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ABSTRACT :

The amplitude of the magnetic broadband fluctuations in an
ohmically heated tokamak is measured to have an inverse relationship

with both the density and the electron confinement time.

To be published in Physics Letters A.



1. INTRODUCTION

Energy and particle transport in tokamaks are much faster than
predicted from neoclassical theory. It is therefore reasonable to ask
whether this anomalous transport is associated with the presence of
plasma fluctuations [1—3]. Density fluctuations have received conside-
rable attention in scattering experiments [4-8] and a relationship
between local density fluctuations and anomalous thermal transport was
established by TFR [8]. Magnetic fluctuations [9,10] may also play an
important role in anomalous electron heat conduction, and preliminary
studies have been made in relation to the confinement time in neutral
beam heated discharges [ 11,12]. In this letter we present measurements
of magnetic fluctuations in the ohmic regime, made with probes located
in the scrape-off layer, which show a strong correlation between the
level of fluctuations, the line-averaged density and also with the
confinement time.

The main TCA parameters are R/a = (0.61m/0.18m)= 3.4, B¢<1.5 T
and Ip<175 kA [13], with discharges reaching g=2 and 'ﬁR/Bq,w
4.4x10'° wo-! without any gettering and with carbon limiters. Large
bandwidth magnetic probes, measuring the 3 components Sr, ge, hb‘:b
of the magnetic wavefield, are placed behind the limiters in ceramic
tubes. The different frequency components of the signal are electroni-
cally separated, so as to provide information about the Mirnov oscil-
lations (~10 kHz) and the broadband turbulence spectrum (BTS), at
frequencies up to ~1 MHz. Electrostatic pick-up has been shown to be
negligible, The measurements are based on two triple probes, one
Placed on the equator at the low-field side, and the other placed on
top of the plasma.

2. EXPERIMENTAL RESULTS

We shall describe in this paper the magnetic broadband turbulence
Spectrum observed during ohmic heating. The BTS extends typically from
50 kHz to ~1 MHz and shows no particular structure contrary to the
coherent structure of Mirnov oscillations at 10 kHz. The amplitude
decreases monotonically as aN'function of frequency, following a f—2
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dependence on the by and bg components as shown in Fig. 1; by
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shows a slightly steeper dependence. The levels of measured amplitude
are similar on B’r and '5’9, and smaller by a factor 3 for fB:b,
showing a strong anisotropy with respect to the main magnetic field.

In the following and for the sake of simplicity, the results
shown have been restricted to the equatorial by probe and to a
window around 150 kHz with a 10 kHz bandwidth Af, which does not
restrict the generality of the following results. This particular
frequency gives an adequate level of signal over a broad experimental
range. At 150 kHz, the level of magnetic fluctuation ’Ele/BT\[E is
typically in the range below 10-%. The measured magnetic turbulence
amplitude depends rather weakly on the spacing between the plasma and
the probe, shown by displacing the plasma by additional vertical
field. At 100 kHz, the signal diminishes only by a factor 2 with as
cm imposed additional spacing (normal spacing : 5 cm).

As the density is increased by gas-puffing, the amplitude of
magnetic turbulence is observed to decrease over the whole range of
frequencies. This correlation between density and the turbulence level
at 150 kHz is shown during a single discharge in Fig. 2. Other shot
parameters are also presented. The correlation at a number of points
in time is shown in Fig. 3. The data have been taken from the parame-
ter range By=1.5 T, @=3.2, and line-averaged densities between 1.2
and 5.0x10'° m=3, for more than 40 discharges. Several time points
have been chosen in each discharge during the current flat-top, with a
slowly-varying density. All shots have sawtooth activity and no run-
away population is distinguishable according to the hard X-ray
signals. The inverse relation between BIS amplitude and density is
clearly shown.

It is interesting to note that such a dependence was conjectured
by Cook et al. [14] with <(’5‘/Br)2> varying as (1/r'1'e)2. Our results
seem to show an even stronger dependence.

Analysis of the data used in this scan reveals that the electron
energy confinement time TEy is proportional to line-averaged
density, as in "Alcator" scaling. This is shown in Fig. 4 where the



same data points have been plotted against the density. The confine-
ment time TR, = 0.28xne191éx(0)(eV)/P0H is obtained by using
a central chord soft X-ray temperature and a central chord 2 mm inter-
ferometer density. This TE, Should be a good indication of the
global confinement time, especially with constant plasma current,
where the temperature profile should not vary greatly, and with quasi-
Stationary density. The density radial profile was measured to be
roughly parabolic using an 8-channel interferometer, the electron
temperature was assumed to be a parabola cubed, in agreement with
Thomson scattering measurements. The solid line in Fig. 4 is a predic-
tion of an Alcator type scaling [15] which fits the TCA experimental
electron confinement times. The generally observed saturation of
TEq with density because of the increased loss due to ion neo~
classical thermal conductivity is not apparent in this low density
range. The saturation is actually predicted to occur at about n=5x101°
m~3  (where TEeEXP = TEiNC)- The data for this scan fall
therefore in the electron-loss dominated, "Alcator" regime.

For the reasons mentioned above, the confinement time and- the
density should show the same inverse relationship with BTS amplitude.
This is clearly seen in Fig. 5. It is interesting to note that the
data scatter is reduced compared with that in Fig. 3.

3. CONCLUSION

The magnetic broadband turbulence spectrum, as measured by exter-
nal magnetic probes, has been characterized for the different spatial
directions. A strong correlation has been observed in ohmic discharges
between the level of magnetic turbulence and both the density and the
confinement time. As the density is increased, the confinement time
increases and the fluctuation levels decrease, suggesting that magne-
tic turbulent activity may be related to energy loss. The spatial
origin of the fluctuations cannot be determined with the present expe-
riment. It may, however, be noted that the measured frequency depen-
dence of the fluctuation Spectrum is typical of measurements performed
in the bulk plasma [ 10]. Of more relevance in this context is the fact
that in this frequency range, magnetic activity is not localized on a



magnetic surface, but the associated waves propagate radially. The
measured fluctuations are thus not just localsurface phenomena, but
can be generated by magnetic activity occuring in the bulk plasma, and
can therefore be expected to reflect global performance.
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Figure Captions

Fig. 1

Fig. 2
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Fig. 3

Fig. 4

Fig. 5
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~
Magnetic broadband turbulence spectrum ib,2 .

Magnetic turbulence at 150 KHz and other discharge
parameters. D, By=1.5 T.

Density versus magnetic turbulence.

The electron-conduction dominated Alcator scaling of energy
confinement time.

Electron energy confinement time versus magnetic turbulence.
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