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Wavelet spectrum and bispectrum techniques were applied to study nonstationary turbulence
at the plasma edge of the TBR tokamak. Evidence of nonlinear phase coupling is more significant

for magnetic than for electrostatic fluctuations.

On a single discharge basis, the data also

exhibit intermittent episodes of linear and nonlinear coupling between electrostatic and magnetic
field oscillations. Furthermore, application of resonant perturbing magnetic fields reduces the
amplitude of low frequency fluctuations and shift the frequency range of the maximum quadratic
intermittent coupling to larger scales. These alterations, observed not only for magnetic but also
for electrostatic oscillations, support the possibility of roughly altering electrostatic oscillations,
therefore transport, through controlling oscillating magnetic fields.
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§1. Introduction

Application of tokamak as an efficient fusion device de-
pends on a better understanding of the phenomenon of
turbulence that dominates the plasma edge and causes
strong transport and poor energy confinement.!>?) De-
spite the amount of experimental datal>?) and some the-
oretical investigations®™”) the driving sources of plasma
edge turbulence are only partially identified. Particu-
larly, the measured broadband spectra of this turbulence
are not well reproduced by present models.?) Less known
are higher order moments associated to coupling coeffi-
cients of the main frequency components involved in the
energy cascading process characteristic of turbulence.?)

One peculiar coupling theoretically discussed in the
literature is that between magnetic and electrostatic
turbulent oscillations. It has been predicted that this
coupling could affect the transport under some plasma
conditions.’®!1) On the other hand, even so experi-
mental measurements in magnetically confined plasmas
show that transport is dominated by electrostatic tur-
bulence,’'?) in some devices as the reverse field pinch
magnetic turbulence also contributes to transport.!2-14)
Moreover, there are other evidences of correlation be-
tween these oscillations, as for example modulation of
electrostatic turbulence by dominant magnetohydrody-
namic modes. !5

There is no general understanding on the influence
of magnetic oscillations on electrostatic fluctuations ob-
served in magnetically confined plasmas. Consequently,
it is important to look for experimental evidences of this
coupling and to compare these results with theoretical
predictions that describe the possible influence of mag-
netic turbulence on the transport.

Thus, correlation between electrostatic and magnetic
edge fluctuations was studied in the Brazilian tokamak
TBR considering the peculiar feature of this device that
is the partial superposition of these fluctuations fre-

quency spectra.lﬁ)

Initially, we applied traditional Fourier analysis to
quantify correlation between these two nonstationary
fluctuating quantities.'® This technique involves long
time averages of data in which stationary fluctuations
can be expressed as a superposition of sinusoidal func-
tions. Our previous results detected correlations es-
sentially between temperature and magnetic poloidal
field fluctuations. We found no clear evidence of cor-
relations between other electrostatic fluctuations and
poloidal magnetic field fluctuations. However, with this
analysis we could not identify intermittent behavior of
the oscillations. After that, to overcome this problem,
we applied wavelet analysis to our turbulent data and
determined local information about intermittent corre-
lation at a particular frequency band and temporal loca-
tion in the time-scale plane. So, in this paper we present
new features concerning correlation and coupling that
have not been previously observed.

Furthermore, as turbulence arises typically in non-
linear systems,!”) we also used wavelet analysis to ap-
ply bispectra as a method for the detection of inter-
mittent quadratic phase coupling on the studied oscil-
lations.18-20)

For these oscillations, we also found the response of
linear and nonlinear coupling to applied magnetic per-
turbations created by resonant helical winding placed
around the torus. Thus, we studied how these couplings
changed with the fluctuating magnetic field spectra.

The outline of this article is as follows; §2 presents a
general introduction to the linear and bicoherence spec-
tral wavelet analysis that is appropriate for the treatment
of our nonstationary signals. Section 3 gives the descrip-
tion of the experimental set-up. Section 4 describes the
wavelet spectral characteristics of the measured magnetic
and electrostatic fluctuation fields, with or without the
external resonant perturbation. Section 5 discusses the
coupling between electrostatic and magnetic oscillations,
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and §6 presents the conclusions of this work.

