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ABSTRACT

The identification of fundamental transport mechanisms in magnetically confined

plasmas is a critical issue for the magnetic fusion program. Recent progress in

understanding fluctuations and transport is well correlated with the development and use

of new diagnostics, but there a great deal of information is still missing. Some of the

required measurements are well beyond our present diagnostic capabilities, but some are

within reach and could answer critical questions in this area of research. Some of these

critical issues are discussed.
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I. INTRODUCTION

Anomalous transport in magnetically confined plasmas is

probably caused by plasma turbulence. Experimental proof of

this requires detailed measurements of plasma fluctuations and

fluxes. In recent years, considerable progress has been made in

the study of fluctuations and anomalous transport. There are

some recent reviews on this subject,' ^ where the reader can

find detailed accounts of the progress being made. Here, I

address only these issues which have a direct bearing on

diagnostic requirements. However, I would like to begin by

presenting a couple of examples that illustrate the improvement

in understanding the relationship between fluctuations and

transport. This improvement has resulted from the use of new

diagnostics combined with active techniques of modulation of

plasma parameters. An example of this type of combined

studies is the work done in the Texas Experimental Tokamak

(TEXT). The TEXT results have shown that the particle and

energy fluxes in the inner plasma^ (r < 0.4a) and at the plasma

edge (r > 0.9a) are consistent with the measured fluctuation

levels. These results are still far from proving the turbulent

origin of the fluxes, but they represent an important step in

understanding the connection between fluctuations and

transport.

The understanding of basic transport processes is also

progressing steadily. One example is the mechanism for the



transition from a regime of iow confinement (L-mode) to one of

high confinement (H-mode). The study of this transition has

attracted the attention of a large sector of the magnetic fusion

community. Numerous theoretical explanations for the

transition mechanism have been advanced. Again, the

combination of active plasma control techniques and continuous

improvement of plasma diagnostics has played a critical role in

advancing our experimental understanding of the transition. The

experiments in CCT" are a good example of the use of active

techniques that resulted in an external control to improve

confinement. In DIII-D, the L—H transition studies have led to

continuous development of the edge plasma diagnostics.^ As

a consequence, the time-resolved measurement of fluctuations

and flows has made it possible to establish the correlation

between the decrease in fluctuation level and increased poloidal

flow at the transition. In addition, density fluctuations decrease

simultaneously with panicle transport improvement to within

100 (is. Furthermore, these high-resolution measurements have

unraveled the radial structure of the poloidal flow (radial electric

field) at the transition (Er" > 0).^ These detailed experimental

results allowed a systematic test of theoretical models.

To continue this steady progress, continuous development of

high-resolution diagnostics is necessary. In Sec. II, the

diagnostic needs for the measurement of the fluctuation-induced

fluxes are discussed. Some of these diagnostics are also

essential for identification of the main drives of instabilities. In



Sec. III. some more specific issues related to the structure oi

turbulence are discussed together with the corresponding

diagnostic requirements. Finally, the conclusions are given in

Sec. IV.

II. MEASUREMENT OF FLUCTUATION-INDUCED

FLUXES

The level of detaii reached in the nuctuation and transpon

studies was unimaginable ten years ago, and these studies have

benefited greatly from continuous improvement in plasma

diagnostics. Still, a great deal needs to be done to fully

understand anomalous transport. A first step is to

experimentally determine the fluctuation-induced fluxes. This

requires further plasma diagnostic development.

A. Particle flux

The determination of the panicle flux induced by fluctuations

requires the measurement of the density fluctuations, n, the

radial flow fluctuations. Vr (or the electrostatic potential

fluctuations b), and their relative phase. Several well

established fluctuation diagnostics [heavy-ion beam probe

(HIBP), scattering,..,] are capable of this determination, at least

over a limited range of wavelengths. It is not always possible to

measure fluctuations and their phases. In TEXT, the measured



fluctuation levels have been complemented with theoretically

calculated phases for some of the more likely instabilities.^ This

method has been effective in making comparisons with the

measured fluxes. Despite the availability of several possible

ways of determining the panicle flux induced by fluctuations.

the experimental information is scarce. This is partly because of

the lack of dedicated machine time for these studies, but

additional plasma diagnostic improvement is still necessary. As

discussed below, the long-wavelength range of the fluctuation

spectrum could be the most relevant for transport. In the

Tokamak Fusion Test Reactor (TFTR), density fluctuation

measurements are being made using beam emission

spectroscopy (BES) 1 " and reflectometry1^ in this long-

wavelength range. There is not yet a unique picture given by

these two diagnostics, detailed comparisons are under way. For

these plasmas, information on Vr and the relative phase is not yet

available.

