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Abstract. Filaments of increased pressure (”blobs”) in the scrape-off layer of

toroidally confined magnetized plasmas are studied in the context of fusion research due

to their relevance for confinement and wall safety. Analytical models in simple toroidal

magnetic field geometries have proven useful to get a quantitative understanding of blob

dynamics in tokamaks. However, their direct applicability to the more complicated

stellarator geometry is far less studied. The experiments presented here show that

in the stellarator TJ-K blobs are field-aligned structures occurring in scrape-off layer

regions of negative mean normal curvature, which is in agreement with common blob

models. Furthermore, it is shown that in TJ-K, in accordance with findings from

tokamaks, blobs account for a significant fraction of the turbulent scrape-off layer

transport of the order of several tens of percent.

PACS numbers: 52.25.Xz,52.30.-q,52.35.Ra,52.55.Hc,52.70.Kz
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1. Introduction

Turbulence generated filaments of increased pressure (”blobs” [1]) are commonly found

in the scrape-off layer (SOL) of toroidally confined magnetized plasmas. They are

observed to be aligned to the magnetic field B [2–4] and to propagate radially

outward [5], transporting energy and particles. They are actively studied due to their

relevance for SOL transport and wall safety in fusion experiments.

In the poloidal direction, blobs mainly follow the background E×B drift combined

with magnetic shear effects due to the field alignment [6, 7]. In contrast, the observed

radial propagation is a characteristic feature of the blobs. Basic analytical blob

models [8–10] in simple toroidal magnetic field geometry explain this propagation as

follows: Due to charge-separating drifts the blob is polarized in the poloidal direction.

The resulting electrical field perturbation Ẽ then leads to Ẽ×B drifts in the background

magnetic field B. These drifts point dominantly into the radial direction and feature

drift velocities of up to ten percent of the ion sound speed cs [11]. In toroidal

magnetic field geometry the charge separating drifts are dominantly caused by curvature

effects [11, 12]. The resulting radial drift velocity vr,b is typically estimated from

quasineutrality (∇·j = 0), leading to a vorticity equation. Predictions of these analytical

models typically describe many features of blob dynamics observed in the experiment,

although they typically neglect interactions with the ambient turbulence and assume

that the background plasma profiles remain fixed. For TJ-K it was shown that the

relevant contributions to the charge balance are the curvature-induced currents, the

ion-polarization current and parallel sheath currents [13]. In this case the vorticity

equation can be written as [14]

mi

B2
∇ ·

(

n
d

dt
∇⊥φ

)

= ∇‖j‖ +
2

B
b̂ · κ×∇p , (1)

with d/dt = (∂/∂t + vE×B · ∇), the plasma potential φ, the ion mass mi, the plasma

density n, the unit vector in the direction of the magnetic field b̂ = B/B, the curvature

vector κ = (b̂ · ∇)b̂, and the plasma pressure p. Applying a series of assumptions,

Eq. (1) or similar model equations are used to find scaling laws for the radial velocity of

blobs (see e. g. Refs. [8–10, 14, 15] or more recently including warm ion effects Ref. [16]).

It turns out that, in analogy to the interchange instability, the drive for the radial

propagation of blobs relies on a negative normal curvature κn = κ · n̂ (n̂ is the normal

vector of the flux surfaces) and is, hence, often referred to as interchange drive. Due to

the interchange drive it can be expected that blobs are only generated in regions where

κn is negative, where as a result a larger turbulent SOL transport should be observed.

For the derivation of scaling laws for the radial blob velocity, Eq. (1) (or comparable

model equations) is often treated in slab geometry, where x represents the radial

direction, y the poloidal one, and z the direction of the magnetic field. By assuming

κ = −1/R · êx (i. e. κn = −1/R at the outer midplane) and B = Bêz (with the unit
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Figure 1. Experimental setup at TJ-K with two limiter plates located at ports O3

and O5. The main diagnostics for the presented discharges were two poloidal probe

arrays (at ports O2 and T5) and a fast camera observing the plasma tangentially at

O6.

vectors êx,y the drive term can be approximated as [12, 14]

2

B
b̂ · κ×∇p ≈ −

2c2s
R

mi

B

∂n

∂y
. (2)

While this leads to scaling laws which are able to predict the radial velocity of blobs in

tokamaks (see Ref. [11] for a relatively recent summary of experimental investigations) it

cannot be expected to describe blob dynamics in the complex magnetic field geometry

of stellarators directly, where κ = −1/R · êx is not a good assumption. Although

the existence of blobs in stellarators is clearly documented for many different fusion

experiments (e. g. HSX [17], LHD [18], TJ-K [19], TJ-II [20], WEGA [21], and W7-

AS [22]), there are almost no systematic comparisons of the measured velocities with

predictions from the analytical scaling laws (see Ref. [13] for such a comparison in TJ-K,

where a good agreement was found) or predictions of the basic blob model in general.