§2. Spectral and Bispectral Wavelet Analysis

A basic aspect of turbulent behavior of plasma edge
parameters is intermittency.®) However, as the amplitude
and spectral characteristics of fluctuating quantities vary
on a short time scale, to study intermittency we need an
analysis technique not supported by an accumulation of
data over time scales larger than the intermittent charac-
teristic time scale. In other words, we need a technique
that does not averages the dynamics and shadows rel-
evant information. To overcome this problem, we used
wavelet analysis,?!) for which time resolution varies with
frequency. Signals are decomposed into oscillations that
die out in time, and more rapidly so the higher their
frequencies, what seems a picture more convenient for
turbulence than the usually assumed Fourier stationary
oscillations.

The wavelet method is based on a wavelet function set
that changes its size and position by dilation and shift-
ing. The wavelet transform decomposes the signal using
a wavelet basis of functions localized both in time and
frequency. A good frequency resolution needs a large
sampling window, which results in a poor time resolu-
tion; conversely, a good time resolution implies short
windows, which results in a poor frequency resolution.
This multiresolution feature is useful for analyzing non-
stationary fluctuations.

We used the continuous wavelet transform based on
the wavelet,1®)

Ya(t) = a~ /% expli2nt/a — (t/a)?/2], (1)

where a is the scaling parameter, for which we assign
the frequency f = 1/a. The frequency resolution of these
wavelets is Af = f/4 and the time resolution is At = 2a.
For a signal z(t) the wavelet transform with respect to

the chosen wavelet is defined by:2%)

Wi(a, 7) = / s(O)alt — 7)dt, @)

where 7 is a time shift parameter. The wavelet transform
at any given parameter a can be interpreted as a filtered
version of z(t) bandpassed by the filter 1,.

Similarly to Fourier spectral analysis, we defined the
cross-power spectrum for two time series z(t) and y(¢).
Consequently, the phase, §,., and the coherence, vyq,
spectra are defined in the usual way, using wavelet trans-
form instead of Fourier transform.

The wavelet method can be applied to obtain the
wavenumber-frequency spectrum, S(k, f),??) and from
this the S(f) and S(k) spectra. From S(k, f) we also
determine the power weighted average values of poloidal
wave-vector, k, and the phase velocity vpn = 27 f /k.

Once turbulence generally arises in nonlinear sys-
tems, we need an analysis method capable to calculate
this nonlinearity. Wavelet and bispectral analysis can
be combined to obtain phase coupling between wavelet
components of different scale lengths.!3-20:23) Wavelet-
bispectrum measures the amount of phase coupling that
occurs between wavelet components of scale lengths a;,
az, and a, such that the sum rule 1/a = 1/a; + 1/az is
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satisfied. Since scale lengths may be interpreted as in-
verse of frequencies we can use f = f; + fo. The wavelet
bispectrum is given by:

B(fla f2) = AIV;(fa T)I/V:r(fla T)IVz(fZa T)dTa (3)

where the integral is taken on a finite interval T as in
the linear-wavelet spectrum. The triple product of this
equation depends of the wavelet transform signal. In the
case that phases are coupled the product will not change
sign randomly and the bispectrum will have a nonzero
value. '

In this work we calculated the normalized wavelet bi-
coherence, 0 < b¥“(fy, f2) < 1, plotted over the corre-
sponding frequency space (f1, f2). The interaction re-
gion includes both sum and difference (f; & f2) interac-
tions.

To compare cases computed under the same numerical
conditions it is useful to define the summed-bicoherence
as:

BN = 1/s(£) D_10° (1, £2)12, (4)

where the sum is taken over all f; and f such that the
summation rule is satisfied and s(f) is the number of
terms of each f. Summing in f, we can obtain also
the total-bicoherence. As wavelet analysis can be cal-
culated for short data sequences, the alterations of total
bicoherence values during a discharge time can identify
intermittent behavior.

