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Abstract. We performed 2.5-dimensional, nonsteady MHD numerical
simulations to investigate the acceleration and collimation of magnetically
driven outflows from accretion disks, including the accretion process itself,
consistently. As an initial condition, we used a paraboloidal magnetic
field line that is produced by electric current on the equatorial plane. We
found that the outflow ejected from the accretion disk is collimated by
the pinch effect of the toroidal component of the magnetic field that is
produced by the rotation of the disk.

1. Introduction

The magnetically driven jet is one of the exciting topics of high-energy astro-
physics (Kudoh & Shibata 1995, 1997a, 1997b). Previous MHD numerical sim-
ulations of magnetically driven jets from accretion disks concentrated on the
acceleration mechanism of MHD jets under the assumptions of uniform mag-
netic fields and an isothermal corona as initial conditions (Uchida & Shibata
1985; Shibata & Uchida 1986; Matsumoto et al. 1994; Kudoh, Matsumoto, &
Shibata 1998). In this paper, the initial conditions of uniform magnetic fields and
isothermal corona are relaxed in order to investigate the collimation mechanism
of MHD jets in a large computational region. We used a nonuniform potential
magnetic field as an initial condition, i.e., a paraboloidal magnetic field line that
is produced by electric current on the equatorial plane. Ideal MHD is assumed
under point-mass gravitation without disk self-gravity.

2. Results

Figure 1a shows the color density map and magnetic field lines after about
five rotations of a Keplerian disk at (r,z)=(I,O). The red line shows a stream
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Figure 1. (a) The color density map, magnetic field lines (white
lines), poloidal velocity vectors (arrows), and a stream line (a thick
line). (b) The velocities along the stream line. (c) The angle between
the stream line and z axis.

line. The velocity along the stream line is plotted in Figure lb. The poloidal
velocity of the outflow exceeds the fast magnetosonic velocity as well as the
escape velocity.

In order to show the collimation of the flow, we plotted the angle between the
stream line and z axis as a function of distance along the stream line (Figure 1c).
The angle decreases as z increases, which shows the collimation of the outflow.
The outflow is collimated by the pinch effect of the toroidal component of the
magnetic field that is produced by the rotation of the disk.
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