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Abstract

CrossMark

We present investigations of extreme events (bursts) propagating in the Texas Helimak,

a toroidal plasma device in which the radial electric field can be changed by application of
bias. In the experiments analyzed, a large grid of Langmuir probes measuring ion saturation
current fluctuations is used to study the burst propagation and its dependence on the applied
bias voltage. We confirm previous results reported on the turbulence intermittency in the
Texas Helimak, extending them to a larger radial interval with a density ranging from a
uniform decay to an almost uniform value. For our analysis, we introduce an improved
procedure, based on a multiprobe bidimensional conditional averaging method, to assure
precise determination of burst statistical properties and their spatial profiles. We verify that
intermittent bursts have properties that vary in the radial direction. The number of bursts
depends on the radial position and on the applied bias voltage. On the other hand, the burst
characteristic time and size do not depend on the applied bias voltage. The bias voltage
modifies the vertical and radial burst velocity profiles differently. The burst velocity is smaller
than the turbulence phase velocity in almost all the analyzed region.

Keywords: plasma turbulence, plasma intermittence, Helimak

(Some figures may appear in colour only in the online journal)

1. Introduction

Plasma edge electrostatic turbulence affects magnetically
confined plasmas in tokamaks, stellarators, and reversed field
pinches and has characteristics that are common to all of these
devices [1-4]. Generally, such observed turbulence consists of
two components: a broadband background fluctuation and a
sequence of large intermittent bursts [5, 6]. These bursts con-
tribute significantly to the particle transport observed in the
edge and the scrape-off layer (SOL) of tokamaks, stellarators,
and reversed field pinches, and also in other magnetized devices
[3, 5-14]. In some experimental observations the burst origin
has been attributed to macroscopic instabilities [15] or identi-
fied with random processes [16, 17]. Although other invest-
igations in fusion devices have revealed additional relevant
properties of these bursts, the need for better understanding of
the basic properties and nature of such extreme events remains.

0741-3335/16/054007+8$33.00

In this context, bursty turbulence similar to that observed at
the plasma edge in fusion devices has also been investigated in
other magnetic plasma devices [4, 7-11, 18-21].

On the other hand, several procedures have been tried to
control plasma turbulence at the plasma edge and to improve
the confinement in fusion devices, for instance by injecting
radio frequency (RF) waves at the plasma edge [22, 23] or
by imposing an external electric potential that changes the
radial electric field profile [24-26]. Experiments have also
been performed to study electrostatic turbulence and bursts in
plasmas with flow and magnetic shear in Helimaks [27-31].
The Helimak is one of a class of basic plasma experiments
with characteristics of fusion plasmas in a simple geometry.
This basic plasma toroidal device is a sheared cylindrical slab
[27], that simplifies the turbulence description and provides
results that can be used to understand the plasma edge and the
SOL in major fusion machines [28, 32, 33].

© 2016 IOP Publishing Ltd Printed in the UK
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One of these devices, the Texas Helimak, is a simplified
model system for the study of drift-wave plasma turbulence.
It approximates an infinite cylinder, the sheared cylindrical
slab, with an MHD equilibrium that depends on a single, radial
variable [27]. The magnetic field lines are helices of variable
pitch. Although the experiment is finite, the open helical field
lines are sufficiently long to be effectively infinite.

Control of turbulence by biasing has been investigated in
the Texas Helimak [27, 34], which is specially configured to
allow varying the radial electric field with bias. Bias is applied
using a set of electrically isolated horizontal metal plates at the
top and at the bottom of the vacuum chamber, nearly perpend-
icular to the magnetic field. For negative biasing, turbulence
control has been investigated and states of greatly reduced
turbulence have been achieved [27, 34]. However, despite the
alteration of the flow shear by the applied bias voltage, no
turbulence dependence on the flow shear has been identified
[34]. Furthermore, evidence was found that turbulent transport
in this device is strongly affected by wave particle resonances
and by a kind of shearless transport barrier [35]. On the other
hand, for positive biasing, turbulence shows enhanced broad-
band spectra and non-Gaussian probability distribution func-
tions (PDFs) with extreme events associated with bursts [36].
Recently, it was reported that the occurrence of bursts and
their propagation, in a specific plasma region with roughly
uniform equilibrium density gradient, varies with changes in
the radial electric field profile [37].

