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Abstract.
Blob properties are studied in the scrape-off layer of the stellarator TJ-K.
Langmuir probes and a fast camera are used to investigate the generation rate as
well as the blob size and velocity scaling. Discharges with different ion species and
magnetic field strengths provide access to a large range of plasma parameters. It
was found that almost every large amplitude drift-wave in the edge of the confined
plasma triggers blob generation in the scrape-off layer, which implies that the
birth rate of blobs is determined by the turbulence in the edge. Furthermore, the
cross-field size of the blobs seems to be correlated with the size of the generating
drift waves. Since the observed radial propagation velocity of the blobs is well
described by a size dependent blob velocity model, the size coupling between drift
waves and blobs has also impact on the blob velocities. Thus, the presented results
imply that the dynamics in the edge have a large influence on the blob properties
in the scrape-off layer.
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1. Introduction
Large density structures elongated along the magnetic field lines are observed in
many different magnetized plasmas (see Ref. [1] and references therein) including,
but not limited to, fusion plasmas of tokamaks and stellarators. Those structures,
often referred to as blobs, contribute significantly to the particle and energy transport
in the scrape-off layer (SOL) of toroidally confined plasmas [2]. Thus, understanding
of generation and dynamics of blobs is needed to predict the particle and energy flux
to the walls of a future fusion reactor. Although understanding of blob generation
[3, 4, 5, 6] and evolution [1, 7, 8] has improved a lot over the recent years, quantitative
aspects of blob properties (like the generation rate and blob sizes) are still not resolved
completely. Blobs contribute to the SOL transport because of their radial outward
propagation. The particle transport due to blobs can be estimated by the contribution
of a single blob times the so-called packing fraction fp [9]:
Γ ∝ nb · vr,b · fp .

(1)

nb is the average density in a blob and vr,b its outward propagation velocity while
fp depends on vr,b . the blob size δb and the waiting time of subsequent blobs tw :
fp = 2δb /vr,b tw [1, 10]. This simple model already illustrates which blob properties
influence directly the transport caused by blobs. Consequently, knowledge about what
is determining nb , vr,b , δb and tw is essential to predict and possibly control the blob
transport. This introduction summarizes very briefly how well the different properties
are understood today.
Only a few studies concerning the blob density nb exist. There are indications that
nb is determined mainly by the background density in the birth region of blobs [9].
The radial propagation velocity of blobs has been addressed in a vast amount of
theoretical and experimental work: The dynamics of blobs has been described by a
2D model [8, 11], regarding the blob as a filament with a parallel mode number of
zero (kk = 0), which is polarized by “effective gravity” like, e. g., magnetic curvature.
The blob polarization causes poloidal electric fields and, hence, radial E × B drifts.
Analytically, the evolution of an isolated blob filament in a simple magnetized torus
with homogeneous background plasma can be described by the continuity equation of
the density together with the vorticity equation [8]
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where y denotes the poloidal direction, Te the electron temperature, R the major
radius, B the magnetic field strength, n the plasma density, and φ the plasma potential.
D(φ) corresponds to different closures describing blob damping mechanisms. To derive
Eq. 2 it is assumed that the ions are cold (Ti ≪ Te ) and no temperature fluctuations are
connected to the blob (T̃e,i = 0). For cold plasmas this is often a good approximation
while in hotter fusion plasmas the dynamics will differ from this prediction. One
possible closure D(φ) considering the effect of parallel currents in sheath-limited blob
filaments and collisions of ions with neutrals is treated in Refs. [12] and [13]. The
resulting approximate solution for the blob velocity is given by
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with the sound velocity cs , neutral ion collision frequency νin , δn is the peak density
in the blob reduced by the background density n0 , and lk the parallel length of the
blob (e. g. the distance between two limiter plates). An agreement with this predicted
velocity has been found in TORPEX [12]. It is interesting to note that in this model
the velocity depends on the blob size.
There are predictions from the 2D models mentioned above where characteristic
size scalings are inferred from stability considerations against secondary instabilities
(see Ref. [1] and references therein). The results depend on the closure D(φ) in Eq. (2).
If only parallel currents to the limiters are considered as damping mechanism, the size
of the most stable blobs is given [14] by
δ∗ = 2ρs · lk /ρs R

1/5

∝ ρ4/5
s ,

(4)

