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Tools to characterize three important characteristics of turbulence are proposed:
Structures-within-structures, intermittent amplitude bursting, and turbulence complexity. These
tools are applied to show that the injection of a rf wave into the plasma confined on the Tokamak
Chauffage Alfvén Bresilién 共TCABR兲 关R. M. O. Galvao, V. Bellintani, Jr., R. D. Bengtson et al.,
Plasma Phys. Controlled Fusion 43, A299 共2001兲兴 decreases plasma edge turbulence, although not
completely destroy it, by destroying the only two types of time structures found in the data. Both
structures present multiscaling spectra, with infinitely many possible scalings. So, according to this
analysis, complexity of this turbulence is mainly due to the multiscaling character of the oscillations.
© 2003 American Institute of Physics. 关DOI: 10.1063/1.1561612兴

I. INTRODUCTION

time scales, we look into self-similarities in the data. We
further adapt the multifractal formalism proposed in Ref. 16
for its application in time series. That will give us all the
possible self-similar exponents in the time series, which will
enable us to fully characterize the multiscaling of the data.
To characterize the intermittent amplitude-bursting, we
check for phase synchronization between positive-peak and
negative-peak amplitudes, and to characterize its complexity
we calculate the inverse of the N-Gramm entropy, of a symbolic sequence obtained from the data, which measures the
amount of predictability obtained observing a certain amount
of data.
In our proposed time multiscaling analysis we can identify clearly only two structures. One is a low-period small
structure 共with time dimensions of less than 20 s兲, and the
other is a high-period large structure 共with time dimensions
higher than 200 s. Considering all the other analysis, our
main result, on the acting of the wave, is that the wave acts
destructively in both structures.
The contents of the paper are as follows. In Sec. II, we
describe the experiment as well as the turbulent data. In Sec.
III, we describe the proposed time multiscaling formalism
which unravels the structures present in the data. In Sec. IV,
we show that the phase synchronization between the positive
and negative peaks gets stronger when the wave is introduced. In Sec. V, we make a symbolic analysis of the data,
showing the increase of the predictability when the wave is
injected. Finally, in Sec. VI, we present the conclusions.

Turbulence is among one of the most interesting phenomenon in physics, very common in life and yet not completely understood.1–3 Some important tools contribute much
for a good understanding of turbulence: The Reynolds
number4 which can be used to measure the level of turbulence, the scaling between the diffusivity of relative particles
and the length scale of a fluid,5 and the strong formal definition of turbulence based on relative diffusion in terms of
the averaged relative velocities of pairs of particles.6,7 In this
work we propose new tools that introduce a statistical dynamical description of turbulence that can improve the understanding of turbulence.
We study magnetohydrodynamic plasma turbulence as
described in Ref. 8. The use of only traditional plasma physics, as pointed out in Ref. 9, is not sufficient to explain the
experiments in fusion plasma confinement, as, for example,
the observed particle transport.10 So, like in Refs. 11–15, we
propose new tools to improve the understanding of plasma
turbulence, which should be, in principle, applicable to any
type of turbulent system, once plasma turbulence seems to
have all the characteristics of fluid turbulence. One of the
interests in studying plasma edge turbulence is that, in the
case one wants to construct a controlled fusion reactor fed by
plasma, turbulence should be avoided, once it is responsible
to increase particle transport that drives particles out of the
plasma. Although the main reason of injecting rf Alfvén
wave into the plasma cavity is to increase plasma temperature, our intention, in this paper, is to understand, from the
dynamical point of view, the effect this wave has on the
structures present in the plasma edge turbulence, and its consequences for the level of it.
For that, we propose tools that identify modifications in
the characteristics of three properties of turbulence. The
structures-within-structures acting on each other in different
time scales, the typical intermittent amplitude-bursting of the
turbulent oscillations, and its complexity 共being quantified by
the amount of predictability one can get from the data兲. To
characterize the action of the structures acting on different
1070-664X/2003/10(5)/1283/8/$20.00

II. THE DATA

The experiment is performed in a hydrogen plasma in
the Tokamak Chauffage Alfvén Bresilién 共TCABR兲17 共major
radius R 0 ⫽0.61 m and minor radius a⫽0.18 m兲. The plasma
current I p is 100 kA, the current duration 100 ms, the toroidal magnetic field B t is 1.1 T. In order to study turbulence
changes introduced by Alfvén wave injection, we keep the rf
power during 10 ms in the range of 40 kW at 3.6 MHz, for
excitation of modes m/n⫽1/4, where m and n are the poloidal and toroidal mode numbers, respectively. The data are
1283
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FIG. 3. Probability distribution for the data without 共A兲 Alfvén wave and
with 共B兲, shown in Fig. 1 共B兲.
FIG. 1. 共A兲 Floating potential for the complete discharge and 共B兲 the selected pieces 共without and with Alfvén wave injection兲 of the data for the
analysis. The sampling time is 1 s.