In this work, we confirm previous results reported on
the Texas Helimak concerning turbulence intermittency,
extending them for a larger radial range and improving the
procedure to analyze the burst identification and propagation.
Thus, for new Texas Helimak discharges with positive biasing,
we analyze ion saturation current fluctuations obtained by a
large set of Langmuir probes. The data were collected in a
large radial range, containing a region with an almost uniform
density gradient, as in the tokamak plasma edge, and another
with a uniform density, as in the tokamak SOL.

We introduce a new procedure to improve burst selection
and assure a more precise determination of burst properties,
spatial profiles, and velocities. Namely, we apply a condi-
tional average to a set of neighboring probes with some of
them as references to detect bursts. We verify that intermit-
tent bursts have different properties along the radial direc-
tion. The number of bursts depends on the radial position
and on the applied bias voltage. On the other hand, the burst
characteristic time and size do not depend on the applied
bias voltage. The bias voltage modifies the vertical and
radial burst velocity profiles differently. We distinguish the
burst velocities from the turbulence phase velocity, finding
that these velocities are approximately equal only in a spe-
cific radial region, as previously reported [37]. Outside this
region, the burst velocity is smaller than the turbulence
phase velocity.

In section 2, we review the experimental set-up. In sec-
tion 3, we describe the procedure to identify the bursts in the
Texas Helimak. Finally, in section 4 we present the obtained
burst properties and velocity radial profiles and their depend-
ence on the positive bias voltage.
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Figure 1. (a) Texas Helimak vacuum chamber showing a sample
of the magnetic field lines, the plates used as a support for the
Langmuir probes, and the plates, in gray, where the external voltage
is applied. (b), (c) Two Langmuir probe distributions used in the
discharges considered in this work.

2. Experimental set-up

The experiments reported in this work were performed at
Texas Helimak [27], located at the University of Texas at
Austin. Texas Helimak is a toroidal machine mainly devoted
to basic plasma turbulence study. The magnetic field is pro-
duced by a combination of a toroidal and a vertical set of coils
producing helical magnetic field lines with curvature and
shear as shown in figure 1(a). Because of these properties, the
Helimak geometry can be well described by the sheared cylin-
drical slab since the connection lengths are long enough to
neglect end effects. In the analyzed experiments, the toroidal
field is about 0.1 T, which is combined with the weaker ver-
tical field creating helical magnetic field lines with a connec-
tion length of several meters (about 40 m at the middle of the
machine, R = 1.1 m).

The Texas Helimak has a vacuum vessel with rectangular
cross section of internal and external radii 0.6 m and 1.6 m,
respectively, and 0.6 and 2 m height. For the experiments pre-
sented in this work the gas is argon at 1.3 mPa and it was heated
by a microwave source with 6 kW of power at 2.4 GHz cou-
pled through a window located on the high field side. On the
top and bottom of the machine there are four sets of metallic
plates where the magnetic field lines start and terminate.
These plates are used as a support for the Langmuir probes
and to apply external electric potentials (bias) to change the
radial electric field profile. The shot duration is up to 20 s and
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Figure 2. Equilibrium density radial profiles for grounded (solid
line) and +10V (dashed line) of imposed bias values. The bars
indicate the plates where the bias voltage is applied.

the plasma is in an almost steady state with stationary condi-
tions for 10 s, the time interval considered for the fluctuation
analysis described in this work. The diagnostic system counts
more than 700 Langmuir probes mounted on the four sets of
bias plates. The data were taken by two digitizers, one with
96 channels and 500 kHz sample rate for turbulence measure-
ments, and another one with 128 channels and 7kHz sample
rate for equilibrium measurements. In this work we analyze
the ion saturation current fluctuations on the low field side,
using two different probe distributions (figures 1(b) and (c)).
These two probe distributions are located at plates 3 and 4.
Through these two distributions, we study the turbulence and
plasma structure characteristics as we move further from the
density maximum (usually on plates 1 and 2) and the bias
imposing plate (plate 2). These probe distributions have grids
of probes measuring ion saturation current, which allow us
to make a spatial characterization of the turbulence and of
the plasma structures. The study of this wide range of radial
positions has a special value for understanding the turbulent
particle transport in tokamaks, since different positions on
the Texas Helimak can be related to different plasma regions
of a tokamak. Figure 2 shows the equilibrium density radial
profile for two different bias values. This figure shows that
the Helimak plasma at 1.11fnh < R< 1.25 m (plate 3 region)
has a significant radial gradient, like the tokamak plasma
edge. On the other hand, the Helimak plasma at R > 1.3 m
(plate 4 region) has an almost uniform density profile, like the
tokamak SOL.

