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INVESTIGATION OF THE DENSITY TURBULENCE
IN OHMIC ASDEX PLASMAS.
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A 119 pym homodynes laser scattering experiment is used on ASDEX to inveéstigate
wavenumber and frequency spectra of the density fluctuations occurring in the
different operational conditions of the machine. Details of the scattering
system are described in [1]. It allows shot-to-shot spatial scans in three
horizontal and two vertical channels which traverse the plasma at distances
of 0, 10.5, 25, 30 and 39.5 cm from the plasma cen}re (minor plasma radjus =
40 cm). The wavenumber range accessible ig 2.5 em ' < k, <25 cm ' and can be
scanned within one shot. For k; < 10 cm ', where the dominant part of the
fluctuation spectrum is found, the measurements are chord-averaged.

The changes of the density turbulence caused by additional heating are of
primary interest with regard to a possible correlation to anomalous trans-
port. Therefore, in the current experiment particular emphasis jis placed on
these investigations. On the other hand it is the ohmic phase which consti-
tutes the least complicated physical situation in a tokamak and is therefore
best suited to reveal the basic physical nature of the density turbulence. In
the following we present a summary of our findings in the ohmic phase and
make an attempt to compare these findings with what would be expected from
the simplest model of density-gradient-driven driftwave turbulence saturated
at the mixing-length level.

1. Density scaling of the density turbulence.

The rms value of the frequency integrated scattered power scales linearly
with the mean electron density, as illustrated in Fiq. 1_£Pr a density ramp
with two plateaus. This was established for ﬁe < 5x10 3em in the important
k, range and in different spatial chords. Since the shape of the density
profiles (and hence the gradient length Ln) during density ramping remained
fairly similar, our result suggests that ﬂ;/n is constant. This scaling is
consistent with a fluctuation level determined %y the mixing length criterion
Fe/neoc(KLLn)_1. The linear dependence of the fluctuation level on line

density was observed both in the SOC (standard ohmic confinement) and I0C

(improved ohmic confinement) regimes. Note that the homodyne system pre-

sently used does not allow to determine the propagation direction of the

fluctuations. This leaves open the possibility of the existence of the ng-

mode travelling in the fon diamagnetic drift direction.

2. Isotope scaling of the density turbulence.

The maximum of the frequency integrated kK, spectrum shifts towards lower Kk,
and its value increases when the gas filling is changed from pure hydrogen to




an approximately 1:1 mixture of hydrogen and deuterium at constant electrgp
density (Fig. 2). Both the shift of the maximum and the 1ncrease of the f}uc_
tuation level are consistent with kma *p. = const. and n /ng °¢(kma °L )7
suggested by driftwave turbulence theory The quantity ;% co s%ftutes a cha_
racteristic length scale and is given by pg = thTe/m ) » wWhere
wey = ZeB/my (m; - ion mass; Ze - jon charge). Note that the global confine-
ment time ,ncreases with atomic mass in ASDEX [2]. Hence the increase of the
fluctuation level §s in contrast to what would be expected if the confinement
were determined predominantly by the density fluctuation level.

3. Scaling of the density turbulence with toroidal magnetic field.

In a series of discharges in deuterium the toroidal magnetic field was varied
from 1.9 T to 2.8 T while keeping the line electron density and the safety
factor constant (gq{a)=3). The shape of the density and temperature profiles
remained practically unchanged. The electron temperature on the axis in-
creased from T, (0)= 1.1 keV at By = 1.9 T to T (0) = 1.7 keV at Br = 2.8 T.
The frequency integrated k, spectra are shown in Fig. 3. The clear decrease
of the fluctuation level with increasing field is consistent with the mixing
length model. No definite statement can be made about a possible pg scaling
of the k; spectra expected from the relation klmaocp , Since no max1mum is
observed in deuterium at these temperatures even at the highest achievable
toroidal field.

4. Scaling of the density turbulence with electron temperature.

In "cold" hydrogen discharges a maximum of the frequency integrated k) spec-
tra is observed as can be seen in Fig. U4 for T, (0) = 650 eV. The maximum
shifts towards lower wavenumbers with incr9351ng electron temperature. This
is consistent with the Te dependence of the pg-scaling. A value Kfax-ps = 0.3
is inferred from the "cold" shot under the assumption that the main contribu-
tion of the scattered radiation originates from the gradient region.

5. Frequency spectra.

In the central chord which sees primarily poloidally propagating fluctuations
a maximum of the scattered power is observed around -~ 100 kHz in the dominant
k) range. This is on the order of the diamagnetic drift frequency evaluated
in the gradient region of the discharge. In the outer vertical chord which
sees predominantly radially propagating fluctuations the frequency spectra
are significantly narrower [1].

In a preliminary heterodyne experiment a frequency shift of U5 kHz for the
local oscillator was achieved with a rotating diffraction grating. This was
sufficient to observe both the positive and negative frequency components of
the narrow spectrum in the outer vertical channel close to the separatrix.
The spectra were found to be symmetric. Similar results have been reported
for the radial components of the fluctuations close to the limiter in TEXT
[31.

A clear correlation was observed between the Mirnow coil signals at frequen-
cies of a few kHz. This indicates a principal complication for the interpre-
tation of frequency and wavenumber spectra, because it becomes difficult to
distinguish between microturbulence and macroscopic MHD phencmena.
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Conclusions

The ajim of the investigation in the ohmic phase was the determination of the
effect of a systematie variation in plasma parameters on the density turbu-
lence, with the view to identifying the nature of the fluctuations. The in-
terpretation of the results is complicated by the fact that one-parameter-
scans are inherently impossible. Nevertheless, there is strong evidence for a
drift wave origin of the fluctuations observed under ohmic conditions.
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