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Study of the Particle Behavior Using Local lon Emission
in Magnetic Reconnection
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In order to investigate the particle behavior in the magnetic reconnection, a Doppler spectroscopic system
was developed in the ST merging experimental device UTST. In the measurement using the emission
excited by the accelerated electrons at the X-point, local outflow and temperature were observed.
Describing the radial ion outflow velocity profile at the magnetic reconnection was obtained using the

moving X-point and move of the current sheet.

1. Introduction

Magnetic  reconnection is an  essential
phenomenon in magnetized plasmas in the fields of
solar physics and earth’s magnetospheric research.
As well as the pileup and ejection phenomena, the
guide field reconnection is expected to have some
unique features, the guide field pressure would
sustain inflow pressure to keep wide current sheet,
resulting in MHD scale slow reconnection it would
also provide strong electron acceleration near
X-point region. In the presence of a strong guide
field parallel to the reconnection electric field,
electron acceleration by the reconnection electric
field might become dominant [1]. When the strong
guide field exist, the electron current in the
diffusion region is less likely to be scattered by the
reconnected poloidal magnetic field and can be
accelerated effectively by the reconnection electric
field [2]. In this study, we discuss about the
experimental results of the ion outflow using the ion
Doppler spectroscopy diagnostic with the local
emission by the electron acceleration.

2. Experimental Setup

In the UTST was constructed to investigate the
feasibility of merging startup of high-beta STs
under a more reactor relevant condition with no
internal poloidal field coils [3]. When the magnetic
field lines reconnect, the magnetic energy in the
upstream region is mainly converted to plasma
kinetic energy in the downstream region.

For measure the ion temperature and velocity, a
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Fig. 1. Cross-section view of the UTST device shown
together with the internal diagnostics.

Doppler spectroscopic system was developed using
a PMT array [4]. This system shown in Fig. 2
provide multi point (eight spatial channels)
polychromatic  measurement  with  temporal
response faster than a typical MHD time scale.

3. Experimental Results

Figure 3 shows poloidal flux surface and toroidal
current density during the plasma merging measured
by the magnetic probe array. Two different results
were observed that X-point was moved to inside
and outside by changing the current of the



equilibrium coils. This different results were
observed also in the spectroscopic measurement
shown in Fig. 4. In the UTST reconnection
experiments, intense emission of He Il line was
observed only in the vicinity of the X-point [5].
This localized emission indicates the generation of
energetic electrons inside the current sheet region,
possibly due to the electron acceleration by the
strong toroidal electric field induced by magnetic
reconnection in the presence of a guide field. Using
this emission, the local ion velocity was observed.
However, the reason of the notably observed the
reversed outflow direction in two cases was not
revealed.

In order to investigate these differences, an

additional magnetic probe was developed for
measuring detail magnetic structure near the
X-point.

T )

e el R=120mm 360mm
180mm 420mm
240mm 480mm
300mm 540mm

8x8 multianode
/ AN D itizer
i

entrance slit

Fig. 2. Cross-section view of the UTST device and
schematic view of the spectroscopic system.
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Fig. 3. Poloidal flux surface (contour lines) and toroidal
current density (color coded) during the plasma merging.
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Fig. 4. () He Il line spectra in radial and tangential
views and time evolutions of (b) the ion outflow
velocities and (c) the maximal value of the sheet current.

4, Summary

In the measurement using the emission excited
by the accelerated electrons at the X-point, local
outflow and temperature were observed. Describing
the radial ion outflow velocity profile at the
magnetic reconnection was obtained using the
moving X-point and move of the current sheet.
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