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Abstract

We have observed enhanced anomalous resisttifycn) mostly given by large amplitude

lower hybrid fluctuations during the quasistationary current limiting phase of a high-voltage
linear plasma discharge. The instantaneous power spectral density of electric field fluctuations
(>10 kV/cm) calculated byaveletspectral analysis shows that the peak frequency varies in
accordance with dependence of the lower hybrid frequency on strength of the magnetic field
and ion mass. The observed large anomalous resistivity was discussed on the basis of the
quasilinear theory of lower hybrid condensation instability.

1. Introduction

Intense lower hybrid wave packets or large amplitude bursts, which have been observed by
recent electric field's measurements by the sounding rockets and the space satellite FREJA
near the topside ionosphere[l], attract wide interests in the discipline of nonlinear plasma
physics[2]. Recently we have discovered a quasi-stationary phase of strong current limitation
in a linear plasma discharge that had typical duration of several igs. 1@orrelating with

this strong current limitation, very large amplitude fluctuations in the parallel electric field
whose mean amplitude was typically 10 kV/cm were picked up by a floating double probe,
connected with optically isolated transmission systems. The instantaneous power spectral
density, calculated byaveletspectral analysis for nonstationary time series[3], clearly shows
the peaking around the lower hybrid frequengy(fcdfc)/2 = 75 MHz relevant to the
parameters of the hydrogen plasma and the intensity of the magnetiovhele: f. and f;

denote an electron cyclotron- and ion cyclotron frequency, respectively.

We compare the anomalous resistivily= 4m(wp/on’)(W/NTe) calculated by the
quasilinear theory with the experimental one, where the former is given by the growth rate of
lower hybrid condensation instability derived by B. |. Sturman [4], whgfew,i, W, n, T,
denote lower hybrid frequency, ion plasma frequency, electrostatic wave energy density of
lower hybrid waves, electron density, and electron temperature, respectively.
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2. Experimental apparatus and the methods of measurement

The experimental apparatus and the axial arrangement of diagnostic tools were described in
the previous paper [5]. We have drawn a high discharge current along the magnetic field
with a preexisting hydrogen (or deuterium) plasma produced by a titanium washer gun. The
configuration of the magnetic field is a magnetic mirror with mirror ratio 1.2 and the field
intensity at the mirror point is typically 1.3 kG. The discharge is ignited by applying a high
voltageV.=13-18 kV from a capacitor wit6=2.2 uF between the cathode (aluminum disk 50

mm in diameter) and the cylindrical muzzle of the plasma gun after a suitable delay time,
typically 18us from firing the gun.

The mean electron density was monitored with a 69 GHz microwave interferometer,
which was arranged at the center of the experimental apparatus and launched an ordinary-
mode microwave beam perpendicular to the magnetic field. At the same time the microwave
interferometer could sensitively detect electron density modulations due to the ponderomotive
force caused by large amplitude lower hybrid waves or bursts.

The parallel electric fields were measured at the two axial positions, one at 10 cm in
front of the cathode, and the other at the center of the apparatus (midplane), by using a pair of
electric double probes and optically isolated transmission systems, where the distance of two
measuring pointd=20 cm. The cross correlation function of neighboring electric field
fluctuations was calculated in order to
obtain the propagation velocity of a
prominent wave.
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Fig. 2. Cross correlation function of the
envelope of the E-field fluctuation E2 and the
discharge current in the case of Fig. 1.
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respectively. During this phase the dischar
current is strongly limited (<1kA) and thi
large anomalous resistivity appeared. Fig
shows cross correlation function between tt

envelope of the electric fieldg; and the Fig. 3. Instantaneous power spectral density
obtained by the wavelet spectral analysis of the

discharge current calculated by using e gjectric field fluctuation E, in the current-limiting
sampled data sets during the period fr  phase of alinear plasma discharge.

t=25.0 us to 29.0us. The cross correlatio ES; IE:Zﬁ%ESEnm pr;;assnr?: ;ttt:zzf_fuuss_’ and

function shows the remarkable negative

peaking at time lag=0 ps, and hence that the large anomalous resistivity, ned@gnd is

given by intense electric field fluctuations in the vicinity of the lower hybrid frequency.
Fig. 3 shows a set of instantaneous power spectra of the E-field records obtained for both
hydrogen and deuterium plasma by the methodwaVelet analysis [3]. The sets of
instantaneous power spectra of the E-field fluctuations are carefully selected from the point of
view that they have clear similarity in the spectral shape. They clearly showed peaking at the
frequency corresponding to the lower hybrid frequefigy(f.dci)1/2, wheref.andf. denote

an electron- and ion cyclotron frequency, respectively. Fig. 4 shows the dependence of the
peak frequency of the instantaneous power spectra on the strength of the magnetic field in
which the plasma discharge was performed. The peak frequency of the well selected
temporal power spectra is proportional to the intensity of the magnetic field, as expected from
the behavior of a lower hybrid wave under the condifig¥fce relevant to the present plasma
condition. Although a linear lower hybrid wave theory apparently could not be applicable
due to the extremely large amplitude of the E-field fluctuations, the behaviors of the
instantaneous power spectrum as shown in Fig. 3 and Fig. 4 is in accordance with its
dependence on ion mass and intensity of the magnetic field.
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Anomalous resistivity, being estimated by using the magnitude of a plasma current
during the current limitation and the dimensions of the plasma, was extremely large and
typically 9 Qcm.  On the other hand, anomalous resistigity 41t (wn/wyi)(W/NnTe), given
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& 140 ' ' ' by the growth rate of lower hybrid
5: 120 yvdrogen % condensation instability [4] that was
g 100 1 T calculated on the basis of the quasilinear
%] L . . .
s 80 ! theory, was compared with the experimental
@ - - 4
i 60 one. But this quasilinear anomalous
g :g I 1 resistivity n could not quantitatively

0 éIL"WerHylb“dFreq':e"cy explain the observed anomalous resistivity,
5 ' ' ' since the normalized wave energy density in
S 100 - . o
= g9l Deuterium the parallel direction \WnT, could be larger
> . . .
§ 60 L than unity and hence the quasilinear condition
% 40 | for the total wave energy densityYdT.<<1
S . .
“_5 20 < Lower Hybrid Frequency | could be violated. We propose tentatively that
S 0 ' ' ' the enhanced effective collision frequency on

0 500 1000 1500
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Fig. 4. Dependence of the peak frequency  m denote ion and electron mass, respectively.
of the power spectra on the strength of the

magnetic field. Here we show another evidence that the
large amplitude lower hybrid fluctuations play a dominant role in generation of the anomalous
resistivity. A transit time of a drifting electron which moves a distance L = 60 cm from the
cathode to the anode with a drift velocity comparable to the thermal velocity 6 8riis
nearly 0.96us and about 57 times that of the period of the lower hybrid wigve,17 ns.
Thus the large amplitude lower hybrid fluctuations could collectively scatter current-carrying
electrons by nonlinear wave-particle interactions and resultantly cause the large anomalous
resistivity.

B [G]

To summarize, we have observed the extremely large anomalous resistivity mostly
given by the lower hybrid waves in the nonlinear regime. The cross-correlation function
between the discharge current and the lower hybrid fluctuation demonstrates that the
nonlinear lower hybrid modes possibly excited by electron beams generated in the beginning
phase of a high-voltage linear plasma discharge give rise to strong current limitation and
hence most of the large anomalous resistivity
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