The wavelet crossbispectrum By, (f1, f2) measures the
amount of phase coupling in the interval T" that occurs
between wavelet components of frequencies f; and fo of
the signal z(t) and the wavelet component f of the signal
y(t) such that the sum rule f = fi + fo is satisfied.
Thus, we calculated the wavelet crossbicoherence from
electrostatic and magnetic fluctuating fields measured at
two nearby points to obtain the amount of quadratic
coupling between these oscillations.

§3. Experimental Set-Up

The experiment was accomplished in the Ohmically
heated TBR tokamak (Ry = 0.30m, minor radius a =
0.08 m, toroidal magnetic field By = 0.4 T, plasma cur-
rent I, = 10kA, chord average demsity no = 7 x
10*® m~3, safety factor at the limiter g(a) = 4.5). We
constructed and installed at TBR a complex system
of probes to measure simultaneously the electrostatic
and magnetic fluctuations and some plasma parame-
ters. More details of the experiment can be found else-
where.?425) This probe system allows the measurement
of the following quantities: mean electron temperature,
ion saturation current, floating potential and their cor-
responding fluctuations, and two points estimates of
poloidal wave numbers. A pair of magnetic coils mounted
in the same system measures the poloidal component
of magnetic field fluctuations. The probe was mounted
on a single movable shaft allowing radial profile mea-
surements in separate discharges. The signals were digi-
tized at a sampling frequency of 1 MHz. In this work we
show spectra from electrostatic fluctuations measured at
r/a = 0.85 and magnetic fluctuations at r/a = 1.07.
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The magnetic field perturbation was created by an
electric current (/, = 280 A) through a resonant helical
winding (RHW) externally placed around the torus.26)
The RHW coils produce a perturbation field with dom-
inant helicity m = 4/n = 1, and an average radial am-
plitude (|b,(a)/By|) =~ 0.4% at the limiter radius. Such
perturbation was resonant with the plasma region with
safety factor ¢ = 4. In this experiment, the application of
the external field perturbation does not alter the global
equilibrium discharge conditions but create a perturbed
resonant field line configuration similar to those obtained
with ergodic divertors in TEXT?") and TORE SUPRA
tokamaks.?®)

§4. Wavelet Spectral Characteristics of Field
Fluctuations

Electrostatic and magnetic probe measurements of
electrostatic and magnetic fluctuations on the plasma
edge have been performed on several tokamaks. Despite
the differences among tokamaks, some turbulence prop-
erties are commonly observed in their plasma edge.!?)

Electrostatic fluctuations are mainly transverse to the
magnetic toroidal field with the power concentrated on
a broad range frequency decreasing to high frequen-
cies. Generally, fluctuation levels are of the order of
10-20%. Phase velocities are comparable to drift ve-
locities. Mirnov or poloidal magnetic oscillations have
much lower amplitudes, high phase velocities, and lower
frequencies in comparison with the electrostatic fluctua-
tions. Magnetic spectra have both resonances and tur-
bulent components.

Different to most tokamaks, the main frequencies of
the TBR electrostatic fluctuation spectra are in the same
frequency region than Mirnov frequencies.!®) This pecu-
liarity is a consequence of the plasma radius and the
magnetic toroidal field values and fits known scaling
laws.1:2:26) So, this peculiar superposition of the ob-
served magnetic and electrostatic spectra allows us to
study linear and quadratic correlations between compo-
nents of electrostatic and magnetic spectra.