In this paper experiments conducted in the stellarator TJ-K, introduced in Sec. 2,

are presented, which study the role of the normal curvature on the blob generation

(Sec. 3) and the relevance of blobs for the turbulent transport (Sec. 4). Final conclusions

and a summary of the results are given in Sec. 5.
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Figure 2. Photograph of a poloidal limiter disk (left), overlayed with a poloidal cross

section of closed flux surfaces (solid lines) in the confined plasma and flux surfaces

of the standard TJ-K setup now intersected by the disk (dashed lines), together with

photographs of the outer port array (OPA) and the top port array (TPA). Both poloidal

probe arrays feature 64 probes aligned to the same flux surface at the respective toroidal

measurement positions. The outboard side is to the right (θ = 0).

2. Experimental setup

The presented measurements were performed in helium and hydrogen discharges in the

stellarator TJ-K [23, 24] (see Fig. 1) with a magnetic field strength of 70mT, heated

with microwaves at 2.45GHz. In this discharge scenario, the typical electron density ne

is below 1018 m−3 in the core and 1017 m−3 in the SOL, while the electron temperature

Te is between 5 and 10 eV throughout the whole plasma. The plasma was limited

by two poloidal limiter disks (Fig. 2), which were introduced to enlarge the scrape-off

layer (SOL) with constant connections lengths (see Fig. 1 for the employed setup at

TJ-K). The limiters are electrically connected to the walls. The blob structure and

SOL transport were studied with two poloidal Langmuir probe arrays and a high-speed

camera. The discharges analyzed in this paper are comparable to those analyzed in

Ref. [13]. Hence, general information about blob dynamics in this discharge scenario of

TJ-K, including size and velocity scalings, can be found in that reference.

The 64 probes on each of the probe arrays are aligned to the same flux surface at

an effective radius of reff ≈ 6.5 cm. Due to the limiters, however, the effective radius of

the last closed flux-surface (typically located at reff ≈ 9 cm) is reff ≈ 3 cm and, hence,

the probes are located in the SOL defined by the limiters. The difference of about 6 cm

is the width of the SOL region with constant connection lengths, as it is assumed in

analytical blob models. In TJ-K, blobs are observed to propagate across the full radial

width of this region [13, 19].

Figure 2 shows a photograph of the poloidal probe arrays and introduces the

poloidal angle θ ∈ [−π, π] (with 0 at the outboard side) used throughout this paper.

The outer port array (OPA) is suited for measurements in the triangular plane at the

six outer ports of TJ-K (six-fold symmetry of the magnetic field) and the top port

array (TPA) at the six top ports. Depending on the probe setup, both arrays can
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be employed to measure either fluctuations in the density or potential or the radial

turbulent transport. A detailed description of the probe arrays and their measurement

capabilities can be found in Refs. [25, 26].

The high-speed camera is a Photron Fastcam SA-5, it observes the plasma

tangentially at the outer port position O6. Intensity fluctuations in the image

data represent density fluctuations in the plasma. Shown throughout this paper are

normalized intensity fluctuations Ĩn = (I − 〈I〉)/〈I〉. The interpretation of the image

data in the stellarator geometry of TJ-K with special focus on blob identification is

discussed in Ref. [13].

All probe data is gathered simultaneous for 1 s at an acquisition rate of 1MHz. For

combined measurements of the probe arrays and the fast camera an acquisition rate of

0.15 MHz is used to match the frame rate of the camera.

For the data analysis of both diagnostics, the conditional averaging and cross

correlation techniques are used. A summary of both techniques specifically for analyzing

blobs in the scrape-off layer can be found in Ref. [22].