In the short-wavelength range, the c/cop< region, the

measurement techniques should be available to clarify the role of

these fluctuation scales on the overall transport. The information

available at present^ seems to point to a negative answer.

At the plasma edge, probe measurements provide

information on both density and potential fluctuations. As a

consequence, there is more information available on the

fluctuation-induced panicle flux. In the Advanced Toroidal

Facility (ATF), IMS, TEXT, TFTR, TJ-1, Phaedrus-T, and ZT-

40, the particle flux is well described by the fluctuation-induced



flux. However, that is not the case for the CCT, and TV-I

tokamaks, where strong poloidal asymmetries in the fluctuation

measurements have been observed, and the edge particle fluxes

are thought to be related to large convection cells.

B. Energy flux

The determination of the energy flux requires additional

measurements of the temperature fluctuations, f, and of the

relative phase between f and Vr. At the plasma edge, the

measured electron temperature fluctuations, fe, in TEXT and in

ATF appear to be larger than previously thought. 13 This has

created interest in more accurate measurements of fe. Probe

measurements of ft are being refined using a fast swept probe

technique, ^ multiple triple probes,^ and five point probes. "

Information is not yet available on temperature fluctuations at the

plasma core. Electron cyclotron emission (ECE) techniques

must overcome the thermal noise to lead to a relevant

temperature fluctuation measurement. In the near future,

electron temperature fluctuation diagnostics will be set up on

Alcator C-Mod,i7 TEXT,18 and Wendelstein VII-AS.19

The interest i i measuring the electron temperature

fluctuations goes beyond the determination of the energy flux. It

is a critical diagnostic for the identification of trapped electron

induced turbulence. When circulating electrons dominate the

instability mechanism, their fast parallel motion quenches

temperature fluctuations along field lines, and fjTe«hl n.



However, if trapped electron effects dominate, the crapped

electrons cannot make the temperature uniform along the

magnetic field lines and. as a result, the temperature fluctuations

can be comparable to the density fluctuations, fjTe <n/n.

This change in the relative level of the electron temperature

fluctuations could be detectable with the newly proposed

diagnostics.

Ion temperature fluctuation measurements are critical in the

identification of the V7j-driven turbulence. For V7^-driven

turbulence, analytical and numerical calculations show that

7̂  /Tt> h I n. In recent years, the results of experimental tests

to determine whether this turbulence mechanism is the cause of

the anomalous transport have been somewhat negative."

Because the analytical transport predictions are derived for very

limited regimes, it is difficult to have a definitive test. The

numerical results of Drake et al.,21 in a shearless slab model,

indicate that the transport is driven by narrow streams that carry

cold plasma from the plasma edge to the hot center. The

characteristic radial scale length is the inhomogeneity scale

length, i.e, it is of the order of the minor radius. In case of

strong magnetic shear these streamers have not been seen. A tt

measurement is needed to resolve the present experimental

situation. Diagnostics based on spectroscopic measurements

and BES, in particular, have been suggested as a way of

determining 7̂ .



C. Vorticity flux or Reynolds stress tensor

For confined magnetic plasmas, the determination of the

Reynolds stress tensor has not yet been seriously considered. It

is the source of the poloidal flow induced by fluctuations and

can be important at the plasma edge— or near low resonant

surfaces. The Reynolds stress tensor is directly related to the

vorticity flux F^,

This expression is valid only for electrostatic fluctuations. The

determination of this term requires better radial resolution than

that available from present diagnostics. It is rather important to

determine the cause of the shear flow observed at the edge of

most toroidal confinement devices,1-' because it plays an

important role in the L-H transition and it could allow the

development of new techniques for reaching improved

confinement regimes. The measurement of the Reynolds stress

tensor will indicate the role of turbulence in generating the

velocity shear layer. Initial measurements using probes at the

plasma edge of the I M S ^ stellarator, and in PICIS^ indicated

that the fluctuation-induced flow can be important.

D. Other flux components

Up to this point, I have discussed only the electrostatic

contribution to the fluxes. In the case of significant magnetic



fluctuation levels, other terms must be included in the panicle

flux, energy flux, and the vorticity flux. We do not yet have the

capability of measuring magnetic fluctuations at the plasma core.