3. Burst identification

As also observed in other experimental turbulence invest-
igations, in the Texas Helimak, turbulent signals have two
components: the almost stationary nearly Gaussian random
fluctuations and the intermittent bursts [34]. The turbulence in
this device is highly dependent on the radial position and the
external bias values [36].

In figure 3(a), we present a short time interval of the
saturation current signal, measured by a Langmuir probe at
R =1.365 m and Z = 0.233 m in a discharge with +10V of

PDF

-5 0 5 10
(IN_ < ls >)/O'1,

Figure 3. Example of (a) an ion saturation current signal with the
threshold used to select bursts indicated by a dashed line and

(b) the PDF of the relative fluctuation, (§ — (I) Yox, the dashed
line indicates the threshold used to select bursts in the long PDF
tail at the positive side. The ion saturation current was measured at
the position R = 1.365 m and Z = 0.233 m in a discharge with bias
Vo= +10V.

imposed bias. In figure 3(a), we observe that the time series
clearly presents many bursts (spikes), with peaks several
standard deviations above the mean value. The red dashed line
marks a 3.5 standard deviation threshold used in this work as a
criterion to define whether a peak in the time series is a burst.
The presence of bursts with such high frequency of occur-
rence changes the PDF of the entire time series [38, 39]. The
PDF of the relative ion saturation fluctuation, (I — <(I))/oq,
for the Langmuir probe for the same condition is shown in
figure 3(b) in a solid black line. The observed PDF clearly has
along tail on the positive side due to the presence of the bursts.
In figure 3(b), the red dashed line indicates the 3.5 standard
deviation threshold used to define the part of the PDF tail that
was used to consider a peak as a burst. We can see the part of
this tail considered in the burst analysis by a high threshold
choice. This high threshold value is used to minimize, in our
conditional analyses, the chance of including common oscil-
lations in the signal as bursts.

In the Texas Helimak it was previously observed that the
burst rate can be substantially modified by changing the value
of an externally imposed bias [37]. Once the presence of
extreme events changes the ion saturation current PDF, the
third and fourth normalized statistical moments, skewness and
kurtosis respectively, can be used as an indication of the burst
contribution. Following this idea, figure 4 shows skewness (a)
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Figure 4. Ion saturation current skewness (a) and kurtosis (b) as
a function of the radial position and the bias of the discharge for a
fixed vertical position, Z = 0.233 m. The cross indicates the radial
position considered in the signals shown in figure 3.

and kurtosis (b) as a function of the radial position and the
external imposed bias values. In these figures, darker regions
mark higher values of skewness or kurtosis, which indicates
an increase in the presence of extreme events. Observing
figures 4(a) and (b) it is clear that bias changes the turbulence
regime, enhancing the skewness and kurtosis for positive bias
and reducing both for negative bias. At the larger radii, the
bias effects are reduced since the bias is applied at an inner
radial region, 0.863[in < R< 1.075m, but even for R > 1.4 m
the bias effect can be observed in skewness and kurtosis.

Observing the statistical moments presented in figure 4
one can infer the extensive number of extreme events in the
Helimak turbulence, especially for positive bias values, since
the values of the kurtosis and skewness are higher when posi-
tive bias values are imposed. Thus, as a consequence of the
results shown in figure 4, we will focus our extreme event
analysis on positive bias values. In order to study a wide range
of radial positions, we analyze data from two different probe
sets located on plates 3 and 4, shown in figures 1(b) and (c)
respectively.

In order to evaluate the burst rate, we count the number
of bursts in the ion saturation current signals. Figure 5 shows
the burst rate as function of the radial position for four dif-
ferent bias values. Figure 5 shows the burst rate in the density
gradient region (up to R= 1.25 m), changing from approxi-
mately 200 bursts per second for Vi, = 0V (grounded plates)
to around 500 bursts per second for V,,= 14 V. For larger
radial positions, the imposed bias has almost no effect on the
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Figure 5. Burst rate as a function of the radial position for several
bias values and z = 0.253 m. Notice that for inner radial positions,
R < 1.30 m, the bias values increase the burst rate; on the other
hand, for external positions the bias effect on the burst rate is
negligible.

burst rate. This suggests that the bursts do not propagate far
in the radial direction, as the increase in the number of bursts
in one radial region has no effect on the number of bursts in
the other. Considering the results shown in figures 4 and 5, we
can confirm that the burst presence on the signal generates a
heavy-tail distribution that can be observed by measuring the
skewness and especially the kurtosis of the data series.