From the interchange drive of blobs, as explained in the introduction, one could

imagine that for field-aligned, elongated structures the field-line averaged normal

curvature 〈κn〉 is the relevant quantity to be examined rather than the local values

of κn. When the segment of a field line with connection length lc between the two

limiter disks is parametrized as s(t), 〈κn〉 can be calculated using a magnetic field line

tracing code by numerically evaluating

〈κn〉 ≈
1

lc

∫ lc

0

κn(s(t)) dt. (3)

3. Blob region in TJ-K

The factor 1/R in Eq. (2) represents a constant normal curvature. Since in stellarators

κn varies strongly along field lines, it is more accurate to replace 1/R by the field-line

averaged normal curvature 〈κn〉. In the common picture of interchange driven blob

dynamics, blobs should only be generated in “bad curvature” regions where 〈κn〉 < 0.

The usage of field-line averaged quantities (averaged between the limiter plates)

to describe the blob dynamics requires that the filaments are indeed fully extended

between both limiters. This was checked by correlating the probes of one poloidal array

with the field-line connected probes on the other probe array. The result is shown in

Fig. 3 as a function of the poloidal angle of the reference OPA probe (refer to Fig. 2

for the introduction of the probe arrays and the poloidal coordinate θ). The region of

negative 〈κn〉 is shown in the plot as gray shaded area. Three different regions can be

distinguished in the plot: For OPA probes with poloidal angles θ . −0.45π (region I) the

cross correlation values are small (< 0.5) compared to larger angles. Largest correlation

values (mostly > 0.5) are found in the region −0.45π . θ . 0.65π (region II), where

〈κn〉 is negative. For θ & 0.65π (region III) 〈κn〉 is positive and the cross correlation

values are still large but slowly decreasing. The large cross correlation values indicate
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Figure 3. Cross correlation (at τ = 0) of the ion saturation current signals of reference

probes on the OPA with their field-line connected probes on the TPA as a function of

the poloidal angle of the OPA reference probe. Regions of negative 〈κn〉 are shown in

gray.

the presence of structures extended along field lines between the two probe arrays. It

will be shown in the following that this result is caused by blobs which are absent in

region I, generated in region II and propagate poloidally into region III. In TJ-K, blobs

in the SOL propagate poloidally in the ion diamagnetic direction, mainly due to the

background E × B rotation [19]. Note that prior studies in TJ-K [13, 19] report blob

generation by drift-wave turbulence in the vicinity of the LCFS at poloidal locations

included in region II.

To show that the large cross correlation values are caused by blobs, the cross

correlation is calculated with the same reference probes on the OPA, but this time with

the different pixels of the image data acquired by the fast camera. The result is shown

in Fig. 4 for different reference probes, one from each region described above (within the

different regions, the qualitative result does not depend on the choice of the reference

probe). The displayed images correspond to the 2D cross correlation functions at the

time lag τmax where the highest cross correlation value is found between the respective

reference probe and the different camera pixels. For θ = −0.54π (region I), Fig. 4 a), no

significant correlation is found between probe and image data. For θ = −0.35π (region

II), Fig. 4 b), a blob in the SOL is seen in the cross correlation data at τmax = 40µs.

The positive time lag means that the structure appears in the field of view of the camera

after it reached the OPA reference probe. For the third reference probe at θ = 0.70π

(region III), Fig. 4 c), a blob is observed reaching the highest cross correlation values at

the same location as for the reference probe in region II but at τmax = −100µs, meaning

that this time it is visible in the image data before it reaches the reference probe. It

can be concluded that the high cross correlation values in Fig. 3 are caused by blobs in

the SOL with a parallel length l‖ larger than the distance between the two probe arrays

(lOPA→TPA ≈ 1.85m). Since this value is close to the connection length between both

limiters (lSOL ≈ 2.79m) it is assumed that indeed l‖ = lSOL. By introducing additional
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reference probes 1 cm in front of the limiter discs it was confirmed at least locally that

the filaments in the SOL of TJ-K indeed cover the full connection length.
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Figure 4. Cross correlation (CC) of the image data (in image coordinates x, z) with

three OPA probes at different poloidal angles θ (stated above the images). For each

reference probe, the image of time lag τmax (time where the highest value in the CC

occurs) is shown. The projection of the last closed flux-surface (LCFS) on the camera

data is shown as blue line, the SOL is right of the LCFS.

The cross correlation analysis presented above revealed that blobs are observed in

a specific region of the SOL and that the poloidal propagation has an influence on the

poloidal extent of this region. In the following the role of the poloidal propagation is

studied further to determine the SOL region where blobs are generated.

