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Microscopic turbulence properties in the edge of toroidally confined fusion plasmas

are studied by comparative analysis of experimental data from seven devices, col-

lected in an international edge turbulence database (ETDB). The database contains

Langmuir probe measurements of fluctuations in the floating potential and ion sat-

uration current across the last closed flux surface (LCFS). They are used to address

statistical properties and particle transport. Universal features of plasma edge turbu-

lence such as an increase in skewness across the scrape-off layer (SOL) as footprints

of density blobs are recovered in all devices. Analysis of the correlation lengths and

times reveals power law scaling relations with macroscopic drift-wave parameters,

albeit weaker than would be expected for drift-wave turbulence. As a result, the

turbulent diffusivity scales with the inverse of the magnetic field strength, which

is closer to Bohm-like scaling than to gyro-Bohm scaling. Nearly identical scaling

relations are determined in the confined plasma edge and the SOL, pointing to a

strong connection between drift-wave turbulence in the edge and blobs in the SOL.

The contributions of blobs and holes (negative density spikes) to the radial particle

transport are analyzed qualitatively with a conditional averaging approach. Blobs

are connected to outward transport in the SOL of all devices whereas holes exhibit

no uniform propagation pattern.

a)Author to whom correspondence should be addressed. Electronic mail: patrick.simon@ipp.mpg.de
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I. INTRODUCTION

Anomalous transport through electrostatic fluctuations in the edge of magnetically con-

fined fusion plasmas has been identified as a major contributor to particle and energy losses

and is thus fundamentally responsible for the global confinement properties.1,2 A correspond-

ing global turbulent diffusivity can be deduced from mixing-length estimates for the purpose

of scaling studies. These estimates are based on turbulence characteristics on a microscopic

level, namely typical correlation lengths Lc and times τc. Theory for drift waves predicts

that τc should grow proportional to the characteristic timescale Ln/cs ∝ Ln
√
mi/Te.

3 mi is

the ion mass and Te the electron temperature. The density scale length Ln characterizes the

gradient of the plasma density n (or pressure p, at constant temperature): Ln = n/ |∇n|.

Similarly, Lc is expected to scale linearly with the drift scale ρs =
√
Temi/(eB), where e

refers to the elementary charge and B to the magnetic field strength.4 There are many vari-

ations of drift-wave turbulence, and these scaling predictions are taken from a simple local

slab model. Inserting these local drift-wave scaling relations for the microscopic parameters

Lc and τc into the random-walk expression for the turbulent diffusivity yields the so-called

gyro-Bohm scaling:

D ∝ L2
c

τc

∝ ρ2
s

Ln/cs

= DB
ρs

Ln
∝ 1

B2
(1)

The inverse dependence on B2 suggests that turbulent transport might be limited effectively

by increasing the magnetic field strength. The quantity DB is called the Bohm diffusivity.

It is proportional to 1/B, thus turbulent transport is reduced less by increasing B if the

diffusivity exhibits Bohm-like rather than gyro-Bohm-like scaling.

Langmuir probe data from seven fusion experiments, including stellarators and tokamaks,

has recently been collected in a database5 for systematic intermachine comparison of the

characteristics of plasma edge turbulence. This article presents the first detailed statistical

analysis of the database. The data allows the determination of the typical length and time

scales to determine the transport scaling across the different experiments. Moreover, poloidal

electric field measurements are available for the evaluation of the radial E × B dynamics

of intermittent density structures. These so-called blobs have been detected in many fusion

experiments6–13 and play a crucial role in SOL transport. Here, the contribution of blobs

(positive density spikes) and holes (negative spikes) to turbulent particle transport is studied
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in the inner edge and the SOL. The focus on transport scaling on a microscopic level sets this

work apart from previous comparative studies of plasma edge turbulence using Langmuir

probes.14–16

This paper is organized as follows: Section II introduces the database. Since the database

does not cover details on equilibrium profiles, microscopic turbulence characteristics in this

work are opposed to macroscopic estimates of drift-wave parameters at the LCFS. In Sec. II,

these estimates are also introduced and discussed. Section III outlines the main statistical

analysis methods. The experimental results on universal features, transport scaling and blob

dynamics are presented in Sec. IV and summarized in Sec. V.