Using our criterion for burst selection, we performed a
conditional analysis on the time series to study the mean prop-
erties of the bursts. The conditional analysis consists of using
the time when each burst is detected at a defined reference
probe as a new time reference for performing averages [6].
Using this technique it is possible to calculate the mean tem-
poral profile of the bursts. Figure 6 shows this mean temporal
profile of the bursts as a solid black line for a reference probe
located at R=1.21 m (and Z=0.233 m) for a discharge
with V,, = + 10 V. From the temporal burst profile we cannot
observe a valley of density right before (or after) the border
of the burst. This suggests that the bursts are not created close
to the measurement region by a local inhomogeneous redis-
tribution of density. The time profiles show a clear symmetry
between the right- and the left-hand borders.

Additionally, the conditional analysis allows us to infer
information about the propagation of the bursts along the
probe grid. For this, we use the time reference of each burst
located at the reference probe to compute the average shape of
the time series at the neighboring probes. The results of these
multiprobe conditional analyses are shown in figure 6(a) for
three probes at the same vertical position and in figure 6(b)
for three probes at the same radial position, in both cases
using the same reference probe. The time delay between the
detections of a burst when considering neighboring probes is
clearly related to the mean propagation of the bursts across the
probe grid. However, as will be shown in the following, only
considering the delay between probes in a given direction is
not enough. A simple example to illustrate this problem is the
detection of plane wave velocity. When we use time delays
of the maxima between pairs of points in order to estimate
the velocity components, the velocity obtained will always
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Figure 6. Conditional average profile of a burst at a reference
probe, solid black line, and the corresponding conditional average
on two neighboring probes in (a) radial direction and (b) vertical
direction. In this figure, the delay between the conditional averages
is a clear evidence of the propagation of the bursts across the grid of
probes.

be higher than the real (total) velocity of the structure when
the propagation velocity is not aligned with the difference
between positions of the two probe. In this case, an analysis
that takes into account the spatial structure is required.

4. Burst spatial and propagation characteristics

For a reliable analysis of the burst propagation and proper-
ties, we need to make sure that we make unbiased estimates of
the structure profile. The one-probe burst selection algorithm,
while reliable for single-probe analysis, may lead to a wrong
structure spatial profile, as the structure determination relies
on data from several probes and this method mixes bursts
that are not centered on the selected reference probe. If we
take into account non-centered structures in the conditional
analysis calculations, we get blurred structures: the off-center
structures will increase the value of the conditional average
of the neighboring probes (because some structure centers
pass through them) and decrease the average of the reference
probe.

We impose a new condition on the burst selection algorithm
to guarantee that the structures are centralized on the refer-
ence probe: we look at the turbulence signal of the neighbor
probes for bursts. If a neighbor probe has a more intense burst
(in standard deviations above the mean value) than the ref-
erence probe, we discard this burst, as we consider that it is
not centered on the reference probe. An example of the con-
ditional averages of the probe grid is shown in figure 7(a), for
t =0 (burst occurring on the reference probe). Figure 7(b)
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Figure 7. The conditional average of the saturation current for each
probe (plotted as dots) in the grid is shown in a color scale using
(a) only bursts centered on the reference probe and (b) all bursts
identified on the reference probe. The solid lines represent the level
sets of the fitted bidimensional model. The difference between

(a) and (b) makes clear the improvement of the burst localization
when information from neighboring probes is taken into account.

shows the conditional averages when we do not enforce the
centralization condition, resulting in blurred bursts, that are
spatially broader and have a lower maximum. In spite of
the changes to the detected burst spatial structure, this new
selection algorithm does not much affect the estimated burst
velocities. Figure 7 also highlights some characteristics of the
burst structure: it is a tilted structure with two characteristic
lengths, the shorter one that is approximately aligned with
the line R = Z, less than 2cm in length; and the longer one
perpendicular to it, about 4 cm in length.

