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In the first experimental campaign of Wendelstein 7-X (W7-X), a combined probe head mounted

on the multi-purpose manipulator has been used to measure the scrape-off layer (SOL) turbulence

characteristics. The preliminary experimental results are summarized to illustrate the SOL turbu-

lence properties in the limiter configuration on W7-X. In a standard limiter configuration, signifi-

cant electrostatic fluctuations can be found in the near SOL, and the dominant frequency of

fluctuation power is below 100 kHz. The auto-correlation spectrum power law decay factor is

a ��1 below 40 kHz and a � –2 between 50 and 200 kHz. A broadband spectrum appears between

240 and 380 kHz with a low spectral power density, but a high cross-correlation coefficient. The

statistical characteristics of turbulence are calculated by the two-point cross-correlation technique.

A clear poloidal dispersion relation is found in the spectrum S(kh, f), propagating along the ion dia-

magnetic drift direction with a group velocity (below 100 kHz) about 0.56 km/s in the near SOL in

the laboratory frame. The poloidal correlation length is around 5–10 mm in SOL. The turbulence

phase velocity is about 0.5–1 km/s when close to the last closed flux surface, which is comparable

with the poloidal E�B drift speed. https://doi.org/10.1063/1.5033353

I. INTRODUCTION

Turbulence plays an important role in the cross-field

transport and the plasma confinement in fusion devices.1 The

anomalous transport is considered to be dominated by turbu-

lence, which causes the particles and the energy to flow out

of the nested magnetic field structure at a high rate.2 The low

frequency drift wave is one of the mechanisms to drive this

cross-field transport.3 An electrostatic coherent mode near

the electron diamagnetic frequency observed in EAST toka-

mak can drive a significant heat and particle outflow, which

is a great benefit of maintaining the long high confinement

mode sustainment.4 In the stellarator of H-1 Heliac, the tur-

bulent transport induced by a low frequency coherent mode

dominates the particle balance during the low density phase.5

The energy transfer induced by turbulence is also important

in the plasma confinement and instabilities in tokamak and

stellarator. During L-H transition, the nonlinear Reynolds

stress is considered to transfer energy from turbulence to low

frequency turbulence-driven flows (such as zonal flow).6,7

The energy can be transferred not only from small scale fluc-

tuations to large scale fluctuations via a direct cascade but

also from a large scale to a small scale.7,8 In consequence, it

is crucially important to study the turbulence structures and

its induced transport on a fusion device with various plasma

conditions.

W7-X is a new generation of optimized stellarator with

a superconducting coil system to accommodate the flexible

3D magnetic configurations, aiming to achieve a quasi-

steady state operation with plasma parameters close to the

future fusion power plant. Its averaged major radius is 5.5 m,

and the averaged minor radius is 0.5 m.9 During the first

experimental operation phase (OP1.1) of W7-X, the turbu-

lence behaviours have been measured by various diagnostics,

such as poloidal correlation reflectometry (PCR),10,11 elec-

tron cyclotron emission (ECE),12,13 and Mirnov coils,14

where both the PCR and ECE measurements are located in

the core plasma, and Mirnov coil is a global measurement of

magnetic fluctuations. A combined probe head consisting of

Langmuir probes and magnetic coils is also used in OP1.1 to

measure the localized turbulence structures in the scrape-off

layer (SOL). In this paper, the characteristics of SOL turbu-

lence measured by this combined probe head in OP1.1 will

be presented. The rest of the paper is structured as follows:

The setups of the probe head and the manipulator are pro-

vided in Sec. II. Experimental results and discussion are

described in Sec. III. Section IV is the conclusion.