We have analyzed the ion saturation current (Is), po-
tential (@), temperature (T¢), and poloidal magnetic field
(By) fluctuations at edge and scrape-off-layer (SOL) of
TBR tokamak. To examine the time behavior of the
fluctuations we split the data into three consecutive seg-
ments of 1024 data points, applying the wavelet analysis
for each segment. All the measured fluctuations exhibit
broadband wavelet spectra. Figure 1 shows the super-
position of the spectra of the electrostatic and magnetic
fluctuations measured at r/a = 0.85 and r/a = 1.07,
respectively, for an interval of 1.02ms. Similar spectra
are observed for all time and radial positions. The re-
ferred superposition is more pronounced between poten-
tial, temperature, and poloidal magnetic field fluctua-
tions. Predominant magnetic fluctuations occurred in a
broadband frequency range at f ~ 50kHz with ampli-
tudes B5™/Bg(a) ~ 1.2 x 1073, where B}™® is the root
mean square of the poloidal magnetic field fluctuations.

The perturbing external resonant field modifies all the
measured fluctuations. Figure 2 shows fluctuation spec-
tra obtained with or without the perturbing fields; we
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Fig. 1. Spectra superposition of poloidal magnetic field fluctua-
tions ( ) at r/a = 1.07, ion saturation fluctuations (------ ),
potential fluctuations (——— ), and temperature fluctuations
(-=--) at r/a = 0.85. For a choosen time interval of 1.02 ms of
a discharge.

can observe a substantial decreasing of spectral densities

and a slow down of frequencies for the magnetic spec-

trum. This perturbation creates both a primary mag-

netic island on the resonant surfaces with ¢ = 4 and

chaotic regions near this surface. Chaos, due to the in-

teraction of the primary and secondary magnetic islands

near the resonant surface, destroyed the magnetic sur-
faces creating a chaotic layer at the plasma edge. The ob-

served spectral alterations are attributed to the different .
plasma connections to the walls, along the chaotic field

lines, resulting in a larger area reached by the plasma and

a reduction of plasma density. In addition, the plasma

potential may self-organize because of the ambipolarity

to the wall since the field lines in the chaotic layer reaches

the wall.?®) Thus, this density reduction changed the

magnetohydrodynamic equilibrium profiles altering the

turbulence spectral characteristics.

As our system permits simultaneous two-point mea-
surements of electrostatic and magnetic fluctuations we
calculated from the wavenumber-frequency spectrum,
S(k, f), the statistical dispersion relation, k(f), co-
herency spectrum, vy, (f), and phase velocity, vpn. As in
other tokamaks,!?) the dispersion relations were linear
for electrostatic and for poloidal magnetic fluctuations,
and the spectral width o1/k > 1. However, since we
are using wavelet analysis, in this work we can observe
that the values of these parameters varied during the
discharge. As usual, propagation velocities for magnetic
fluctuations were in the electron drift direction, while the
electrostatic fluctuation velocities were in the ion dia-
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Fig. 2. Spectra of poloidal magnetic field fluctuations with
(-oeve ) or without ( ) external perturbing fields (a). The
same for potential fluctuations (b), temperature fluctuations (c),
and ion saturation current fluctuations (d).
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Fig. 3. Time-scale S(f) wavelet spectrum for poloidal magnetic
field fluctuations with (a) or without external magnetic field per-
turbation (b).

magnetic drift direction. As in other tokamaks,3?) the
magnetic phase velocities were much higher than those
of electrostatic fluctuations. The external field perturba-
tions attenuated the high k waves, specially for magnetic
fluctuations, affecting the phase velocities.

Figure 3 shows the time-scale wavelet spectrum for

poloidal magnetic field fluctuations with 3(a) or with-"

out 3(b) the external magnetic field perturbation, during
the analyzed discharge. The spectra show time intermit-
tency that was not previously identified using Fourier
analysis with time series for seven consecutive shots.!®)
The same behavior was obtained analyzing two-point ion
saturation and floating potential probes.

Comparisons of our results with estimations of fluctua-
tion levels and wave vectors from drift waves and rippling
mode models®® show that our values are compatible to
rippling mode model.