After a blob is generated it propagates radially outwards and is detected as soon

as it reaches a probe on one of the probe arrays. Due to the poloidal propagation, the

same blob is detected by other poloidally separated probes of the same array at a later

time. This can be visualized in a 2D plot by calculating the cross correlation functions

of one reference probe with all other probes on the same array and plotting it as a

function of the poloidal probe position and time. In this representation, the poloidal

blob propagation is seen as stripe-like pattern.

A comparison of the cross correlation functions for different reference probe

positions on the OPA as well as the TPA is shown in Fig. 5. In the top row, the

results for the OPA are shown, where in a) the reference probe is located at the inboard

side and in b) at the outboard side. The same situation is shown in the bottom row for

the TPA, again for a reference probe at the inboard side in c) and one on the outboard

side in d). For both probe arrays no blobs are detected by the reference probe on the

inboard side, only at the outboard side. The poloidal range in which blobs are observed

(appearance of the stripe pattern in the cross correlation) by the respective probe array,

in the following called blob region, is marked by the horizontal black lines in Fig. 5. The

blob region corresponds roughly with the regions II and III discussed above. Note that

the periodicity seen on time scales of about 100µs is caused by multiple blob generation

by quasi-coherent modes arising from drift-wave turbulence in the confined plasma, as

was discussed in Ref [13].
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Since the poloidal propagation direction is reversed together with the magnetic

field direction [26], a similar analysis has been performed for reversed magnetic field

and the result is shown in Fig. 6. The blob region (again shown by the horizontal black

lines) is observed at different poloidal angles compared to the standard field case, as can

clearly be seen by the fact that the cross correlation analysis now shows blobs for all

four reference probes in contrast to the standard field case shown in Fig. 5. The reason

for this observation will become clear in the following.
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Figure 5. Cross correlations for different reference probes on the OPA (top row) and

TPA (bottom row) with all other probes on the same probe array (#8355). Positive

correlation values are shown in red with closed contour lines, negative ones in blue

with dashed contour lines. Stripe-like patterns point to the existence of blobs, which

are observed within the range marked by the horizontal black lines.

It is useful to define the entrance and exit of the blob region. The entrance is

located at the poloidal position the blobs move poloidally away from and the exit is

the position the blobs move towards (see Figs. 5 and 6). In the standard magnetic field

case, the entrance is located at negative poloidal angles and in the reversed field case

at positive ones. Field line tracing revealed that for both magnetic field directions the

entrance angles observed for the OPA and the TPA are connected via a field line. This

is not the case, however, for the exit positions of the blob region, which may indicate

that filaments close to the exit positions are no longer perfectly aligned to the field lines.
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Figure 6. Same representation as in Fig. 5, but for reversed magnetic field.

It can be concluded that the region in the SOL of TJ-K where blobs are observed,

is a poloidally extended band that twists toroidally around the plasma, following the

helical magnetic field lines. Hence, concerning blob dynamics, the limiter disks break the

stellarator symmetry in the sense that blobs are observed at different poloidal positions

depending on the toroidal angle at which measurements are performed (in this case the

locations of the OPA and TPA).

In order to study the connection between the blob region and the normal curvature,

both the local κn and the averaged 〈κn〉 are shown as a function of the poloidal angle

in Fig. 7 a) at the toroidal position of the OPA and in b) at the position of the TPA.

It can be seen that for both probe arrays neither the region of negative κn nor 〈κn〉

completely matches the blob region identified in the last section (gray shaded area).

The poloidal propagation direction is marked in the figures by the black arrow. For

both probe arrays the entrance of the blob region (left edge of the gray area at low

poloidal angles θ) is located close to the zero crossing of 〈κn〉, while the local value of

κn is positive for the TPA and negative for the OPA. The exit of the blob region is

located in regions where both 〈κn〉 and κn are positive (i. e. in an interchange stable

region). A similar analysis for the reversed field case is shown in Fig. 8. While the

normal curvature is unaffected by the field reversal, the poloidal propagation direction
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blobs are observed in discharge #8355. The direction of the poloidal propagation of

the blobs is indicated by the black arrow.
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Figure 8. Same representation as in Fig. 7, but for the reversed field case (#8352).

of the blobs is reversed. Hence, the entrance of the blob region is now located at large

poloidal angles close to the zero crossing of 〈κn〉 and the exit at negative poloidal angles

in a region where 〈κn〉 is positive again.

