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*l INTRODUCTION. 

'Anomalous* transport imposes a serious limitation on 
Tokamak performance. It makes more difficult the achievement of the 
breakeven in the present generation of large machines and reduces the 
economical prospects of the futuie reactor. 

"Anomalous" is probably not the most appropriate word for 
describing this phenomenon. It refers to a real effect which is 
already present in the ohroic heating phase and is magnified during the 
auxiliary heating phases. It is used by reference to a "neo-classical" 
theory, which incorporates fundamental and irréductible sources of 
radial transport, that is to say, collisions and geometry of particle 
trajectories. As long as a definite explanation of the observed 
transport is not available, by tradition, we shall use, as others, the 
word "anomalous". 

For more than ten years, physicists have been looking for 
the cause of the supplementary losses. MHO activity , electric and 
magnetic fields fluctuations, plasma rotation and so on, have been 
considered and compared with experiments. The agreement is usually 
satisfactory for interpretiting some experiments but fails in some 
others conditions. As a result, the problem is still widely open and 
its solution will necessitate a large effort, in both theory and 
experiment. Here, we wish to comment on one possible cause of the 
transport "anomaly" , the low frequency turbulence observed through 
density fluctuations. We analyse here recent: progresses gained on this 
issue. 

2/ RELATIONSHIP BETWEEN WAVE TURBULENCE AND PT.fcSMA TRANSPORT 

From the theoretical point of view , turbulence induces 
particule,momentum and energy transport. For a given turbulence, it is 
possible to compute the associated transport. For instance an 
approximate expression for the radial flux of particles (the only 
interesting flux in a tokamak) is given by : 
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the first term refers to the electric drift contribution and the 

second one to the magnetic fluttering part. Here 0 represent the 

density, J|(the parallel current, çLthe poloidal electric-and Bjtadia 

magnetic fields components associated to the fluctuations 

(turbulence). Brackets denote a time averaged , i.e. 

n %f. > = d-lffftj %lq J* H) 

o 
where T is any time greater than the autocorrelation time of the 

product ( n fy. ). 

For the radial heat transport an approximate expression is : 

Q-JL < £ f > * <^V&y> (?) 

Here again the first term refers to the electric drift contribution 

and the second one is associated with the magnetic field fluctuations 

%. is the fluctuating pressure). 

Although simple in appearance, expressions (1) and (2) hide the 

difficulty of such a task (POWERS 1). To illustrate this, we shall now 

show what quantities have to be determined in order to estimate the 

electric drift component of the radial particles flux : 

r = < n £«•> 
6 

Let n(x.t) and E (r^t) be the rej.1 fluctuating signals. For 

experimental convenience we use *ytj — ~V instead of ^.'^ .After 

Fourier analysis — 

*/* >kh ?<* > *> ' => Ki<~), ty») 
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we define the auto power spectra for one 3c component 

and the cross power spectra 

j%f(<"> 

?»<** - J p w W ^ 

is the phase spectrum. After normalization, we also define 
the coherence spectrum 

V w j |P M *M| 
|P^M P^tu;| •» 

such that 

0 < V> < * 
Then, for a small band of frequency 0« 
particles becomes 

the radial flux of 

= A M U M « P M I. Si-A^M n A M i ?s.M.s.c)-y ; 

i.e. the product of $L , the degree of coherence between N (cu) and 
<(>lu) ,the sine of the angle between N and <£ , the density fluctuation/)-

and the potential fluctuationsf. All of these parameters could vary 
with frequency but also in space and time during the course of the 



experiaents. In particular, we note that any phenomena which teric's to 
degrade the degree of coherence between n and T will reduce the 
transport a-cordingly (conceptual technique to reduce the losses). 

It is clear that, except in rare circumstances (in the scrape off 
layer for instance where probes can be inserted and where n (t) and 
t(t) are both detected), such an expression as (3) cannot be applied. 
In the usual circumstancies, physicists must rely on acre fragmentary 
observations in order to estimate a transport coefficient. Density 
fluctuations n(t) is one of the relevant parameters.As lit) is not 
known it is usual that only n 2 is used to estimate Ix . This leads 
to three remarks : 

- Using too simple assumptions ( Sin 3 = 1 ;i? = 1) such an estimate 
could lead to overestimate the transport ( upper bound ). 