However, at the edge it is possible to use probes and evaluate

the magnetic component to the fluxes. A systematic program is

being carried out on the Madison Symmetric Torus (MST).

These measurements are particularly interesting because MST

can be run as a tokamak and as a reverse-field pinch (RFP;, and

we know that in the RFP operation regime the magnetic

fluctuations are important.

III. PLASMA TURBULENCE ISSUES

Other issues related to the nature of the turbulence have an

important bearing on transport and underline the need for

diagnostic development. Here. I discuss a few of them:

A. Magnetic induced losses

One major issue in plasma transport is the importance of

transport losses induced by magnetic perturbations. On one

hand, several theoretical^' and semiempirical^o models are

solely based on magnetic turbulence induced transport, while,

on the other hand, most of the theoretical turbulence studies are

focused on electrostatic turbulence. The experimental result in

TFTR and other tokamaks that x, = X, = ~L^De=Dz c a l l s i n t 0

question models of tokamak heat transport based on stochastic



magnetic fields.-" These results would be more consistent with

transport predictions based on £ x B turbulence. Therefore, a

critical issue to be resolved is the relative roles of magnetic and

electrostatic turbulence in plasma transport. Direct measurement

of magnetic fluctuations in the plasma core remain a major

challenge for diagnosticians. The use of the HIBP for the

measurement of magnetic fluctuations is being explored at

TEXT.30 \jp t 0 n o w > this technique has been successful for

global modes, like tearing modes, but it is not yet clear how

effective it can be in the studies of turbulence. There are also

indirect methods of measuring the magnetically induced

transport, such as the use of runaways.31.32 The interpretation

of the results from experiments based on runaways is not simple

and requires a refinement of the theoretical models for panicle

diffusion in stochastic magnetic fields, ft would be interesting to

see these techniques applied in more experiments. In particular,

they could be tested in stellarators. where the magnetic field

structure can be measured with precision and modified with

external controls. While we are waiting for the development of

direct diagnostics, it is necessary to continue the development of

these indirect techniques. The proposed use of a positronium

beam33 is a step in this direction.

B. Long-wavelength fluctuations

Detailed transport scaling experiments have been carried out

in TFTR-^ and D-IIID. They show that local transport
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coefficients probably follow Bohm scaling instead of gyro-

Bohm. as vvould be expected if the basic scale length is p s .

Therefore, there is evidence that scale lengths that depend on the

plasma minor radius play a role in the tokamak transport.

Furthermore, the recent BES1^ results in TFTR give large

values for the radial and poloidal correlation lengths of the core

plasma turbulence. Trapped ion modes-5-3 could be the reason

for the large radial scales. If the large scales persist in higher

collisionality regimes, a nonlinear mechanism for electron drift

waves-30 and/or mechanisms based on the presence of large

magnetic islands driven by the bootstrap current" could be

more likely explanations. It is necessary to experimentally

pinpoint the fundamental lengths of plasma turbulence at the

plasma core and their scaling wi'Ii the size of the plasma. The

feasibility of microwave reflectometry for the localized

measurement of long-wavelength density fluctuations has been

demonstrated. This provides an alternative measurement to

BES for this lev wavenumber range. The new diagnostics

developed to measure long wavelengths should be placed on

different devices, and in each device more than one diagnostic is

needed to cross-check the reliability of the measurements.

C. Flows

Plasma flows play an important role in confinement. The

change of the edge flow could be the cause for the L - H

transition. Since plasma flows can in principle be externally

11



controlled, they could be used as external knobs for confinement

improvement. It is necessary to carefully measure flows to

understand their role in confinement and in monitoring any

future active control experiments. The resolution of the flow

measurements has subtantially increased.^ The measurement of

flows have to be extended to all flow components and to their

geometric structure. Plasma flows can have strong

anisotropy. Therefore, single point measurements are not

good enough.

D. Isotropy and intermittency

Recent analytical and numerical work for electron drift

wave turbulence reveals that \ow-q resonant surfaces may

support modes that self-bind to inhibit the magnetic and flow

shear damping effects. This would cause spatial intermittency in

the turbulence, with large fluctuation levels at the low-*?

resonances and lower levels in between (Fig. 1). At these

resonances, the spectrum peaks at very long wavelength, and the

radial and poloidal correlation lengths are different, while in

between resonances, the spectrum is more isotropic. This

spatial structure of the core turbulence offers a great challenge to

the core fluctuation diagnostics because a resolution of a few

times p s is required to isolate the peaks. For the very low-^

resonances, the resolution requirement is less stringent.

