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Non-Equilibrium and Extreme State —
Excitation of a small vortex in solitary drift wave on LMD-U
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Dynamic interactions between a solitary drift wave structure and zonal perturbations in a linear
cylindrical device have been observed. The temporal behavior of solitary drift wave structure on an
azimuthal cross-section is observed by applying a new method. The instantaneous two-dimensional
structure shows the excitation of a small vortex, which is modulated by the zonal perturbation. New finding
of spatiotemporal structure of the small vortex should be very useful to understand the energy transfer
process between drift wave turbulence and zonal flow.

Introduction

on the Large Mirror Device Upgrade (LMD-U).

Role of turbulence, zonal flow, mean flow on
dynamics of transport is one of the most important
issues to be clarified. Dynamic interactions between
a solitary drift wave structure and zonal
perturbations in a linear cylindrical device have
been observed in our previous work [1]. In the
previous work, we have shown a dynamic
interaction between the solitary wave and zonal
flows cause the emission of the ’splash’
(fluctuations with higher frequency than that of the
fundamental drift waves and short life time). In this
study, the solitary drift wave structure on an
azimuthal cross-section is analyzed. A new analytic
method for reconstructing instantaneous
two-dimensional structure of the solitary drift wave
with using 64-channel azimuthal Langmuir probe
array and a radially movable Langmuir probe is
shown. The reconstructed structure demonstrates
that a small vortex is excited synchronously with
the period of the zonal perturbation.

2. Experimental Setup
Turbulence excitation experiments were performed

Cylindrical helicon plasma with a diameter of
approximately 0.1 m and an axial length of 3.74 m
is produced by the RF wave in a quartz tube and is
radially restricted by the axial magnetic field (z:
axial, r: radial, 0: azimuthal direction). The
operational conditions are 3 kW RF power, 900 G
magnetic field and 5 mTorr argon gas pressure. The
major diagnostic tools are a 64-channel azimuthal
Langmuir probe array and a radially movable
Langmuir probe. The axial and radial positions of
the 64-channel probe array in the LMD-U are z =
1.885 m and r = 4 cm, respectively. In this probe
array, each probe measures the ion saturation
current. The radially movable probe is installed at
the axial position 1.375 m and measures the ion
saturation current of » = 1.5 — 6 cm. These
diagnostic tools are measured simultaneously
during the discharge.

3. Analytic method

To show the temporal behavior of solitary drift
wave structure on an azimuthal cross-section, we
applied a new method by using of a 64-channel



azimuthal Langmuir probe array and a radially
movable Langmuir probe. A small vortex, in which
the density is peaked periodically in
synchronization with a periodic change of zonal
perturbation, is identified by azimuthal probe array
by the conditional averaging method [2]. The time
at the peak of density in each period, to, is detected
and the time from trigger for each period, T, is
defined as t =t - to. The azimuthal location of each
peak, 0,(t), and ion saturation current of radially
movable probe, I;i(8y,1,t), are also detected. If the
zonal perturbation is coherent, the 0, (t = 0) is
unchanged. However, the 0, (v = 0) is changed
randomly due to the change of frequency of zonal
perturbation. Thus, 0, (t = 0) will cover the entire
region of azimuthal angle after many cycles. By
assembling 2214 periods of signals, we
reconstructed the two-dimensional structure of the
solitary wave and the small vortex, 81i(8,-6,, r, T)
= L;s(0,—0o, 1, T) - T(ep-eo, r), where T(BP—GO, r) is
time averaged ILi(0,—0o, r, T).

4. Instantaneous two-dimensional structure of
the solitary wave and the small vortex

Figure 1 show the temporal behavior of the
reconstructed two-dimensional structure of the
solitary wave and the small vortex. The temporal
change demonstrates that a small vortex is excited
and suppressed synchronously with the periodic
change of the zonal perturbation. Dotted circles in
the Fig. 2 (b), (c) and (d) denote the excitation of
the small vortex. The vortex is excited around the
node of flow shear of zonal perturbation [1] and the
phase velocity (in the azimuthal direction) of it in
the laboratory frame (i.e. including E X B velocity)
is close to that of the solitary drift wave. The
instantaneous  azimuthal  decomposition  [3]
indicates that the excitation of the small vortex is
accompanied with an increase in the amplitude of m
= 3 mode, where m is azimuthal mode number. The
changes of amplitudes of m = 1 and 2 modes and
the delays between the m = 1-3 modes are also
observed. Therefore, nonlinear interactions between
a solitary drift wave structure and zonal
perturbations would cause the excitation of the
small vortex.

5. Summary

In summary, temporal behavior of solitary drift
wave structure on an azimuthal cross-section is
observed in the LMD-U linear magnetized plasma.
We discovered an excitation of a small vortex
synchronously with the periodic change of the zonal
perturbation at the node of flow shear of zonal

perturbation. The small vortex is accompanied with
an increase in the amplitude of m = 3 mode.
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Fig.1 behavior of two-dimensional

Temporal
structure on the solitary wave and the small vortex.
Dotted circle indicates the position of the excited
small vortex.



