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Structure of Two Component Magnetic Reconnection and the Generation of
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FARPESIRICIT D iR ) a7 voa AEIE LA SRR Eh O

Ryoma Yanai, Akihiro Kuwahata, Michiaki Inomoto and Yasushi Ono
KNFERE, SIEE%5L, Hame, N

Graduate School of Engineering, The University of Tokyo
2-11-16, Yayoi, Bunkyo-ku, Tokyo 113-0032, Japan
HORRFRFRE LR ERERCR L5 T113-0032  FURHD SCR X 7R4E2-11-16

Two different types of magnetic fluctuations were observed during counter-helicity merging experiment in
TS-4. One type of fluctuations had characteristic power spectral density (PSD) lower than 5 MHz. The
other type of fluctuations had distinctive PSD about 7-20 MHz. The fluctuation power of lower frequency
mode was concentrated in the outboard-side downstream region of the reconnection point while the
fluctuation power of higher frequency mode was localized near the X-point. These results suggest that each
of these two modes might relate to energy conversion and reconnection enhancement, respectively.

1. Introduction

Magnetic reconnection is an important
phenomenon in magnetized plasmas because it
leads to plasma heating by released magnetic
energy and global changes of magnetic field
structure. For this reason, magnetic reconnection
is studied not only in space plasmas but also in
fusion plasmas. Intensive numerical and
experimental studies have revealed that the
classical 2-D picture of steady reconnection
cannot interpret true reconnection dynamics in
collisionless regime. There are two unsolved
problems regarding magnetic reconnection; what
mechanism account for fast energy release, i.e.
fast reconnection and what mechanism account
for conversion to kinetic and thermal energy. It is
considered that fluctuations or waves play
important roles in both processes of energy
release and conversion. There are some
experimental studies of fluctuations during
magnetic reconnection. For example, electrostatic
fluctuations were measured on the edge of current
sheet and magnetic fluctuations were measured in
the center of current sheet during null-helicity
reconnection [1,2]. Monochromatic magnetic
fluctuations were also observed inside of current
sheet during magnetic reconnection with a guide
field [3]. Nevertheless, the roles and behaviors of
fluctuations during magnetic reconnection have
not been well understood yet. In this paper,
detailed results from electromagnetic fluctuation
measurement performed in TS-4 counter-helicity
merging experiment will be presented.

2. Experimental setup
Plasma merging device TS-4 was used in this

experiment. TS-4 is a cylindrical vacuum vessel
made of stainless steel and has a diameter of 1600
mm and a total length of 1600 mm (Fig. 1). We can
merge two spheromaks generated by two flux cores
in TS-4 and cause well-controlled magnetic
reconnection. If the polarities of toroidal magnetic
field of spheromaks are the same, reconnection of
only poloidal magnetic field is occurred (co-helicity
merging). If the polarities of toroidal magnetic field
of spheromaks are the opposite, reconnection of
both poloidal and toroidal magnetic field is
occurred  without guide field component
(counter-helicity merging). Global 2-D structures of
poloidal magnetic flux, toroidal current density, and
toroidal electric field are derived by achieved data
from 2-D magnetic probe array which measures
axial and toroidal magnetic fields in r-z plane of
TS-4. L-shaped magnetic fluctuation probe was
employed in this experiment (Fig. 1). This probe
can measure axial distribution of radial and toroidal

Magnetic probes (B, B.)

Acceleration coils r-z plane Separation coils

EF coils o i EF coils

“Ceptercall
(0’3 e

500 Flux cores

0
SCALE [mm] (toroidal coil and poloidal coil)

I,
t
Magnetic fluctuation probe ’\
J z

Fig. 1. An overview of plasma merging device TS-4 and
experimental setup of magnetic fluctuation probe.



magnetic fluctuations with spatial interval of 10
mm. In this experiment, L-shaped probe was
inserted at z = 130 mm to measure the reconnection
event during counter-helicity merging which takes
place on the midplane (z = 0 mm).

3. Experimental results

Magnetic fluctuations were measured during
counter-helicity merging. Fig. 2(a) and (b) indicate
typical magnetic fluctuations measured by L-shaped
probe during magnetic reconnection. Both are
toroidal components. The fluctuation in Fig. 2(a)
was measured at r = 450 mm and the fluctuation in
Fig. 2(b) was measured at r = 550 mm. PSD of each
fluctuation is shown in Fig. 2(c). The fluctuation in
Fig. 2(a) had distinctive PSD lower than 5 MHz
whereas the fluctuation in Fig. 2(b) had distinctive
PSD about 7-20 MHz. Spatial distribution of
magnetic fluctuations was measured by scanning
the L-shaped probe. Left panel of Fig. 3 shows
fluctuation power profile with frequency 0.5-5 MHz
and right panel shows that with frequency 7-20
MHz. It was found that the high frequency
fluctuation was localized near the X-point,
suggesting that this mode is directly excited by
micro scale reconnection physics. On the other
hand, the low frequency fluctuation was significant
in the outboard-side downstream region, which
might be responsible for the plasma heating at the
outflow region.
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Fig. 2. (a), (b) Magnetic fluctuation signals measured by
L-shaped magnetic fluctuation probe in counter-helicity
merging experiment and (c) power spectral density
(PSD) of fluctuation signals in (a) (red) and (b) (blue).
The fluctuation signals between dotted lines in (a) and
(b) were used to calculate PSD (515-535 ps)
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Fig. 3. The fluctuation power distribution of (left) 0.5-5
MHz and (right) 7-20 MHz frequency range measured by
L-shaped magnetic fluctuation probe and poloidal
magnetic flux contour (black line) measured by 2-D

magnetic probe. Orange dots indicate measurement
points and black x-mark denotes the X-point.

4. Summary

We carried out high-frequency probe
measurement to observe magnetic fluctuations
during counter-helicity merging. Two distinct
frequency components were observed during
reconnection. The lower frequency component
was concentrated in  the  outboard-side
downstream region of reconnection site, while the
higher frequency component was localized in
near the X-point. These modes might be related to
the mechanisms of conversion to thermal energy
and fast energy release, respectively.
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