- A relationship between n and <f must be found in the generalized 
BOLTZMAN equation : 

1 '- *f [4. + iS) 
n 

h has been theoretically estimated (2) but the comparison with the 
experiment is usually not satisfactory. 

-Then , if one assumes that this phase does not change very much during 
experiments , relative variations of "n could reflect the relative 
evolution of the transport . 

- It should be emphasized that , even if the turbulence was perfectly 
determined ( n , -h- , j„ , 'f , 8* ), there still leave a number of 
important physics questions unansewered . A self consistent theory is 
needed to explain the cause and the saturation of the turbulence and 
to connect it with the macroscopic parametars of the discharge . This 
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is an overwhelming task which shall demand a large effort in theory 

and in experiment . 

In the face of this huge task , we wish to limit ourselves to four 

aspects of this problem . The first one concerns the direct 

"correlation" we establish between the confinement properties and the 

density fluctuations . The second one , more speculative , is an 

attempt — after having analyzed experimental results— to show that 

quasi- electrostatic turbulence is an attractive candidate for 

explaining "anoumalous" losses . Of course , this assertion could in 

no way be interpreted as saying that magnetic turbulence does not 

exist in the plasma . Our point is to guess that "anamalous" transport 

is dominated by the electric component of the turbulence. Then, we 

shall describe and discuss a new method to analyse the turbulence . 

This new approach could lead to define qualitative properties of the 

turbulence which , in turn , could ease and symplify the transport 

calculation . Finally , a new type of turbulence which is associated 

to the sawtooth crash and which lasts for a very short time , has been 

recently reported and will be evocated . 

3/ DIRECT CORRELATION BETWEEN DENSITY FLUCTUATIONS AND ELECTRONS 

CONFINEMENT TIME • 

Now we shall report experimental results collected in T?R 

plasmas during ohmic and auxiliary heating phases (3-4). 

A/ EXPERIMENTAL TECHNIQUE AND NUMERICAL ANALYSIS . 

The low frequency turbulence is measured with a C0 e laser 

scattering system ; The scattered light is mixed with a local 

oscillator beam _ ( homodyne technique ) and detected with a 

photovoltaic detector . After amplification , the phoio current is 

sent to an ADC convertor for further processing achieved with the TFR 
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main computer. It gives the wave sector and frequency spectra of the 
density fluctuations along a vertical chord which can be horizontally 
scanned . The wave numbers accessible W'.th the optics , 3 cm ==̂ k <^45 
cm" , and the generally observed frequency domain , 10 kHz <f <^2 MHz 
, contain practically the whole low frequency turbulence . Two 
variable wave numbers k are simultaneaously accessible at any time.Our 
experimental observations show that the shape of the X spectrum 
remains unchanged during the ohraic and auxiliary heating phases. Then 
, to characterize the change in the turbulen'- power,it is suffisent to 
follow one k component of the turbulence and , here , the value k = 6 
cm* , which is close to the maximum amplitude of the spectrum ( 3 ) 
will be considered . The turbulent power is followed for a time 
interval covering the ohmic phase preceeding the auxiliary heating 
pulse (10 ms) and covering the heating phase duration (Z rj 25 - 100 
ms). The frequency integrated turbulence (spectral density S ) is 
considered : 

f 

This quantity is proportional to the square of the density 
fluctuations < .-•. «>>. 
The energy confinement time is deduced from a 00 evolution code , 
valid at the centre of the discharge , where the plasma parameters are 
well documented (n<a ,!,„ ) . Ths code' discribes the temporal evolution 
of the energy balance for five species of particles (protons.deuterons 
electrons, two impurities) present at the centre . In particular , for 
the electrons we have : 

A. ^nt.Ttj = ? j ; + f\ .. ̂  _ ̂  _ ^l _^ 
ft p is the power density transferred to the electrons by the auxiliary 

heating . p^ is the power density transtared to the electrons by 
COULOMB collision? with the others species, p is the power radiated by 

foe 

the heavy impurities ( light impurities being fully ionized at the 
center). PST concerns the losses associated with sawtooth activity : 
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-*,/ = J. ( (i A i J. T&. M*.) 
' ST Z [ e° At • At / 

e 
and p^ is the remaining power density attributed to conduction 

losses. One can then define a conduction confinement tine 

z. - _J nPo / „ . 