This shows that indeed blobs are generated in regions where 〈κn〉 < 0 (in the

following referred to as generation region, but due to their poloidal propagation they

enter stable regions where 〈κn〉 > 0. This is in agreement with the camera measurements

discussed above, where a high cross correlation is found between a reference probe

outside of the region of 〈κn〉 < 0 and the image data showing a blob inside the region of

〈κn〉 < 0 (Fig. 4 c)). Typical lifetimes of turbulent structures in the edge of TJ-K are of

the order of 100µs [26], which is comparable to the time duration blobs are observed in

the SOL. Hence, the difference between region I and III is probably simply that blobs

decay in region III before they could reach region I.

The propagation of turbulent structures from unstable into stable regions is an

example of turbulence spreading (i. e. the propagation of turbulent structures into

regions, which themselves are stable against this kind of instability [27–29]).

In summary, blobs in the SOL of TJ-K are filaments elongated along the magnetic

field lines, filling the space between the limiter disks. They are generated in regions of
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negative mean normal curvature 〈κn〉. The locations of the limiter disks determine

〈κn〉 at a specific location in the SOL and, hence, the limiters are breaking the

stellarator symmetry of blob generation. A consequence of this symmetry breaking is

that experiments with different measurement locations or limiter setups observe different

regions of strong blob activity (e. g. at the outer midplane in Ref. [19] or in the bottom

region in Ref. [13])

Due to the field alignment, a measurement of density fluctuations over a poloidal

cross section of the SOL is sufficient to approximately reconstruct the whole filament.

Using the conditionally averaged 2D data of density fluctuations associated with blobs

from Ref. [13], such a 3D reconstruction has been performed as follows: In the 2D plane,

the center of mass of the density structure associated with the blobs is determined. Then,

the field line which crosses this center of mass is traced between the two limiter disks

with a magnetic field-line code. The result is shown in Fig. 9.

The blob is visible as filament in the SOL and as the time progresses it propagates

radially outward and poloidally into the ion diamagnetic drift direction. This gives

a graphical summary of the blob structure and propagation in the stellarator TJ-K.

The main difference to density perturbations arising due to drift-wave turbulence in the

confined plasma (e. g. presented in Ref. [26]) is the missing poloidal and parallel mode

structure, the poloidal propagation in the ion-diamagnetic direction, and the pronounced

radial propagation.

4. Blob induced transport

In the last section it was shown that blobs in the stellarator TJ-K are generated in SOL

regions with negative mean normal curvature, which agrees perfectly with the common

picture of interchange-driven blobs. In the following it is studied to which extent these

blobs contribute to the turbulent SOL transport in TJ-K.

Both the local and total turbulent transport Γ can be measured by the poloidal

probe arrays as described in Ref. [30]. In order to assess the contribution of blobs

to the turbulent transport the following procedure is applied: Using the conditional

averaging technique, the transport averaged over all events exceeding a specific density

fluctuation threshold is determined (employed parameters: window size of 256 samples

and threshold amplitude of 2σ). The cumulated time duration of all averaged events

TCA is recorded (number of trigger events multiplied by the chosen time interval length

around the trigger events). The conditionally averaged transport is then compared to

the transport averaged over the complement of the time trace (T̄CA), where no large

amplitude events occur. The relative importance of blobs to the transport can then be

estimated by

fΓ,blob =
〈Γ〉TCA

− 〈Γ〉T̄CA

〈Γ〉
·

TCA

TCA + T̄CA

. (4)

The first fraction describes the relative transport increase during a blob event: The

conditionally averaged transport 〈Γ〉TCA
during blob activity is reduced by the transport
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Figure 9. 3D reconstruction of a blob from 2D probe data. The confined plasma of

TJ-K in the limiter configuration is shown in blue, the two limiter disks in gray, and

the blob filament is shown in red. Depicted is the blob evolution in 10µs steps.

averaged over time when no blobs are present 〈Γ〉T̄CA
(conservatively assuming that the

ambient turbulent transport is not reduced in phases of blob activity) and the result is

compared to the mean transport 〈Γ〉 averaged over the whole time trace. The second

fraction represents how much of the time trace of duration T = TCA+ T̄CA is covered by

blob events and, hence, measures the relevance of blobs for the total turbulent transport.

