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Abstract. Using a 2.5-D, time-dependent ideal MHD model in spherical coordinates, we carry
out a numerical study of the equilibrium properties of coronal magnetic flux ropes in a quadrupo-
lar background magnetic field. For such a flux rope system, a catastrophic occurs: the flux rope
is detached from the photosphere and jumps to a finite altitude with a vertical current sheet
below. There is a transversal current sheet formed above the rope, and the whole system stays in
quasi-equilibrium. We argue that the additional Lorentz force provided by the transversal cur-
rent sheet on the flux rope plays an important role in keeping the system in quasi-equilibrium
in the corona.
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1. Introduction

A common conclusion of many numerical studies is that catastrophe exists under cer-
tain conditions. In spherical geometry, however, catastrophe exists for the flux rope sys-
tem with a bipolar background field that may be either partly open or completely closed
(Hu et al., 2003), and the catastrophe amplitude is infinite.

2. Numerical Results

We work out the 2.5-dimensional ideal MHD equations in spherical coordinates(r,0, ¢).
The initial magnetic field is of Antiochos type (Antiochos et al, 1999). The multistep
implicit scheme (Hu, 1989) is used to solve the 2.5-dimensional ideal MHD equations.

In this study, calculations were carried out for different values of the axial magnetic
flux ¢, for a fixed annular magnetic flux ¢, = 0.5. Figure 1 shows the height of the
rope axis h, and the length of the vertical current sheet h. as a function of ¢, for the
quasi-equilibrium states thus obtained. As seen from this figure, for ¢, < 0.0437, the flux
rope remains attached to the solar surface but expands with increasing ¢,. As a result,
h¢ is zero and h, increases slightly with increasing ¢.. For ¢, ~ 0.0438, the two geomet-
ric parameters jump to about 1.7 and 2.6, respectively, implying a catastrophe of finite
amplitude. We show the magnetic field lines at several separate times in Figure 2 for
¢.=0.0437 (Figure 2(A-E))and ¢, =0.0438 (Figure 2(F-J)). For both cases, the original
neutral point changes to a transversal current sheet under the action of the flux rope,
and it provides a downward Lorentz force on the rope. After a temporal evolution of 150
T4 (in Figure 2 7 represents 74), the system as a whole approaches quasi-equilibrium for
both cases. The magnetic rope sticks to the photosphere for ¢, =0.0437, and breaks away
from the photosphere, leaving a vertical current sheet stretching from the photosphere
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Figure 1. Geometrical properties of the coronal magnetic flux rope in equilibrium versus the
axial magnetic flux ¢,. The solid squares and the triangles are symbols of h, and h..
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Figure 2. Magnetic field lines at several times for ¢.= 0.0437(A-E) and ¢.=0.0438(F-J)

to the bottom of the rope for ¢,=0.0438. Besides, the flux rope stands in the corona for
a long time in the second cases, as seen from Figure 2(F-J).

3. Concluding Remarks

This study shows that the system exhibits a catastrophic behavior in response to the
enhancement of the axial magnetic fluxes of the rope, but the catastrophic amplitude is
finite. The flux rope may levitate stably in the corona instead of escaping to infinity. This
forms a striking contrast to the bipolar background field case as discussed by Hu et al.
(2003). A transversal current sheet forms above the flux rope because of the presence of
the neutral point and the subsequent action of the expanding flux rope.We argue that
the sheet provides a downward Lorentz force on the flux rope and thus has made the flux
rope levitate stably in the corona and has made the associated catastrophe be finite in
amplitude.
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