II. DIAGNOSTICS SETUP

From the OP1.1, a multi-purpose manipulator (MPM) is

installed in W7-X to accommodate different probe heads,
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samples, and gas injection nozzles. This MPM is located at

the W7-X port of AEK40 with 167 mm below the outer mid-

plane. The maximum plunge distance of the fast movement

of MPM is 350 mm, with a maximum acceleration of

30 m/s2 and a speed of 3.5 m/s.15,16 The plunge distance is

measured by two laser sensors. The length of the combined

probe head is 150 mm, and the parking position in OP1.1 is

about R¼ 6.345 m, while the last closed surface flux (LCFS)

in a standard limiter is about R¼ 6.03 m along the path of

the probe, as shown on the left top panel of Fig. 1. The com-

bined probe head consists of Langmuir probes, a Mach

probe, and two tri-axial pick-up coils, which is able to mea-

sure the electron density, the electron temperature, the

plasma potential, the radial electric field, the parallel flow

velocity, and the variation of magnetic fields in the direction

of (R, u, Z).17,18 The combined probe head and the arrange-

ment of Langmuir pins are presented in Fig. 1. Here, the

radial correlation is derived from “/f1” and “/f3” which are

separated by 6 mm radially. When the biasing voltage of a

triple-probe is switched off, the poloidal correlation is

obtained between the two pins of “/f1” and “/p” separated

by 5.2 mm poloidally. The temporal resolution of the probe

system is 1 MHz. The two pick-up coils inside the combined

probe head are 1.75 and 5.12 cm away from the front surface

of Langmuir pins along the radial direction, respectively.

III. EXPERIMENTAL RESULTS AND DISCUSSION

A. The auto-correlation spectrum

The plasma conditions and auto-correlation spectra of

discharge 160224031 are shown in Fig. 2. Note that

160224031 is the MDSplus shot number, and the correspond-

ing W7-X program ID is 20160224.031. In Fig. 2(b), the

electron cyclotron resonance heating (ECRH) power is about

3.3 MW, and the line integrated density is around 1:7–2:5
�1019 m�2 during the plunge of the combined probe.

Because there is no feedback control of the line integrated

density in OP1.1, the plasma density increases slightly with

time. Note that currents of the five trim coils are 995, 308,

–806, –805, and 308 A in sequence for this discharge. The

magnetic equilibrium is the standard limiter configuration of

OP1.1 with the last closed flux surface (LCFS) located at

R¼ 6.03 m in the cross section of the manipulator, as illus-

trated in Fig. 1. Figure 2(a) is the floating potential measured

FIG. 1. The sketch of the combined probe head used in OP1.1 on W7-X. The left top panel is the Poincar�e plot of a standard limiter configuration with the

probe path highlighted in the green dashed line; the left bottom panel is the combined probe head; the right panel is the arrangement of Langmuir probes, “/f”

is the floating potential, and “/p” is the potential on the positive side of the biasing voltage of the triple-probe. “Is” is the ion saturation current.
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by the combined probe head, with the blue line as the raw

signal and the red line denoting the mean value. The ampli-

tudes of floating potential fluctuations start to increase at the

major radius around 6.15 m and is enhanced significantly

near R¼ 6.08 m. Figures 2(c) and 2(d) show the auto-

correlation power density (ACPD) of floating potential. For

the spectral of floating potential, ACPD starts to rise at

R¼ 6.15 m and increases to a relatively high level near

R¼ 6.08 m, which is similar to the variation of raw signal in

Fig. 2(a). The electrostatic fluctuations are dominated by a

low frequency turbulence, which is well below 100 kHz

when the combined probe is close to the LCFS. There is also

a broadband spectrum in the high frequency range between

240 and 380 kHz, whose ACPD is much lower than that of

the low frequency dominant fluctuations.

To gain further insight into the properties of the fluctua-

tions from the floating potential, we have investigated their

self-similar character via fitting the spectrum power decay

function S / f a, where S is the ACPD. As illustrated in Fig.

3, two similar discharges are selected to illustrate the influ-

ence of trim coils on the SOL turbulence, with the trim coils

switched off for discharge 160224028 and switched on for

discharge 160224031. The auto-correlation power of floating

potential /f is shown in Figs. 3(a)–3(c), with R¼ 6.13, 6.09,

and 6.05 m, respectively. When the trim coils are switched

on, the ACPD of /f reduces obviously, indicating a strong

turbulence mitigation in the SOL caused by the error fields,

especially in the near SOL. In the far SOL, the amplitude of

ACPD is about two orders smaller than that in the near SOL.