In order to assess the contribution of blobs to the turbulent transport the camera

was used to detect blobs originating from the generation region and conditionally average

the corresponding transport as measured by the OPA. The result is illustrated in Fig. 10.

For the conditional averaging a threshold value of two times the standard deviation (σ)

was used for light fluctuations at a reference pixel (indicated as blue dot in the Figure,

refer to Ref. [13] for details on the image interpretation). The conditional average of

the image data (left) shows a blob in the SOL. At the same time, the transport is

increased very localized at poloidal angles around θ = [0, 0.25π] at port O2 (right). The

maximum in the local transport at the OPA occurs at θ = 0.07π. Figure 11 shows the
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Figure 10. On the left, the conditional average of the normalized intensity fluctuations

observed by the camera is shown (#8354) at τ = 0µs showing a blob in the SOL. On

the right, the conditional average of the local transport measured by the OPA is shown

as a function of the time lag τ of the conditional average and the poloidal angle of the

respective OPA probe. The blue dot in the camera image indicates the mapping along

the field line of the OPA probe at θ = 0.0 where the transport maximum is observed

and at the same time the pixel position of the reference signal for the conditional

averaging.

conditionally averaged local transport Γ(θ = 0.07π) measured at that probe position.

For a short time during the blob event the local transport increases by a factor of 9.
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Figure 11. CA of the local transport at θ = 0 measured by the OPA normalized to

its mean using the normalized intensity fluctuations from the camera data as reference

signal (#8354). The dashed line (gray) depicts the average transport level.

The relative importance over the whole time series estimated by Eq. (4) at θ = 0.07π is

95 % for hydrogen and 53 % for helium. In the generation region the local transport is

clearly dominated by blobs.

The transport measured with the OPA is summed up over all probe positions i

in order to estimate the total (time dependant) transport Γ ≈ ΣiΓi. Γ is used as

reference signal for a conditional averaging with a threshold value of two times the

standard deviation. With this reference signal the conditional averages of Γi, Γ itself,

and the normalized intensity fluctuations recorded by the fast camera are determined.
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The result is shown in Fig. 12. A blob originating from the generation region is seen,
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Figure 12. Same representation as in Fig. 10, but with the total transport ΣiΓi as

reference for #8354.

indicating that a significant fraction of peaks in the total transport correspond to blobs.

On the right hand side of Fig. 12, the conditional average of the local transport is

shown. It resembles the local transport profile already seen in Fig 10. Figure 13 shows

the conditional average of Γ with itself as reference signal. The total transport during

a blob event increases by more than a factor of 4. The fraction of blobby transport

according to Eq. (4) is 23% for helium (#8355) and 30% for hydrogen (#8352). Hence,

blobs contribute significantly to the total turbulent SOL transport in TJ-K and are

observed as intermittent large-amplitude peaks in the transport. It is also clear that the

majority of the turbulent transport, however, is caused by small-amplitude fluctuations

about which these experiments give no information.
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Figure 13. Conditional average of the relative total turbulent transport with itself as

reference signal (#8354). Blobs increase the transport temporarily by a factor of 4.

5. Summary and conclusion

Experiments were conducted in the stellarator TJ-K to show that the basic picture of

blob dynamics, despite the simplifications discussed in the introduction, is valid also
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in the complex magnetic geometry of a stellarator. By two poloidal probe arrays and

a fast camera it was shown that blobs in TJ-K are field-aligned filaments in the SOL

extended over the whole connection length between two limiters, which agrees with the

common blob picture for sheath-limited blobs in simpler geometries.

The blobs are generated exclusively in regions of negative mean normal curvature

(averaged along the field lines). The link between the relatively successfully described

tokamaks and stellarators is the replacement of the 1/R term by the mean normal

curvature (averaged along the field line) 〈κn〉 in the basic blob equations. Depending on

the field geometry this can lead to a blob generation region not following the stellarator

symmetry, as it is the case for the limiter setup of TJ-K deployed in the presented

experiments. However, it was also observed that blobs are not restricted to this

generation region since after their generation they propagate poloidally in interchange

stable regions, which is a clear example of turbulence spreading.

A further result is that in agreement with similar observations from tokamaks [5, 31],

the blobs in TJ-K contribute significantly to the turbulent transport in the SOL. Not

only do blobs dominate the local turbulent transport in the generation region (in some

experiments locally up to 95 %), but they also contribute significantly to the total

turbulent transport in the SOL (around 30 %).
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