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The procedure to estimate the average local temperature, density, and plasma potential by

conditionally selecting points of the Langmuir probe characteristic curve is revised and applied to

the study of intermittent bursts in the Texas Helimak and TCABR tokamak. The improvements

made allow us to distinguish the burst temperature from the turbulent background and to study burst

propagation. Thus, in Texas Helimak, we identify important differences with respect to the burst

temperature measured in the top and the bottom regions of the machine. While in the bottom region

the burst temperatures are almost equal to the background, the bursts in the top region are hotter

than the background with the temperature peak clearly shifted with respect to the density one. On

the other hand, in the TCABR tokamak, we found that there is a temperature peak simultaneously

with the density one. Moreover, the radial profile of bursts in the top region of Helimak and in the

edge and scrape-off layer regions of TCABR shows that in both machines, there are spatial regions

where the relative difference between the burst and the background temperatures is significant: up to

25% in Texas Helimak and around 50% in TCABR. However, in Texas Helimak, there are also

regions where these temperatures are almost the same. Published by AIP Publishing.
https://doi.org/10.1063/1.5025062

I. INTRODUCTION

The turbulence on the plasma border and scrape-off layer

(SOL) of magnetically confined devices presents intermittent

density peaks, the so-called bursts. These bursts are associ-

ated with coherent structures with a plasma density much

higher than the average and are responsible for an important

part of the particle and energy transport.1–3 These events

affect plasma confinement in nuclear fusion machines, and

their characteristics measurement contribute to evaluating the

plasma performance.

Basic plasma machines, with highly reproducible dis-

charges and a large number of electrostatic probes,4–6 also

have bursts and present favorable conditions to investigate

the burst main characteristics. The Texas Helimak,7 an

example of this kind of machine, has many properties in

common with the SOL region of tokamaks: open magnetic

lines, magnetic and flow shears, and turbulence with many

extreme events. Small tokamaks, such as TCABR,8 are also

interesting machines to investigate bursts as it is possible to

use electrostatic probes up to the plasma column border.

Usually, turbulence studies involve several data analysis

methods. One of these methods is the statistical analysis of

the turbulent signal, applied to estimate statistical character-

istics such as turbulence level, skewness, and kurtosis, which

are used to infer general fluctuation properties of the turbu-

lent regime.9–11 Other methods, based on spectral analysis,

are applied to identify coherent modes and non-linear

coupling between these modes12 and to estimate the signal

stochastic properties.13

Another important tool to study the intermittent bursts is

the conditional analysis,14,15 developed to analyze how the sys-

tem behaves when a certain special event happens. When the

chosen event is the extreme density burst, the average burst

shape and propagation properties can be determined.4,5,18,19

The burst small size and short lifetime pose a hard chal-

lenge for the typical diagnostic applications, especially for

the temperature and plasma potential determination. The

burst plasma potential is used to investigate burst propaga-

tion mechanisms and to estimate the burst contribution to the

total turbulent transport. The burst temperature is important

to evaluate the burst contribution to the energy transport.

Using conditional analysis, the burst temperature and

plasma potential can be estimated by detecting bursts in one

probe and conditionally fitting probe characteristic curves

measured in nearby probes. The conditional fitting involves

Langmuir probes configured in ion saturation and voltage

sweep modes and can be applied using regular Langmuir

probes. This method was applied to turbulence data from

TORPEX,6 for studying the burst generation mechanism,

and ASDEX Upgrade,19 where the influence of the tempera-

ture fluctuations on turbulence was investigated.

In this work, we use the large set of probes in Texas

Helimak to investigate the burst spatial properties through

conditional analysis. For that, we apply the conditional fit-

ting on the probe characteristic curves to characterize the
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Texas Helimak bursts. We modify the conditional fitting

technique to improve its precision and reliability by combin-

ing the conditional selected data with information obtained

from the whole time-series probe characteristic curve. We

apply this procedure to a grid of probes to estimate the spa-

tial structure of temperature modifications inside the bursts

over a radial region of the Texas Helimak and to evaluate

how this temperature change can affect the determination of

the plasma potential. After that, we analyzed the burst sig-

nals in the plasma border and the SOL region of the tokamak

TCABR and compared them with the Texas Helimak results.

In Sec. II, we introduce the Texas Helimak and present

its main characteristics. In Sec. III, we discuss the character-

istic curve conditional fitting and present the improvements

we made in this method. In Sec. IV, we apply this method to

study the temperature spatio-temporal profile on the Texas

Helimak plasma during bursts. In Sec. V, we use the same

analysis on the TCABR turbulence data and compare the

burst characteristics on both machines. A summary of the

results focused on the similarities and differences observed

in both machines is presented in Sec. VI.

