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Recent works indicate that the mutual interaction between fluctuations, which have different
temporal and spatial scales, plays an important role in plasma turbulence dynamics. Many stud-
ies to understand the structural formation of the drift wave turbulence, have been performed in
torus and linear devices (e.g., [1,2]). Since multiple electrostatic probe arrays (e.g., [3]) can di-
rectly measure the turbulence structure with high spatial resolution, the arrays have been used in
linear devices and torus. However, the conventional arrays are fixed in space and could not cover
the wide measuring region. We have developed a probe array having the 48 electrodes (48ch.-
probe). This array can measure the turbulence structure in the radial-poloidal plane, since it is
movable in the radial direction. The 48ch.-probe, as shown in Fig. 1, had 16 radially movable
modules, and each module had three tungsten tips (its diameter and length were 0.8 mm and 4.0
mm, respectively). When all modules are at radiuss40 mm, the distance between adjacent
two tips is 5.2 mm in the poloidal direction. Furthermore, we could also measure plasma pa-
rameters in a wide-6 region by moving the modules in radial direction. Hef#és the poloidal
angle.

The drift wave measurements with the probe array have

been performed in Large Mirror Device-Upgrade (LMD- "% .is3e,

U), modifying the previous device [4]. LMD-U has a vac- f ’ B
uum vessel, 3740 mm long and 445 mm inner diame-<.@&" if[
ter. The high-density helicon plasma was produced by<a| ’ > 4

—
movable

radial density gradient, here, we had a configuration of the

convergent magnetic field. In this experiment, argon gas

was used with the pressure of 2 mTorr, and the RF pov'\?égure 1: The schematic of 48ch.-

was 3 kW. The typical electron density was10°m—3 probe aligned at = 40 mm.
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with electron temperature of 3 eV.

Figure 2(a) shows thB-dependence of the normalized ion saturation currdgg)tfiuctuation
level (f = 1-10 kHz components), and Fig. 2(b) shows the frequency power spe@rarad0-
1000 G) when all tips were aligned at= 40 mm. In the case d = 200-340 G), a coherent
mode = 3.8 kHz), close to the linear drift wave eigen frequency [5], was observed. The
relative fluctuation level was less than 10 %. The observed frequency of the dominant mode
changed gradually with the increase in the magnetic field. Another coherent mode witl?
kHz was excited aB = 350 G, which showed the coexistence of the two modes. The spectrum
clearly changed a8 ~ 400 G: the amplitude of the coherent modefof 3.8 kHz decreased
and some peaks were excited. Then, the spectrum was broadenetl afptikHz region aB =
440 G. The valley levels between the peaks increased, and the band-width-o8 tkidz mode
became wider. The broad-band range expanded with increasing the magnetigfiaid |
became steeper with the field), and reached up 4010 kHz region aB = 1000 G. Here, the
spectrum had some peaks in a broad-band state and the fluctuatiomle®@1%) was very
large. WherB > 1200 G, the spectrum became coherdnt(2.8 kHz), and the relative density

fluctuation level gradually decreased with increasing the field.

40 T T

30} QgghqgﬂQRQmmﬁaé
I o d

20k 655@ _

10 1

normalized
fluctuation level (%)

O N 1 . | N 1 . J . L . ]
10

frequency (kHz)

800 1000 1200 1400
B (G)

200 400 600

Figure 2: Dependence of (a) the normalized fluctuation level and (b) frequency spectiym of
onB.
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Figrure 3(a) shows the time development of the poloidal structure of the normbdiledtu-
ations,iis(0)/1is(0), atB = 900 G. There were some modes propagating to the electron diamag-
netic direction (from upper left to down right in this figure), and their typical relative fluctuation
amplitudes were- 0.6. Note that the large positive amplitudg(8)/lis(8) ~ 1.0-1.2] was ob-
served when their modes overlapped. Temporal behavior of the power spectrum of the poloidal
mode numbem at 900 G in Fig 3(b) shows that the lawmodes (h = 1-6) grew and decayed
temporally. Here, from the power spectrum with 8 ms data, three excited modes satisfied the
matching conditions of frequency and mode number [6]. From these results, it indicated that
large positive amplitude, shown in Fig. 3(a), was produced when the some modes synchronized

each other.
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Figure 3: Contour map of (a) the spatiotemporal behaviour of the relatifhectuations (linear
scale) and of (b) the time development of the ploidal mode number (logarithmic sca8le) at

900 G.

Figure 4 shows the radial profile of the normalized probability density function (RRH)so.
Here,liso mean the value which has the maximum probabilityr At20-30 mm, the PDF had a
tail in the negative side: negative amplitudes were observed more often than the positive ones.
On the other hand, there were more positive amplitudes=aB5-40 mm. The positive and
negative amplitudes were temporally / intermittently localized around the steep density gradient
region (i.e.r = 30+5 mm), and it indicated that the localized structural change occurred in the
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narrow width.

In summary, we have developed a
new azimuthal probe array to measure
the turbulence structure. The frequency
power spectrum became coherent or
broad-band with changing the magnetig
field. When the spectrum was broad;

17

band, the density relative fluctuatio

nor llla

level was very large~ 30 %). In this
case, the ploidal structure of the fluctu-

ation included some modes, and inter-
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mittent positive amplitude excited at
40 mm. These ploidal modes were tem-
porally changed, and had the synchré-igure 4: The contour map of the dependence of the
nized characteristics. PDF oflijs at 900 G.
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