√
with ρs = mi Te /eB. Equation (4) relates the size of the most stable blobs to the drift
scale ρs . However, since the generation process of blobs is not yet fully understood,
there is no theoretical prediction with which cross-field size blobs are generated.
For the same reason it remains unclear what determines the generation rate
of blobs. There are experimental indications pointing to a coupling of turbulent
fluctuations in the confined plasma and the occurrence of blobs in the SOL.
Experiments at Alcator C-Mod [15] showed that the birth rate of blobs is connected
to the typical drift-wave frequency. In the linear device PISCES, it was observed
that large amplitude density fluctuations in the source free region are correlated
with density bursts in the main plasma column. In both regions, the waiting-time
distribution (WTD) was investigated, i. e. the distribution of time durations between
two subsequent events of the same type. The WTDs have been found to be comparable
in both regions, which points to a direct coupling between turbulent fluctuations in
the main plasma and blobs in the source free region of PISCES [16].
In this paper, studies on the generation rate as well as the blob size and
velocity scaling at the stellarator TJ-K are presented. The aim of these studies is
to understand what determines those properties, since their understanding is essential
for the prediction of the blob induced transport. After a short introduction to TJK in Sec. 2 and to the applied data analysis methods in Sec. 3, the experimental
results are presented in Sec. 4. A qualitative introduction to the dynamics of blobs in
TJ-K is given together with a comparison of the probe and camera data. Then the
generation rate is analyzed and the connection to the edge turbulence is investigated.
The blob size and its scaling with the drift scale ρs are analyzed for different plasma
parameters. Finally, the blob velocity in TJ-K is determined and compared to
theoretical predictions. The results are discussed in Sec. 5.
2. Experimental setup
The presented measurements were performed at the stellarator TJ-K [17, 18] in
hydrogen, deuterium, helium, neon and argon discharges with low (70 mT) and high
(300 mT) magnetic field in order to vary the plasma parameters over a broad range. All
discharges were heated with microwaves at 2.45 and 8 GHz for the low field and high
field, respectively [19]. The electron density ne is around 1018 m−3 and the electron
temperature Te is about 10 eV. The plasma was limited by two poloidal limiter plates,
which were introduced to enlarge the scrape-off layer (SOL) with constant connections
lengths. The blob properties were studied with Langmuir probes and a high-speed
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Figure 1. Experimental setup at TJ-K with two limiter plates and the line of
sight of the fast camera.