In Fig. 3(a), between 3 and 40 kHz frequency range, the

FIG. 2. (a) The floating potential measured by the combined probe; (b) ECRH heating power and line integrated density; (c) the radial distribution of auto-

correlation spectra for floating potential; and (d) the time evolutions of the spectra for floating potential. The blue dashed line in (d) is the radial position of the

combined probe.

FIG. 3. The frequency spectrum S(f) of fluctuations from floating potential

/f. In (a)–(c), the power law decay factor a of S / f a is given for the floating

potential spectrum by fitting the data points covered by the solid black line.

The red line is discharge 160224028 with trim coil switched off, while the

green line is discharge 160224031 with trim coil switched on.
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relationships between S and f are about S / f�2:22 and S
/ f�1:6 for discharges 160224028 and 160224031, respec-

tively, and the intensities of ACPD decrease sharply to a

very low level between 10 and 40 kHz. From 50 kHz to

200 kHz, the ACPD decreases slowly with a¼ –0.37 and

–0.68 for the two discharges. Note that a low frequency

coherent mode (near 7 kHz) exhibits in the auto-correlation

spectrum of the floating potential in the far SOL, but

becomes weak in the near SOL, as shown in the ACPD of

the floating potential for the discharge 160224028. In the

case of R¼ 6.09 m, the power law decay factor a in the fre-

quency range of 3–40 kHz is about –1.51 and –1.38, while in

the frequency range of 50–200 kHz is –1.12 and –1.66 for

both discharges. The broadband spectrum between 240 and

380 kHz starts to peak in the ACPD. In the near SOL with

R¼ 6.05 m (2 cm outside the LCFS), the decay factor in the

frequency regime of 3–40 kHz is a ¼ –1.4 and –1.02, while

a ¼ –2.24 and –2.04 in the range of 50–200 kHz for both dis-

charges, respectively. In the high frequency range of

350-490 kHz, the ACPD of both discharges exhibits similar

decay trend, with a ¼ –12 and –8.3, respectively.

The interpretation of the power decay law has been

investigated for a long time. According to the sand pile

modelling and some experimental results: (i) in the low fre-

quency part, a decay factor near a¼ 0 reflecting global events

with extremely large scales; (ii) in the high frequency, the

decay factor a � �2 signifying the small-scale individual

events; (iii) the intermediate range with a ¼ �1 indicating

the overlapping of avalanche transport.19–23 In the near SOL,

there is a low frequency region with a close to –1, as shown

in Fig. 3(c), which is similar with the previous work on W7-

AS, where a decay factor about –1 is found in the frequency

range from 2 to 100 kHz near the separatrix.23 This a ¼ –1

region could be induced by the avalanche transport. Besides,

the nonlinear interaction between the velocity shear of back-

ground plasma and fluctuations could also generate this

a¼ –1 scaling.24,25 In addition, in the high frequency range

of 50–200 kHz, the decay factor a is about –2, indicating that

the small-scale turbulence is dominant.

Figure 4 presents the probability density functions

(PDFs) of the floating potential fluctuations ~/f for the shot

160224028 with the trim coil switched off. The linear trend

of the raw signal has been removed before calculating the

PDFs. The PDFs are fitted by a Gaussian distribution f xð Þ
¼ ae�bx2

and a Laplace distribution f xð Þ ¼ ae�b xj j, respec-

tively. In the far SOL, the PDFs follow Gaussian distribu-

tion. At R ¼ 6:09 m, most of the fluctuations obey the

Gaussian distribution, except the positive tail on the right

side that is much higher than the Gaussian curve. Moreover,

the PDFs reveal a strong asymmetry of the tails on both the

left and the right sides. In the near SOL with R ¼ 6:052 m,

the PDFs consist with the Gaussian fitting when j~/f =rj < 2,

while there are elevated tails for both positive and negative

fluctuations compared to the Gaussian distribution. In Figs.

