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Recent Progress in Magnetospheric Reconnection Study
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Abstract

This article reviews recent progress in magnetospheric reconnection study. With the establishment of the
presence of reconnection and its importance in the magnetospheric dynamics, recent interest is shifting to
understanding how reconnection occurs and develops in the magnetotail and at the magnetopause. Instru-
ments onhoard new space-crafts launched in the 90's such as Geotail (Japan-US mission) are providing us with
data of unprecedented high quality. These data enable us to inspect the ion particle dynamics within a recon-
nection jet and to resolve ion inertia scales in the proximity of a reconnection site. Combining these observa-
tional findings with simulation studies, we have come to realize the significance of ion scale phenomena in
MHD scale reconnection, The best example would be the role of Hall-current loops surrounding a reconnec-
tion site in enabling fast reconnection to proceed. Having summarized the present status as above, two criti-
cal issues for the future are suggested: Understanding cross-scale coupling down to the electron scale, and
generalizing the conclusion regarding the MHD-ion scale coupling obtained for the Earth's magnetosphere
to other situations such as the solar corona, where the difference between the two scales is extremely large.
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Schematic drawing showing how dayside reconnection
with southward interplanetary magnetic field initiates con-
vection offield lines in the magnetosphere. The circulation
is completed by the other reconnection in the distant tail
that brings field lines back to the dayside [1}].
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Fig.2 Cbservations of large scale quasi-steady dayside recon-
nection under steady southward interplanetary field. Re-
connection is identified to be operative close to the dawn
terminator by two spacecrafts which are 3 Earth radii azi-
muthally apart from each other. Well documented high oc-
currence probability of reconnection at the subsolar region
for southward interplanetary field suggests that the length
of the reconnection line is not only comparable to 3 Earth
radii but should be extended all the way to the noon. From
the symmetry argument, it must have further extended to
the dusk terminator [2].
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Fig. 3 Geotail spacecraft observations of ion particle dynamics within a reconnection jet. In the middie of the jet where strongly south-
ward directed field lines are convecting tailward, counter-streaming ions are detected. Because of the collisionless nature of the
magnetospheric plasma, the ions forming the jet are by no means constituting a Maxwellian velocity distribution whose center is
shifted to the velocity of the jet. Reproduction of this feature by a particle simulation enables us to pin down the ion dynamics that

results in this peculiar distribution function shape.
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Fig. 4 The Hall current loop in the proximity of the reconnection
region. Within the ion-electron decoupling region, ions are
stagnant while electrons are flowing-in vertically and
flowing-out horizontally. These facts result in the current
loop within the plane and the magnetic field component
out of the plane.This Hall effect makes the structure of the
out-flow region (the out-flow velocity and the width) to be
related to the property of the in-flow, and thus resolving the
“choking™ problem that makes the Sweet-Parker model
to result in slow reconnection [15].
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