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MYNBOEST

Collisionless magnetic reconnection is a fundamental process of many
dynamical phenomena with a fast and impulsive energy release observed
in high temperature plasmas, such as solar flares, geomagnetic substorms
and tokamak disruptions. Magnetic reconnection requires some non-ideal
mechanism to break down the frozen-in constraint in a weak field region,
called dissipation region, and thus allows the topological change of mag-
netic field. This process can lead to a sudden release of stored magnetic
energy into particle energy and plasma transport in a large spatial scale.
The fast and impulsive reconnection in collisionless plasmas remains one
of major subjects of plasrha physics and at a hot issue to date. Collision-
less reconnection driven by an external plasma inflow, collisionless driven
reconnection, is one of the potential candidates because reconnection rate
is mainly controlled by external driving conditions. Driven reconnection is
a dynamical process in an open system where there exist energy inflow and
outflow through its boundaries. For an open system with a constant energy
supply, we would expect two ways of time evolution in collisionless driven
reconnection in a long time scale, i.e., steady and intermittent ways. Only
a few particle simulations have so far been carried out to investigate dy-
namical process of collisionless driven reconnection. However, these studies
are restricted to only early growing phase because a periodic condition is
used at the downstream boundaries. Thus, which way the system selects
as an evolution route remains unsolved to date.

In order to to explore long time scale behavior of collisionless driven
reconnection, a full open boundary model is required. We develop a new
two-dimensional particle simulation model for an open system with free
conditions at the downstream boundaries on the basis of the previous ver-
sion. In this model, a free physical condition is used at the downstream
boundary, across which particles can freely go in and out. At the upstream
boundary the driving condition can be uniquely determined by an external
driving electric field which is described by two key parameters, i.e., the
strength Ey and the early non-uniformity scale z;. Based on the newly
developed open model, long time scale evolution of collisionless driven re-
connection is simulated. The simulation results reveal many new features
of collisionless reconnection which help us to understand the physical pro-
cesses of collisionless reconnection. In this thesis, we clarify the mechanism
of collisionless driven reconnection, and the relationship between the driv-
ing conditions and the long time scale behavior of driven reconnection.

The evolution of collisionless driven reconnection depends strongly on

—130—



the external driving electric field. The strength Ej controls the reconnec-
tion rate, while the scale x4 controls the current layer shape and thus the
magnetic field configuration. Tt is found that there are two regimes in the
long time scale behavior of collisionless reconnection which is mainly con-
trolled by the scale x4 in our simulation parameter range, i.e., steady regime
and intermittent regime. In a small z4 case the system evolves toward a
steady regime in which steady reconnection is realized and thus the global
field topology remains unchanged. This is the first results that particle
simulation discloses the existence of steady reconnection. On the other
hands, in a large 4 case the system evolves into an intermittent regime in
which magnetic islands are frequently excited to grow near the center of
the current sheet.

The physical features of the steady reconnection is investigated. The
reconnection rate in the steady regime is determined by the strength of the
driving electric field Ey even if reconnection would be triggered by micro-
scopic particle dynamics. In other words, microscopic scale dynamics in
the current sheet evolves so as to accommodate macroscopic scale dynam-
ics in the surroundings. The dissipation region has two-scales structure
corresponding to both the electron dynamics and the ion dynamics. The
electron dissipation region is dominated by the electron inertia effect which
controls the electron flow velocity through an electrostatic field. The ion
inertia effect is responsible for breaking the ion frozen-in constraint in the
ion dissipation region, while the ion meandering motion plays an impor-
tant role in ion dynamics which controls the spatial structures of plasma
density, ion flow velocity and ion temperature. Although the current is
predominantly carried by electrons, the current layer has the half-width
of the ion meandering orbit scale [,,;. This is because the density profile
is exclusively controlled by the massive ion motion. That is, the global
dynamic process of steady magnetic reconnection is dominantly controlled
by ion dynamics. The electrostatic field generated through a finite Larmor
radius effect is a key to coordinate the motions of electrons and ions. It
leads to electron acceleration in an equilibrium current direction in the ion
dissipation region and ion heating by intensifying meandering motion. Our
results are in good agreement with the recent experimental results in MRX
in the aspects of current layer width and ion heating [Yamada et al., Phys.
Plasmas 7, 1781 (2000), Hus et al., Phys. Rev. Lett. 84, 3859 (2000)].

The dynamical process of collisionless reconnection in the intermittent
regime is studied. The intermittent behavior is found to appear due to
the frequent formation of magnetic islands as a result of the excitation
of an electron microscopic instability. The detailed analysis of simulation
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results reveals that the island growth is caused by the current increase
through the electron trapping in it, and thus the instability is triggered by
electron dynamics. To shed light on the island excitation mechanism in
the intermittent regime, the effect of the driving parameters Ey and x4 on
the current layer structure and the magnetic field configuration has been
explored in the regime of steady reconnection. As Fy increases, the current
layer is similarly compressed, and thus the corresponding magnetic field
configuration is almost unchanged. On the contrary, as x4 increases, the
current layer becomes narrow and flat in shape so that the angle between
the separatrices decreases. The change of the current layer structure leads
to generation of a seed island with spatial size longer than the electron
meandering size in the outflow direction, which is equal to the spatial size of
unmagnetized electron thermal motion. This island grows up by increasing
the electric current through the electron trapping in it. Thus, in a large
x4 case the system evolves into the intermittent regime in which magnetic
islands is frequently formed near the original X point.
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