4(b) and 4(c), the elevated tails are located between the

Gaussian and Laplace distributions. The skewness at all the

three radial locations is also listed in Fig. 4, with a maximum

value of 0.557 at R ¼ 6:09 m, indicating the positive skew-

ness. The kurtosis in the three locations is from 3.14 to 3.8,

close to the Gaussian distribution with kurtosis¼ 3.

According to a modelling of Hasegawa-Wakatati turbulence,

the PDFs of large events are well approximated by the

Laplace distribution, while small events often exhibit a

Gaussian distribution.24 In the near SOL, the small scale tur-

bulence is one candidate for the power decay law S / f�2

and the Gaussian distribution when j~/f=rj < 2; while the

large scale events, such as avalanche transport and coherent

structures, could contribute to the S / f�1 decay factor and

the elevated tails in PDFs. In Fig. 6(b), there are some coher-

ent structures in the near SOL, which may relate to these

spectral characteristics. However, more detailed works are

needed to study the energy cascades among different scales

turbulence in the future.

The turbulence decorrelation time is derived from the

e-folding time of auto-correlation function of the floating

potential, as shown in Fig. 5. In the near SOL region, the decor-

relation time for discharges of 160224028 and 160224031 is

about sc¼ 25 and 12 ls, respectively. The auto-correlation

coefficient can be fitted by f tð Þ ¼ e�t=sd , and the exponential

decay factor sd is 31.7 and 14 s for these two shots. For shot

160224028, the fitting decay factor sd is larger than the

decorrelation time sc, mostly due to the slow decreasing of

the auto-correlation coefficient in the region of 13 ls < slag

< 110 ls. Typical decorrelation time from other fusion plasma

is about 10–30 ls, which is similar to our experimental

results.11,21,26,27 The discharge with the trim coils switched on

has smaller decorrelation time, and the auto-correlation func-

tion decays to a very low level at slag � 40 ls, while the

FIG. 4. The probability density functions of floating potential fluctuations at

three radial positions for shot 160224028. ~/ f ¼ /f � /f

� �
is the fluctuation

level, and r is the corresponding standard deviation. The PDFs are fitted by

a Gaussian distribution and a Laplace distribution, as shown in the red and

blue dashed lines, respectively. The skewness and kurtosis of each radial

location are listed in each panel.
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discharge without trim coil has a decaying tail with a weak

correlation over 100 ls, demonstrating the existence of long

time correlations, which is probably caused by large scale of

bursts in the turbulence intermittency. Note that its correlation

level is not high due to their small population and low occur-

rence frequency, but their contribution to radial transport could

be large because of their big size and long lifetime.

B. Cross-correlation spectrum

The cross-correlations have been analyzed between two

floating potential pins “/f1” and “/p” separated by 5.2 mm

poloidally for discharge 160224028. The cross-correlation

power density (CCPD) is presented in Fig. 6(b), exhibiting a

strong power density below 100 kHz. A coherent mode near

7 kHz can be seen obviously when R< 6.14 m. The intensity

of CCPD increases to a relatively high level when R< 6.08

m due to the sharp rise of fluctuation amplitude in floating

potentials in this region. In addition, there is a weak broad-

band spectrum in the frequency range of 240–380 kHz. In

Fig. 6(a), significantly high cross-correlation coefficient c
is observed for the low frequency coherent mode and the