II. THE EDGE TURBULENCE DATABASE

In order to investigate the turbulent behavior in various fusion devices, a platform was

established to collect comparable experimental data from multiple experiments. This frame-

work has been installed as part of the International Stellarator/Heliotron Profile Database

(ISHPDB).17 The goal of this international edge turbulence database (ETDB) is to allow

easy access to turbulence measurement data for the purposes of inter-machine comparisons.

As of March 2014, experimental data from the two tokamaks ASDEX Upgrade (AUG)18 and

MAST,19 as well as the five stellarators HSX,20 TJ-K,21 Uragan-3M (U3M),22 Wendelstein

7-AS (W7AS)23 and WEGA24 has been collected in the ETDB. There are two available

datasets from W7AS and WEGA, taken at different magnetic field strengths.

The entries of the ETDB consist of measurements taken with Langmuir probes during L-

mode discharges. They measure the floating potential Φfl and the ion saturation current Isat.

Assuming negligible temperature variations, the fluctuations Φ̃fl and Ĩsat of these quantities

are directly proportional to the fluctuations of the plasma potential (Φ̃p) and the plasma

density (ñ), respectively.

The ETDB entries contain measurements from a minimum of three probe tips, arranged

poloidally along the same flux surface, where the outer probes measure Φfl and the central

probe Isat. This setup allows the calculation of radial turbulent particle fluxes due to Ẽθ×B

drifts, where the fluctuations of the poloidal electric field (Ẽθ) are estimated from the Φ̃fl

measurements. The probes have to be radially mobile and should include measurements

on both sides of the last closed flux surface (LCFS). All measurements at different radial
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positions for one discharge (or a number of comparable discharges) are grouped into one

dataset for the determination of radial profiles. Each data file contains the absolute radial

position, the radial distance from the LCFS ds, the poloidal distance of each probe tip from

the magnetic midplane as well as their uncertainties.

Some general information is provided for each dataset. This contains the following device

parameters and specifics about the discharge conditions: the major radius R, the minor

radius a, the working gas, the safety factor q, the magnetic field strength B as well as its

direction (clockwise or counter-clockwise, when seen from above) and the average plasma

density n. Since the ETDB does not cover equilibrium profiles, it contains characteristic

average values of the equilibrium measures in the vicinity of the LCFS. Despite the fact

that usually there are two different gradient scale lengths Ln in the inner edge and the SOL,

both Ln do not differ by an order of magnitude and the relative error to the average around

the LCFS is even less than about 50%. Hence, the deviation from the approximate value,

by which Ln is well represented here, is not decisive for scaling analyses separated in and

outside the LCFS. Table I lists these parameters for all current ETDB datasets.

The values for q (except for q95 for tokamak plasmas), B, n as well as electron (Te) and ion

(Ti) temperatures are LCFS values, too. Macroscopic characteristic drift-wave parameters

ρs and cs are deduced from the values listed in Tab. I and used in scaling analyses. Usually,

radial dependencies of the independent variables in the regression analyses should be taken

into account if both sides of the LCFS are treated separately. Relative changes in B of the

order of 1% in the observed radial ranges are of minor importance in the scaling studies,

especially as compared to inter-machine variations. In contrast, radial Te dependencies seem

to be more crucial. Similar to Ln, Te is over- or underestimated on each side of the LCFS,

if only the LCFS average is used. Systematic over- or underestimation does not alter the

result of the regression analysis. As an orientation, device to device discrepancies by a

factor of 1.5 in the temperature under the square root, however, would correspond to a shift

by the symbol size on the abscissa of following logarithmic representations. Even though

previous studies25 did not reveal a clear correlation between turbulence properties and local

Te, caution is needed when comparing local scaling results based on macroscopic parameters

(as done in Sec. IV B).