II. THE TEXAS HELIMAK

The Texas Helimak is a toroidal machine with helical

magnetic field lines with curvature and shear [Fig. 1(a)]. The

Texas Helimak has a vacuum vessel with a rectangular cross

section of internal and external radii 0.6 m and 1.6 m, respec-

tively, and 2 m height, and in the discharges considered here,

it was heated by a microwave source with a power of 6 kW at

2.4 GHz, coupled through a window located at the internal

radius of the machine. The gas used in these experiments is

Argon at 1.3 mPa, and the toroidal field is about 0.1 T with a

connection length of several meters (about 40 m at the middle

of the machine, R¼ 1.1 m). The magnetic field lines termi-

nate on four sets of plates (located on the top and bottom of

the machine). These plates are also used to impose an exter-

nal electric potential (bias) and are the mechanical support

for more than 700 Langmuir probes. The Texas Helimak has

a typical shot duration of 20 s. The data analyzed here were

taken at the stationary phase of the plasma discharge during

10 s and were registered in 96 channel ADCs with a sampling

rate of 500 kS/s.

We analyze turbulence in the region with the most

extreme event counts and a radial density gradient on the

low field side,16 located on the plate indicated in Fig. 1. The

probes were set to allow a bidimensional view of the burst

propagation with most of the probes configured in the volt-

age sweep mode and just a radial line and some key probes

of the grid measuring ion saturation current. Examples of the

probe setup for the considered top and bottom regions of the

machine can be seen in Figs. 1(b) and 1(c). The probes mea-

suring ion saturation current are presented in black circles,

and the probes in the voltage sweep mode are in red squares.

This configuration allows us to identify the detection time of

the extreme events using the ion saturation current measure-

ments and simultaneously evaluate the 2D spatial profiles of

temperature, density, and plasma potential.

In the first step, we determine the average electron tem-

perature by using the whole time series from the probe in the

voltage sweep mode. For this, we used the four-parameter

probe characteristic curve17

IðVÞ ¼ Is aðV � Vf Þ � 1þ e
eðV�Vf Þ

kTe

� �
; (1)

where Is is the ion saturation current, Vf is the floating poten-

tial, Te is the electron temperature, and a is the linear term of

the saturated region, which is related to the probe sheath

expansion due to the probe biasing voltage.17 One important

detail in this procedure is the choice of the maximum probe

potential Vmax to be considered in the fit since the fitted tem-

perature has a dependence on it. In tokamaks, it is common

to select potentials close to the floating potential, but on

machines where the plasma is heated by microwave radia-

tion, as in the Texas Helimak, it is recommended to use max-

imum potentials between Vf þ 0:5Te=e and Vf þ 2:5Te=e in

order to reduce the influence of the suprathermal electrons in

the fit.6 The approach used in the Texas Helimak is to find

the maximum potential Vmax for which the exponential term

of the fitted current is around 5 (Vmax � Vf þ 1:5Te=e).

III. CONDITIONAL FITTING OF THE PROBE
CHARACTERISTIC CURVE

The characterization of plasma (or any other physical

system) involves determining typical, or most meaningful,

parameters. Because of that, the signals average or median

are often used in data analysis. However, when we are inter-

ested in specific events that happen in the system during

short time intervals, the average picture may be meaningless.

The conditional analysis is an approach to characterize the

system under selected conditions, as, for example, a special

event that occurs several times in the system. With this,

instead of relying only on typical values based on the whole

time series behavior, we can determine the average system

behavior when the selected condition is present. This method

is especially useful in systems with strong fluctuations, for

which the changes in the behavior cannot be distinguished

just by seeing what happens in few occurrences of the event,

FIG. 1. (a) Texas Helimak vacuum chamber showing a sample of the mag-

netic field lines and the plates used as a support for the Langmuir probes. (b)

and (c) The Langmuir probe distributions used in the discharges considered

in this work.

042301-2 Pereira et al. Phys. Plasmas 25, 042301 (2018)



but the differences must be determined statistically, which is

the case of turbulence parameters.