high frequency broadband, and both structures have clear

radial dependence. The low frequency coherent mode is

highlighted in the radial region of 6.09 m<R< 6.14 m,

while the broadband spectrum is highlighted when R< 6.12

m. For both structures, the cross-correlation phase is near

zero, especially for the broadband. Note that the frequency

of the broadband spectrum has no changes in the ECRH

heating power range of 2–4 MW and line integrated density

regime of 1–3� 1019m�2. The characteristics of the low fre-

quency electromagnetic coherent mode (EMCM) have been

investigated in detail in our previous work.28

C. Statistical characteristics of the SOL turbulence

In this section, the turbulence properties including wave

number, correlation length, and propagation are analyzed

through the two-point cross-correlation technique that is usu-

ally used for the Langmuir probe data analysis.29,30 In order

to increase the sampling points for each calculation, a series

of radial scan experiments are carried out to measure the

fluctuations in a fixed position of the combined probe for

each discharge. Nine discharges from 160223023 to

160223031 having identical plasma conditions are selected,

FIG. 6. The cross-correlation between

two poloidally separated floating

potentials. (a) Cross-correlation coeffi-

cient; (b) cross-correlation power; and

(c) cross-correlation phase.

FIG. 5. The auto-correlation function of the floating potential for discharges

160224028 and 160224031. The auto-correlation coefficient is fitted by

f tð Þ ¼ e�t=sd , as illustrated in the dashed lines.
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with ECRH heating power of 2 MW and line integrated den-

sity around 1:5–2� 1019m�2 during the interesting time

period. The normalized poloidal cross-correlation spectral

density S(kh, f) as a function of the poloidal wave number

and frequency is obtained from the two poloidal separated

floating potentials “/f1” and “/p,” as shown in Fig. 7. Clear

turbulence structures start to appear at R� 6.135 m, and the

bright spectrum has almost zero kh and a low dominant fre-

quency (<30 kHz). In Figs. 7(4) and 7(5), the frequency

range of the bright spectrum increases to 40 and 60 kHz, but

the distribution of the spectral density is almost symmetric

about kh¼ 0. Distinct statistical dispersion relation is

observed when R� 6.075 m, and the main power is concen-

trated in the low frequency range, especially below 60 kHz

in the near SOL. Within this high spectral power region, the

turbulence group velocity Vgroup ¼ dx=dk estimated from

the slope of S(kh, f) in the space of kh and f increases gradu-

ally from about 0.27 km/s at R¼ 6.075 m to about 0.56 km/s

at R¼ 6.046 m (1.6 cm outside the LCFS), along the direction

of the ion diamagnetic drift (x*,i) in the laboratory frame. It

should be pointed out that the spectral density of the high fre-

quency broadband spectrum (240–380 kHz) is much weaker

than the low frequency turbulence in the near SOL.

To illustrate the main characteristics of the spectrum

S(kh, f), usually a conditional spectrum defined by S khjfð Þ
¼ S kh; fð Þ=S fð Þ ¼ S kh; fð Þ=

P
kh

S kh; fð Þ is used, which is

normalized by the power at each frequency. The poloidal

spectrum S(khjf) is shown in Fig. 8 for the entire frequency

range. Above 100 kHz, the spectral density has a symmetri-

cal distribution in both ion diamagnetic drift (x*,i) and elec-

tron diamagnetic drift (x*,e) directions, including the high

frequency broadband. In the dominant spectral power region

(f< 100 kHz), the main power is on the side of kh > 0 in the

near SOL, i.e., the turbulence propagates in the direction of

x*,i. When integrating the spectral power density over the

whole frequency (or wave number) range, the S(k) [or S(f)] is

obtained, as displayed in Fig. 9. It is noticed that the radial

statistical characteristics are derived from the two floating

potentials “/f1” and “/f3” which are separated by 6 mm radi-

ally. Same as in Figs. 7 and 8, the symmetrical S(kh) changes

to x*,i direction favoured around R¼ 6.075 m. Noted in the

near SOL, S(kh) has a more balanced power distribution

among kh from -0.5 to 3.5. Similar to S(kh), the radial spec-

tral power S(kr) is also concentrated on the side with kr > 0

when R< 6.066 m, i.e., the turbulence propagates outwards

in the near SOL. From the S(f) of both poloidal and radial

correlations in Figs. 9(c) and 9(d), we can see that most

power density is located in the frequency range below

60 kHz, especially below 20 kHz. The low frequency coher-

ent mode also appears in S(f) and is strong in the radial loca-

tion of R¼ 6.09 to 6.14 m, indicating its dependence on

magnetic topology.

