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Frequency spectra of fluctuations of the ion saturation current, floating potential, and turbulent
transport measured in the plasma edge of different fusion devices (tokamaks and stellarators) have been
compared. All of the spectra show the same behavior over the whole frequency range investigated,
which supports universality of plasma turbulence or turbulent transport. The results obtained are an
indication of edge-plasma turbulence evolving into a critical state, independent of the size and plasma
characteristics of the device. [S0031-9007(99)09024-9]

PACS numbers: 52.55.-s, 52.25.Gj, 52.40.Hf

Many systems display universal characteristics whose Even in complex systems that exhibit scale invariant
experimental determination has led to insights furtherindluctuations, one expects the distribution of avalanches
the understanding of their dynamics. An example of sucho show finite size scaling. In a sand pile, the size of
a system is fluid turbulence [1]. In 1941, Kolmogorov the pile, L, and the probability of dropping sand are
showed that two-dimensional systems display featurethe basic parameters of the running sand pile dynamics.
in spatial scalegk) leading to the well knownk >3  Consequently, the spectral distributigh, will depend on
and k3 regimes in 2D turbulence. Another broaderfrequency,», and the size of the pild,. Techniques of
group of dynamical systems are those thought to bdnite-size scaling have been applied to interpret the data.
described by the concept of self-organized criticalityThe simplest possible form for finite-size scaling is the
(SOC). These nonequilibrium systems often evolvefollowing:
naturally towards a state that is nearly critical [2,3]. P(w,L) = L Pg(w/L"), (1)
The nature of this self-organized criticality may account ) . .

; . , where the fixed scaling functiory, and the exponents,
for scale invariant phenomena in nature such l1dg . .
. o B and v (related to the fractal dimension), are to be
noise [4] and fractal (self-similar) structures [5]. In SOC . R
. etermined [11]. The functiog, if it exists, reflects the
systems, the Fourier spectra are expected to be nearﬁj}/. :
; . . - universal character of the subjacent process [12,13].
1/f for a given range of frequencies. This behavior For fusi . h ber of h
arises from the existence and random superposition oé or fusion experiments the number of parameters that
. Ftermme the dynamics of the plasma is larger and it
avalanches. It has been argued theoretically that transpor e L
: ; : IS very difficult to set up,a priori, a clear dependence.
processes in magnetically confined plasmas have some o T .
o . " e do not knowa priori which, or even how many,
the characteristics of self-organized critical systems [6—

8]. Some such processes are the scaling of transpopfarameters are relevant in comparing spectra of plasma

coefficients, the response to plasma perturbations [9], a flictuations between different machines. As a first stage

S : !~ 1or comparison of different fusion devices, an empirical
the self-similar character of the electrostatic fluctuations )
approach has been taken. The fluctuations and turbulent
at the plasma edge [10].

The self-similar nature of fluctuations is an indicationtranSport spectra have been rescaled usingathenoc

. . . expression
of the existence of long-range time correlations. These
are characterized by algebraic “tails” (i.e., decay at large P(w) = Pog(Aw), )
lags) of the autocorrelation function. A comparativewhere) and P, are parameters to be determined for each
analysis of edge fluctuations among different magnetienachine and operational conditions. As in the case of the
confinement devices gives a Hurst exponent varyingand pile, if the functiorg exists, there is a universal class
betweenH = 0.64 and 0.74 [10]. The narrow range of that the spectra belong to. TRy parameter normalizes
variation ofH is an indication of the similarity of the low the maximum value of the fluctuation level between the
frequency range of the spectrum among these devices. Hifferent devices. The value of gives an indication
this Letter, we take a step further in this research anaf how to compare frequency ranges between different
explore the properties of the complete frequency spectranachines.
of edge plasma fluctuations and turbulent transport in It is important to note that the shape of frequency
different tokamaks and stellarators. spectra is affected by plasma rotation and that it can
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RNRRE each characterized by a different poloidal velocity. The
i (a) 3 spectrum is distorted in a similar way in the case of
2 10%E 3 Fig. 1(b). A more detailed discussion of these effects will
2 3 o ° ; be presented elsewhere. What is relevant for the spec-
E 05- ] trum rescaling studies is that the local shift of the
e spectrum at a given frequeney is {(ks),vy. Here, the
angular brackets refer to an average over the poloidal
wave-number spectrum at constamt and vy is the
T poloidal velocity of the reference frame. In rescaling
-5 -4 -3 -2 -1 0 1 2 among different devices, the local frequency shift will be
r-a, (cm) affected by the rescaling of the wave-number spectrum.
Therefore, for two devices the value of the poloidal
velocity at which the spectra are similar depends on this
rescaling factor. This introduces a serious problem in
carrying out the rescaling of the fluctuation frequency
spectrum because the poloidal wave-number spectra are
not always available. In this situation, only spectra
measured in the plasma rest frame can be rescaled.
~1cm Therefore, the comparative studies of fluctuation spectra
in different devices are done in the proximity of the

4 10* g

—
<
—
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----- 8hear

-2 =0cm . . .
shear velocity shear layer location wherg, = 0. Since the

0 oo lowest frequencies to be considered are about 10 kHz, an
Frequency (kHz) uncertainty in the velocity of about 50 fs is tolerable.
This uncertainty is well within the measurement errors.

