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ABSTRACT. I critically discuss three possible MHD mechanisms for the formation 
of Galactic center lobes (GCL) found by Sofue and Handa (1984) from the theoretical 
point of view. The three mechanisms I shall discuss are: (1) sweeping-magnetic-twist 
mechanism, (2) explosion in a disk with a vertical magnetic field, and (3) nonlinear 
Parker instability. I review the characteristics of these mechanisms, which are mainly 
obtained from nonlinear 2D MHD numerical simulations, and discuss their merits 
and demerits as possible mechanisms for the formation of GCL and related magnetic 
structures. 

1. I n t r o d u c t i o n 

Sofue and Handa (1984) found a prominent radio lobe with a size of about 200 pc 
above the center of our Galaxy. This Galactic Center Lobe (hereafter, referred to as 
GCL) has an Ω shape, or a hollow cylindrical shell structure, and seems to emanate 
from the Galactic center HII gas disk. Sofue and Handa suggested that the GCL 
may be a low energy prototype of radio jets observed in active galaxies and quasars, 
and discussed three different models for the GCL: (1) jets driven by magnetic-twist, 
(2) blast shell due to explosion, and (3) magnetic loop produced by Parker instability. 

On the other hand, the vertical branch of the 'radio arc' is located just along the 
extension of the eastern ridge of the GCL, and shows a significant filamentary struc-
ture suggesting some effects of a strong magnetic field (Yusef-Zadeh et al. 1984). 
This suggestion, especially the presence of strong poloidal magnetic field, was con-
firmed later by observation of radio polarization (Inoue et al. 1984; Tsuboi et al. 
1985). 

Here, I will review some attempts to model the GCL and related magnetic 
structure, such as the radio arc. In these attempts, the three different mecha-
nisms discussed by Sofue and Handa (1984) have been studied using nonlinear two-
dimensional (2D) MHD numerical simulations. 

2. Sweeping-Magnet ic -Twist Mechani sm 

Uchida, Shibata and Sofue (1985) proposed an MHD model for the GCL in which 
the gas in the GCL is lifted up from the HII gas disk by the J χ Β force in relax-
ing magnetic twists, which are generated by the interaction of the rotation of the 
contracting disk with the poloidal magnetic field. This model is based on the MHD 
model for astrophysical jets developed by Uchida and Shibata, referred to as the 

3 1 3 

M. Morris (ed.), The Center of the Galaxy, 313-317. 
©1989 by the IAU. 

https://doi.org/10.1017/S007418090018667X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090018667X


314 

f-2.54 τ 

Fig. 1 The sweeping-magnetic-twist model for the GCL (Uchida, Shibata, 
Sofue 1985) . (a ) the poloidal velocity vector overlain on the density contour, 
(b) the poloidal magnetic field lines. 
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Fig. 2 The three-dimensional view of magnetic fiel lines in the sweeping-

magnetic-twist model for astrophysical jets (Shibata and Uchida 1988, in 

preparation). 
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sweeping-magnetic-twist mechanism (Uchida and Shibata 1985, 1986; Shibata and 
Uchida 1986, 1987). This is a non-steady mechanism but includes the magnetic-
centrifugal-wind from the disk (Blandford and Payne 1982; Pudritz and Norman 
1983; Lovelace et ai 1987) as a special (steady) version. 

The result of their 2D axisymmetric MHD simulation (Fig. 1) agrees well with 
some basic observational facts about the GCL; cylindrical shell structure of the 
GCL, and polarization features indicating that the line-of-sight component of the 
magnetic field reverses direction above and below the Galactic plane. The latter is 
naturally explained as the helically twisted magnetic field lines which are pulled by 
the rotation of the disk (Fig. 2). 

However, some problems remain. One is the predicted curvature of the poloidal 
field (hourglass-shaped configuration caused by the accretion of gas). Actual poloidal 
fields seem to be almost vertical to the Galactic plane. The other concerns the point-
mass gravitational potential which Uchida et ai (1985) assumed. In the actual 
Galactic center region around r ~ 10 — 100 pc, the rotation curve is not Keplerian 
but is nearly flat (e.g. Oort 1977). 