We used these spatial profiles to develop a phenomenolog-
ical structure shape model [37]. In this model, the burst struc-
ture is described by two perpendicular characteristic lengths
and has a lorentzian profile. For the propagation part; we sup-
pose that the structure has a constant velocity and is located at
the reference probe at ¢ = 0. The fitting function is

LRZO=L+ Lo+ [(R—RO(C))COSG"' e- Zo(t))sineT

sit)

-1
, [2- Zot)coso- R- Ro(t))sine]z ]
L 52¢)

where s1(f) and s5(¢) are the two characteristic lengths (with
s> 5,); Ois the structure tilt angle; R (¢ ), Zo (¢ )!is the structure
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center position, that, in this case, is Rer + Wt, Zeer + Vit ).
I, ¢ ) is the amplitude of the burst peak at time ¢. For the time
dependence of the burst amplitude and characteristic lengths,
we considered that the burst amplitude decays exponentially
with time; and the structure suffers a diffusion (an increase
of the characteristic lengths for [4 > 0) conserving the ratio

A = s/s. So, we can write
Il
L)=Le v, st)= s+ atl.

We estimate the function parameters using a non-linear
least squares fit. For this fit, we use a square neighborhood
with sides of 8 cm, centered on the reference probe, for a time
interval of 60 Us centered on ¢ = 0. The result of a fitting can
be seen as black contour plots in figure 7. We estimate the
burst structure characteristics for many radial positions by
changing the reference probe, keeping the restriction that we
need at least one row of probes in each radial direction. We
choose the reference probes at a vertical position Z = 0.213 m.
We also use shots with different values of imposed bias to
see how bias affects the burst propagation characteristics. We
conclude that the dependence of all the burst parameters on
the imposed bias is weak for the bursts located in the almost
constant density region (plate 4). It is interesting to note that
the burst rate in this region also does not depend on the bias
value (see figure 5). The background parameter is always
small (IFl < 0.2); this result agrees with examination of the
conditional average temporal profiles from figure 6. The small
negative value is probably because of the weight that the burst
structures have on the average value of I, as the difference
between the mean and the median is about 0.3c;. We use the
mid-height area, S = ms;8,, at # = 0 as a measure of the burst
size, because it is related to the excess plasma contained in
this structure. Figure 8(a) shows the burst size as a function of
the radius for four different bias values. The burst size seems
not to change much with the bias, but the structures get bigger
when we go further on the low-field side: the structures at
R = 1.385 m are about ten times bigger than those atR = 1.13 m.
Another important feature that we obtain from the fittings is
the burst characteristic time T, that is related to the mean burst
duration as it is the time that the density maximum takes to
drop to 1/e of its maximum value (¢ = 0). Figure 8(b) shows
the burst characteristic time as a function of the same radial
positions and bias values. We can see that it follows the trend
observed for the burst size: the bursts survive longer further
from the plasma center. When we look at figures 8(a) and (b)
together, we can see that the imposed bias has little effect on
both burst properties, even close to the bias plates. So, while
the bias has an important effect on the burst suppression and
abundance, it does not change the radial profiles of the burst
characteristic time and size.

The fitted vertical and radial velocities are presented in
figure 9. From figure 9(a) we can see two different behaviors:
near the bias plate in the uniform density gradient region the
radial velocity does not change much with R, but increases
with the bias, while at larger radii (uniform density region)
it grows to 500 m s~'. This result, together with the burst
duration and size (figure 8), suggests that these structures are
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Figure 8. Burst characteristics as a function of the radial position
estimated using the bidimensional fit. (a) The burst size (the fitted
half height area of the density distribution at ¢ = 0). (b) The burst
characteristic time, which is the time that the maximum of the
density distribution takes to decay to e~ ! of its value at ¢ = 0.

important to the turbulent radial transport. For the vertical
velocity, presented in figure 9(b), we have a different radial
profile: the velocity seems to grow from R=1.13 m to a
maximum somewhere around R = 1.20 m and decreases from
R = 1.32 muntil it reaches negative values at R = 1.38 m. The
effect of bias on the vertical velocity is clear: the vertical prop-
agation of the structures is strongly affected by the bias near
the bias plate, increasing the vertical velocity as we increase
the bias. The bias effect on the vertical velocity diminishes as
we move further from the plate, until it is no longer observed
for R > 1.30 m.

