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Abstract. We have performed a 2.5D, nonsteady, general-relativistic
MHD simulation. Initially, we assumed a uniform magnetic field, a geo-
metrically thin accretion disk rotating at Keplerian velocity, and a hydro-
static corona around a Schwarzschild black hole. We have investigated
the formation mechanism of gas-pressure driven jets expected by Koide

et al. and found the strong dependence of jet velocities (y; = 1/,/1 — V]?;

Lorentz factor of jets) on the ratio of the density of the accretion disk to
that of the corona (pa/pc), where v} — 7; o (pa/pc)® ™.

1. Introduction

Many numerical MHD simulations have been performed to explain astronomi-
cal jets (e.g., Uchida & Shibata 1985; Shibata & Uchida 1986). Among these
jets, AGN jets have a very high velocity (nearly the speed of light), and there is
evidence of the existence of supermassive black holes (~ 108Mg) in the central
regions of AGNs. Hence, general-relativistic effects are important in the forma-
tion of AGN jets, and a general-relativistic MHD (GRMHD) simulation must be
carried out to model AGN jets. Koide, Shibata, & Kudoh (1998) have succeeded
in performing a nonsteady, GRMHD simulation of jets for the first time. In their
results, jets have 2-layered structures which consist of magnetically driven jets
and gas-pressure driven jets. The latter jets are characteristic features in their
GRMHD simulation. Their velocities reach about 90% of the speed of light.
In this paper, we have investigated the properties of gas-pressure driven jets
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Figure 1.  (a) Density (grey scale), magnetic field lines (white lines),
and poloidal velocity vectors (arrows) are shown. There are a black
hole (black quarter circle at lower-left corner) and an accretion disk
(the high-density region at the equatorial plane). The unit of length
is rg, the Schwarzschild radius. (b) The velocity (Lorentz factor; -y;)
dependence on the ratio of the density of the accretion disk (pg) to that
of the corona (p.). The abscissa is pg/pc, and the ordinate is 'y]z— Y;-

in detail by performing a GRMHD simulation for the case of a Schwarzschild
(nonrotating) black hole.

2. Results

Figure la shows the density contour plot after about one rotation of the Ke-
plerian disk at (r,z)=(3,0). Magnetically driven jets are accelerated by the
magnetic force. On the other hand, gas-pressure driven jets are accelerated by
the gas-pressure force enhanced by the shocks (at about (r,z)=(2,0)) formed in
the accretion flow from an accretion disk to a black hole. The velocity of the
latter jets are much higher than those of the former jets, in our results. To ex-
plain the formation mechanism of AGN jets, we have investigated the properties
of gas-pressure driven jets. Figure 1b shows the dependence of the velocity of
gas-pressure driven jets (7;) on (p4/pc). The dotted line is obtained by least-
square fitting of simulation results (star symbols). In this figure, 7]2 — 7; means
specific kinetic energy in the Newtonian case (%ij), and it shows the depen-

dence of 77 — 7; (pa/ pe)®™. We can explain this dependence by considering
the formation mechanism of gas-pressure driven jets.
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