The comparison between the local parameter C^ and the 

diameter integrated fluctuating density is legitimate if the 

turbulence keeps a constant normalized profile. 

B ' STATISTICAL ANALYZIS 

Figures 1 to 3 refer to the analysis of many shots . Fig.1 

concerns NBI experiments , where an H beam is injected into deuterium 

plasmas of different densities. The amplitude of the relative density 

fluctuations -^ _n_ >• , in the ohmic phase and at the saturation 

during the heating pulse , is measured and compared to the inverse 

confinement time ( x / a t t n e same instant .We notice a linear 

relationship between the parameters . Moreover , the auxiliary heating 

points align with the ohmic regime ones, suggesting a continuity in 

the process which links the density fluctuations and the conduction 

tranport. Finally , the best fit line crosses the axis close to the 

origine , showing that the transport is proportional to<_n_>. In the 
n* 

absence of fluctuations , the inverse conduction confinement time 

would tend to 2ôro, the neoclassical electron transport being négligeable with 

respect to the "anomalous" one. 

Similar results are obtained during ICRF heating expeiiwents (Fig.2). 

A few shots have also been compared with a 1D evolution code. As long 

as JL jf£ 2/3,a similar correlation is still valid. 

a. ̂ ^ 
The results of these sets of experiments (during ohmic, N3I and ICRF 
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phases) are summed up in Fig.3 which shows the product 
^ • < . ^ ^ a s a 

function of?f The best fit line is practically an horizontal straight 
* •>•* S ft ' V «- -r' 

line showing that ^ • "S. 1^ ** s-cays constant < V = * 13 % ) when ̂  
varies by a factor 7 . This identity confirms the previous remark in 
which we noticed that a commun process is likely to be responsible far 
the anomalous transport in ohmic conditions and for its degradation 
during auxiliary heating. 

It is known ( as it appears in KAYS G0L0ST01I empirical law (5} 
for instance) that the effect of auxiliary heating , for a given ratio 
of auxiliary to ohmic heating power, is indépendant of the type of 
auxiliary heating technique. Physicists have supposed that a commun 
process is involved . Here, we have obtained a direct confirmation of 
this hypothesis, showing also the continuity of the process with the 
ohmic situation. Density fluctuations are well correlated to the 
*anomalous" losses but the source of the turbulence and its 
enhancement during auxiliary heating phases remain to be explained . 

C/ "TEMPORAL ANALYSIS . 

The statistical analysis can be complemented by the comparison 
between the temporal evolution of the turbulence and the computed 
inverse confinement time K x) • (Fig.4) shows the relative variations 
with time of ̂ _!L_*«ind (2^/ during a NBI experiment . All quantities 
are normalyzed to their ohmic phase values . Within the 'experimental 
(turbulence measurements) and numerical (computations) accuracies, 
there is a significant agreement between the temporal evolutions of 
the turbulence and of the inverse confinement time. The frequency 
spectrum taken at t̂ , (ohmic phase) and tj (well established 
saturation) have a similar shape , only the amplitude has increased 
during the heating phase (Fig.5) . 

For a few other experi-ients , the apparent agreement was not 
so satisfactory .(Fig. 6) shows such an example . However , by 
analyzing the associated spectrum (Fig. 7) , a large increase of 
the low frequency part of the spectrum is noticed at time t t , 
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which relaxes typically after 10 ms . This low frequency part of the 

signal, which accounts for the supplementary turbulence level 

originates fi-om the plasma periphery . This particular shot 

corresponds to a large displacement of the plasma which hits the 

limiter and creates a large low frequency turbulence . If the shots 

involving this effect are discarded or if the supplementary turbulence 

is removed , the agreement between turbulence and inverse confinement 

appears systematic . 

