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1. Introduction

In active massive star forming regions such as Orion and the Galactic center,
the self-gravitational instability of a magnetized gaseous slab plays an important
role as a trigger of star formation. In such high external pressure regions, the
incompressible mode of self-gravitational instability (Elmegreen & Elmegreen
1978; Lubow & Pringle 1992) becomes dominant. Based on two-dimensional hy-
drodynamical simulations, Umekawa et al. (1999) proposed “Star formation by
merging of the Jeans stable clumps” in a pressure bounded slab. In a magnetized
slab confined by external pressure, Nagai et al. (1998) showed by linear analysis
that the slab fragments to filaments parallel to the magnetic field lines. Here,
we show by nonlinear three-dimensional MHD simulations that the filaments
further fragment to Jeans stable clumps.

2. Models and Numerical Results

We use a three-dimensional MHD code in Cartesian coordinates based on a
modified Lax-Wendroff scheme. We used the ICCG (Meijerink & Vorst 1981)
method to implement the Poisson equation for self-gravity. Here we report the
numerical model shown in table 1.

The result of numerical simulations is shown in figure 1. The left panel
shows the magnetic field lines and isosurface of density. We confirmed the ex-
pectation from the linear theory (Nagai et al. 1998) that when external pressure
is large, the magnetized gaseous slab fragments to filaments parallel to the mag-
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Table 1. Model parameters for numerical simulations

Model name B Pext Grids \\%
3 1.0 094 65x33x75 5.0

NOTE: B, Pext, and W are the ratio of thermal to magnetic pressure at mid-plane, external
pressure of the gaseous slab normalized by mid-plane pressure, and length of simulation region
normalized by the linearly most unstable wavelength.
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Figure 1.  Results of numerical simulation of model 3. (Left) The
time evolution, t = 0.0H/cs, 9.0H/cs, 12.0H/cs, and 15.0H /cs, respec-
tively, where H is scale height and ¢; is sound speed. Gray surfaces
show isosurface of density p = 0.94pp9 and white surface is p = 1.0pqg,
where pqq is initial mid-plane density of the gaseous slab. White curves
show magnetic field lines. Vectors show velocity distribution. (Right)
The time evolution of maximum density normalized by pgo.

netic field lines. Subsequently, the filaments fragment to small clumps. These
clumps are not in the collapsing stage, because their mass is smaller than the
Jeans mass. The results of our 3-D non-linear MHD simulation support earler
work based on 2-D linear analysis that star formation proceeds by the merging
of Jeans-stable clumps.
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