The Texas Helimak turbulence in the analyzed region

(low field side) presents an asymmetrical ion saturation current

signal probability density function, with a heavy-tail on the

positive side.5 This asymmetry is due to the presence of inter-

mittent extreme event bursts, with density much higher than

the average one (up to 10 standard-deviations). Conditional

analysis was used to characterize these extreme events by

looking at a grid of neighbor probes during time intervals close

to the burst detection in the reference probe at the center of the

grid. With this approach, the geometric structure and propaga-

tion of the bursts were identified.5,16

While the burst ion saturation (and density) signature is

well known, its driving mechanism and role in the turbulent

particle and energy transport are not completely understood.

To achieve this understanding, a good estimate of both tem-

perature and plasma potential fluctuations is necessary.

Our approach is similar to those used in Refs. 18 and 19,

where the extreme events were detected on one probe mea-

suring ion saturation current, and other probes measuring

voltage sweeps were conditionally selected to create the

burst characteristic curve.

Figure 2 shows an example of the conditional selection

approach: On a reference probe [2(a)], measuring the ion sat-

uration current, we detect the burst instants (selected using a

threshold of 2.5 standard deviations above the average),

Tb ¼ ft1; t2;…g. On a neighbor probe, with a voltage sweep

configuration [Figs. 2(b) and 2(c)], we select only the data

instants for which the bursts were detected on the reference

probe, i.e., Tb. This way, we can estimate the plasma parame-

ters when the bursts cross the probe grid.

In Fig. 3, there are two probe characteristic curves, one

[Fig. 3(a)] estimated by fitting the whole time series, i.e., the

background or typical curve, and the other [Fig. 3(b)] was

made using only the burst data [the blue dots in Figs. 2(b)

and 2(c)].

The conditional selection involves a huge reduction in

the amount of data points (by a factor of 1000) and uses data

from the whole acquisition interval, and so, it is important to

verify if the curve fitting is both accurate and stable under

these conditions. Furthermore, when fitting the characteristic

function for the burst data, it may be necessary also to rede-

fine the fitting interval since the floating potential and the

temperature may be different during the burst. Therefore, the

maximum potential considered in the fit was recalculated

using the same criteria used for the whole series (that is

Vmax � Vf þ 1:5Te=e).

With this approach, we were able to estimate in a consis-

tent way the ion saturation current Is, the floating potential

Vf, and the electron temperature Te during the presence of

the burst. In order to better study the statistical properties of

this approach, we did random samplings from the whole

series with the same number of data points as the number of

bursts, and from each one, we got a set of ðIs;Vf ; TeÞ. By

doing that, the fitted parameters are completely unrelated to

any special physical process, as the points were randomly

chosen, and therefore, the uncertainty of the fitted parameters

given by the fit can be compared with their standard devia-

tions among the sets of random samplings.

Figure 4 shows the histograms of Vf ; Is; Te for 1000 sets

of random samplings (each one containing the number of

bursts detected in the reference probe). On the left side, we

kept the a of Eq. (1) fixed as the value obtained from fitting

of the whole series. On the right side, we fitted the four

parameters (Vf ; Is; Te; a) for each dataset. On both methods,

the histograms show that the curve-fitted parameters on the

FIG. 2. An example of conditional selection: a reference probe (a) measures

ion saturation current, while a second probe has its potential (b) varied in

time, and the corresponding probe current is measured (c). The blue dots

indicate the instants that bursts are detected at the reference probe.

FIG. 3. Example of a probe characteristic curve using all data points (a) and

using only the instants that bursts were detected at the reference probe (b).
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reduced datasets fluctuate around the whole series values

(the blue lines), and so, the reduction in the amount of data

used in the fits does not create any type of statistical biasing

or nonsensical result. It only, as expected, increases the

uncertainty of the fitted parameters. However, keeping the

linear parameter a fixed has a huge effect on the uncertain-

ties of ion saturation and temperature: the ion saturation stan-

dard deviation of the four parameters’ fitting is seven times

higher and the temperature standard deviation is much bigger

in the free alpha fittings when compared with the fixed alpha

one. Using a as a constant for the conditional fitting also sol-

ves a side effect of the reduction in the amount of data used

in the fits: due to its large uncertainty, the a parameter

obtained from a small amount of data points may result even

in negative values.

These histograms also provide another good estimate for

the fitted parameter uncertainties: the standard deviation of

the histograms. While the parameter uncertainties can be

estimated directly from the non-linear least-square fitting,

this process can be tricky as the time series fluctuations are

correlated in non-trivial ways, and this effect is not consid-

ered in the direct estimation of the fitting parameters. For the

plasma conditions found in the Texas Helimak, the histo-

gram standard deviations and the parameter uncertainties

estimated directly from the fitting are on the same order of

magnitude, with the histogram uncertainties being about

50% higher than from the fitting ones for the temperature,

20% higher for the floating potential, and 10% lower for the

ion saturation current.