4 - NATURE OF THE 'AMOMALOOS" TRANSPORT -

A/ ANALYSIS OF THE PROBLEM 

Of the various fluctuating quantities f t\ j J„ /-ft/ 7/ " •) 

the density is the only one which is seen by our measuring system 

(scattering experiment). In the previous chapter we have shown that 

the density fluctuations are a reliable indication of the energy 

transport properties. Can we conclude from this proportionality 

relation that the anomalous transport is due to electric drift 

contribution ? The response is negative. 

From the theoretical point of view,the dominant part of the 

turbulent heat flux can be looked upon as a quadratic functional of 

the perturbed fields È and 5 or equivalently, of the potentials. (?and 

%). The ( <f ,if ) part corresponds to electrostatic drift 

transport, while the ( A ,/\ )part corresponds to magnetic fluttering 

transport. The cross-term ( <? , £ ) would play a role if the two 

transport processes were of the same order. The low values of the 

pressure < /î /v <S". >0 ) i n the actual TFR plasmas jrould su£gest 

that the turbulence is quasi electrostatic ( |V A §l < ^ J V . § | ) . 

However,as commented in ref(4 ), transport due to magnetic fluttering 

would also appear to be proportional to<<^?/Or <£>and thus, there is 

no conclusive answer. 

B/ CONJECTURES. 
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However, some remarks can be formulated, suggesting that 

magnetic fluctuations are lively not to be the source of the anomalous 

losses in the major plasma section. This second ?art of the chapter, 

more speculative ,must be considered as a conjecture. 

A first argument concerns the comparison between the 

diffusivity factor for electrons, ions and impurities. In a 

fluctuating magnetic field b - ~g •' , the general expression of 

the corresponding diffusivity factor" can be written in the form : 

I Ï1* 
tf =>< IT. L- b 

XT being the parallel velocity of the particleVVf 

characteristic length along the field line which can be chosen equal 

to V-~QR for a Tokamak plasma. Under these circumstances it is clear 

that, in a given fluctuating magnetic field b, the diffusivity factor 

which will be of the same order for the transport ot particules, momentum 

and energy must vary, in a first approximation, as the inverse of the 

square root of the mass of the particle. This conclusion is in 

contradiction with the experiments which show diffusivity factors of 

similar values for electrons, ions and even impurities. If such an 

effect applies to electrons, the runaway confinement time would have 

been short compared to thermal electron confinement time. 

Experimentally (6-7), the former time was found greater or comparable 

to the latter one ,in contradition with magnetic dominated transport 

hypothesis. 

A second argument concerns the plasma potential. It is clear 

that a fluctuation of the magnetic field first allows the escape of 

electrons. Conversly, any measured plasma potentials as still yet 

recently published by the ISX team (10) (fig.3) show a plasma 

potential, in the accessible domain of the discharge {- > 4) very 
negative. That means an excess of electrons, once again in contradiction 

with the magnetic fluctuation hypothesis. Moreover, this negative 

potential is "increased" when moving from the ohmic to the balanced 

injection regime , which corresponds to a degradation of the 
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confinement. 

A third argument consists in recalling that the experimental 
quantitative analysis of the "anomalous" transport performed by ZWEBEN 
and GOULD who determines the quantity < 1 . at the periphery of the 
plasma (but at the interior of the last close magnetic surface) 
concludes that electrostatic turbulence explains the observations . 

He shall remark that these assertions do not mean an absence 
of magnetic perturbations. They simply suggest that the transport due 
to magnetic perturbations is not the dominant contribution to the 
enhanced observed transport.Some part of the magnetic perturbations 
can be associated with small deformations of the nested magnetic 
surfaces. 