§5. Linear and Quadratic Coupling between

Electrostatic and Magnetic Fields

We used wavelet coherence and bicoherence spec-
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Fig. 4. Time resolved wavelet coherence between floating poten-
tial and poloidal magnetic field fluctuations without external
magnetic perturbation.

tral®20:31-33) {5 jdentify evidences of linear and non-
linear (quadratic) interactions between the measured
electrostatic and magnetic fluctuations in the time-scale
domain.

So, electrostatic and magnetic fluctuations were si-
multaneously measured with probes separated by 1.8 x
1072 m in the radial direction. Estimated correlations
between these fluctuations are reliable, as they extend
beyond the correlation length of electrostatic (0.6 x
10~2m) and magnetic (3.0 x 10~2m) fluctuations.

Figure 4 shows the time resolved wavelet coherence
between floating potential and poloidal magnetic field
fluctuations with external magnetic perturbations. Time
resolution is 1 ms and the noise level, estimated accord-
ing reference,'® is ~0.10 for low frequency components.
In this graph the contour lines connect areas of equal
coherence. The coherence is highly intermittent and,
for low frequencies, the spectral regions of high-power
density, high values are achieved, up to 0.8. Moreover,
the highest coherences occur in the range of frequencies
that account for most of the transport.’® Similar results
were obtained for coherence between poloidal magnetic
field and ion saturation current or electron temperature
fluctuations. In contrast, previous conclusions obtained
with Fourier-based analysis (applied on seven consecu-
tive discharges) gave relevance only to coherence between
temperature and magnetic field fluctuations. Data with-
out the external perturbation showed a similar behav-
ior. Therefore, the significative linear coherence between
magnetic and electrostatic fields shows that a fraction of
magnetic fluctuation power may be due to local electro-
static fluctuations. Moreover, in this work wavelet anal-
ysis permits to extract intermittent features, not quite
evident with Fourier analysis, changing our previous con-
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Fig. 5. Summed autobicoherence for poloidal magnetic field fluc-
tuations without external magnetic perturbation for a selected
time interval of 1.02ms (a), contour plot of autobicoherence of
the same fluctuations (c). Summed autobicoherence for poten-
tial field fluctuations (b) and contour plot of autobicoherence of
the same fluctuations (d). Maximum autobicoherence values are
0.26 (a) and 0.20 (b); statistical error for summed autobicoher-
ence indicated by dashed lines.

clusions.®)

To examine how the quadratic interactions are spread
in frequencies, we estimated the squared wavelet bico-
herence, b¥(f1, f2), and the summed wavelet bicoher-
ence, b¥(f), on a frequency grid with 256 points from
0 to 1 MHz, for selected data from successive intervals
of 1.02ms during the plasma discharge. The results,
for the first interval, without external field perturba-
tions, are presented. in Fig. 5. In Figs. 5(a) and 5(c) we
have the summed autobicoherence and the contour plot
of autobicoherence for poloidal magnetic field fluctua-
tions. Figures 5(b) and 5(d) show the same for potential
fluctuations. As the numerical values of summed bico-
herence depend on the chosen calculation grid, we com-
pared cases computed under the same numerical condi-
tions. Nonlinear interactions are more significative and
better defined for magnetic than for potential fluctua-
tions. All the summed bicoherence values are signifi-
cantly above the statistical uncertainty.'® Similar auto-
bicoherence spectra are observed for ion saturation and
temperature fluctuations.