In the Texas Helimak, it was observed that the burst veloci-
ties are approximately equal to the overall turbulence phase
velocity for a specific region near the bias plates [37]. To
verify if this relation holds for a large range of radial positions
investigated in this article, we estimated the average overall
turbulence phase velocity using the S(k, f) histogram [37, 40].
The estimated phase velocities are presented in figure 10.
From this figure, we can see that both radial and vertical phase
velocity depend strongly on the imposed bias in the region
near the bias plate (R < 1.3 m), and that the velocities increase
as we increase the imposed bias. On the other hand, the bias
effect is not observed at larger radii (R > 1.3 m). The radial
dependence near the bias plate is about the same for both
vertical and radial phase velocities: both increase between
R = 1.13 m and R = 1.23 m. However, while the radial phase
velocity assumes a constant value from R = 1.3 m, the vertical
phase velocity decreases slowly in this region.
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Figure 9. Burst velocity radial profiles in (a) radial direction and
(b) vertical direction for several bias values.

A comparison of figures 9(a) and 10(a) suggests that
the burst propagation in the radial direction has a different
behavior from the wave propagation of the overall turbulence,
as their dependences on bias and on the radial position are not
the same. While the burst radial velocity is weakly affected
by the bias and increases at larger radii, the change in the bias
values can double the radial phase velocity in the uniform gra-
dient region. In the uniform density region, radial burst veloc-
ities and radial wave phase velocities have the same weak
dependence on the bias, but the burst velocities increase with
radius while the phase velocity does not. In the vertical direc-
tion (figures 9(b) and 10(b)), the effect of the bias is the same
for both burst and phase velocities: it increases the velocity
near the bias plate and has no effect far from it.

Taking into account previously measured values of E x B
drift velocities in the Texas Helimak, which vary from 0.5 to
1.0 km s, the burst velocities and specially the phase veloci-
ties are of the same order as the expected E x B drift veloci-
ties. From this similarity and based on the consistent change
of the phase velocities with the applied bias voltage, it is pos-
sible to assume that the phase velocities are directly related to
the E x B drift velocity. On the other hand, vertical and princi-
pally radial burst velocities are lower than phase velocities or
even than other plasma velocity values such as the ion sound
velocity, which is of the order of 10 km s~ L. Furthermore, the
low temperature ion diamagnetic drift, as well as the magnetic
gradient and curvature drifts, are negligible [34]. In addition,
the vertical plasma flow velocity, obtained through the spec-
troscopic measurements [34], has a similarity to the phase
velocities measured by probes, so it is possible to infer a major
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Figure 10. Turbulence average phase velocity radial profile in
(a) radial direction and (b) vertical direction for the same bias
values as in figure 9.

influence of the plasma flow velocity on the measured phase
velocities.

5. Conclusions

We used data from new experiments performed in the Texas
Helimak to analyze turbulent ion saturation current fluc-
tuations in a large radial range, from an inner region with
an almost uniform density gradient to an outer region with
almost uniform density. Thus, the same Texas Helimak con-
figurations allowed us to identify different intermittent burst
regimes at different radial positions. The plasma profiles
and turbulence analyzed are similar to those observed in the
tokamak plasma edge, where a density gradient exists, and in
the tokamak SOL, where the density is approximately uni-
form. In fact, the fluctuations analyzed in this article are most
similar to the tokamak SOL due to the reported high relative
fluctuations and burst frequency.

To determine precisely how the bursty intermittence
changes with the applied bias voltage and with the radial
position, we introduce a procedure to identify high amplitude
bursts and to follow their propagation in the plasma. Thus, we
only considered bursts with spatial structures observed in a
set of neighboring probes, with the maximum located at the
reference probe. This procedure showed that the burst size
considering only one reference probe was overestimated. This
procedure allows us to improve the burst selection and assure
precise determination of burst properties and their spatial
profiles. Furthermore, the procedure used allows an accurate
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determination of the burst propagation velocity. In fact, we
could distinguish the radial profiles of the burst and phase
velocities, observing that they are usually different.

Changes in burst rate in the radial direction, as well as the
measured values of their radial velocity and characteristic time,
indicate that individual bursts are hardly propagating long
enough to cover the whole analyzed radial interval. Further
investigations should be done to confirm this statement.

Finally, this burst analysis may contribute to understanding
the role of bursts in local radial particle transport in magn-
etically confined plasmas.
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