FIG. 1. (a) Radial profile of the poloidal phase velocity of  plasma edge fluctuation measurements have been car-
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Power spectrum (IS) (a.u.)

fluctuations in the TJ-IU. (b) Spectrum of the TJ-IU ion . ; ; _
saturation current fluctuations obtained in two different radialrled out by means of Langmuir probes in tokamak (TJ-|

probe positions. [15] and JET [16]) and stellarator (TJ-IU [14] and W7-
AS [17]) fusion devices. Table | shows the main char-
also be influenced by the change in the radial positionacteristics of the devices and plasmas under investigation.
Figure 1(a) shows the radial profile of the poloidal phaseEdge fluctuations and turbulent transport have been char-
velocity of the fluctuations in the stellarator TJ-1U. acterized by means of measurement of the ion saturation
In Fig. 1(b), the spectra of the ion saturation currentcurrent(l,) and floating potentia(V,) signals using the
measured by Langmuir probes at two different radialexperimental techniques described elsewhere [14]. lon
positions are compared [14]. This modification of thesaturation current fluctuations are related with density and
spectrum is consistent with the expected change becauséectron temperature fluctuation($; o nTj/Z) whereas
of the existence of a poloidal rotation. Using datafloating potential fluctuations depend on plasma potential
from numerical calculations, we have calculated theand electron temperature fluctuations; (=~ vV, — aT.,
spectrum of the fluctuations in different reference framesg = 3 for hydrogen plasmas). The time evolution of the

TABLE I. General characteristics of devices and plasmas under study.

a R B T, Other plasma
Device (m) (m) (M (X10" m™3) characteristics
TJ-I 0.09 0.3 1 1-3 Ohmic heating
I, = 35 kA
JET 1.2 2.9 2.6 1-2 Ohmic heating
I, =~ 2.5 MA
TJ-IU 0.10 0.6 0.67 0.5 ECR heating
37.5 GHz, 200 kW
iota(0) = 0.23
w7-AsS(®) 0.17 2.0 1.25 15 ECR heating
70 GHz, 200 kW
iota(0) =~ 0.243
W7-AS® 0.18 2.0 25 3 ECR heating
70 GHz, 300 kW
iota(0) = 0.355
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radial turbulent particle flux has been computed’@ =  transport avalanches in a plasma. The diffetenalues
ii(t)E4(t)/B where 7i(r) and E4(r) are the fluctuating obtained forl, and V fluctuations may be due to the
components of the density and the poloidal electric fieldpresence of nonlinear effects that redistribute the energy
respectively, and is the magnetic field. The poloidal supplied, and that can substantially modify the fluctuation
electric fieldEy has been deduced from floating potentialspectra. A theoretical determination afwill require a
signals measured by poloidally separated probes. complete understanding of the underlying dynamics of the
Fourier spectra of the ion saturation current, floatingplasma turbulence.

potential fluctuations, and turbulent transport have been
determined using the experimental measurements in th ~
plasma edge region of the above mentioned devices =
Figure 2 shows the frequency spectra of fluctuations for.& L
the ion saturation current measured in different devices —
Clearly, the shape of the frequency spectra changes fror =" 1077 -

1075 g

machine to machine and with plasma conditions. : :
Frequency spectra of plasma fluctuations and turbulen § E TH(R =1
transport measured in the TJ-I, TJ-IU, W7-AS, and JET & 10-9 i == JET (A =4.5)
fusion devices has been rescaled using the TJ-I tokama # | =TG- =3)
as a reference (i.e.Ary; = 1). Figure 3 shows the & | = " wWAsD A =35
rescaled frequency spectra of fluctuations for the ion % 1k ot WIAST G =45)
saturation current, floating potential, and radial turbulent A 10 N EE— —
transport for the different devices studied. The rescalec 10 100 1000
spectra forl, fluctuations (i.e., signals mainly related to A x frequency (kHz)

density fluctuations)y, fluctuations (i.e., signals related
to plasma potential and temperature fluctuations), Bnd
show the same behavior in the entire frequency range = 10'4
investigated for all devices. Although there is a high & £
degree of similarity among the spectra from different __
devices, the form of the scaling assumed in Eq. (2) might >“"
be an oversimplification. Further, turbulent decorrelation ~ 3
effects at the shear location might contribute to explain the § 3
similarity obtained in the frequency spectra in different _g f| JET A =3.5)
devices partially (see [18] for plasma edge review). 1077 gf =e=--THU A=3)
The values obtained for are shown in Table II. It can — = =wrAs D (=14
be seen that the size of the machine is not directly relatec e WIAS P (A = 11)
to the A parameter, or at least it is not the only parameter 10710 L=== PR L
that affects ther value. This is not surprising because 10 100 1000
of the multiple parameters that may characterize the A X frequency (kHz)
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FIG. 3. Rescaled frequency spectra of fluctuations for the ion
FIG. 2. Frequency spectra of fluctuations for the ion saturasaturation current (a), floating potential (b), and turbulent trans-
tion current. port (c).
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TABLE Il. Values of A for different experimental results  This research was sponsored in part by DGICYT (Di-

obtained using Eq. (2). reccion General de Investigaciones Ciéiosis y Técnicas)
A A A of Spain under Project No. PB96-0112-C02-02 and by

Device (1, (Vy) () Oak Ridge National Laboratory, managed by Lockheed
T3 1 1 1 Martin Energy Research Corp., for the U.S. Department
JET 45 35 32  Oof Energy under Contract No. DE-AC05-960R22464.
TJ-1U 3.0 3.0 2.1

W7-AS! 35 1.4 0.85

W7-AS®? 4.5 1.1 0.9
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