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S. OKAMURA, N. OHYABU, N. KAWASHIMA and T. YOKOTA

Abstract: An experiment is performed to study the magnetic energy dissipation
and ion heating in a magnetic neutral point discharge which is related to both
" an explosive energy dissipation in space plasma phenomena and the ion heating
in thermonuclear fusion research. A plasma current sheet is created by exciting
"a plasma current along the magnetic neutral line of a two dimensional
quadrupole magnetic field. A sudden anomalous increase of resistivity is observed
which results in fast energy dissipation and strong plasma heating. The sudden
increase of the plésma resistivity appears earlier and its magnitude increases
as (i) the plasma density is decreased, (ii) the discharge plasma current is
increased, or (iii) the external quadrupole magnetic field is increased. The
electron temperature is measured from the absorption method of X-ray and
the ion temperature from the electrostatic energy analyzer. When the éharp rise
of the resistivity appears, the electron and ion temperature rise abruptly up to
~ several keV range within 0.54 sec and about 109 of the initial energy stored
in the capacitor for the plasma current excitation is converted into the ion
thermal energy. This strong and efficient ion heating cannot be explained by a
simple ‘classical process andv the role of turbulent waves should be important.
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Fig.l1 Schematic layout of the experiment.
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Fig.2 Time sequence of experiment.
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. Fig.3 Appearance of the anomalous resistivity in the plasma sheet,
The upper trace is the signal of the plasma current(Ip) (8kA/div).
The lower trace is the signal of the voltage between two meshed
electrodes (2kV/div).Sweep:1 ysec/div. The charging voltage on
the capacitor (2.5u4F) for the plasma current excitation Vp=95kV,
the conductor current (which creates the external quadrupole mag-
netic field) I¢=10kA/rod, hydrogen plasma the initial plasma
density ng=1X10!'3/cm®. '
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Fig.4 Signal of the hard X-ray and
the high energy ions
a) the voltage(Vp)between the
two electrodes.
b) X-ray signal from a Nal
scintillater.
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Fig.5 Energy spectrum of the

ejected ions. The charging
voltage on the capacitor for
the plasma current excita-
tion Vp=18kV, the conductor
current (which creates the
external quadrupole mag-
netic field)I~=15kA/rod, the
initial plasma density

¢) ion signal from an electro- no
static energy analyzer.
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~Fig.6 Dependence of ion heating on the initial plasma densnty ng.
. T;* :.the average energy of the ejected ions.

E-— is taken as ordinate. The charging voltage on the capacitor

dE

for the plasma current excitation Vp= 13kV, the conductor current
Ic=15kA/rod, hydrogen plasma.
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Fig.8 Dependence of the average energy
of the ejected ions(7;*) and the
Ned
ratio on the chargin olt~
¥ (Ta )« ging v
age Vp on the capacitor for the plas-
n&a current excitation, The ratio
Fig.7 Dependence of the ratio (—‘:’L) is the ratio of the number
of the number of ejected of ejected ions during the heating
ions during the heating time to that of ions in the ini-
time to that of ions n tial plasma. The conductor current

ed) (which creates the external quad-
rupole magnetic field) Ic=11kA/rod,
initial plasma density no=7X10'%
cm® and hydrogen plasma. is used.

the initial plasma(

on the initial plasma den- )
sity. The experimental con-
dition is the same as that
of Fig. 6.
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Fig. 9 Dependence of the average energy of ejected ions (T;*) on the ex-
ternal magnetic field. The experimental conditions of the upper
curve are . the charging voltage on the capacitor for the plasma
current excitation Vp=17kV and the initial plasma density n =2 X
10'3%/cm®. Those of the lower curve are : the charging voltage Vf=10:5
kV, initial plasma density injected from the gun no =5.5 X 10'%/cm®
and the initial hydrogen filling pressure Pp =7.6 X 10™* Torr.Hy-
drogen plasma is used in both cases and a neutral hydrogen gas is
filled with the vessel in advance before the plasma current exci-
tation in the case of the lower.
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