The major difficulties arise when experimentalists make 
quantitative analysis, using incomplet experimental observations and 
one particular ad hoc theory. For instance, for a long tine drift wave 
theory and more especially DTEM (drift trapped electron modes) have 
been considered as privileged candidates. However, the intriguing 
experiment of ZWEBEN showing that -̂_J2 > is indépendant of the 

n* 
collisionality factor for 

Vît 
tend to discard such an interpretation. New theoretical models have to 
be formulated. They have to include the quasi "universal" properties 
of the observed turbulence 

- large spectrum in k ard LL> 
- quasi two dimensional turbulence 5JL rJ ^JLà ^ > ĵfe? 

- the average value of k varies proportionally to B 
(CRAWLEY , HAZZUCATO ) 

- the average value of k is indépendant of I (current) 
(CRAWLEY , HAZZOCATO) 

- 'iSLjCincreases with the auxiliary heating power 
(ICRF heating experiments - TFR) 
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- ~^~^increases with pellets injections ( TFR ) 

A great deal uf theoretical work is still to be done before a 
satisfactory model would explain the cause of the instabilitiar ,the 
saturation of the waves and the "anomalous" transport . 

V - TURBULENCE AS A DYNAMICAL SYSTEM 

Scattering experiments tend to be more complexe and more 
expensive in large machines. He should therefore try to extract as 
much knowledge as possible from the present experiments. Therefore, 
new properties of the turbulence could eventually be extracted by 
characterization of the chaotic nature of the fluctuations. 

A/ SEARCH FOR A DIMENSION OF THE SYSTEM 

The broadband shape of the Fourier spectrum of the scattered 
signal (3) shows that the turbulence considered as a dynamical system 
is not in a periodic or quasi periodic regime. However, this nor.-
periodic (chaotic) behaviour could arise from stochastic as well as 
from deterministic processes, mainly depending on the .'.number of 
degrees of freedom. Since the plasma turbulence can be represented by 
continous field functions, its representation in any set of orthogonal 
functions will, a priori, necessitate an infinite number of 
coordinates.However, many constraints on the syste... (toroidal and 
poloidal periodicities,radial boundary conditions and Larmor radius 
effects)in fact limit this number to a finite value wi-iich nevertheless 
can be great. So, the question arises : what is the minimum number of 
indépendant variables necessary to describe the turbulence system. 

The state of our turbulence system could be characterized, at 
any time, by a point in some multidimensional phase space and its 
dynamical behaviour would be represented by trajectories of that 
point. The turbulence being a dissipative system, a phase space 
element of volume is a decreasing function of time. So, the asymptotic 
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trajectories( t-»•«-») can occupy a fraction of the whole phase space. 

This subspace is called an attiactor and the system can have several 

attractors according to the initial conditions (basins of attraction). 

The production mechanism of turbulence is constantly operating and 50, 

it acts as an external perturbing force which can push the system from 

a given attractor to the basin of attraction of a neighbouring 

attractor. In such a situation, the real trajectory would almost feel 

the whole phase space. 

A method has been proposed and tested (9-16! in order to get 

some informations about the dimension of the subspace occupied by the 

asymptotic trajectories by constructing a multi-dimensional phase 

portrait from measurements of a single variable x (t) . The phase 

portrait is constructed in a L dimension space , a vector of which 

is made of L components equal to the values of x(t) at L equidistant 
times ( Z s sampling t.ime, p : parameter). 

Xi = l^(ti) j *.[ti.<.?z), *.(tc + (L-i), rj 

After the definition of a norm, a correlation integralC(qis 

computed, indicating the number of points inside an hypersphere of 

radius r. Then, if C(i-) «* -t for small r, the correlation exponent 

gives ar. indication of the dimension of the subspace occupied by the 

trajectory in the L space . When L is ncreased, if J/ comes to a 
saturation value i)s , this would suggest thv t the dynamical systs-

