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summary

The wavenumber/frequency spectra S(k,O)) of microscopic potential fluctuations as

well as density fluctuations are, for the first time obtained in the core region by a multi-

sample-volume heavy ion beam probe. The instantaneous turbulence-driven particle

flux, calculated from potential and density turbulence has oscillations of which

amplitude is about 100 times larger than the steady-state outwards flux, showing

sporadic behaviours.

Local measurement of plasma turbulence in a toroidal magnetic confinement device

has been the target of the intensive experimental research, since the anomalous

particle/ energy confinement may be caused by the microturbulence in the plasma. The

heavy ion beam probe is particularly suited for the local study of the density turbulence

of the tokamak plasma because of the potentiality for density and potential

measurement. The potential turbulence of the microintability of the tokamak plasmas

is, however, difficult, since the fluctuating potential due to the micro-turbulence in the

tokamak plasmas is smaller than the injected beam energy by many orders. Therefore,

the measurement of the potential turbulence in the tokamak plasma by HH5P tends to

have a low signal-to-noise ratio (SNR) and only a few results were published so far.

In addition, the large-amplitude quasi-coherence modes with the frequency to 30 to 40

kHz, complicate the potential turbulence of small scale oscillations. In spite of these

difficulties, we obtained wavenumber/frequency spectra S(k,co) of the density and

potential turbulence, and the wavenumber-resolved fluctuation-driven particle flux in

the high temperature region of JIPP T-11U tokamak plasma, by the employment of

multiple detector system and by the increase of the beam current and the sensitivity of

the detector.

Figure 1 shows the contours of two-dimensional (wavenumber/frequency) spectra

of the density Sne(k,co) = (nel(k,co)|2) potential S0(k,co) = <|$(k,co)|2), (a), (b)), and
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real[{ne(k,co) E(k,co))], (c), at the position of about r/ap = 0.5 and 9=0 (weaker Bt

field side). The particle flux <nv> driven by the turbulent electric field is proportional

to <nE> through E/B particle drift. S(j>(k,<D) is noisy but similar to Sne(k,co). Fig.

l(c) and detailed analysis shows that the oscillations around 150 kHz mostly cause the

turbulence-driven particle flux. This flux is outwards and its magnitude corresponds

to the particle confinement time of about 5 ms under the assumption of the uniformity

of the flux on the magnetic surface.

Figure 2(a) shows the calculated turbulence-driven instantaneous total particle flux

ne(t) v(t) =n^(t)E('t)/ B t at each sampling time of 1 fis for the case of Fig. 1. Figure 2(b)

shows a time behaviour of the turbulence-driven total particle flux of Fig. 2(a) averaged

for 100 |^s. The characteristics of the wave forms are much similar in (a) and (b) even

though the time scale is 1 (is/div. for the instantaneous particle flux (a) and 100 (Xs/div.

for the averaged flux. The difference is that we are able to observe the averaged negative

flux (outwards) readily among the large fluctuations in Fig. 2(b). The appearance of the

quasi-steady flux in Fig. 2(b) can be understood, since the main density turbulence has

the correlation time of a few microseconds. The ratio of the instantaneous flux to the

average flux is so large (about 100) and the polarity of the instantaneous flux is always

changing. We may call these signals as sporadic or intermittent behaviour.
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Figure 1. Contours of the two-dimensional (space/time) Fourie spectra of density and potential

turbulence (a), (b). and <nE> proportional to the particle flux driven by the turbulence, (c). Ld

= 2.5 cm. Figure 2. The instantaneous turbulence driven-particle total particle flux, (a) and the

averaged( for IOOJIS) instantaneous particle flux, (b). Both have arbitrary vertical scales, but the

vertical scale of (a) is 100 times larger than that of (b).