To resolve this spatial structure, the correlation lengths

should be measured with adequate radial resolution.

Reflectometry measurements seem to be particularly well suited

12



for such a task, '"*•- and it is encouraging to see an increase in

the use of this diagnostic. Its capabilities, however, are limited

because it relies on peaked density profiles.

This spatial intermittency in the turbulence may be the reason

for the choppy temperature profiles seen in the Joint European

Torus (JET)43 and TFTR44 in high-? operation. This offers

an alternative explanation to the presence of magnetic islands in

the plasma.

E. Coherent structures

The identification of coherent structures in the plasma

turbulence presents resolution challenges similar to the spatial

intermittency, but coherent structures could also be poloidally

localized and not necessarily attached to a magnetic surface. At

the plasma edge, granular structures have been observed,4^ but

no detailed statistical studies were done. Even when data are

available, the analysis is also challenging. Analysis techniques

have been developed4** for TEXT edge plasmas using probe

data and compared with numerical results for two-dimensional

(2-D) turbulence4 ' that shows the presence of coherent

structures. The distribution of the experimentally measured

potential fluctuations has been tested to find out how close it is

to a Gaussian distribution. The results at the plasma edge of

TEXT indicate that if the coherent structures exist, they are not a

dominant feature. No information is available for the plasma

core.

13



F. Toroidal structure of turbulent fluctuations

In all these examples, I have emphasized the need for

accurate measurements of radial and poloidal correlation lengths.

In general, we tend to disregard toroidal correlation lengths and

they are taken to be very long. However, when trapped particle

modes or ballooning phenomena are involved, the accurate

measurement of the toroidal correlation length can provide

significant information. In the case of stellarators, this

measurement is particularly important because there is a dear

separation between the global helical and toroidal scale lengths.

This could also be the case of tokamaks with strong toroidal

ripple.

G. Spectral Dynamics

The measurement of the turbulence spe- \rr~ has not yet

been useful for discriminating between different theoretical

models. The reason is the qualitative nature of most theoretical

models. More useful information could be obtained by

measuring the spectral response to a given external excitation.

Naturally, this increases the time and space resolution

requirements of the diagnostic. To carry out the experiment, it is

necessary to externally excite regions in the k and co spectra and

investigate the subsequent evolution of this perturbation. This

implies a need to study pulse propagation in ^-space unc to

attempt to answer questions such as: is this propagation

14



diffusive? is it local? is the energy propagation to high or low

<? The answers to these questions give information on the

nature of the relevant noniinearities and could be of more use in

formulating theoretical models. An experiment of this type is

planned in the plasma edge of TEXT.

H. Three-dimensional character of turbulence

Looking at the structures observed in fluid turbulence, one

wonders whether they could be reconstructed from local

measurements and correlation length measurements alone. In

the case of fluid turbulence, visualization of turbulence is

essential. This also could be the case of plasma turbulence. The

measurements at the plasma edge ir CCT show the existence of

complex flow structures.39 it is not clear whether these

structures exist in all tokamaks, or occur in only a few devices.

In any case, the CCT edge flow measurements underline the

importance of visualization in the study of turbulence. The soft

X-ray and ECE image reconstruction of the plasma discharge

has been useful in the study of global modes and the sawtooth

phenomena. In the case of plasma turbulence, a higher

resolution level is required. Since the pioneering results using a

multiple-probe system in the plasma edge,49 very little more has

been done. The proposed CO2 laser imaging system-^ for the

Princeton Beta Experiment (PBX-M) could be an interesting step

forward.
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IV. CONCLUSIONS

Development of new and higher resolution diagnostics

remains as a major effort needed for understanding fluctuations

and transport in confined plasmas. In the last few years, the

impact of new diagnostics has been noticeable and a great deal of

progress has been made. Given the present state of development

of diagnostics, it is reasonable to expect progress in new

measurements of:

1. Flows. This is a rapidly evolving area of research and the

accuracy of measurements is increasing.

2. Long-wavelength fluctuations in the plasma core. New

diagnostics are coming on line which have to be tesyed.

3. Electron temperature fluctuations at the plasma edge as

well as at the core.

