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Introduction. The links between edge turbulence, energy confinement, ated magnetic
field geometry in tokamaks are highly topical [1, 2]. Quaattite characterisation of the strongly
nonlinear signals obtained from probe measurements obtheaturation currerity in toka-
mak edge plasmas, in relation to magnetic geometry, is thpsitant. It assists understanding
of confinement physics and helps identify statistical proes of edge turbulence that are uni-
versal and invariant [3, 4, 5]. Here we build on a study[5} Hygplied modern techniques of non-
linear time series analysis [6] to three L- and H-mode plasiméhe Mega Amp Spherical Toka-
mak (MAST) [7], identifying a dual scaling regime. We focus three MAST L-mode plas-
mas that differ in their magnetic field configurations: upgieconnected double null (UDDN),
lower disconnected double null (LDDN) and connected dounhble(CDN); see Fig. 1. All have
plasma currentt, ~ 710kA and line averaged electron number density2.4 x 101%m—3.

Height [m]
o
Height [m]
o
Height [m]
o

;\\ =
N /N aa
-2 \\/Z 2 O I 2 O \\

! - B
00 05 10 15 20 00 05 10 15 20 00 05 10 15 20
Radius [m] Radius [m] Radius [m]

Figure 1: Poloidal projections of different magnetic fietdusture for three MAST plasmas
examined here; (left) UDDN 14218; (centre) CDN 14219; (tjgtDDN 14220. The colours
are red for the inner separatrix (boundary between closé@pen field-lines) and green for the
outer separatrix (boundary between those field-lines apen¢ divertor and those open to both
divertors). In the case of 14219 (CDN) only the red is showeithe two surfaces coincide to
within a gyroradius at the outboard midplane.

Data and Methods. The lg; datasets were obtained with a reciprocating Langmuir probe

sampling at rates of 500kHz, during periods when the digtdram the probe to the plasma
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Figure 2: Examples of measurements for MAST plasma 142)3ddaended ion saturation
currentls; (b) line averaged electron density; (c) plasma currentgd{gtance from the probe
to the plasma edge.

edgeD = 3.7+ 0.5cm was approximately constant and the same in all casesteF&yshows
measured signals for the selected time interval of MASTrmpE%4219. We consider normalised
ion saturation signals as stochastic increments given erntdimporal scalen, = 2us, de-
fined by the sampling time interval between consecutive oreasents. Fluctuations on longer
temporal scales are obtained by summing the original sigoralss a window of widthr [5],
Olsa (t,7) = zi,ft_rmi”(lgﬂ(t’)— <lsat >t)/0, Where< ... >t indicates the average over all times
ando stands for the standard deviation of g signal. Structure functionS, of these fluctu-
ations are then defined 8(dlst, T) = (|0l (t, T)|™: O 7¢(™ and the last proportionality on
the r.h.s is valid only if5,, exhibits scaling with respect tofor a wide range of temporal scales
1. In this case a log-log plot d&, versusr yields a straight line for eaam and the gradient of
this line gives the value af (m). Generally{ (m) can be a nonlinear function of ordex where
the nonlinearity reflects intermittency. However{ {fim) = am (a constant) then the time series
is self-affine with a single scaling exponeantin a region where an approximate self-similarity
of the fluctuations can be established, it is possible tofésd the PDF according to the formula
P(dlsa,T) = T Ps(dlsxr T~ %), wherea is a scaling exponent derived, for example, from the
structure function analysis. Functi®dls; T~ %), which does not depend on the temporal scale
explicitly, defines a universal curve upon which all otherA30will collapse when factorised.
The functional form ofPs yields information on the underlying physics of the turlnde that
is measured. We shall show that for each MAST plasma coreigénere are two regions of
scaling and that we can concentrate on the PDFs for the mmiwalues oft for each region,
namelyt = 2us andr = 64us.