From this analysis, one can see that the conditional fitted

values using only data from one shot (about few thousand

extreme events with a threshold of 2:5r) are noisy, as the stan-

dard deviation of 0.5 eV makes most of the Texas Helimak

burst temperatures somehow compatible with the average. As

the Texas Helimak is a machine with reproducible plasma

conditions, we solved this problem by taking about ten shots

with the same parameters and analyzed them together as if it

was a longer shot.

IV. TEMPERATURE CHANGES DUE TO EXTREME
EVENTS

In fusion devices, the extreme events at the scrap off

layer are expected to be much hotter than the background as

they are blobs of matter from the hot plasma interior.19

However, the Texas Helimak does not have a confined plasma

region, and therefore, the temperature differences may not be

as high as the ones found in tokamaks.

Figure 5 shows the ion saturation current, the electron

temperature, and the plasma and floating potentials estimated

by conditional fitting for a target probe 2 cm above the refer-

ence probe used to detect the bursts (t¼ 0), located at

r¼ 1.15 m and z¼ 1.787 m. The burst conditional fitted tem-

poral profile was obtained by selecting the data points with

different delays t with respect to the burst detection time, and

then, the characteristic curve was fitted for each delay t. The

blue lines are the average values from the ten shots consid-

ered. The ion saturation current shows a maximum slightly

delayed because the bursts propagate upwards.16 In the

FIG. 5. Conditional fitting: (a) ion saturation current, (b) electron tempera-

ture, and (c) floating (red line) and plasma (dashed green line) potential as a

function of the delay in relation to the burst instants from the Texas Helimak

top region. The horizontal blue lines are the average values for this position.

FIG. 4. Histograms of the ion saturation current (a), temperature (b), and

floating potential (c) of a thousand random sampled points with the same

size of the conditional fitted ones, estimating the parameter a from the curve

fitting (right) and using the whole series value (left). The blue vertical lines

are the values estimated by fitting all time series points.
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temperature profile, we can see a 2 eV increase just before the

ion saturation current maximum, suggesting that the ion satu-

ration peak is preceded by a temperature rise. The black

dashed line corresponds to four standard-deviations of the

histogram in Fig. 4(b). To verify the statistical significance of

this value, we made temporal profiles for randomly sampled

instants and verified the maximum temperature of their time

series. The maxima of randomly sampled conditionally fitted

time series have a probability of about 2.5% to be above the

black dashed line in Fig. 5(b).

One important consequence of this temperature rise is

that the floating potential variations have the opposite sign of

the plasma potential changes. The calculated plasma poten-

tial is shown in Fig. 5(c) (dashed green curve). We estimated

the plasma potential using the relation

Vp ¼ Vf þ l
kTe

e
; (2)

with l ¼ 4.2, a value determined for a similar machine run-

ning with the same gas.20 The exact value of this parameter

does not change the qualitative picture shown in Fig. 5(c):

the temperature modification can make the floating potential

oscillation completely uncorrelated (or even negatively cor-

related) with the plasma potential. This effect was also

observed using the ASDEX Upgrade.19

However, when the same analysis is done for the probes

at the machine bottom (z¼ 0.213 m), there is no significant

temperature modification, and both floating and plasma

potentials increase during the bursts.

As the Texas Helimak has a grid of probes on its plates,

we used the conditional fitting analysis on all probes config-

ured in the sweep potential mode. This way, we were able to

see the spatial temperature and density fluctuations due to

the burst. Figure 6 shows the spatial profile of ion saturation

and temperature fluctuations for the probe grid at the bottom

and top of the machine when the burst is detected at the ref-

erence probe (black dot).

The ion saturation current shapes (Fig. 6) are the same as

if the probes were directly measuring them: an elongated

elliptic-like structure that is tilted about 50� with respect to the

radial direction with opposite directions in the top and bottom

regions of the machine. The inclination difference between top

and bottom parts is consistent with the magnetic field line

shear at this radial position, corresponding to the horizontal

burst at the middle of the machine. The burst shape at the

Texas Helimak top is an example of how assuming the propa-

gation direction from delays can lead to erroneous conclusions

about the burst velocity: the burst predominant upward move-

ment makes the higher radius probes at the same height of the

reference to detect the burst peak before the reference probe,

suggesting an inward burst propagation. However, by follow-

ing the structure propagation with the whole grid, we can see

that the burst actually moves outwards.5

The temperature profiles, on the other hand, show differ-

ent behaviors on each end of the machine: at the top, a clear

higher temperature region is just ahead of the ion saturation

(and density) maximum, while at the bottom of the machine,

the temperature change is much smaller, and it is not possi-

ble to clearly identify a hotter region. This asymmetry may

be due to the plasma flow be upwards in this region, and so,

the bottom bursts come from a slightly cooler region close to

the machine base wall, while the top bursts come from the

machine center.