These measurements could clarify some of the most interesting

issues we face in the fluctuation and transport studies.

However, for the most challenging issues, such as the role of

magnetic fluctuations in plasma transport, new ideas in

diagnostic development are needed.

The turbulence issues discussed in this paper do not lead to a

complete list of diagnostic requirements for understanding

transport in magnetically confined plasmas. Since we do not

have a reliable theory of plasma turbulence, we rely on tentative

models. As a result, any list of issues reflects the prejudices of

the author in a given moment, and the present one should be

16



taken as such.
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Figure Caption

Fig. 1. Density fluctuation level at saturation as a fuction

oi raaius. This is a result from a numerical calculation for long

wavelength electron drift waves. The fluctuation level has a

sharp peak near the lowest resonance surface included in the

calculation. This illustrates the spacial intermittency discussed in

the text. The figure is taken from reference 36.
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Outline

Progress is being made.

Need information on fluctuation induced fluxes:

- Particle flux

- Energy flux

- Vorticity flux

- Other flux components

Issues in fluctuation dynamics:

- Magnetic induced losses

- Long wavelengths fluctuations

- Isotropy and Intermittency

- Coherent Structure

- Spectral Dynamics

- Three-dimensional structures

oml



Fluctuations and Transport ami
TEXT results have shown that the particle and energy fluxes
in the inner plasma (r < 0.4 a) and at the plasma edge (r >
0.9 a) are consistent with the measured fluctuation levels.

Part ic le Flux Energy Flux

0 . 0 0 . 2 0 . 4 0 . 6 0 . 8 1 . 0
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Transport Mechanisms ornl
In D-IIID, time resolved measurement of fluctuations and
flows has made it possible to establish the correlation between
the decrease in fluctuation level and increased poloidal flow
shear at the L to H transition.

High resolution
measurements have
unraveled the radial
structure of the
poloidal flow at the
transition.

These detailed
experimental results
have allowed a
systematic test of
theoretical models.
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Particle Flux

To measure the particle flux requires the measurement of n,(j) ,
and their relative phase.

There are well established fluctuation diagnostics (HIBP,
scattering, ...) capable of this determination, at least over a
limited range of wavelengths.

The experimental information is limited:

- this is partially due to the lack of dedicated machine time
for these studies.

- diagnostic limitations. The long wavelength range of the
fluctuation spectrum could be the most relevant for
transport.

In TFTR, there are density fluctuation measurements using
BES and reflectometry in this low wavelength rage, but there
are still questions on interpretation of the results.



Energy Flux © T i l l

The determination of the energy flux requires the additional
measurement of the temperature fluctuations and the relative
phase with $

At the plasma edge,

- the measured electron temperature fluctuations in TEXT
and ATF seem to be larger than previously thought.

- Probe measurements are being refined using fast swept
probe technique or multiple triple probes.

At the plasma core,

- there is no information on temperature fluctuations. The
ECE techniques have to beat the thermal noise to produce
a relevant measurement.

- there are some proposed electron temperature fluctuations
diagnostics based on two ECE heterodyne radiometers that
are being set up at Alcator C-Mod, TEXT, and W VII-AS.



Electron Temperature Fluctuations Offlfl

The interest of measuring the electron temperature fluctuations
goes beyond the determination of the energy flux.

It is a critical diagnostic for the identification of trapped
electron induced turbulence:

- When circulating electrons dominate the instability
mechanism, the parallel conduction quenches temperature
fluctuations.

- When trapped electron effects dominated, the trapped
electrons cannot make the temperature uniform along the
magnetic field lines and. as a result,

TJT<n/n

This change in the level of the electron temperature
fluctuations could be detectable with the newly proposed
diagnostics.



Ion Temperature Fluctuations Of |%1

• The experimental tests of V7] - driven turbulence as
the cause of the anomalous transport have been
somewhat negative. [Zarnstorff]

Theoretical transport predictions are derived for very
limited regimes, it is difficult to have a definitive test.

Ion temperature fluctuations measurements are
critical in the identification of the v r - driven
turbulence.

Analytical and numerical calculations show

TJT^n/n



Vorticity Flux or Reynolds Stress Tensor Of*f%1

It is a source of poloidal flow and can be important at the
plasma edge or near low resonant surfaces. The vorticity flux
is

when only electrostatic fluctuations are considered. The
determination of this term requires enhanced radial resolution
on present diagnostics.