collected with a multi-pin probe 共for more details see Ref.
12兲 that measures the fluctuations on the floating potential in
the scrape-off layer 共outer region of the plasma chamber兲,
V n . Figure 1 shows the floating potential for one complete
discharge and for selected intervals.
The variable of analysis is the floating potential difference, R n , defined as
R n ⫽ 共 V n⫹1 ⫺V n 兲 /  ,

共1兲

where R n is normalized by the standard deviation  of V n .
This variable is shown in Fig. 2 without 共A兲 and with the rf
injection 共B兲. The intermittent peak-to-peak bursting is more
evident without rf injection. The size of the data to be analyzed, i.e., the maximum value for n is N⫽10000.
In Fig. 3 we show the probability distribution function
共PDF兲 of R n without 共A兲 and with the wave injection 共B兲.
Without the wave,  (R n ) has a Poisson decay and large amplitude events indicating a power-law tail, as it is expected

from the measured plasma turbulence.11,13–15 With the wave,
the distribution kurtosis changes to 3.29, a value near the one
obtained for a Gaussian distribution.
III. STRUCTURES-WITHIN-STRUCTURES

Turbulence has organized 共coherent兲 structures that are
observed both in time and in space. These structures can be
characterized by either their time scales or space scales. Our
work is dedicated to identify such structures in the time domain. That is done finding distributions of floating potential
fluctuations that are self-similar for a given time interval.
Thus, we search for self-similar patterns in the data, as we
change the time scale within which we observe the fluctuations, i.e., we search for a scaling of the probability distribution of the floating potential as we change the time scale of
the observation.
Due to the short duration of the discharge, instead of
observing the floating potential each m samplings, we average the signal within overlapping time windows, j, of size m.
Then, we introduce an average positive value of the floating
potential over different time scales
1
⌫ j共 m 兲⫽
k

FIG. 2. R n without wave 共A兲 and with wave 共B兲. Intermittent peak-to-peak
bursting is reduced when the wave is injected.

k

兺 R ⫹i, j ,

i⫽1

共2兲

where R ⫹
i, j are the k values bigger than the average value of
R n within the window j 共with m points and k⬍m). Once we
work with overlapping time windows, for a chosen m we can
have N⫺m windows. The reason for introducing the variable
⌫ j (m) in Eq. 共2兲 is that, for the plasma edge turbulence, the
PDF of this variable is a Poisson-type and should be characterized by its average positive value as shown in Refs. 11 and
13–15.
A PDF  关 ⌫ j (m) 兴 is said to be self-similar if  关 ⌫ j (m) 兴
⬀m D  关 m ⫺D ⌫ j (m) 兴 共see Refs. 18 –20兲, where D is the selfsimilar parameter. A PDF is defined to be multiscaling if
 关 ⌫ j (m) q 兴 ⬀m D q  关 m ⫺D q ⌫ j (m) 兴 , where D q varies nontrivially with q, and q苸R. For simplicity, instead of working
with the properties of the distribution  关 ⌫ j (m) q 兴 , we work
q
with the mean 具 ⌫ j (m) q 典 ⫽ 关 1/(N⫺m) 兴 兺 N⫺m
j⫽1 ⌫ j (m) . This
mean can be associated to the width of the distribution of
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that are also large structures in the space domain. Therefore,
identifying the time scale of the existing structures means to
identify the space-scale of these structures.
Thus, in Fig. 4 we show the value of 具 ⌫(m) q 典 for the
data without wave injection 共A兲 and with wave injection 共B兲.
One can see two types of structures. One is a short-period
共with time dimensions smaller than 30 s兲 that we associate
to small structure in the space domain, and the other is a
high-period 共with time dimensions higher than 100 s兲 that
we associate to a large structure in the time domain. These
two time regions vary slightly in length 共windows of length
m) and position as we change q, and they are associated with
two types of structures found in the data.
q
FIG. 4. 具 ⌫ (m)
典 for the data without wave injection 共A兲 and with wave
injection 共B兲 with respect to m, for q⫽⫺3.0. Two self-similar regions appear. One in a short time interval region 共small structure兲 and the other for
large time windows 共large structures兲.

