power law SFDs, the largest remnant 
has a diameter of ~20 km.  That transition occurs at 
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smaller impactor sizes for greater impactor speeds and 
at greater impactor sizes for larger impactor angles.  
Impacts that maximize the number of similar-size larg-
est remnants (at ~20 km) occur at impact speeds of 6–7 
km/s with 25–34 km diameter impactors; larger impac-
tors at higher speeds are required to achieve the same 
results for oblique impacts as for smaller impactors at 
lower speeds impacting more nearly head-on.  The 
SFDs with the very shallowest slopes overall derive 
from impacts at about 4–6 km/s with 25–34 km diame-
ter impactors. 

A visual inspection of the complete suite of simula-
tion results shows that these modeled SFD morpholo-
gies match very well the variety of observed SFDs of 
actual asteroid families.  Our modeled SFDs can be 
used to estimate the parent body sizes of observed as-
teroid families by plotting the (morphologically match-
ing) modeled SFD and the observed family SFD to the 
same scale on the same plot.  Recalling that the mod-
eled family assumed a 100-km diameter parent body, 
the resulting largest remnant and SFD of associated 
smaller fragments may need to be offset to the left or 
right of the plotted SFD to match the observed SFD, 
suggesting a larger or smaller parent body for the ob-
served family, respectively.  The magnitude of this 
offset in logarithmic units yields the factor increase or 
decrease in the diameter of the actual family parent 
body from the 100-km diameter parent body of the 
modeled family. 

 
Figure 2.  Comparison of the observed size-frequency 
distribution (SFD) for the (1726) Hoffmeister family with the 
modeled SFD resulting from the impact of a 14-km diameter 
impactor at 7 km/s at an angle of 45º into a 100-km diameter 
target.  A shift to the right by a factor of ~1.26 suggests that 
the parent body of the family had a diameter of ~126 km. 

We illustrate this for the case of the (1726) Hoff-
meister family (Fig. 2).  Visual comparison of the fea-
tures of this family’s SFD (size of largest remnant, 
largest remnant size to second-largest remnant size 
ratio, overall shape and slope index, etc.) with those of 
several similar modeled SFDs yields rough agreement 

with several models in our suite of simulations and 
best agreement with one – a 14-km diameter impactor 
striking at 7 km/s with an impact angle of 45º (a super-
catastrophic disruption resulting in a ~20-km diameter 
largest remnant).  Shifting the modeled SFD to the 
right by a factor of ~1.26 results in a very good match 
to the observed (1726) Hoffmeister family SFD, sug-
gesting that that family resulted from the supercatas-
trophic breakup of a ~126-km diameter parent object.  
Note that this parent body size is considerably larger 
than the ~69-km diameter parent body size derived by 
merely summing the volume represented by the ob-
served family members; significant discovery incom-
pleteness at diameters smaller than about 10 km misses 
much of the mass in this family. 

A similar analysis is underway for other families.  
Our preliminary results suggest that previous studies 
[e.g., 8] may in some cases have significantly underes-
timated parent body sizes. 

We find that there are ~20 families produced by 
catastrophic breakups in the main belt from parent 
bodies with diameters larger than 100 km, twice as 
many as previous estimates [8].  More specifically, if 
we break the main belt SFD into logarithmic size bins, 
with bin centers at D = 123.5, 155.5, 195.7, 246.4, 
310.2, and 390.5 km, the incremental number of fami-
lies in each bin is 5, 5, 5, 1–2, 1, and 1, respectively.  
Note that these values do not include sub-catastrophic 
disruption (i.e., cratering) events.  Because asteroid 
proper elements used for identifying families may only 
be valid out to the time of the so-called late heavy 
bombardment (~3.9 Ga), we believe no family is older 
than 3.9 Ga. 

Large families are important constraints for aster-
oid collisional models because: (1) all such families 
are now believed to have been identified and (2) they 
cannot be ground away by collisions nor dispersed by 
Yarkovsky thermal drift forces over 3.9 Gy.  Applying 
this constraint to collisional evolution models of the 
main asteroid belt, [9] found they were driven to aster-
oid disruption scaling relationships consistent with 
recent hydrocode simulations [10]. 
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