FIG. 7. The normalized poloidal cross-correlation spectral density S(kh, f) of the nine discharges in the experimental day 20160223. The radial position of the

combined probe is given in each panel, with the LCFS located at R¼ 6.03 m.
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The detailed poloidal statistical parameters are given in

Fig. 10 to shed more light on the poloidal turbulence struc-

tures. Here, the frequency range (1–200 kHz) containing the

main spectral power density is used for the calculations.

Note the discharge 160224028 has a higher ECRH heating

power of 3.3 MW. Figure 10(c) gives the cross-correlation

coefficient of the calculation, which is well above 0.5 when

the probe is plunging inside the plasma. As measured by the

floating potential and its ACPD, the probe starts to touch

plasma around R¼ 6.15 m, and consequently, the statistical

parameters have sharp changes in this region. The coefficient

peaks at about R¼ 6.11 m, especially for discharge

FIG. 8. The poloidal conditional spectral density S(khjf) of the nine discharges in the experimental day 20160223.

FIG. 9. The radial dependence of S(k)

and S(f) in both poloidal and radial

directions. (a) S(kh); (b) S(kr); (c) the

integral of S(kh, f) over the kh space;

and (d) the integral of S(kr, f) over the

kr space.
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160224028, also have a slight increase in the near SOL. The

weighted frequency fh i ¼
P

fS fð Þ is shown in Fig. 10(d),

illustrating that fh i decreases from 70 kHz when R> 6.15 m

to about 20 kHz when R< 6.11 m. In the most SOL, the

spectral power is mainly in this low frequency region. Figure

10(e) presents the weighted poloidal wave number kh i
¼
P

f k fð ÞS fð Þ, where k fð Þ ¼
P

k kS kjfð Þ is the power-

averaged dispersion relation. From R¼ 6.12 m, khh i
increases with decreasing R-RLCFS and changes its value

from negative to positive, i.e., from the direction x*,e to x*,i.

The increasing value of khh i means that the contribution

from small-scale turbulence is enhanced when close to the

LCFS. The negative khh i from major radius 6.1–6.14 m of

discharge 160224028 is also noticeable. The turbulence

poloidal correlation length is shown in Fig. 10(b), defined

by lc ¼ 1= rkh i, where the wavenumber spectral width is

given by r2
k

� �
¼
P

f r
2
kS fð Þ¼

P
f S fð Þ

P
k k�k fð Þ
� �2

S kjfð Þ
n o

.

The turbulence poloidal correlation length is about 5–10mm

in the SOL and has a similar radial profile as the correlation

coefficient. The turbulence phase velocity is calculated by

Vphase¼
P

k;f 2pfS k;fð Þ=k.31 As shown in Fig. 10(a), Vph

increases gradually when close to the LCFS in the near SOL,

and the maximum speed is about 0.4km/s for the 2MW dis-

charges and 0.7km/s for the 3.3MW discharge, both along

the x*,i direction. There is a negative Vphase in the radial

region of R¼6.11–6.14 m, especially for the 3.3MW dis-

charge. The poloidal correlation length and phase velocity

are consistent with these measured in similar plasmas.32–34

In consequence, the poloidal turbulence behaviours in the

near SOL largely depend on the low frequency turbulence

which propagates in the x*,i direction in the laboratory

frame. In the radial region of R¼6.11–6.14, the high correla-

tion coefficient and negative phase velocity for the discharge

of 160224028 are caused by the electromagnetic coherent

mode which propagates in the x*,e direction in both the labo-

ratory frame and the plasma frame.28

The turbulence poloidal phase velocity in the lab frame

is considered as the sum of electric drift VE�B ¼ Er=Bparallel

and some plasma-frame phase velocity Vplasma frame.35 As a

result, the turbulence phase velocity is usually used to esti-

mate the radial electric field. In our experiment, a discharge

of 160224016 selected to calculate the E� B drift velocity

has the same plasma condition with the discharge 160224028

except that the combined probe is operated in the triple-probe

model which can measure the radial profile of electron

temperature. The radial electric field is derived from Er

¼ �d /f þ 2:8Te
� �

=dR. The turbulence phase velocity and

E� B drift velocity are shown in Fig. 11, and VE�B is a little

larger than Vphase, indicating this estimation of Er is accept-

able in the SOL plasma of W7-X.