The crossbicoherence values calculated between the
poloidal magnetic field and the electrostatic fluctuations
show similar values but a strong intermittency through
the discharge. Figures 6(a) and 6(c) show the summed
crossbicoherence between the poloidal magnetic fluctu-
ations and temperature fluctuations for an interval of
1.02ms, and the contour plot of the crossbicoherence be-
tween the same fluctuations. Figures 6(b) and 6(d) show
the same quantities for the poloidal magnetic field and
the potential fluctuations. Dashed lines show the statis-
tical uncertainties. The values of the quadratic coupling
are high compared with the statistical error. In the two
cases couplings are in low and medium frequency regions
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Fig. 6. Summed crossbicoherence for poloidal magnetic field and
temperature fluctuations (a), contour plot of crossbicoherence
of the same fluctuations (c). Summed crossbicoherence between
poloidal magnetic field and potential field fluctuations (b) and
contour plot of crossbicoherence of the same fluctuations (d).
Maximum crossbicoherence values are 0.16 (a) and 0.21(b); max-
imum statistical error for summed crossbicoherence is indicated
by dashed lines.
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Fig. 7. Summed crossbicoherence between poloidal magnetic
field and ion saturation current fluctuations with (———- )) or
without (——) the resonant perturbing field. Dashed line is the
statistical error.

and in both sum and difference frequency regions.
Figure 7 shows the summed crossbicoherence between
the poloidal magnetic field and the ion saturation fluctu-
ations with or without the external perturbing magnetic -
field. The effect of this perturbation on the fluctuations
is observed in this figure: enhancement of low frequency
components and spread to higher frequency. However,
the intermittency is always present during the discharge.
A summary of the quadratic coupling behavior is ob-
served in Table I that shows the total autobicoherence
and total crossbicoherence for the measured fluctuations
for the first chosen interval of the discharge. The ex-
ternal magnetic perturbation clearly has distinct reverse
effects on the magnetic poloidal field and potential fluc-
tuations, increasing the total autobicoherence of the first
fluctuation and decreasing it for the second fluctuation.
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Table I. (a) shows the total autobicoherence values of the mea-
sured fluctuations for a selected time interval of a discharge with-
out or with the external perturbation fields (RHW). (b) shows
the total crossbicoherence between poloidal magnetic field and
the measured fluctuations without or with the perturbing fields
(RHW). All the table values are multiplied by 1 x 10~2. Maxi-
mum statistical error is &1 x 1072,

(a) Total autobicoherence.

- By - @ . Iy - T,
B ) si e
® raw ¢ REW & raw = Raw
8 12 7 4 3 4 3 3
(b) Total crossbicoherence.
5 =  BeBy 4 B : = IsBy = T.By
BoBo  puw ?Be gpaw B ppw TeBe gppw
10 4 4 3 4 3 4 3

On the other hand, no evident alteration was induced by
the external perturbation on the total autobicoherence of
ion saturation and temperature fluctuations. In the to-
tal crossbicoherence between electrostatic and magnetic
fluctuations we verified almost no effect of the external
perturbations. Similar observations were obtained on the
others intervals of the discharge.

§6. Conclusions

To investigate linear and quadratic correlations be-
tween electrostatic and magnetic fluctuations we ana-
lyzed data obtained from a complex probe system at
TBR tokamak plasma edge.

We used a wavelet approach to analyze single time se-
ries and two time series in which the fluctuating quanti-
ties are nonstationary. Relative short data sequences are
sufficient to perform the analysis, in contrast to Fourier
technique that needs long time series to obtain sufficient
frequency resolution and statistics. Estimates of error
levels of wavelet calculations provide a criterion for the
reliability of results. Therefore, we conclude that wavelet
analysis is convenient to study intermittent interactions
of these nonstationary signals, removing the assumption
that turbulence signals consist of modes that are con-
stant in time. Even so, wavelet analysis preserves the
physical intuition associated to mode description by as-
signing a frequency to each wavelet scale. Our previous
results obtained with Fourier analysis relayed on the ac-
cumulation of data over time scales larger than the char-
acteristic time scale of the measured plasma turbulence,
averaging out much of the dynamics and destroying rel-
evant information about coupling.!6)