positive values of R n (m) defined as (V n⫹m ⫺V n )/  . A consequence of having a multiscaling self-similar PDF is that all
the characteristics of the PDF are also multiscaling selfsimilar, and therefore

具 ⌫ j 共 m 兲 q 典 ⬀m ⫺D q ,

共3兲

where D q is the generalized scaling characterizing the evolution of the q-order moment of the distribution  关 ⌫ j (m) q 兴 .
Note that D q ⫽D 1 ⫻q for a one-scaling probability distribution  关 ⌫ j (m) 兴 , and D q ⫽D 1 ⫻q, for a multiscaling distribution. Moreover, the exponent D q is equivalent to  (q), first
introduced in Ref. 21, later in Refs. 22 and 23. In Ref. 23,
given a measure  (m,q) of a set,  (q) is the exponent
 (m,q)⬀ ⑀  (q) , where ⑀ is some small interval in the set.
So, to understand how the qth moment of R n (m) evolves
with m we show in Fig. 4 how 具 ⌫ j (m) q 典 evolves with m,
where we choose q⫽⫺3.0. We see that for both data 共with
and without the wave injection兲 there are mainly two regions
of self-similarity, for all q, which basically means that Eq.
共3兲 is valid for these time domains. Once, Eq. 共3兲 is a powerlaw, it preserves the form within each time domains. Thus,
the dynamics responsible for such invariance can be fully
characterized by the exponents D q . Such dynamics are the
result of some time structure.
Although the knowledge of wave number power spectrum requires measurements in different positions, there are
correlations between the space and time power spectra of
structures propagating inside the plasma. In this sense the
time scales of structures found in this work could give some
insight of space scales of these structures. In fact, as also
described in Ref. 20, there is a connection between the structures found in time domain 共self-similar regions兲 and the
structures present in the space domain. So, the short time
self-similar regimes are consequence of the existence of
high-frequency structures that are also small structures
within the space domain. Similarly, the large time selfsimilar regimes are consequence of low-frequency structures

A. Generalized local and global time exponents

To reveal how nonlinear D q is with respect to q, and
therefore, to check if 具 ⌫(m) q 典 is either mono or multifractal, we just analyze if the derivative of D q with respect to
q ( ␣ ), is either constant or a nontrivial curve

␣⫽

dD q
dq

.

共4兲

The exponent ␣ is equivalent to the singularity exponent
␣ j introduced in Refs. 16, 25, and 26 or to the ‘‘pointwise
dimension’’ 共see a discussion of this equivalence in Ref. 24兲,
which is a spatially local exponent. So, like in those works,
we also consider ␣ to be a local measure, that in our case is
a measure within a localized time windows. Differently from
the works of Refs. 16, 25, and 26, in which the local exponent is calculated as a local space interval shrinks to zero, in
our time formalism we interpret ␣ as a measure of a particular window j, as its size m increases.
We also define the exponent f ␣ by
f ␣ ⫽q ␣ ⫺D q ,

共5兲

which measures higher order terms in the expansion of D q ,
that differs from (dD q /dq) q. So, it measures how many
different scalings we have in 具 ⌫(m) q 典 . For example, if D q is
monofractal, f ␣ ⫽0 for all ␣ , and therefore, is punctual and
monofractal. In the case we have multifractal system, f ␣ is a
curve with respect to ␣ , and we have an infinite spectrum of
values. The interval of ␣ values for which f ␣ exists is a
measure of the number of different scalings the system have.
So, the exponent f ␣ is the characteristic exponent of the set
of values ␣ , and the curve of f ␣ versus ␣ we call spectra f ␣ .
In the multifractal formalism of Ref. 16, assuming that
⌫(m) is a summation over the probabilities of finding points,
within some interval, from a given set of points, D 0 is the
capacity dimension,27 equivalent to the Hausdorff
dimension.28 These metric dimensions are also known by the
generic term of fractal dimension coined by Mandelbrot in
Ref. 29 referring to the Hausdorff dimension of some measured variable, meaning that such measurement could be globally characterized by a noninteger power-law exponent. D 1
is the information dimension,30 equivalent to the pointwise
dimension introduced in Ref. 31. In the present proposition,
D q should be understood as the generalized exponent of the
q-moments of the time measurement ⌫(m), which in this
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FIG. 5. Global exponent D q (q) with respect to q, showing the average
scalings for large time, m⬎200.

