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Interactions between activity of X-lines and motion of a magnetic island
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Abstract:

Magnetic reconnection is the physical process to convert magnetic energy into thermal
and kinetic energy of plasma particles in a short time. This process is observed in
various places in space plasma, and has been studied mainly by numerical simulations.
In most of these studies, the models of reconnection with single X-line are used.
However, it is believed that magnetic reconnection can be triggered at multiple X-lines
on a long and thin current sheet, and mature with magnetic islands.

Recently, it is proved that when multiple magnetic islands are formed on a current
sheet, one large magnetic island is finally formed between two X-lines after magnetic
islands coalescences. However, the time evolution of this double X-line state has not
been studied in past simulation studies.

In this study, I have investigated the time evolution of a magnetic island formed
between two X-lines in an open system with two-fluid simulations. I have found that
unbalance between two X-lines causes magnetic island acceleration toward the weaker
X-line, and the activity of weaker X-line still weakens with the magnetic island motion.
Moreover, it is suggested that the well-known single X-line structure can be lead by
further acceleration of the magnetic island.

In this study, I have also examined the time scale of the maturing process of the
double X-line structure into the single X-line structure by making a model of time
evolution of X-lines and the magnetic island. It is estimated by this model analysis that
the time scale is proportional to 1.4-1.5 power of the initial size of the magnetic island.
This result suggests that the double X-line state is the main phase of a reconnection

region maturing process when the current sheet is sufficiently long.
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