The measured turbulence spectra are similar to those
obtained in other tokamaks.!>? Thus, electrostatic fluc-
tuations are mainly transverse to the magnetic toroidal
field with the power concentrated on a broad range fre-
quency decreasing to high frequencies, and fluctuation
levels are of the order of 10-20%. Moreover, electro-
static phase velocities are comparable to drift velocities.
Poloidal magnetic oscillations have much lowers ampli-
tudes, high phase velocities, and lower frequencies in
comparison with the electrostatic fluctuations. Magnetic
spectra have both resonances and turbulent components.
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Different to most tokamaks,’?) as a consequence of TBR

plasma radius and magnetic toroidal field values,!:25) the
main frequencies of electrostatic fluctuation spectra are
in the same frequency region than Mirnov frequencies.!6)

In the present wavelet analysis we also showed the evo-
lution of the investigated spectra, identifying intermit-
tent couplings. Indeed, linear and quadratic interactions
varied during discharge, showing that the phase coupling
process is intermittent. On the other hand, both analy-
ses show that nonlinear coupling is more significative for
poloidal magnetic field than for electrostatic field.

Few results have been reported about applications of
bispectral analysis on tokamak turbulence. One exam-
ple is a coherent peak in the electrostatic plasma edge
turbulence observed in the tokamak TEXT, by applying
Fourier bispectral analyses to data probes.*) However,
we do not observe only one isolated coherent peak in our
bicoherence, but some peaks spread in the examined fre-
quency range. Another example is the Fourier bispectral
analysis applied to analyze the turbulence development
on the toroidal device Thorello for plasma confined in a
low density and low magnetic field toroidal device.3%
A wavelet bispectral analysis was applied to investi-
gate L/H mode transitions on the Continous Current
Tokamak.'®) This work shows higher bicoherences for H
mode and intermittency similar to our experiment.

With the Fourier analysis we detected correlations es-
sentially between magnetic poloidal field and temper-
ature fluctuations.’® On the other hand, the wavelet
analysis showed significative correlations between this
magnetic field and other electrostatic fluctuations. These
results confirm our previous results and reinforce the pos-
sibility that these fluctuations have a partial common
driving process as discussed in ref. 36. These correla-
tions are expected if magnetic fluctuations in the plasma
edge are due to the currents driven by electrostatic tur-
bulence.3%)

Moreover, with this wavelet analysis we also found
higher quadratic coupling, between the electrostatic and
poloidal magnetic fluctuations, than that previously ob-
tained with Fourier analysis.'®) This coupling could be
important for energy transfer between electrostatic and
magnetic frequency components as predicted in some
models.!?) Further complete results from bicoherence be-
tween magnetic and electrostatic fluctuations are not yet
available in the literature.

Resonances created by external magnetic fields reduce
the amplitude of fluctuations and shift the frequency
range of the maximum quadratic coupling to larger scales
(lower frequency components). The effect of this per-
turbation is to reduce slightly but intermittently the
quadratic coupling. Alterations on spectral distributions
due to external field perturbations suggest a global de-
crease of turbulence level. This resonant perturbation
creates magnetic islands and a chaotic layer near the
plasma edge. This modification of magnetic structure
should alter the fluctuation spectra due to the different
plasma connections to the walls along the chaotic field
lines. As it has been suggested,?® the plasma poten-
tial may self-organize because of this ambipolarity to the
wall. Thus, this change on the magnetohydrodynamic
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equilibrium profiles could alter the turbulence spectral
characteristics.

So, in this work we confirm the reliability of wavelet
transform to analyze plasma edge turbulence. Thus, ap-
plications of this technique could be further developed
to study other turbulence features as formation and life-
time of coherent structures, and direction of their carried
energy flow.!”) However, for these studies we need other
kind of diagnostics or two-dimensional long rows of elec-
trostatic probes.

Finally, our results of fluctuation levels and wave vec-
tors are compatible with values estimated from rippling
mode model.3®) However, a theoretical description of
our observations, concerning the intermittent coupling
between magnetic and electrostatic fluctuations, has yet
to be developed by applying basic plasma turbulence
models.6-8:11)
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