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Introduction. Recent experimental evidence suggests that turbulenbe iscrape-off layer
(SOL) of magnetically confined plasmas has universal ank soeariant statistical properties.
These emerge in the functional forms of the probability dgrfanctions (PDFs) of the mea-
sured fluctuations and the scaling of their higher momen&[Particularly interesting is the
identification of generic features that may be shared by etigma turbulence in conventional
and spherical tokamaks and in stellarators. This requin@sitifative comparison of the mea-
sured turbulence properties under different operatingreg for the full range of confinement
systems using modern techniques for the statistical aisalysionlinear time series.

Here we analyse ion saturation curreRtd measurements in the SOL of L-mode plasmas
in the Large Helical Device (LHD) stellarator, previouslgnsidered from a complementary
perspective in [4] and [5]. The data is obtained from two pima Langmuir probe array em-
bedded in the divertor plate [6]. The pins, numbers 16 andiErseparated by 6mm and sample
data at 250kHz. Datasets from L-mode plasmas 44190 and 44]18te found to be almost
identical; only 44190 is shown in this analysis. In both Hesges the magnetic field strength
is B= 2.5 T and the central value of electron temperatur&is- 2.5 keV. The line averaged
density isne = 1.5 x 101° m~3 in 44190 andhe = 1.4 x 10! m~3 in 44191. The data is pre-
pared by removing linear trends, subtracting the mean andinlg by the standard deviation;
figure 1 shows the resulting time series and PDFs. The statistchniques used here have also
been applied to edge turbulence in the Mega-Amp Spheridamak (MAST) [7] [8] and in
astrophysics [9].

Data analysis. We have studied the probability density function (PDF)paatrelation func-
tion (ACF) and power spectrum of the ion saturation curreesurements. Deviations of
the PDF from Gaussian are quantified by the skewiBss(x®)/(x?)%/2, measuring asym-
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Figure 1: Time series and PDF (solid line) with Gaussian P@EEdmparison (dashed line) for

LHD L-mode plasma 44190 tip 16 ((a) and (b)) and tip 17 ((c) &)dl

metry, and the kurtosi& = (x*)/(x?)4, measuring ‘flatness’; the Gaussian PDF I$as 0
andK = 3. The power spectrurR(f) distinguishes, for example, between uncorrelated ran-
dom noise, which is constant power over all frequencies,satfdsimilar signals having long
range correlations, for whicR(f) ~ f~P. We considensy measurements as stochastic in-
crements on a temporal scatgi, = 4us, wheretni, is the time between consecutive mea-
surements. Fluctuations on longer time scales are obtdgeslimming over a window of
lengtht, ox(t,1) = z:fzrt’rmi”(lsa(t’)— < lsat>t)/0 [7], where< lsa >t ando are the mean
and standard deviation of tHe,: signal calculated over all times. The scaling properties of
the absolute moments of these fluctuations are analysed gsireralised structure functions,
Sn(1) = (|OX(t, T)|™). If scaling is presentSy, O 1¢(M and a plot ofSy, versust on a log-log
scale will yield a line for eacm with gradient{ (m). In general{ (m) can be a nonlinear func-
tion of orderm; however, if{(m) = am, wherea is a constant, the time series is self-similar
with a single scaling exponent

Results. The time series (figures 1 (a) and (c)) are bursty, intermiitdd@d asymmetric. Sig-
nificant differences between the two datasets can be seamtl@ugh the tip separation is only
6mm. The PDFs (figures 1 (b) and (d)) clearly show a differefaretip 16 the PDF is posi-
tively skewed, the skewne&= 1.1 and kurtosiK = 6.0; for tip 17 it is negatively skewed,
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Figure 2: ACF and power spectrum for LHD L-mode plasma 4419Q& ((a) and (b)) and tip
17 ((c) and (d)).
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S= —0.4 andK = 3.6. Figure 2 shows the ACFs and power spectra. The ACF for tighbévs
correlation up to 100s; for tip 17 it is 4Qus. Both power spectra show a region close to random
noisef; ~ 0O followed by a region of scaling with indicg® = 1.95 for tip 16 and3, = 1.70
fortip 17. The scaling region in both cases is between ab@ki# 2 and 100kHz, corresponding
to 10-10Qus. Tip 17 shows higher power in low frequency coherent modespared to tip
16. Figures 3 (a) and (c) show the first to fourth order stmactunctions for tips 16 and 17.
Two distinct scaling regions can be seen, with a break attad@us for tip 16 and 3@s for

tip 17. This dual scaling regime has previously been repdarteVIAST with the scaling break
at 40-6Qus [7] [8]. In figures 3 (b) and (d) (m) versusmi s plotted for both pins and in both
scaling regions; the error bars represent the errors ofribar regression. In all cases, there is
a linear fit{ (m) = amwith £ (0) = 0. This implies self-similar scaling, which can lead [10] to
Fokker-Planck based models.

Conclusions. The differences between turbulence properties measuri@ &tvo pins may
reflect differences in the local magnetic field at each Langmprobe tip. It is, in principle,
possible to know the stellarator magnetic field structureaath tip’s location, separated by
6mm in this LHD L-mode plasma SOL. Structure function anialghows a dual self-similar
scaling regime. The transition between different scalenigund to be 4fs for tip 16 and 3Qs
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Figure 3: Structure functions of order<lm < 4 and derived scaling exponergtsm) for LHD

L-mode plasma 44190 tip 16 ((a) and (b)) and tip 17 ((c) anyd (d)

for tip 17. This behaviour has previously been observed inSWA
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