camera. A 2D movable probe measured floating potential and ion-saturation current
over a whole cross section of the torus with a step size of 1 cm in both directions. An
additional fixed reference probe was used as trigger source for conditional averaging
(see Sec. 3.1). Temperature fluctuations are negligible in TJ-K [20], since the Te -profile
is relatively flat. Therefore, 2D fluctuation data from plasma potential and density
can be deduced from the data. The camera measures the visible light emission, which
depends on the electron temperature and density. Thus, it is a measure for density
fluctuations as well, as will be shown in Sec. 4.1. The camera records the entire
visible spectrum without optical filters. In contrast to the probe measurement, the
2D fluctuation data is obtained instantaneously over the whole cross section, which
allows for a proper statistical treatment of the investigated quantities.
The high-speed camera used is a Photron SA-5 with a frame rate up to 750 kfps
(kilo frames per second). The camera view was almost tangential to the plasma column
(see Fig. 1). A deviation of about 10° from the tangent results from geometrical
constraints of the main field coils and the available viewing ports. Due to the low
temperature of the plasmas in TJ-K, visual light is emitted by the whole plasma.
This allows for measurements in the confinement region and the SOL without neutral
gas injection. In order to minimize effects due to the integration along the line of sight,
the depth of focus has to be small. In order to achieve this, a camera lens with focal
length f = 50 mm and the aperture ratio D/f = 0.75 (D is the effective aperture) was
used.
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3. Data analysis
3.1. Conditional averaging
The conditional averaging technique is used to study the evolution of coherent
structures [21]. In a reference signal x̃(t), with a sampling interval of ∆t, large
fluctuation amplitudes are detected as trigger events (x̃(ti ) ≥ x0 > x̃(ti −∆t)) at times
ti . A time window τ ∈ [−T /2, T /2] of fixed length T is stored from another signal
ỹ(t) around each trigger event ti . The average over all subsequences is calculated
for each time lag τ resulting in the conditional average (CA) yc (τ ) of the signal
ỹ(t) = yc (t) + yn (t) as the coherent contribution while incoherent noise yn (t) vanishes.
With the CA technique, 2D resolved measurements are possible by using a fixed
reference probe and a movable probe, which scans a poloidal cross section of the
plasma [22]. By combining the CAs for every probe position, the 2D time resolved
CA is obtained. The reference probe was located in the lower outboard side in the
SOL region, where the camera detects the majority of blob events [23]. Usually blobs
are detected using an ion-saturation current (Ii,sat ) signal as a reference. In TJ-K a
high correlation (typically larger than 0.6) is observed between the floating potential
φf and Ii,sat , leading to comparable dynamics in the CA independent from the choice
of the reference signal. The only difference in the SOL is a phase shift between φf
and Ii,sat , which does not affect the analyses presented in this paper since the blob
properties are examined when the blob in the CA reaches specific locations and not
necessarily at τ = 0. For best possible comparability with prior experiments at TJ-K
(in particular Ref. [4]) φf is taken as reference signal and a threshold φ0 for the CA
of two times the standard deviation was chosen.
3.2. Size and velocity of density structures
From time-resolved 2D density fluctuation data, structure sizes and velocities can
be obtained. The detection of the structures and the methods to obtain sizes and
velocities are described in the following. In a first step, local amplitude maxima are
detected in the 2D data for every time step. Any of those maxima, which exceed a
certain threshold (e. g. two times the standard deviation), is associated with coherent
structures in the fluctuation data. All surrounding measurement positions with a
fluctuation amplitude of at least half the local blob maximum are considered to show
the same structure. The detection of false positives due to noise can be prevented by
using a size threshold of a few times the spatial resolution of the measurement. In
the next step, an ellipse is fitted to the density structure and from the geometrical
parameters of the fit the size is determined. The velocity can be measured by tracking
the center of the ellipse over several time steps. This method is applied to both the
camera data directly and the 2D CA results in the ion-saturation current of the probes.
The procedure of fitting an ellipse to the data is done by moments analysis [24].
The CA result of the probe data allows for tracking a single average event, only.
I. e., applied to the probe data, the method lacks in information on the statistical
distribution of structure properties. In contrast, the 2D camera measurements capture
the dynamics of many single events, which enables a statistical treatment. However,
since the camera measurements are affected by light integration along the line of
sight, one has to be cautious with the interpretation of the obtained structure size.
In Fig. 2 intensity fluctuations during a blob event are shown together with an ellipse
fitted to the data. The dashed line represents the projection of a field line segment
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Figure 2. Intensity variations during a blob event with an ellipse fitted to the
blob. The solid line represent the LCFS in the focused plane, the dashed line is
the projection of a field line through the blob. The major axis of the ellipse is
oriented parallel to the field line due to the extension of the blob filament along
the field and the light integration along the line of sight.

crossing the blob. The major axis of the fitted ellipse is oriented parallel to this field
line segment. This suggests that the extension of the blob filament parallel to the
magnetic field influences the length of the major axis. Thus, the minor axis is used
as a representative of the cross-field blob size. For further analysis, only isolated
structures are used, which are completely located either in the confinement region or
in the SOL without overlap. In the analyses presented in this paper only structures
in the lower part of the edge/SOL (as in Fig. 2) are taken into account where the size
obtained from the camera measures the poloidal size. This has been cross-checked
with the probe measurements.
4. Results
4.1. Conditional average of the image and probe data
In Ref. [4], the generation and dynamics of blobs have been studied with Langmuir
probes. In the present section, the comparability of probe and camera measurements
for similar experiments is examined. Figure 3 a) shows an image series of a propagating
structure as obtained by conditionally averaging fluctuations in the ion-saturation
current. The dot in the lower right corner indicates the position of the reference
probe. In the confined plasma of TJ-K, drift-wave turbulence is accompanied by
coherent structures with lifetimes in the range of 10 − 100 µs [25]. These structures
propagate into the electron diamagnetic direction (clockwise in the shown figures).
Such a structure with a poloidal mode number of m = 3 can be seen in Fig. 3 a) at
τ = −0.02 ms. The density structure extends partly over the last closed flux surface
(LCFS, depicted as solid line) into the SOL. As shown in Ref. [4], the part of the
structure extending into the SOL can grow when a dipole structure appears in the
turbulent potential fluctuations and density is advected outwards by the resulting
E × B-drift. Following the next few µs in Fig. 3a), one can see the structure near the
reference propagate and grow. It detaches from the bulk and forms a blob. Fig. 3 b)
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Figure 3. Conditional average of density fluctuations from probes (a) and camera
(b) during blob events in a deuterium plasma. The solid line depicts the LCFS,
the dot (green) is the location of the reference probe. Positive fluctuations are
shown as solid contour lines (red) and negative ones as dashed contour lines (blue).
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Figure 4. Comparison of waiting time distributions for blobs and drift waves in
a hydrogen (a) and helium (b) discharge obtained from high-speed imaging.