Results.Figures 3(a,b,c) show four absolute moments; th < 4, as functions of the tem-
poral scaler for the three discharges studied here. These moments etdbivell defined and



34th EPS 2007; B.Hnat et al. : Statistical properties of L-mode edge plasma turbulence for three different mag... 3o0f4

:
P
% Region | | Region Il D0 O
= 10 !
|
=5 | .
DDDDDDDDDD DDD ‘\n DDDDDD
|
|
/ﬁ ! E@M DDDDDDDD
|
|
o
|
|
‘M
s

10

log 10(Sm)
o
log 10(Sm)

pood
poooePtT T g

oo
B I L - i Scss et

o N M O ®

1 2 3
Iogzm(r [u s])3 4 log, (T [us])

12

10

nnnnn
DDDDD
o
o
e

w

log 1O(Sm)

o N M O ®

D\
B/E)FEM [ 1
o
(©)

E/a**zaaau : | '//';W/WW

2 3
Iogm(r lus)h Moment m

|
4(m)
\
N\
N\
\\
———a——

N\

N\

Figure 3: Momentsn= 1 (bottom traces) ttm= 4 (top traces) of thél (t, 7) fluctuations plot-
ted versus temporal scatefor the three MAST plasmas: (a) 14218(UDDN); (b) 14219(CDN)
(c) 14220(LDDN). The curves at each ordehave been offset vertically for clarity, such that
A — gl () _ gt (1 — 2p5) 4 (m— 1). (d) Scaling exponen&(m) plotted versus order
mfor MAST plasmasi]—14218,0c — 14219 and — 14220. The two solid lines represent the
best linear fit{ (m) = am with a =0.94+ 0.07 for Region | andx =0.56+ 0.08 for Region

II. Error bars relate to MAST plasma 14218 and are inferredhfthe regression errors of the
linear fits for each region.

distinct regions of scaling which may correspond to filamaenstructures observed in optical
imaging[8]: Region | with a slope-0.94 extending fronT ~2us tot~40us and Region Il with

a shallower slope for time scalesz40us tot ~400us. The transition time is comparable to the
decorrelation time estimated from the first zero crossinfp@futocorrelation function[5]. Fig-
ure 3(d) presents these exponents for moments with endanging up ton= 4. We observe

a clear separation of scaling exponents derived from Relgaond 1l into two distinct groups
regardless of the detailed magnetic configuration of thehdigge. In all cases, the scaling expo-
nents can be approximated by the linear relaiom) = amwith a constant parameterand a
constraint{ (0) = 0. The value ofx is the same for all the L-mode plasmas and for both scaling
regions, suggesting universality in the character of tffles¢uations.

We now consider continuous models for thky (t, 7) distributions on different temporal
scales derived from extreme value statistics, specifi€alghet and Gumbel distributions. The
Gumbel distribution is defined @%(x,a) = Cgexp—a(x+ e )], while the Fréchet distribu-
tion is given byP: (x, k) = Cr exp(—x %) /(x11X), wherea andk are fitting parameters. Figure
4 shows a single PDF on temporal scale 2us(left) andr = 64us(right) constructed from all
three MAST plasma datasets, each normalised to its regpexttindard deviation. The distribu-

tion is asymmetric heavy tailed. Dashed and thick lineseggnt a log-normal and the Fréchet
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Figure 4: Measured frequency of occurrence of values dt) (@8« (t, 7 = 2us) = I (1), see
Eq.(1); (right)dlsy (t, T = 64us). These semi-logarithmic plots are for all three MAST plasma
black(]— 14218, blue>— 14219, greer — 14220. Solid lines represents the best visual fit of:
(left) the Fréchet distribution with inddk= 1.25; (right) the Gumbel distribution wita= 1.4.
Dashed lines show: (left) a log-normal distribution anglt) a normal distribution whose mean
and standard deviation are calculated from the data seasiy 14220.

distributions respectively. The PDF of the fluctuationgrirall the MAST plasmas considered,
sampled on a timescale= 2us, is well fitted by an extremal, Fréchet distribution witlkléx

k ~ 1.25. The PDFs on temporal scales> 40us, beyond the transition noted in Fig. 3, are
shown in Fig 4(right) together with the Gaussian and the Galrdistribution plotted over ex-
perimental data. The normal distribution does not captagative fluctuations well and departs
visibly from the measured PDF for fluctuations larger than Bhe Gumbel distribution with
a= 1.4 gives a satisfactory description of the entire PDF.

Conclusions.We have identified two regions of approximately self-simdealing in struc-
ture functions of thél; fluctuations. Similar values of scaling exponemtsuggest universal-
ity of the edge plasma turbulence, independent of the edgmetia field configuration when
close to double null. These two different scaling regimessaparated by a transition region at
T ~ 40— 60us. We find that extreme value Fréchet and Gumbel distribstioodel the rescaled
PDFsP; of the fluctuations, with remarkably good agreement in thetiwbulence regimes.
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