Thus, Shibata and Uchida (1987) extended the model by Uchida et al. (1985) 
to that in a flat-rotation potential (FRP) suitable for the Galactic center region. 
Their results have shown that the basic mechanism works as well, but the velocity 
of the jet in FRP is much smaller than that for the point-mass-potential for the 
same parameter values, although the poloidal magnetic field agrees better with the 
observed configuration. In order to produce a prominent jet in FRP similar to 
the GCL, the initial rotational velocity of the disk should be much less than the 
rotational velocity in the centrifugo-gravitational equilibrium. Since the magnetic 
braking is not so efficient for Β < 40/iG to produce such a small rotational velocity, 
this means that the angular momentum of the disk must be removed by other 
processes (e.g. gravitational torque) before the disk contracts to the radius of 50-
100 pc (Shibata and Uchida 1987). 

3. Explos ion in a Disk with a Vert ica l M a g n e t i c Fie ld 

Umemura et ai (1988) studied the propagation of MHD shock waves through a 
Galactic nuclear disk (r ~ 100 pc) with a vertical magnetic field. This model is 
an extended version of the non-magnetic explosion model of Sofue (1984). The 
model with parameters of Β ~ 40^G and explosion energy ~ 2 χ 105 3erg reproduces 
observed characteristics of the GCL (Fig. 3) such as the nearly vertical field lines in 
the hollow cylindrical dense shell. Note that the surface of the shell is not the shock 
front but the contact surface, though the reverse (MHD fast) shock is situated just 
inside the contact surface. The original (MHD fast) shock propagates farther away 
from the shell. These morphological structures are similar to those in the MHD 
model of solar coronal transients (Steinolfson 1985). The origin of the explosion is 
either the explosive mass ejection from Sgr A or the successive supernova explosions 
as a result of bursting star formation in the Galactic center region (r ^ 50 - lOOpc). 
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Fig. 3 The magnetic-explosion model for the GCL (Umemura et al. 1988). (a) 
density contours, (b) velocity vectors, (c) magnetic field lines. 

4. Nonl inear P a r k e r Instabil i ty 

Recently, extending the first 2D MHD numerical simulations of the Parker instability 
by Matsumoto et al. (1988), Shibata et al. (1989) have studied the nonlinear Parker 
instability of isolated magnetic flux initially embedded in afield-free disk. According 
to their results, the nonlinear expansion of the magnetic loop is approximately self-
similar, and the rise velocity of the loop increases linearly with height as long as 
the sum of the magnetic and gas pressures outside the disk is much smaller than 
the magnetic pressure in the loop. By using the appropriate physical parameters in 
the Galactic center region, the rise velocity of the loop at the height of about 100 
pc is estimated to be about 200 km/s. Although the morphology of the loop is not 
very similar to that of the GCL, general features of the simulation may be applied 
to the GCL and the radio arc, and the velocity obtained above may be compared 
with observed values in these regions. Note also the analogy with the solar coronal 
transient: Low (1984) proposed the model where the transients are initiated by 
Parker (magnetic buoyancy) instability. 

5. Conclusion 

(1) The sweeping-magnetic-twist mechanism explains the basic structure of the GCL 
and the toroidal magnetic field configuration. However, some problems remain such 
as the apparent discrepancy between the predicted and observed curvature of the 
poloidal field, and whether the disk dynamically contracted to r ~ 50 — lOOpc with 
small initial rotational velocity or not. This mechanism may be better applied to 
the small-scale (but more energetic) jet emanating from the nucleus (Sgr A ) than 
to the GCL. 

(2) The explosion in a vertical magnetic field reproduces the morphology of both 
poloidal field and shell in the GCL. The remaining problem is what produced the 
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explosion. 
(3) At present, the results of numerical simulation of the nonlinear Parker in-

stability do not better reproduce the observed morphology of the GCL than other 
mechanisms. However, the basic physics of the simulation may be applied to the 
GCL, in particular to the radio arc. 

Finally, it is possible that all three mechanisms work simultaneously in the 
Galactic center region, which makes phenomena very complex and observational 
facts difficult to understand. Key observations which distinguish each of the three 
mechanisms may be observations of the velocity field (rotation around the axis of 
the jet for the sweeping-magnetic-twist model, downflow along the loop for Parker 
instability model), and X-ray emission from a hot ( ~ 10 7 K) gas for the explosion 
model. 
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