shows the CA of intensity variations from the image data of the fast camera for the
same discharge. A pixel in the region where the blobs are observed is used as reference
signal (dot). Comparing Fig 3 a) and b) it can be seen that the intensity variations are
similar to the density fluctuations. In the confinement region, the mode structure can
be seen in the first image of Fig 3 b), but it is blurred due to the integration along the
line of sight. In the SOL, where the blob properties are studied, the agreement is much
better. This can be seen by comparing the structures in the top and bottom right
for both diagnostics at τ = 0.007 ms. When the image data is cross correlated with
ion-saturation current measurements large correlation values up to 0.8 are obtained,
which provides further evidence that the camera observes density fluctuations.
4.2. Birth rate of blobs
On the conditional average, drift waves in the edge appear to be involved in the blob
generation. This is consistent with previous results in TJ-K [4]. Note that in the course
of this paper the term edge refers only to the edge of the confined plasma to distinguish
this region from the SOL. From the CA, however, it cannot be concluded whether each
single blob is related to a drift wave or with what probability an existing drift wave
triggers blob ejection. To elucidate this connection, the waiting-time distribution
(WTD) and generation rate is compared for drift waves in the edge and blobs in the
SOL.
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Figure 5. The CA of the camera data reveals a comparable density pattern in
the shown hydrogen discharge after ∆τ ≈ −90 µs. Both images are scaled to their
maximum intensity for better visualization.

The WTD for blobs and large drift waves can be obtained from the image data by
the structure detection described in section 3.2. The occurrence time ti of structure
i is defined as the time when the intensity amplitude in a small predefined area of
the images reaches its maximum during an ongoing event. The waiting time between
two subsequent events is defined as tw = ti+1 − ti . Figure 4 shows the WTDs of
blobs and drift waves in low-field hydrogen (left) and helium (right) discharges. For
a purely random blob generation process, an exponential decay of the WTD would
be expected [27]. Such a behaviour has been found at Alcator C-Mod [28]. In TJ-K,
an exponential decay is found for tw > 100 µs. However, there is a clear peak in
the WTDs at about tw = 90 µs (H) and 76 µs (He) for both, drift waves and blobs.
This feature varies scarcely for discharges with comparable plasma parameters, but
is located at different times for the various gases used in TJ-K. For the drift waves
in the confined plasma this peak can be understood as follows: If the typical lifetime
of the turbulent structures is longer than the time Tt for a complete poloidal transit
divided by the poloidal mode number m, the density pattern inside the LCFS recurs
after Tt /m due to the poloidal rotation of the drift wave. This is indeed the case as
can be seen from Fig. 5. It shows two images with a time distance of ∆τ ≈ 90 µs of
the conditionally averaged camera data of a hydrogen discharge. Both images show
a comparable density pattern in the confined plasma and in the SOL. Experimental
values for the dominant poloidal mode number m between three and four, poloidal
velocities of the drift waves ≤ 2 km/s and a poloidal circumference near the LCFS
of Upol ≈ 50 cm yield values for Tt /m in the range of 50 to 100 µs, which is in good
agreement with the observed peaks in the WTDs. Taking into account the generation
mechanism presented in Sec. 4.1, it becomes clear that the peak in the WTD for the
SOL events is caused by blobs generated at the same location with a time distance of
Tt /m by separate density maxima of a poloidally rotating drift wave. This connection
is also apparent in the power spectra of Ii,sat measurements in the edge and the SOL.
Figure 6 shows such spectra for the hydrogen plasma analyzed above. In both spectra
a peak is observed at the inverse of the peak time in the WTD. In the edge this peak
corresponds to the quasi-coherent modes with lifetimes of about 100 µs arising from
drift-wave turbulence [25]. Due to blob generation by density maxima of these quasicoherent modes, a peak at the same frequency is present in the SOL power spectrum.

Influence of plasma edge dynamics on blob properties in the stellarator TJ-K

9

100
SOL
edge

power (a.u.)

10−1
10−2
10−3
10−4
10−5
10−6
10−7

101
f (kHz)

102

Figure 6. Power spectra of Ii,sat measurements in the edge (dashed line) and
the SOL (solid line) of a hydrogen plasma. The area shaded in gray marks the
inverse of the peak in the WTD tw,peak ± tex where tex is the camera exposure
time that sets the accuracy of tw,peak .