Fluctuations in the plasma temperature have been shown to be negligible in low-
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TABLE I. Number of radial measuring positions npos, LCFS distance ds and average device and

discharge parameters at the LCFS in the region of the probes. Negative sign in the B column

indicates a counter-clockwise field direction.

Dataset npos ds (mm) R (m) a (m) q B (T) n (1018/m3) Te (eV) Ti (eV) Ln (mm)

AUG 10 −10...31 1.6 0.5 4 1.5 13 40 40 12.5

HSX 21 −12...24 1.49 0.07 0.89 −0.88 1 70 30 17

MAST 12 −13...70 0.85 0.65 10 0.35 4 20 30 22-35

TJ-K 13 −32..28 0.6 0.1 3 −0.044 0.2 8 1 56

U-3M 9 +5...25 1 0.12 3 −0.64 0.4 50 50 5

W7AS low B 37 −17...42 2 0.17 2.95 −1.27 5 80 80 23

W7AS high B 39 −17...51 2 0.17 2.95 −2.55 80 80 80 17

WEGA low B 30 −26...32 0.72 0.12 5 −0.055 0.2 12 1 33

WEGA high B 30 −31...12 0.72 0.12 5 −0.48 1 5 1 31

temperature plasmas like TJ-K.26 However, recent results both from experiments at AS-

DEX Upgrade27 as well as simulations for AUG edge parameters27,28 indicate that in high-

temperature plasmas, electric field and, therefore, turbulent transport approximations from

Φfl measurements could suffer from the influence of temperature fluctuations. Since data on

temperature fluctuations is not available in the database, the analyses presented here are

based on the floating potential.

III. DATA ANALYSIS METHODS

A. Correlation functions

The basis for the determination of the correlation time τc and the correlation length Lc

is the cross-correlation function. In its normalized form it is defined as

CXY (δt) =
1

σXσY

∫
X̃(t)Ỹ (t+ δt)dt (2)

and takes values between −1 and 1. It describes the similarity between two series of data,

X(t) and Y (t) with standard deviations σX and σY , displaced by a time difference δt. The

tilde notation refers to the mean-free fluctuations, i.e. X̃ = X − 〈X〉, ˜〈X〉 = 0.
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FIG. 1. Determination of τc from the Isat auto-correlation function for a TJ-K measurement at

the LCFS.

A special case of this function is the auto-correlation function CXX(δt), which compares

a time series to itself. τc is calculated as the time lag at which the auto-correlation function

of the Isat measurement falls down to a value of 1/e (see Fig. 1). To estimate the accuracy

of τc this procedure is done for multiple subsets of the given signal, which are then combined

to an average result.

In principle, spatial correlation analyses require an adequate spatial resolution of the

fluctuation signal. For the ETDB analysis, however, the sets usually only contain simul-

taneous measurements of Φfl at two locations, and Isat at one. In order to calculate an

estimate of Lc, an approximation has to be used: the zero-time-lag cross-correlation CΦ1Φ2

between two Φfl measurements at different spatial distances can be used as an estimate of

the spatial auto-correlation function. The peak of this auto-correlation function is expected

to be Gaussian in shape,29 where the width is given by the correlation length Lc. As the

correlation is known for a single value of δl, Lc can be calculated:

Lc =
√
−δl2/ log (CΦ1Φ2) (3)

As for τc, the correlation length is calculated from several subsets of the data to obtain

an average value and an estimate of its accuracy. Because of the estimation of Lc by

direct calculation from a single point – instead of a fit to a number of points at different

radial positions – the quantitative results should be interpreted with caution. They should,

however, be in the correct order of magnitude, making them suitable for scaling analyses.
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B. Conditional averaging

The conditional averaging method is a tool to separate the coherent component of a

fluctuating signal from the random component.30,31 Any fluctuation X̃(t) that is measured

in a parameter is partially due to random fluctuations X̃r(t) and partially due to coherent

events X̃c(t), such as intermittent density bursts (known as blobs), which are observed in

the scrape-off layer of fusion plasmas: X̃(t) = X̃r(t) + X̃c(t).