case characterizes the probability distribution  关 ⌫(m) q 兴 . So,
while D q in Ref. 23 describes spatial properties of points in
a set, in the present work D q describes the time evolution of
q
the distribution of the ensemble 兺 N⫺m
j⫽1 ⌫ j (m) . Similarly to
the work of Ref. 23, where D q characterizes global and universal invariants of the set, in the present work D q describes
global invariants of the distribution of this ensemble. To go
from this formalism to the one proposed in the generalized
dimensions, ⌫ should describe probabilities densities of the
data as the space shrinks to zero. In the present case, the
space in which the data live does not have to be defined. This
is attracting to turbulent data analysis, because the space of
turbulent systems are usually considered to be either unknown, or higher dimensional, and thus difficult to deal with.
We refer to D q as the generalized global time exponent.
B. Time multi-exponents analysis of the data

Following, we describe results of the time multiscaling
exponents analysis of the data, for large m that we choose it
to be m⬎200. Therefore, such analysis tries to understand
what happens to the large time-domain structures, associated
with the large space-domain structures. In that case, the generalized global exponent D q is shown in Fig. 5 with and
without the wave, for q within the interval 关 ⫺10,10兴 . These
exponents are obtained by fitting the curve 具 ⌫(m) 典 versus m.
The existence of such continuous and smooth curve for D q
versus q shows that the data are self-similar for that time
domain, and consequently, Eq. 共3兲 is valid. From this figure,
with and without wave the data is self-similar. We find multisimilarity in both data, as one can check by the existence of
a nonlinear curve of ␣ with respect to q, shown in Fig. 6.
Finally, a measurement of how much multi-similar the data is
given by the interval range 共bandwidth兲 for which the function f ␣ exists. One can see in Fig. 7 that, for the data with
wave, the bandwidth in the ␣ variable is smaller than without
the wave. That means that the wave destroy many structures
that were responsible for making the data to present a larger
number of exponents, and consequently a higher complexity
curve of ␣ versus q.
Another range of m we find self-similarity in the function 具 ⌫(m) 典 is for small values of m, that is m⬍20. The
results are shown in Figs. 8 and 9, and they are similar to the

FIG. 6. Local exponent ␣ (q) with respect to q, for large time, m⬎200.

ones presented in Figs. 5–7. In Figs. 8 –10, we consider only
positive values of q due to numerical problems that arise in
the sum of Eq. 共2兲 if q⬍0, for m⬍20. It is worth mentioning
that the bandwidths 共for both data sets, with and without the
wave兲 of ␣ values for this time domain is larger than the
ones found in the large time-domain 共Figs. 5–7兲. That means
that the small structures, should be more complex than the
large structures.
IV. PEAK-TO-PEAK SYNCHRONIZATION

Turbulence is characterized by an intermittent behavior
between explosions of large amplitude and medium oscillations. Studying the phase between turbulent peak-to-peak oscillations enables us to both characterize turbulence and to
understand the effect of the wave injected on the plasma.

FIG. 7. f ␣ spectra for large time, m⬎200. The wave is responsible for a
shrinkage of the spectra which means that the large structures are being
destroyed.
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FIG. 8. Global exponent D q (q) with respect to q, showing the average
scalings for short time, m⬍20. Only positives values of q are considered.

For that, we analyze the standard deviation  of the
probability distribution,  关 ⑀ (t) 兴 , for the difference ⑀ (t)

⑀ 共 t 兲 ⫽ 兩  1 共 t 兲 ⫺  2 共 t 兲 兩 mod ,

共6兲

where  1 (t) is the phase of the series s ⫹ (t), 32 constructed
by the values of R n bigger than ␦ /2, and  2 (t) is the phase
of the series s ⫺ (t), constructed by the values of R n smaller
than ⫺ ␦ /2. We show in Fig. 11 an example of s ⫹ (t) and
s ⫺ (t), and in Fig. 12 as  changes with the gap ␦ . Once
turbulence is characterized by the existence of a sum of an
infinite number of phases, we do the same analysis leading to
Fig. 12, for R n as it is smoothed out by running averages
within windows of size T; here T⬍20. With that procedure
we want to eliminate from the data possible fast oscillations
which could affect the reliance of the phase analysis. The
result is similar to the one obtained without the running average, and thus, we can state that the wave is responsible for
synchronizing the peak-to-peak oscillations. In fact, we observe that the data with the wave do not present large amplitude bursting, as one can see from Fig. 2.

