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Introduction: There are two major models for the planetesi-

mal formation: one is the growth of dust aggregates through mu-
tual sticking by nongravitational forces [1], and another is the 
gravitational instability (GI) of the dust layer in a protoplanetary 
disk [2, 3, 4]. Previous two-dimensional numerical simulations of 
the GI [5] investigated the process that the dust layer fragments 
into rings circling the central star; based on assumption that the 
dust layer is axisymmetric with respect to the rotation axis. How-
ever, three-dimensional simulations including the azimuthal di-
rection are needed to obtain a planetesimal size distribution. For 
the first step of this aim, we study numerically the growth of GI 
including motion in the azimuthal direction and estimate an ini-
tial planetesimal size. 

Model: We construct a two-dimensional thin disk model of 
the dust layer, in which coordinates in the radial and azimuthal 
directions on the midplane are taken as independent variables. A 
computational region is a local square with the length of each 
side being 80,000 km at 1AU. Assuming the dust and gas couple 
firmly by the mutual friction, we neglect the relative velocity be-
tween the dust and gas parallel to the disk plane, i.e., groups of 
the dust can be treated as a fluid. In addition, we take account of 
the dust settling by using an analytic solution of dust spatial den-
sity growth. The radius and the material density of the dust are 
assumed to 0.03m and 3000kg/m3, respectively. 

Results: We find that the GI grows nonaxisymmetrically in-
dependent of initial dust spatial density. Consequently, the trail-
ing waves break into a number of dense clumps, which may re-
sult in planetesimals of the order of 1016kg. If the planetesimals 
are spherical, their diameter would be on the order of 10km. 
These results are comparable with the values estimated previ-
ously assuming an axisymmetric mode grows first [2, 3, 4].  
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