But not only the shape of both WTDs shows a good agreement, also the total
number of detected events is similar, as can be seen from Fig. 4. The detection rates for
blobs with intensity amplitudes larger than the standard deviation and density maxima
of drift waves are about 10, 000/s for the analyzed discharges. This corresponds to
the typical frequency range of a few kHz for the drift-wave turbulence in TJ-K, which
reflects that blobs principally appear in conjunction with drift waves. Thus, it can be
concluded that the generation rate of blobs in the SOL is determined by properties
of the drift-wave turbulence in the edge plasma. The results presented here are in
agreement with probe measurements in comparable TJ-K discharges, where the peak
of the WTD for intermittent structures in the SOL was found close to the drift-wave
period [26].
4.3. Blob-size scaling
This section investigates the scaling of the poloidal structure size δ of blobs in the
SOL with the drift scale ρs . The results are compared to the prediction of Eq. (4) and
to the size scaling for coherent structures in the confinement region of TJ-K to study
if there is a relation between the size of the blob and the generating drift wave. For
drift-wave turbulence, a scaling δ ∝ ρα
s with α ≈ 0.5 was found [25]. However, there
were indications that α decreases if the structure sizes get too close to the system
size, which might be the case for the limited discharges presented in this paper. Here,
ρs is varied by using different gases (hydrogen, deuterium, helium, neon, and argon)
and two different magnetic field strengths. Additionally, for low-field hydrogen and
helium discharges, shots with different heating power and thus electron temperature,
were analyzed. The results of the blob size measurements are shown in Fig. 7 a). The
scaling exponents are αcam = 0.19 ± 0.03 and αprobe = 0.26 ± 0.07. The errors for the
probe data arise from systematic inaccuracies in the blob sizes of half the grid spacing.
If the same analysis is repeated for the coherent structures in the confined plasma,
the scaling laws with αcam = 0.23 ± 0.04 and αprobe = 0.21 ± 0.11 are obtained. All
exponents are comparable within the error bars. The scaling of the blob size is weaker
than predicted for the most stable blobs according to Eq. (4). Note, however, that the
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Figure 7. ρs -scaling of the poloidal blob size as measured with probes (a) and
fast camera (b). The error bars for the camera measurement are in the range of
the symbol size. Since the CA technique is used to determine the size for the
probe data, no statistical error is available for the probe measurements.
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Figure 8. Comparison of poloidal sizes of blobs detected in the camera data
and of coherent structures inside the LCFS right before the blob ejection. The
displayed data is from a neon low-field plasma.

found size scaling corresponds to blobs directly after generation and not necessarily
to the most stable ones as required for the predicted ρs dependence.
If blobs are generated by drift waves, it is reasonable to assume that blobs also
inherit the size properties of drift waves, e. g. their scaling behaviour as observed here.
This hypothesis is supported by the fact that a correlation is found in the camera data
between the size of single blob events and coherent structures inside the LCFS. For
every blob event detected in the data, the size of coherent structures inside the plasma
right before the blob event was analyzed. Figure 8 shows a sample plot of the observed
sizes for a neon discharge. For every discharge used for the scaling, a linear regression
was performed separately to check if there is a correlation between the different sizes.
All analyzed shots showed a weak but positive correlation of approximately 0.2, varying
between 0.14 and 0.27 for the single shots. Low correlation values can be caused by
a non-linear relation or additional effects that influence the blob size simultaneously.
Nevertheless, the result indicates that larger drift waves eject larger blobs.
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Figure 9. Comparison of measured blob velocities (vexp ) with a) predictions
of Eq. (3) and b) the same prediction but with an empirical correction factor,
describing the effect of a cross phase < π/2.