could be represented by a limited number n of ordinary differential 

equations (with n £* j / z ) . / 

B/ DENSITÏ FLUCTUATIONS APPLICATION 

To apply this method, we must first choose the sampling time T 

Fig. 9 shows correlation integral curves C(r) (L=8for T varying from 10 

to 320ns with p = 10. For snail values of it = pf , the constructed 

vector practically do not explore the time evolution and the 

corresponding curve C(r) is mainly an image of the probability 

distribution f(x) of the x values. When At is increased, the time 
evolution comes into play and H»e proportion of small vectors is 
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decreasing. But, as long as Cis sufficiently small, the continuity 
of the signal x (t) introduces a supplement of small vectors defor 
ming the C(>t) curve. This dsformation 
disappear? when t is such that the associate» frequency f M -̂ .̂(Shan: jn 
criteria) reaches the high frequency roll off of the signal 
spectrum. Here f M = 2.5 MHz, and the 0K) curve becomes straight in 
the log-log diagram for 200ns. Another calculation for p = 120 gives 
similar result for ?= 200ns. The minimum value of t varies with the 
dimension (T * 600 ns «—>• f — 800 kHz for t, = 40) . 

A systematical variation of p has also been undertaken.For p 
small, the time excursion is again too reduced and the curve Ci*) is 
influenced by the probability distribution f (x). For p^. 10 (until 
the explored value p=480) the C(g curve is practically indépendant of 
p. This corresponds to the associated frequency f s P-. located in 
the main part of the spectrum. So we get /Aw 7 for the phase portrait in th 
L = 8 dimension space . 

Fig 10 shows the successive values of V as L is increased from 
4 to 40. & random signal has also been analyzed. We notice that the 
J/(L) curve for the turbulence is located below the curve 
corresponding to the random signal but the main result is that, until 
L = 40, there is no saturation of the I/I'D curve. 

As a conclusion, it appears that the number of degrees of 
freedom of the turbulence system when fully developped*is likely great 
and that its non periodic (chaotic) behaviour arises from stochastic 
processes. 

6 SPECIFIC TURBULENCE ASSOCIATED WITH INTERNAT, DISRUPTIONS. 

A further question nay be addressed, does it exist a connexion 
between MHD activity and density microfluctuations in relation with 
transport phenomena? A majority of experiments concludes negatively. 
Nevertheless the TEXTOR group has reported modulation of the 
microturbulence during the low mode number MHD activity and especially 
in the case of soft landing current (17) ; they also noticed a time 
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modulation of the global turbulence, covering a significant time scale 
of the sawtooth, starting prior to the sawtooth crash (18) Fig.(11) . 

In contrast, the usual T*'R experiments on global turbulence do 
not report a similar effect. If an episodic relative increase of the 
total turbulence is sometime observed in phase (40us delay time) with 
the sawtooth, it is interpreted as due to an increase of the low 

frequency part of the spectrum, steming from- the outpaxt of the 
plasma, consecutive to some interaction with the limiter. This for1er 
interaction is detected by X-ray emission and by the displacement of 
the plasma. 

Here, we wish to mention the existence of a newly detected 
turbulent phenomena . specifically associated with the process of the 
internal sawtooth-Preliminary results are published (19 ) and analysis 
of the results is still in progress.Fig (12) sums up the main 
observations .12(a) describes the temporal evolution of the 
X-ray signal for a central chord 12(b) shows the associated total 
density fluctuations for k = 7 cm no significant change in 
amplitude of the turbulence is noticed. On the contrary, density 
fluctuations in a frequency band F = •* - °-* ^H/ 12 (c) shows an 
evident correlation between these fluctuations and the sawtooth crash. 
This effect is systematical. It covers the high frequency part of the 
usual turbulent signal(l3).Its "averaged amplitude is weak and so its 
contribution to the main signal is négligeable. This specific 
turbulence lasts typically 40^us . Its amplitude can reach 100 times 
the averaged turbulence in .this frequency band . More details after 
analysis will be given elsewhere (Madrid conference). 

The existence of this specific turbulence is likely to be 
fundamental to the magnetic reconnection problem associated with the 
sawtooth mechanism. It could also have a direct connection with the 
fast heat pulse observed in many recent experiments. 