We analyzed the electron temperature and ion saturation

current variation due to bursts for the radial interval consid-

ered in this work. The burst maximum temperature and current

in the top region of the Texas Helimak are shown in Fig. 7,

together with the average values. In Fig. 7(a), we can see that

the bursts and average ion saturation current decrease radially,

following similar trends. From Fig. 7(b), we can see that the

burst temperature profile has two different regions: up to the

radius of R¼ 1.17 m, the bursts are considerably hotter than

the average. For probes with a radius greater than R¼ 1.19 m,

FIG. 6. Fluctuations of ion saturation current and electron temperature con-

ditionally estimated for a grid of probes close to the reference probe (black

dots) on top and bottom of the machine.

FIG. 7. Radial dependence of the burst (circles) and mean (squares) electron

density (a) and temperature (b) for the top region of the Texas Helimak.
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it is not possible to clearly identify a hotter region. For the bot-

tom of the machine, the burst temperature is almost equal to

the average in the whole analyzed radial interval.

V. BURST TEMPERATURE IN THE TCABR

The TCABR is a tokamak with major radius R0 ¼ 0:615

m, minor radius a¼ 0.18 m, central electron temperature up

to 500 eV, a plasma current of 90 kA, and a toroidal magnetic

field of 1.07 T. The plasma column has a circular shape

delimited by a set of four graphite limiters. Figure 8 shows

the schematic representations of the poloidal cross-section of

the vessel and plasma column and the frontal view of the 5-

pin probe with the configuration used on the analyzed shots.

The TCABR shot duration is around 100 ms, with 50 ms of

the stationary phase. The turbulence measurements were reg-

istered using an ADC system with a sampling rate of 2 MS/s.

The turbulence signal in the TCABR border and scrape-

off layer (SOL) also presents an asymmetrical heavy-tailed

probability density distribution, with many extreme events

where the plasma density can achieve many times its average

value.8 We conditionally selected points on the voltage

sweeping probe [Vr on Fig. 8(b)] with the bursts detected on

the ion saturation current probe (Is) and applied the same

methodology done on the Texas Helimak (with the exception

that Vmax¼ 7.5 V for the TCABR). With this approach, we

obtained the temporal profiles for the burst plasma parame-

ters (ion saturation current, Is, electron temperature, Te, and

floating potential, Vf).

Figure 9 shows the burst temporal profiles when the

5-pin probe is located at r¼ 18.5 cm or 0.5 cm out of the

plasma border. The burst ion saturation current temporal

profile matches the typical signature for SOL bursts:1 fast

density rising with a slower decaying time and a duration of

about 10 ls. Here, we can see two important differences with

respect to the Texas Helimak bursts: the Texas Helimak

bursts have a more symmetrical temporal profile, with simi-

lar rising and decaying times (the burst decaying times on

the TCABR increase as we move further from the plasma

border), and the Helimak bursts are much longer, about 200

ls (see Fig. 5). As the perceived duration is strongly linked

both with the burst size and velocity, the TCABR (and other

tokamaks) bursts are much faster and/or smaller than the

Texas Helimak ones.

The TCABR burst temperature profile [Fig. 9(b)] shows

a temperature rising (and decaying) synchronized with the

ion saturation burst, agreeing with the results from the

ASDEX Upgrade.19 The temperature variation is also higher

than the one we found at the Texas Helimak, and the differ-

ent temporal profile between the two machines indicates that

these two structures may have different internal dynamics

and origin.

On the other hand, the floating potential of the TCABR

bursts [Fig. 9(c)] does not present a negative peak together

with the temperature peak, showing only a positive potential

maximum just before the burst. Still, assuming that the float-

ing potential fluctuation reflects the plasma potential is mis-

leading, as the floating potential has a peak just before the

burst, while the plasma potential follows the burst profile.

