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Introduction:  Planetesimals are the precursors to 

planets, and understanding their formation is an essen-
tial step towards developing a complete theory of plan-
et formation, whether it be that of our own solar sys-
tem or of the many extrasolar planetary systems dis-
covered in recent years. Furthermore, a detailed under-
standing of planetesimal formation is necessary for 
explaining the observed properties of asteroids and 
Kuiper Belt objects. 

Traditional theories attempt to explain planetesimal 
formation from a “bottom-up” approach; small parti-
cles (e.g., dust grains) continually grow upward in 
mass and scale, finally reaching gravitationally bound 
objects.  For these small solid particles to coagulate 
into planetesimals, however, requires that these parti-
cles grow beyond centimeter sizes; with traditional 
coagulation physics, this is very difficult [1,2]. The 
streaming instability [3,5], however, generates suffi-
ciently dense clumps of these smaller constituents that 
the mutual gravity between the particles eventually 
causes their collapse towards planetesimal mass and 
size scales.   

Results:  Here, we present a series of high resolu-
tion, first principles numerical simulations of pro-
toplanetary disk gas and dust to examine in detail, the 
formation of planetesimals and their resulting size fre-
quency distribution.  We find that their differential size 
distribution can be well-modeled as a power law with 
power law index -2.8.  This equates to a top-heavy 
distribution, with most of the mass in the largest ob-
jects (see Figure 1).  This power law index is robust to 
resolution, initial particle size and concentration, rela-
tive strength of gravity to tidal shear, and conditions 
prior to collapse.  We present tentative evidence that 
this universality can be tied to the power spectrum of 
particle mass density prior to collapse.  
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Figure 1 - The initial differential planetes-
imal mass function derived from simula-
tions with different particle Stokes num-
bers, τ, and concentrations, Z. The simula-
tion with the smallest particles (τ = 0.006, 
red) forms a significantly smaller total 
mass of planetesimals during the duration 
of the run, but no significant differences in 
the slope of the derived mass function are 
observed. The best fit power law is over-
plotted as dashed lines. (This figure is a 
modified version of Fig. 2 in [4]). 
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