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Abstract. In a two-dimensional quadrupolar magnetic field geometry,
it is demonstrated that various magnetohydrostatic equilibrium field con-
figurations containing current sheets can be formed either by changes in
thermal properties or by footpoint displacement. The shape of current
sheets depends on the mass distribution in flux tubes. If the mass per
flux tube is maximum at the center of the low-lying bipolar arcades, a
current sheet is formed between these two arcades along the separatrix
line as the plasma temperature (or the shearing footpoint displacement)
is increased above a critical value. If the mass per flux tube is higher in
the outer tubes of the bipolar arcades than in the inner ones, a current
sheet with a sharp downward-pointed tip hanging at a distance above the
bottom boundary is formed when the temperature is decreased below a
critical value. Resistive magnetic reconnection in the latter type current
sheet results in a magnetic island wrapped in dipped field lines, which is
regarded as a plausible prominence field configuration.

1. Introduction

It is widely believed that magnetic reconnection processes are involved in solar
eruptive phenomena, coronal heating and prominence formation. Due to a large
magnetic Reynolds number (~ 10'2-1%) in the solar atmosphere, a very thin
current sheet is considered as a necessary condition of magnetic reconnection.
Except during dynamic phases related to instabilities or magnetic reconnection,
the solar plasma is in a near-equilibrium state because the wave transit time
in coronal magnetic structures is short compared to the time-scale of external
disturbances. When a system parameter is changed continuously in space and
in time, the corresponding equilibrium may not exist in the initially given field
topology, but may be found in a different topology. Under the ideal MHD
conditions, such a transition of topology is inhibited and thus some field lines
collapse to form a current sheet (see, e.g., Parker 1994). In this paper, we have
constructed a sequence of 2D magnetohydrostatic (MHS) equilibria under the
constraint of topology invariance and demonstrated the unavoidability of current
sheet formation as system parameters, such as the plasma temperature and the
footpoint displacement, are varied across critical values. In such current sheet
configurations magnetic reconnection can be triggered by plasma dissipation to

1Presently at Tongmyong University of Information Technology, Pusan, Korea

115

https://doi.org/10.1017/50252921100047400 Published online by Cambridge University Press


https://doi.org/10.1017/S0252921100047400

116 C. Z. CHENG AND G. S. CHOE

form either magnetic islands or an X-point magnetic field topology.

2. Current Sheet Formation by Temperature Change

In the solar corona, the pressure change in a flux tube is more likely to come
from a temperature change than a change in the mass content because the
photosphere is considered to be quite rigid. Thus, we take the invariance of the
mass per flux tube as a constraint and choose the temperature as the control
parameter. A magnetofrictional method (Chodura and Schliiter 1981, Choe and
Lee 1996) is used to to find 2D equilibrium solutions for a given topology.

2.1. Temperature Increase

A quadrupolar potential field solution by Low (1992) is adopted as the initial
configuration so that the density is a function of height only and the mass per
flux is maximum at the center of the low-lying bipolar arcades. We obtained
equilibrium solutions as the temperature is uniformly increased. Since the ex-
pansion of plasma is more effective in the outer flux tubes than in the inner ones,
the resulting pressure profile at the base has a pressure maximum at the center
of each bipolar regions. As the temperature is increased above a critical value,
the plasma pressure gradient pushes out the field lines of each bipolar region so
that a current sheet of a finite length is formed where the field lines from each
bipolar region come into contact (see Figure 1). The lower tip of this current
sheet touches the origin and the current sheet extends along the separatrix.
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Figure 1. Formation of a current sheet by temperature increase. The
field lines and the current density are shown.

2.2. Temperature Decrease

In this case, the pressure is higher in the outer tubes than in the inner ones in
the initial equilibrium. While the potential field subject to the same boundary
condition has an X-point, the initial equilibrium field has none because the
higher mass in the outer flux tubes depresses the system (Low 1992). As the
temperature becomes uniformly lower in the whole atmosphere, the pressure
scale height decreases, and the magnetic field pressure dominates the plasma
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pressure in the upper part of the flux tubes. As the temperature is decreased
below a critical value, the subsequent expansion of field lines creates a tangential
discontinuity. The topology of the current sheet in this case is different from
that in the former case in that a sharp-pointed tip of the current sheet hangs a
distance above the bottom boundary (see Figure 2).
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Figure 2.  Formation of a current sheet by temperature decrease. The
field lines and the current density are shown.

Starting with an equilibrium obtained with the temperature reduced to
1/4 of the initial temperature, we performed resistive MHD simulations while
lowering the temperature. Magnetic reconnection takes place in the current sheet
and a vertically elongated magnetic island is formed in a thin current layer as
shown in Figure 3. The density in the island is found higher than that in the
surroundings. Although the study is based on a 2D isothermal model, it shows
for the first time how a magnetic island can be formed between two bipolar
regions. Such a field configuration was suggested by Malville (in a discussion
reported by Anzer 1979) as a plausible model of prominence magnetic fields.

3. Current Sheet Formation by Footpoint Displacement

We have also studied the current sheet formation by a shearing footpoint motion.
In a complex field topology, the footpoint displacement may not be continuous
even though the shearing velocity profile is continuous. To avoid this trivial case,
we make sure that the footpoint displacement is everywhere continuous. As the
shear is increased in a low § plasma, the two low-lying bipolar arcades expand
outward and expel the magnetic flux belonging to the upper arcade. Above a
critical amount of shear, a current sheet is formed between those two arcades
and also along the separatrix field lines similar to that shown in Figure 1.
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Figure 3.  The field configuration, current density and density varia-
tion resulting from atmospheric cooling with nonzero resistivity. The
magnetic island residing in a current layer should be noted.

4. Conclusion

In this paper, we have shown that formation of a current sheet can be quite
common and ubiquitous in the solar atmosphere with a quadrupolar field geom-
etry. Due to footpoint displacements and thermodynamic changes the system
can evolve to form a current sheet. In addition to the possibility of a current
sheet tied to the bottom boundary, a current sheet can also be suspended above
the bottom boundary as long as a large enough mass exists around its tip. Mag-
netic reconnection in this current sheet can lead to a magnetic field configuration
favorable for prominence formation.
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