We applied this analysis for shots with the probe at dif-

ferent radial positions. In Fig. 10, we show the electron den-

sity and temperature for the TCABR border and scrape-off

layer. The orange squares are the average values, and the

blue circles are the burst values. In both cases, the density

and temperature decrease when we move away from the

plasma column. For the whole interval, the burst density is

about three times the average density at the same position,

even inside the column close to the border. The burst temper-

ature is not much bigger than average at the border, but the

difference starts being more significant at the SOL.

According to the most accepted models for the burst for-

mation,3,21–23 the bursts detected at any point in the SOL cer-

tainly traveled all the way to that radius as there is no

significant burst formation there. So, we can use Fig. 10 to

study the diffusion of burst temperature and density and to

FIG. 8. (a) TCABR vacuum chamber cross section, with the plasma column

and the 5-pin probe position. (b) The Langmuir probe distribution used for

the discharges considered in this work.

FIG. 9. Conditional fitting: (a) ion saturation current, (b) electron tempera-

ture, and (c) floating (red line) and plasma (dashed green line) potential as a

function of the delay in relation to the bursts for the TCABR, at an equato-

rial position of 0.5 cm from the plasma border (r¼ 18.5 cm). The horizontal

blue lines are the average values for this position.
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see how it is related to the average scenario at these posi-

tions. The density from Fig. 10(a) shows that both bursts and

the average decrease by the same pattern, with bursts being

about three times denser than the average. This indicates that

the burst density has an important contribution to the average

density at the SOL.

The electron temperature radial profile [Fig. 10(b)] indi-

cates a slightly different scenario: the electron temperature

decreases as we move away from the plasma column, but the

burst temperature follows this decrease only up to r ¼ 18:25 cm

and then decreases much more slowly than the average tempera-

ture. It makes bursts at the border just a little bit hotter (about

10%) than the average and much hotter at the SOL (about

50%). So, the bursts maintain their temperature much longer

than the average plasma.

VI. CONCLUSIONS

We applied a procedure, based on the conditional analy-

sis of electrostatic probe data, to estimate the burst tempera-

ture on Texas Helimak and TCABR tokamak. The procedure

combines data from different probes to obtain an average

characteristic curve composed of values selected near

extreme density events on plasma edge turbulence, and from

this curve, we determine the temperature of the density

bursts. We improve the precision of this procedure by using

the non-conditional value for the term related to the probe

sheath region expansion due to biasing in the characteristic

curve fitting. This statistical procedure allows us to obtain

the electronic temperature with lower uncertainties, which

was confirmed by histograms of fitted average temperature

from several random sampled data.

Then, we applied this procedure to the Texas Helimak

turbulence data from a grid of probes and determined the ion

saturation current, floating potential, and electron tempera-

ture inside the bursts. As expected, the ion saturation signals

are similar to those obtained directly from ion saturation

current measurements, showing a 2D structure tilted in oppo-

site directions in the top and the bottom of the machine.

Differences between top and bottom were also found in the

shape of the burst temperature: the bottom region presents

no significant temperature increase during the bursts, while

the top has a large increase (20%) shifted with respect to the

burst density peak. From the floating potential data, we con-

firmed that the temperature modifications may even make

the floating potential change to be in the opposite direction

of the plasma potential one.

We also analyze the bursts in the TCABR plasma border

and scrape-off layer regions. When applying this procedure to

the TCABR data, we observed a temperature peak synchro-

nized with the density burst, as seen at ASDEX Upgrade,19

where the density bursts come from a denser and hotter

plasma interior. While in the TCABR the floating and plasma

potential variations during the bursts do not have different

signs, the temperature effects are large enough to compromise

the use of the floating potential instead of the plasma potential

for electric field determinations, especially inside the bursts.

While the bursts in both machines have similar density

properties (temporal profiles and statistics), the burst temper-

ature properties are different: the TCABR bursts fit the typi-

cal image: denser and hotter blobs of plasma detached from

the plasma column traveling ballistically towards the wall.

On the other hand, in Texas Helimak, where all magnetic

field lines are connected with the wall, the bursts do not fit

well this description: the burst temperature maximum does

not coincide with the density maximum or it has the same

temperature of the background.

The TCABR and Texas Helimak burst ion saturation

current radial profiles have a similar radial dependence as

the average ion saturation current, as one can expect because

of the way they are detected. However, the temperature pro-

files show a different behavior: in the Texas Helimak top

region, the bursts go from significantly hotter at R¼ 1.11 m

to the same temperature from R¼ 1.19 m on, while at

TCABR, the temperature difference increases at the start of

the SOL and keeps being significant in the whole analyzed

interval.
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