FIG. 9. Local exponent ␣ (q) with respect to q, for short time, m⬍20. Only
positive values of q are considered.

FIG. 10. f ␣ spectra for short time, m⬍20. The wave is responsible for a
shrinkage of the spectra which means that the small structures are being
destroyed. Only positive values of q are considered.

V. SYMBOLIC MAPPING, STRUCTURES-WITHINSTRUCTURES, REGULARITY, AND PREDICTABILITY

In a symbolic analysis we do not work with windows of
very large m. Instead, we symbolize R n by associating symbols to its values, working with small-length time-windows,
and so, generating short length sequences of symbols. That
type of analysis should be used to search for structures for
short-time windows. The structures found in this symbolic
analysis should be considered to be the ones that are characterized, in the previous sections, by the global and local exponent, for small m. So, we make a microscopical search for
structures within short-time windows of 12 s (m⫽12).
With this analysis we also find two types of symbolic structures, which we classify as large and small. Therefore, this
result should be a consequence of the structures-withinstructures characteristic of turbulence. So, we symbolize the
data with the symbol ‘‘0,’’ if R n is negative, and ‘‘1’’ if it is

FIG. 11. s ⫹ (t) are the values of R n which are bigger than ␦ /2, and s ⫺ (t) are
the values of R n which are smaller than ⫺ ␦ /2.
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FIG. 12. Dependence of  关 ⑀ 兴 on ␦ for the plasma with and without the
Alfvén wave. The wave injection makes  关 ⑀ (t) 兴 to get smaller, which
means that the phase synchronization between the positive and the negative
oscillations increases.

positive. We construct the symbolic sequence S n , that is
separated in overlapping regions of 12 symbols each. To treat
this problem in a Cartesian space, we convert each group, i,
of 12 symbols, that we refer to it as a 12-bit sequence, into a
decimal, d i , by using the decimal-binary conversion rule:
(12⫺ j)
. From the decimals d i , we construct
d i ⫽ 兺 12
j⫽1 S j ⫻2
the symbolic mapping, d i versus d i⫹1 , shown in Figs. 13共A兲
and 13共B兲, where Fig. 13共A兲 is for the discharge without the
wave injection, and Fig. 13共B兲 with the wave. The blank
regions of Fig. 13共B兲 corresponds to forbidden sequences,
and are, in its majority, composed by repeating sequences of
the same symbol. Therefore, small-lengthed cyclic sequences
of bits as ‘‘01010101 . . . ’’ are very common. These particular symbolic sequences represent a patterned time oscillation.
Symbolic sequences like this previous one, with typically
low-period patterns, are a consequence of a low-period time
oscillation, and therefore high frequency, which as done previously, we believe is consequence of a small spatial structure. On the other hand, long-period symbolic patterns, like
for example ‘‘111111111111,’’ or ‘‘000000111111,’’ are a
consequence of a large-period time oscillation, which we be-

lieve to be a consequence of a large spatial structure. These
symbolic large structures are represented by d j decimal
which correspond to horizontal and vertical lines, positioned
at 1, 1024, 2048, 3076, and 4096. These lines positions are in
the blank regions of the mapping. So, patterns with longperiod symbolic structures are unlikely to be found when the
wave is injected in the plasma. Therefore, although the wave
acts destructively in the small time-structures (m⬍20兲 as it
was observed in the previous sections, symbolic low-period
time structures seems not to be so affected by the wave as it
is the case for symbolic large-period time structures. As a
consequence, the remaining ␣ bandwidth after the wave injection, in Fig. 10, should be mainly due to this symbolic
low-period patterns also consequence of high-frequency time
oscillations.
More powerful than only detecting patterns in the symbolic sequences, the symbolic analysis can also give us an
idea of the complexity of the data from its entropy and predictability. For this complexity quantification, we follow the
treatment described in Ref. 33. So, the Shannon entropy34 of
words of length m are given by
H m ⫽⫺

兺 p 共i m 兲 log p 共i m 兲 ,

where the summation has to be carried out over all words
with p (m)
i ⬎0. The entropies H m measure the amount of information contained in a word of length m. From Eq. 共7兲 we
define the conditional 共dynamic兲 entropy h m as the average
information necessary to predict the next symbol, given the
preceding m symbols, by
h m ⫽H m⫹1 ⫺H m ,

共8兲

with h 0 ⫽H 1 . The entropy of the source is the average information content of one symbol, or the information necessary
to predict the next symbol when being informed about the
complete pre-history of the system

h⫽ lim h m ⫽ lim
n→⬁

FIG. 13. The symbolic map with 共A兲 and without 共B兲 the wave injection.
Blank regions in 共B兲 represent the symbolic large structures that are destroyed by the wave injection.

