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INTRODUCTION

Nowadays it is generally accepted by the fusion communigy the understanding of the
drift wave - zonal flow turbulence plays a crucial role in thedarstanding and handling of
anomalous transport and different spontaneous transitbbthe collective plasma state. The
'equilibrium’ spectrum of the fully developed drift wave ) turbulence can be unstable
in the presence of random shear flows or zonal flows (ZFs) wéiiehpotential modes with
(kr,ko,kp) = (kr,0,0). The effect of shearing on the drift waves can be describediiéusion
of the DW radial wave number ik-space [1, 2]. We have to mention two recent experimental
works on hunting random zonal flows. The first one was perfdratehe HT-7 tokamak by
G. S. Xu[3] and his co-workers using specially designed Langmuibps, detecting float-
ing potential fluctuations. The second direct ZF identifaain a stellarator (CHS) was very
recentely done in [4] using toroidally separatedl.5m) dual heavy ion beam probes.

Our present measurements aim at the identfication and etehlaracterization of ZFs in
tokamak plasmas. Autocorrelation-width (ACFW) technijas been used [5] to extract infor-
mation about the fluctuations in the flow velocity followirgettime evolution of the autocor-
relation structure of the basic micro-turbulence.

AUTOCORRELATION-WIDTH METHOD
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Figure 1:Autocorrelation method for detection of poloidal flow madidns.

The ACFW method [5] relies on the assumptidjke > 1y, WhererTise is the decorrelation
time of turbulent structures,, = wy/Vy, (transit time)w,, is the poloidal correlation length
andvy is the poloidal flow velocity. If this holds, the autocorréda function (ACF) of the
turbulence is dependent on the flow velocity . The procedutied following: first we split the
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whole time record in shortekT intervals, where th&T > w; (w is the measured correla-
tion time) relation must be hold. Then we calculate autadation functions from these short
time intervals and extract the information about the widthhe autocorrelation function. In
this way we obtain the ACF-width as a function of time (dewoiby Wac¢(t)) with time res-
olution determined byT (see Fig. 1). After this procedure we are ready to analyge(t)
using correlation technique or spectral methods, and thisget informations on the temporal
modulation of the flow velocity.
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Figure 2:Experimental setup for fluctuation measurements (leftg atto-correlation and

cross-correlation functions for the shorter time-scaligft).

This measurement technique was implemented on the Cakonak using multiple Lang-
muir probe arrays (rake probes) (see Fig.2, left). Theseamays of Langmuir probes were
located at the same toroidal position, polloidally sepatdty 90 (~ 12cmfor the innermost
tips). 15mslong time records of carefully selected, identical shotsamevolved in the analysis
in order to improve statistics.

From direct measurement of the ion saturation current faicins, we can estimate the auto-
correlation function of the density fluctuations. Theridong fluctuating signal — after an ap-
propriate detrending procedure — was divided iifo= 100us long sections. These are about
10 times longer than the observed approximatelyi&@utocorrelation time (Fig. 2, right). As
it has been pointed out above, the ACFW technique can be ngkd tases when the poloidal
flow velocity dominates the autocorrelation time of the basrbulent structures. This condi-
tion was verified using two poloidallyMmseparated Langmuir probes and by applying edge
biasing to enhance poloidal rotation of plasma. This way passible to observe the effect of
velocity change (deduced from the cross-correlation fonatf poloidally separated channels)
on the autocorrelation function (see Fig. 3).
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Figure 3:Effect of flow velocity on the autocorrelation function f{jefompared to the same

effect on the cross-correlation function (right).
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CHARACTERIZATION OF RANDOM FLOW MODULATION

The ACF(1) autocorrelation function of density fluctuations is cadtall for eachjth sec-
tion. Now we have to give the definiton of the ACF-width whichtihe main quantity of our
procedure:

Ty
Wt (]) = /T-ACFJ(T)dT, To = 10us.
0
This definition may be better than the simple half width défmiin two aspects:

e as an itegral quantity it can reduces the uncorrelatedsstai noise.

e it can be shown that under some conditions (here fulfilldtg,quantity defined above
can amplify modulations in the autocorrelation time [6].
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Figure 4:Space-time correlation structre of ZFs. The left hand siole@rmn shows the radial
structure of ZFs along a single rake (top) and the autocatieh function of ZFs in a given
channel (bottom). In the right hand side column of the figtite, cross-correlation function
between the two rakes is ploted: cross-correlation alorg\thrtical rake probe, taking the
reference channel at the horizontal rake probe (top) anddiwss-correlation between two

channels located at different rakes (bottom).

After calculating ACF-width signal&\ac¢(t), for each ion saturation channel we proceed to
calculate the detailed correlation structure of ¥ig+(t). The results are seen in Fig. 4. The
left hand side of the figure shows the characteristic timéesuiaflow modulations (bottom) to
be~ 1ms and the radial structure of the random flows (top) wich ¢yeiadicates radial local-
ization (Icmwidth) in the edge plasma. Plots in the right hand side shextbss-correlation
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between thé\,¢(t) signal of a given reference channel located at the horit@ntde and
all other channels at the vertical probe. On the basis otthakulations we can conclude that
the flow structures remain significantly correlated in thiotal direction even when measure-
ment channels are separated by 12 cm which may be a signathestogh poloidal symmetry.

It has to be noted that very small correlation is observed&en the the two probe arrays in
the ambient turbulence itself (Fig.2 ). In order to check pbesibility of misinterpretation of
our results by an effect originating from the global plasrharges rather than from relevant
local feature, correlations between ACF-width signal axevant global parameters (loop volt-
age, horizontal and vertical position of the plasma colunar) éave been determined and no
correlated changes have been found.

) e #20511-#20531
. 1 0.25 ‘ ‘ ;
: | il moljog)idn ]
g | MMW\M i Mévﬁw‘-mw[
fuanl gRE e
; @. 0.05
5° 5 ’ ‘ S NN A

time [ms] shot no.

Figure 5:Time evolution of \A¢s (left) and its relative modulation (right).

CONCLUSION

Autocorrelation-width analysis shows the existance-df3% rms modulations in the polo-

idal flow (Fig.5) wich are radially well localized( 1cm) and poloidally symmetric, having a
characteristic lifetime ot 1 — 2ms All these features strongly suggest the apparence of zonal
flows described by theory as = 0,n = 0 radially localized random potential structures. Our

results are also consistent with the recent experimented veported in [4].
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