VII - CONCLUSION 

In this paper, we have mainly illustrated how plasma 
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fluctuations and "anomalous" transport are closely related. It 
concerns a fundamental current problem , the observation of the 
degradation of the energy confinement time. Such a degraded 
confinement would lead to a reactor of very large dimensions. 
Substantial progress in confinement is necessary to improve the 
performance and reduce the dimensions. It can result from empirical 
techniques as occured in the discovery of the H or P modes 
(unfortunately at present obtained only for short and uncontrolled 
duration) or from analyzing and reducing the fluctuations (a more 
fundacertal way). No matter what advances are made in the near future, 
these ty. <es of study must be persued for ensuring the breakeven goal 
and for improving the efficiency of the reactor. Theoretical 
developpments and new experimental observations are still necessary 
before a satisfactory explanation will be reached and a cure found. 
However, the appearance of true progresses in both domains is 
encouraging. 
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FIGURE CAPTIONS 

Fig- 1 : Inverse confinement times (T,,)"1 versus relative density fluctuations 
during ohraic (dots) and MSI heating (crosses). U - 35 keV, F n i - 600 fcU J 
0. plasma ; B - 4.1 T, I - 240 kA, T„ 0 » 1.4 keV, T i o • 0.9 keV, 
5.10" cm"» < n„ 0 <-10" cm" 3. 

Pig. 2 : Inverse confinement times ( T X ) ~ X versus relative density fluctuations 
during ohmic (dots) and ICKF heating (crosses). P -\. 600 kW ; Dx + 20 X 
H, Plasma ; B - 4.5 T, I - 200 kA, T # c > • l.S keV, T 1 O - 1 keV, 
n. 0 « 1 0 " cm" 3. 

n" 
Fig. 3 : The produit <—>• -rx as a function of r x. Experimental conditionsof n 3 

Figs. 1 and 2. 

Fig. 4 : Relative variation (normalized to the ohmlc value) with time o** ( r x ) ~ s and "n* <—> during a NBI heating experiment (shot 91695) P n i *w 600 kW ; D a plasma n" B - 4.1 T, I - 200 kA, T. 0 - 1.4 keV, T 1 O - 0.9 keV, n e o •> 7.101* em"3. 

Fig. S : Spectral density of the density fluctuations during the ohmic phase (time 
t, of Fig. 4) and 30 ms after the beginning of the NBI pulse (time t B ) . 
Experimental conditions of Fig. 4. 

Fig. 6 : Relative variations (normalized to the ohmic value) with time of (T_)"* H" and <—> during a ICRF heating experiment (shot 87549) P -v 600 kW ; n" « 
Dm * 20 7. Hm plasma, B - 4.5 T, I - 200 kA, T e o « 1.5 keV, T l e > - 1 keV, 
n._ - 10'* cm" 3. 

Fig. 7 : Spectral density of the density fluctuations during the ohnic phase (time 
t, of Fig. 6), and 15 ms (time t a) and 25 ms (time t 3) after the 
beginning of the RF pulse. Experimental conditions of Fig. 6. 

Fig. 8 : Measured space potential with zeros set at the outer most flux surface 
(after C.A. HALLOCK. Phys. Rev. Lett., Vol. 56, N° 12 (1986) 1248). 



Fig. 9 : Logarithmic plots of the correlation integral (12) as for the fluctuating 

quantity J* n dl for various sampling time T, L » 8, p • 10. 

Fig. 10 : Correlation exponent as a function of space dimension I.. 

Fig. 11 : Correlation of fluctuation level at k • 24 cm - 1 vith sawboth activity : 

(a) Central line density oscillations. 

(b) Variations of fluctuations level (integrated over frequency) at 

k » 24 cm - 1 (after H.W.H. Van Andel et al. Plasma Physics and 

Controlled Fusion, Vol. 29, N° 1 (1987)» pp. 66). 

Fig. 12 Ï Temporal- evolutions(arbitrary units in vertical scales) 

(a) Soft X rays for a central chord. 

(b) Total density fluctuations <n*> for k - 7 c m - 1 . 

(c) Density fluctuations in the frequency interval F • 1 * 0.1 MHz. 

Fig. 13 : Turbulence spectrum before <1), during (2) and after (3) the disruption 

(bandwith ûf - 24 kHz). 
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