共7兲

m→⬁

Hm
m

.

共9兲

Note that when Eq. 共9兲 is used to calculate the source entropy of a symbolic sequence generated from a dynamical
system, with a symbolization of the trajectory through a Markov partition, then, Eq. 共9兲 is the Kolmogorov–Sinai entropy
of the trajectory, as shown in Ref. 35. In the case the
Kolmogorov–Sinai is positive, that means the trajectory is
chaotic. In the present analysis, however, we interpret the
finding of a h positive as a measure of complexity, i.e., the
more positive h is, the more complex are the data. While Eq.
共9兲 should be used to have a global characterization of complexity, Eq. 共8兲 should be used to have an ‘‘instantaneous’’
characterization of complexity. From the decay of h m with
respect to m we can understand how much order 共fast decay兲
or disorder 共slow decay兲 the data have. The maximum value
h can assume is ln(2).
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VI. CONCLUSION

FIG. 14. Conditional entropy for data with 共A兲 and without 共B兲 the wave.
The faster decay of this entropy with respect to m indicates that the wave
injection introduces regularity and predictability in turbulence.

The ability to predict, P, is defined as33
P⫽1⫺h m .

共10兲

So, we obtain h⫽0.53 for data with the wave and h⫽0.66
for data without the wave. Note that the value for h, for the
data without the wave, is close to the maximum value, which
agrees with the believed random-like character of turbulence.
In Fig. 14 we show the conditional entropy which is
smaller for all m for the data with the wave. That means, the
uncertainty of the bit g, analyzing the previous g⫺m symbols in the sequences is smaller with the injection of the
wave. Also, the slow decay for small m shows that the data
have a very complex characteristic, nontypical of chaotic
system, that have a faster decay. Finally, in Fig. 15 we show
the ability of prediction for a given m and we see that the
wave introduces into the turbulent data more predictability.
In Figs. 14 and 15, the abrupt change in the slope of the
functions for m higher than 8 is due to the insufficient number of experimental data.

The wave injection decreases turbulence by destroying
both the large 共time windows of 关200,500兴s兲 and the low
period structures 共time windows of 关1,20兴s兲. However, for
the low-period structures we have observed by the symbolic
analysis that the higher-frequency time oscillations are more
resistant than the lower-frequency time oscillations in the
presence of the wave injection. A direct consequence of the
decrease of the turbulence level, due to the wave injection, is
the increase in the regularity and predictability of the data.
Regularity is indicated by the smoothing of the data, phase
synchronization between the positive and negative peak oscillations, the smaller value of the source entropy, and the
faster decay of the conditional entropy.
These conclusions are a consequence of an integrated
comparison of the results of our proposed tools of analysis
which identifies the time changes caused by the wave in the
structures present in the data. With the visual inspection of
the normalized data and the phase difference between peakto-peak oscillations we show the plasma edge turbulence has
a typical peak-to-peak intermittent oscillation 共coupling between the large structure and the small structure兲 which is
destroyed by the wave, resulting in more uniform data. The
probability distribution for the data without the wave injection is a typical turbulent Poisson-type distribution11,13–15
that with the wave turns into a Gaussian-type. However, as
shown by our local and global multiscalings analysis, there
are two time self-similar regions for both data. Which means
that independently of the distribution found, its time evolution happens according to multiscalings rules, and therefore, not randomly. Finally, with the symbolic analysis, we
show that the wave creates forbidden zones in the symbolic
mapping which means that symbolic structures are
destroyed.
Therefore, our tools of analysis not only give us a good
understanding of the driving of resonant rf wave in the
plasma edge turbulence, but also give a criteria for the characterization of the turbulent level. The higher turbulence is,
the higher peak-to-peak intermittent oscillations are, the
wider the f ␣ spectra are, the less phase-synchronized the
positive and negative peak oscillations are, the more dense is
the symbolic mapping is, and the more unpredictable the
data are. Finally, our tools could be used in a real-time experiment to detect if a flow is about to become more turbulent, just by showing that the measured quantities proposed
with these tools are changing in time, heading to values that
characterize a stronger turbulent state.
The finding of only two main structures, on the analyzed
data, could be related with the theory described in Ref. 36
which describes the onset of turbulence from the breakup of
a two-frequency torus.
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