4.4. Velocity scaling
In order to compare the prediction according to Eq. (3) to the blob velocities measured
in TJ-K, the radial outward velocity is defined as vblob = d/dt dLCFS , where dLCFS
is the distance of the center of the blob to the LCFS. The exact blob positions
needed to determine the velocity are taken from the CA of the ion-saturation current
measurement. Electron temperature profiles were measured for every discharge to
evaluate cs and ρs in Eq. (3). The term δn/n0 ≈ 1 was determined from the ionsaturation current measurements and the collision frequency νin has been calculated
by νin = nn σ(kTi /mi )1/2 using a measured neutral pressure nn (about 5 · 1018 /m3
depending on the discharge), an estimated ion temperature Ti of 1 eV [29], and an
estimated neutral-ion cross section of σ = 10−15 cm2 (which is large compared to
values given in e. g. Ref. [30]). Even with the large choice for σ the resulting collision
term in Eq. (3) is smaller than 0.01 and, hence, negligible compared to the 1 in the
denominator of that equation. Figure 9 a) shows a good overall agreement with the
measured blob velocities, despite the fact that the model is two dimensional and,
therefore, does not account for the complex stellarator geometry. The absolute values
of the experimental values are in the range of the prediction. Since the variation of the
ion mass and the magnetic field has large effects on the plasma parameters, additional
three low-field helium discharges with different heating powers where compared. In
agreement with the prediction, the resulting change in δb and Te goes along with
an increase of the blob velocity (see Fig. 9 a)). However, it is observed that the
blob velocity in the hydrogen discharges (and less pronounced in deuterium) is not
only significantly smaller than the prediction, but also deviates clearly from the trend
observed for the other ion species. The model describes the various gases differently
well. The reason for this deviation could be differences in the cross phase between
density and potential αΦ,n , which is measured to be significantly smaller for hydrogen
than for the other gases. αΦ,n is estimated from the cross correlation of the CA of the
ion saturation current and floating potential measurements [31]. The blob model from
Ref. [12], however, describes blobs as ideal interchange objects with a cross phase
of π/2. Any deviation from this should reduce the effectiveness of the interchange
drive and, therefore, the velocity of the blobs. In the extreme case of αΦ,n = 0, the
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outward propagation
would vanish. To account for this, an empirical correction factor

of sin αΦ,n is multiplied to Eq. (3).

vblob = sin αΦ,n · vmodel

(5)

The comparison with the experimental data is shown in Fig. 9 b). For hydrogen and
deuterium a much better agreement is obtained if the cross-phase correction is taken
into account.
5. Conclusions
Blob properties were studied in the stellarator TJ-K using a fast camera and Langmuir
probes. Prior to this work, it was known that turbulent structures extend into the
SOL and transport density outwards by turbulent E × B drifts, forming density blobs
in the SOL [4]. In the experiments presented in this paper, the blob formation is
not a rare process but seems to be triggered by almost every large amplitude drift
wave in the edge plasma. This is reflected in the waiting-time distributions, which are
similar for blobs and drift waves. The mode structure of drift waves even allows for
the generation of more than one blob in a row at a fixed position by different density
maxima of the same structure. This phenomenon originates from the relatively long
lifetimes of the coherent structures in the edge compared to the characteristic time
scales of the structure propagation and might, therefore, be quite specific for TJ-K.
Nevertheless, it underlines the close connection between the occurrence of drift waves
and blob generation.
Furthermore, the blob size was measured over a large range of plasma parameters
and compared to the characteristic ρs -scaling of the cross-field sizes of turbulent
structures in the confinement region of TJ-K. Even though blobs and drift waves have
different dynamical properties, the found size scaling is comparable, which points to
larger drift waves generating larger blobs. This hypothesis is supported by a positive
correlation between the size of single blob events and the size of the generating drift
wave, as was found from fast imaging.
Finally, the blob velocity was measured and compared to the theoretical blob
model described in [8, 11, 12]. Despite the fact that this model does not include
complex magnetic field geometries as in TJ-K, a remarkable agreement with the
prediction according to (3) was found. There are, however, deviations from the
prediction, which could be described by the cross phase between density and potential.
The cross phase differs between the ion species probably due to a different relevance
of the interchange drive leading to a slower
 outward motion of the blobs. By including
an empirical phase factor of sin αφ,n , a better agreement with the prediction is
obtained. Since Eq. (3) suggests a dependence of the velocity on the blob size, the
observed influence of the drift waves on the blob sizes implies that the drift waves also
influence indirectly the outward velocity of the blob filaments.
In summary, it was found that the blob generation rate, the blob size
perpendicular to the magnetic field and the blob radial velocity are closely related
to the properties of the drift-wave turbulence in the plasma edge inside the LCFS. In
the low temperature plasma of TJ-K, the generation of blobs is triggered by turbulent
density fluctuations in the vicinity of the LCFS as consistent with observations in
fusion experiments, e. g. by gas-puff imaging in Alcator C-Mod [32] and NSTX [9, 33],
amongst others (see Ref. [1] and references therein). This points to an universal
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process behind blob generation. In this work, the transmission of turbulence properties
from the edge to blob filaments in the SOL is found to be an important aspect of
blob generation. This implies that pure SOL models may not be sufficient to fully
understand the SOL transport. The edge dynamics has to be included to account for
the coupling of the properties within the blob generation mechanism.
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