Assuming that all intermittent events in a density signal are of similar shape, the average

shape of a density burst can be extracted by conditional averaging. In order to detect

coherent structures, the time series X̃(t) is checked for a specified condition ñ > ασn in the

amplitude. By choosing a trigger value larger than the standard deviation σn, the likelihood

of falsely identifying random fluctuations as coherent events is reduced. This condition is

used on the entire time series, resulting in a number of N identified events at times tj,

j = 0, 1, ..., N − 1. In the next step, a segment X̃(Tj) in the range Tj ∈ [tj − τ, tj + τ ] is

extracted around every one of these points. The time τ is chosen large enough to easily

cover typical blob lifetimes. Averaging over these segments results in the coherent part of

the signal, while the random component cancels out.

IV. RESULTS

This section presents results from a wide variety of statistical analyses of the ETDB data.

A. Basic statistical properties

In order to detect principal similarities in plasma edge fluctuations, the basic statistical

and spectral properties are examined. Figure 2 shows the auto-power spectra for all ETDB

devices. From each device, one Isat time series entry from a location near the LCFS was

taken. In the cases of WEGA and W7AS, an entry from the low-B dataset was taken. Each

power spectrum has been normalized with its maximum value.

The spectra are generally found to be Kolmogorov-like with a power-law decay over several

decades in the high-frequency range. The spectral indices appear quite similar although

the spectra have not been corrected for Doppler shifts from background rotation. Power

spectra from various devices with similar behavior have been compared previously.16 Some
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FIG. 2. Auto-power spectra of the Isat measurements near the LCFS. The curves were normalized

to their respective maximum value (WEGA and W7AS data low-B datasets).

spectra, e.g. from TJ-K and HSX, suggest a second inertial range at lower frequencies as

characteristic for turbulence of two-dimensional nature. The frequency fbend at which there

is a bend in the spectrum and the steep inertial range begins is different for the devices and

tends to smaller values for lower temperatures (TJ-K, WEGA, MAST).

In Fig. 3 fbend is plotted over the characteristic frequency vdia/ρs. vdia is the electron

diamagnetic velocity:

vdia =
|∇pe|
enB

≈ Te
eLnB

⇒ vdia

ρs

≈ cs

Ln
(4)

The plot suggests a nearly linear dependence of the bend frequency on this characteristic

quantity. In fact, a nonlinear regression analysis with fbend ∝ (vdia/ρs)
α reveals an exponent

α = 0.9 ± 0.1, i.e. a linear dependence within the uncertainty. The uncertainty is mostly

attributed to the U-3M data point, which can be regarded as an outlier: a weak bend is

detected at about 40 kHz in the power spectrum (Fig. 2), but it may be possible that a

more clear bend would be detected at a frequency higher than the Nyquist frequency of the

present dataset.

A consequence of the linear dependence is a relatively constant product of the drift scale

ρs and the bend wavenumber kbend ∝ 2πfbend/vdia (i.e. 1/kbend ∝ ρs), as pictured in Fig. 4.

The result of a corresponding regression analysis does not seem to be conclusive because of

the large relative uncertainty of the exponent. If, however, the U-3M dataset is disregarded

as an outlier, the values of kbendρs vary only slightly, within 0.1 to 0.3, in the range of kbend
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FIG. 4. Product of bend wavenumber kbend and ρs for the ETDB devices with power law fit

kbendρs ∝ kαbend.

from about 10 to 300 m−1. Therefore, kbendρs can be considered as reasonably constant.

In comparison with theory, linearly most unstable drift modes are expected at kρs ≈ 1.