IV. CONCLUSION

The SOL turbulence characteristics have been measured

in the first experimental campaign of W7-X by the combined

probe. In this paper, the preliminary experimental results

about the SOL turbulence properties are introduced, aiming

to give a reference in the limiter configuration on W7-X. In

the standard limiter configuration of OP1.1, significant elec-

trostatic fluctuations can be found when the major radius

R< 6.08 m which is about 5 cm outside the LCFS. In this

near SOL region, the fluctuation power is concentrated in the

frequency regime below 100 kHz, as demonstrated in the

auto-correlation power spectrum and poloidal cross-

correlation spectrum power of floating potentials. In the low

frequency range (below 40 kHz) in the near SOL, the spec-

trum power law decay factor a is around -1, which could be

induced by the avalanche interactions, such as large-scale

bursts and background fluctuations. The nonlinear interac-

tion between fluctuations velocity shear and background

FIG. 10. The poloidal statistical parameters. (a) Turbulence phase velocity;

(b) correlation length; (c) cross-correlation coefficient; (d) weighted fre-

quency; and (e) weighted wave number. The discharges in experimental day

20160223 has PECRH ¼ 2 MW, while PECRH of discharge 160224028 is

3.3 MW.

FIG. 11. The E�B drift velocity from discharge 160228016 and turbulence

phase velocity from discharge 160228028.
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plasma velocity shear is another candidate for this a¼�1

power law decay. Between the frequency range from 50 to

200 kHz, the factor a is about �2, which signifies that small-

scale turbulence is dominant in this region. Besides, a high

frequency broadband spectrum is observed between 240 and

380 kHz, which has much weaker fluctuation power than that

in the dominant frequency but has higher cross-correlation

coefficient. When the trim coils are turned on, the fluctuation

level is suppressed significantly. In the near SOL, the proba-

bility density functions (PDFs) of the floating potential fluc-

tuations exhibit a Gaussian distribution in most fluctuation

levels, while display elevated tails. The two-point cross-cor-

relation technique is used to analyze the turbulence statistical

parameters. The poloidal correlation power spectrum S(kh, f)
exhibits an explicit dispersion relation in the near SOL, prop-

agating along the ion diamagnetic drift direction with a

speed about 0.56 km/s in the laboratory frame for the fre-

quency region below 100 kHz. Although the broadband also

has a high level of the conditional spectral density S(khjf),
the power spectrum S(kh, f) is relatively weak, indicating the

low frequency turbulence could play the main role in turbu-

lence transport. When the probe moves close to the LCFS,

the weighted poloidal wave number increases slightly in the

direction of ion diamagnetic drift. The SOL turbulence

poloidal correlation length is between 5 and 10 mm and

could be longer when getting closer to the LCFS. The turbu-

lence phase velocity between 1 and 200 kHz is derived,

which is around 0.5–1 km/s in the near SOL and a little

larger in the higher heating power cases. This turbulence

phase velocity is comparable with the poloidal E� B drift

velocity, while the former one is a bit smaller. In addition, a

low frequency electromagnetic coherent mode is observed in

OP1.1, which has a clear structure in high heating power dis-

charges and exhibits strong magnetic topology dependence.

However, much more work is required to give a comprehen-

sive physical image of edge turbulence in W7-X, including

the radial heat and particle transport driven by fluctuations

and much deeper measurement of turbulence. Hence, a new

combined probe head has been developed to measure more

information about electrostatic and magnetic fluctuations,

which will contribute to further study the edge turbulence

structures in W7-X.
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