Here, the linear ρs dependence of most unstable wavelengths shows up in the injection range

of a typical 2D turbulence spectrum. This corresponds to previous results that show a

constant product of average poloidal wavenumber and ρs.
14,32

Further similarities of the ETDB sets can be found in the probability distribution func-

tions (PDFs) of the fluctuations. Figure 5 shows the PDFs of Isat measurements near the

LCFS. The abscissa shows the fluctuation amplitude, expressed in multiples of the standard

deviation σI . Almost all curves are close to a Gaussian distribution, i.e. nearly symmetrical
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FIG. 6. Radial profiles of the Isat skewness.

and falling off towards zero within 3 standard deviations. The strongest exception is found

in the low-B set from WEGA, which has a negative skewness.

Figure 6 shows the radial profiles of the Isat skewness around the LCFS. For a better

comparison between all data, the radial position is given in terms of the distance from

the LCFS ds normalized to the density scale length Ln. As a general trend, the skewness

increases beyond the LCFS in the scrape-off layer. In some cases (low-B WEGA, MAST

and AUG) it changes sign from negative inside to positive outside the LCFS. This can be

understood as a larger presence of intermittent positive density spikes (blobs) in the SOL

region for all ETDB devices, while negative density spikes (holes) are more prevalent inside
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the LCFS in some cases. These findings recover results of separate earlier studies of blobs

in the ETDB devices8,10–12 and are consistent with findings on universal properties of the

PDF from other devices like the TCV tokamak.33–36

B. Scaling of turbulence properties

Turbulence in the plasma edge inside the LCFS is supposed to be dominated by drift-wave

dynamics.37 The database provides suitable information to test theoretical expectations for

the scaling of correlation times (τc) and lengths (Lc) with Ln/cs and ρs, respectively. The

radial variation of τc and Lc – obtained from correlation analyses according to Sec. II – is

found to be small. This justifies the use of the radial average to be compared to nominal

values of Ln/cs and ρs at the LCFS.

Figure 7 shows the analysis of the scaling relation between τc and Ln/cs for the ETDB

data. The error bars contain the spread of τc over the radial profile, as well as the uncertainty

of every data point, which was obtained from calculating and averaging τc over multiple

subsets.

The data shows a power law relation between τc and the quantity Ln/cs, albeit with some

scattering of the τc values. The best fit for the scaling exponent yields α = 0.53 ± 0.04.

This is a weaker scaling relation than the predicted linear one, but it falls into a comparable

range as results from previous scaling experiments on a single device.25 To verify that the

averaging over the entire radial profiles was acceptable, the analysis was repeated separately

for the inside region (−1 < ds/Ln < 0) and the SOL region (0 < ds/Ln < 2) of the profiles.

The resulting scaling exponents are αin = 0.60± 0.04 and αSOL = 0.52± 0.04, i.e. they are

compatible with the average result. The observed scaling with respect to Ln is consistent

with a prediction for ballooning-interchange turbulence that also incorporates the curvature

radius Rc, namely τc ∝
√
RcLn/cs.

38

It must be stressed that the regression analyses do not account for a radial dependence of

the independent variable (cf. Sec. II). Without a local correlation to the dependent variable,

this radial dependence would essentially result in a larger uncertainty of the exponent. A

finite correlation would affect the exponent, but a change in the scaling behavior is expected

to originate from the turbulence characteristics in the first instance. Hence, it is here most

important to note that the scaling behavior with the macroscopic parameter does not change
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The dashed line shows the best power law fit for τc ∝ (Ln/cs)
α.

substantially across the separatrix.

Similarly, the ρs scaling of Lc has been investigated, as displayed in Fig. 8. The AUG

set was not taken into account for this scaling because data from a sufficient number of

Langmuir probes is currently unavailable. With α = 0.55 ± 0.04, the exponent of the

scaling relation is again below the expectation for pure drift-wave turbulence. To verify

that the determined scaling relation is valid for the entire radial range, the sets were, as

before, separated into the regions inside and outside the LCFS, yielding the following scaling

exponents: αin = 0.52 ± 0.04 and αSOL = 0.54 ± 0.05. As for the τc scaling, all results are

compatible within their uncertainties. Similar scaling exponents close to 0.5 were found in

studies at TJ-K alone,25 and agree with a prediction of the ρs-dependence for turbulence
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with strong radial variation of profiles, Lc ∝
√
ρsLn.39

Note that this scaling behavior corresponds to the detected dominant structure, which

is certainly fed non-linearly by – but is not necessarily identical to – the most unstable

mode. This could explain the difference to the linear ρs dependence of 1/kbend in Sec. IV A.

Furthermore, the scaling behavior of Lc with the macroscopic ρs suffers from an unresolved

radial dependence in the same way as does that of τc (if at all). However, the agreement of

the scalings in the inner edge and the SOL using local parameters has been confirmed in a

very recent work by Fuchert et al.40, which gives confidence that the radial Te dependence

is not crucial for the present scaling study.

With the weaker than linear dependencies of Lc and τc on ρs and Ln/cs, respectively, a

deviation from gyro-Bohm scaling could be expected for the turbulent diffusivity D ∝ L2
c/τc.

In fact, scaling analysis of D with the entire gyro-Bohm parameter DBρs/Ln revealed a

weaker power law with an approximate exponent of 0.5 inside as well as outside the LCFS.

A complete list of scaling exponents is given in Table II.

TABLE II. Resulting scaling exponents for the turbulence properties τc, Lc and D.

Quantity Scaling with α overall α inside α SOL

τc Ln/cs 0.53± 0.04 0.60± 0.04 0.52± 0.04

Lc ρs 0.55± 0.04 0.52± 0.04 0.54± 0.05

D DBρs/Ln 0.50± 0.08 0.51± 0.07 0.50± 0.08

Even though the discharges in the ETDB are not strictly dimensionally similar, additional

scaling investigations did not confirm any hidden dependence of the turbulence properties

on the dimensionless collisionality ν∗ or plasma beta β∗.

C. Conditional averaging results

The multi-machine database allows to test intermittent density events as general contrib-

utors to turbulent radial outward transport. Therefore, blobs and holes must be associated

with outward and inward propagation, respectively. By identifying and averaging over inter-

mittent spikes in the Isat signal, the typical shape of density blobs or holes can be determined.

At the same time, the Φfl measurements can be extracted whenever such a spike in the den-
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sity is detected. Since there are two measurements of the floating potential, the average

electric field Eθ or radial velocity vr can be calculated with the following approximation:

Ẽθ ≈ −∇Φ̃fl ≈ −
∆Φ̃fl

d
, vr =

Ẽθ
B

(5)

d is the distance between the probe tips measuring Φfl. Negative values of vr correspond to

inward motion.

Figures 9 and 10 show radial profiles of vr during the detection of positive (blobs) and

negative (holes) Isat peaks, as obtained from the conditional averaging procedure. As has

been well established from results of earlier works,9,12,35 blobs are generally observed to

propagate radially outwards. Hence, blobs contribute to outward particle transport across

the LCFS and in the SOL of all ETDB devices. The behavior of holes is different. In some

cases, vr is directed inwards across the whole profile. Note that the inward motion of holes

is also associated with outward transport. Outward-moving blobs and inward-moving holes

are a symptom of a self-organized criticality system called the joint reflection symmetry.41

For the TJ-K, MAST and low-B WEGA sets, vr is positive inside and turns into negative

values near the LCFS, before going back towards (or crossing) zero. The U-3M set might

belong to the same group, but data inside the LCFS is not yet availabe. The outward radial

motion of holes contributes to inward particle transport. For HSX, the radial velocity of

holes points outward over the entire profile. Since the calculation of vr requires data from

two probe tips measuring Φfl simultaneously, AUG data could not be included.
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in Isat.

V. SUMMARY

This article presents analyses of plasma edge fluctuations measured with Langmuir probes

at seven fusion research devices, collected in the international edge turbulence database.

Typical turbulence power spectra with a dynamics over several orders of magnitude and

nearly Gaussian probability distribution functions of the density fluctuatuions at the LCFS

were characteristic for all datasets. The spectra show a bend at a frequency fbend that scales

approximately linearly with the characteristic device frequency vdia/ρs. The product of the

wavenumber at this bend and the drift scale, kbendρs, is approximately constant. Hence, as

the injection range of a 2D turbulence spectrum, it shows the scaling behavior of linearly

most unstable drift modes.

Radial profiles of the skewness confirmed the presence of blobs in the SOL of all devices,

while in some sets, there are indications of holes inside the LCFS. The strong increase of

the Isat skewness with radius in the SOL can be explained by blobs which are propagating

radially outward: as they pass through regions of quickly decreasing background density

their own amplitude decreases slower and thus their influence on the skewness is increased.

For regions inside and outside the LCFS, scalings of correlation length Lc with the drift

scale ρs and correlation time τc with the characteristic timescale Ln/cs were investigated

separately. As independent variables in the regression analyses, macroscopic parameters de-

duced from quantities at the LCFS were used. In contradiction to expectations for drift-wave
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turbulence (and particularly for most unstable drift modes), but consistent with previous

results,25 a square-root dependency was found for both:

Lc ∝
√
ρs, τc ∝

√
Ln
cs

(6)

The determined power law relations did not show significant variations between the edge

of the confined plasma and the SOL, which points to a strong connection between turbulence

in these regions. Although the scaling parameters under investigation lack radial resolution,

the qualitative agreement with recent results in TJ-K40 suggests that the use of macroscopic

parameters for the presented scaling studies is justified. The general validity, however, needs

to be verified in dedicated experiments resolving all parameters radially.

Furthermore, the turbulent diffusivity was estimated from the microscopic parameters. It

was demonstrated to scale approximately with the square root of the gyro-Bohm coefficient,

when the scalings from Eq. 6 are inserted:

D ∝ L2
c

τc

∝
√
DB

ρs

Ln
= ρs

√
cs

Ln
∝ 1

B
(7)

Due to a different dependence on cs and Ln, this scaling is neither exactly Bohm-like nor

gyro-Bohm-like, falling in line with previous results from other devices.42 But it is closer to a

Bohm-like scaling when the dependence on the magnetic field is considered. In that regard,

the results show reasonable agreement with the diffusivity scaling found at TJ-K25. It is

important to note that the empirical scaling relations from Eqs. 6 and 7 are not dimensionally

correct but rather only express the dependence on the parameters ρs and Ln/cs that was

confirmed in the analysis.

The influence of density blobs and holes on the radial transport was studied with a condi-

tional averaging technique, confirming that blobs contribute to the radial particle transport

in all devices while holes exhibit no consistent behavior. Consistent with the analysis of the

skewness, in some cases, holes were observed to even create inward transport. The inward

propagation of holes did not turn out to be a universal feature in the present analysis.

In summary, the edge turbulence database proved useful to investigate the characteristic

features of plasma edge fluctuations. In the present set of devices, plasma blobs were recov-

ered as a general contributor to transport in the SOL. Blobs, descended from drift waves

inside the confinement region,11 appear to also inherit characteristics such as the scaling
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behavior, which for both drift waves and blobs indicates a weaker dependence of turbulent

transport on the magnetic field strength than expected for a gyro-Bohm transport model.
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21N. Krause, C. Lechte, J. Stöber, U. Stroth, E. Ascasibar, J. Alonso, and S. Niedner, Rev.

Sci. Instrum. 73, 3474 (2002)

22V. V. Chechkin, I. M. Pankratov, L. I. Grigor’eva, A. A. Beletskii, A. A. Kasilov, P. Y.

Burchenko, A. V. Lozin, S. A. Tsybenko, A. S. Slavnyj, A. P. Litvinov, A. Y. Kulaga, R.

O. Pavlichenko, N. V. Zamanov, Y. K. Mironov, V. S. Romanov, V. K. Pashnev, S. M.

Maznichenko, Y. D. Volkov, Probl. Atom. Sci. Tech. 82, 3 (2012)
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