The measurement of the Reynolds stress tensor will indicate
the role of turbulence in generating the shear layer.

Initial measurements using probes at the plasma edge of the
IMS stellarator and PICIS indicated that the fluctuation
induced flow can be important.



Other Flux Components

We have only discussed the electrostatic contribution to
the fluxes.

In the case of significant magnetic fluctuation levels, there
are other terms to be included in the particle flux, energy
flux, and the vorticity flux.

At the edge, it is possible to use probes and evaluate the
magnetic component to the fluxes.

There is a systematic program being carried out at MST.
These measurements are particularly interesting because
MST can be run as a tokamak and as an RFP, and we
know that in the RFP operating regime the magnetic
fluctuations are important.



Magnetic Fluctuations Offlfl

A major issue in plasma transport is how important are the
transport losses induced by magnetic perturbations.

Direct measurements.

The use of the HIBP is being explored at TEXT. It is successful
for global modes, but it is not yet clear how effective it can be in
the studies of turbulence.

Indirect measurements.

- Runaways: The interpretation is not simple. (ASDEX,TEXT)

It would be interesting to see these techniques
applied in more experiments.

It should be tested in stellarators.

- Positronium Atom Beam Diagnostic. [C. Surko]



Long Wavelength Fluctuations

The scaling
experiments in
TFTR show for
the local
transport
coefficients
Bohm scaling
instead of
gyro-Bohm.
[Perkins]

Scale lengths
that depend on
the plasma minor
radius play a role
in the tokamak
transport.
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Long Wavelength Fluctuations ornl
In TFTR, BES measures large radial and poloidal correlation
lengths (a few cm) at the core.

In this case, trapped ion modes could be the reason for the
large radial scales.

If the large scales persists
in higher collisionality
regimes, a nonlinear
mechanism (and/or
magnetic islands) could be
a more likely explanation. 0 0.02 Q.04 0.06 0.08 0.10 0.12 0.14

Xe (sec)

It is necessary to
experimentally pinpoint
the fundamental lengths of
plasma turbulence and
their scaling with plasma
size. 0.02 0.04 0.06 0.08 0.10 0.12 0.14

Xe (sec)



Flows oml
Plasma flows play an important role in confinement. The
change of the edge flow could be the cause for the L - H
transition.

In principle, plasma flows can be externally controlled for
confinement improvement.

It is necessary to carefully measure flows to understand
their role in confinement and to monitor active control
experiments.

The resolution of the flow measurements has substantially
increased.

The measurement of flows have to be extended to all flow
components and to their geometrical structure.

Plasma flows can have strong anisotropy. Therefore, single
point measurements are not good enough.



Isotropy and Intermittency Of l%l

Low-q resonant surfaces may support modes that self bind
to inhibit the magnetic and flow shear damping effects.

This would cause spatial intermittency, with large
fluctuation levels at the low-q resonances, and lower levels
in between.
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Isotropy and Intermittency Of |%1

• At the resonances, the spectrum peaks at very long
wavelengths, and the radial and poloidal correlation lengths
are different.

In between resonances, the spectrum is more isotropic.

A challenge to the core fluctuation diagnostics: a resolution of
a few p is required to isolate the peaks.

For the very low-q resonances, the resolution requirement can
go up an order of magnitude.

These may be the reason for the choppy temperature profiles
seen in JET and TFTR in high-q operation.



Coherent Structures ©ml
The presence of coherent structures in the plasma turbulence
presents similar resolution challenges as the spatial
intermittency, but coherent structures could also be poloidally
localized and not necessarily attached to a magnetic surface.

Some analysis techniques are being developed in TEXT edge
plasmas using probe data, and comparing numerical results of
2-D turbulence which shows the presence of coherent
structures.



Spectral Dynamics Off%1

The measurement of the turbulence spectrum by itself has not
yet been useful for discriminating between different theoretical
models.

A more useful piece of information: to measure the spectral
response to a given external excitation.

Increased time and space resolution is required.

Pulse propagation in k-space:

is this propagation diffusive?

is this propagation non-local?

is the energy propagation to high or low k?

An experiment is planned in the plasma edge of TEXT.



Turbulence Visualization ami
The measurements at the plasma edge in CCT [Tynan] show
the existence of complex flow structures.

It is not clear whether this is the same for all tokamaks, but
these results underline the importance of visualization in the
study of turbulence.

The soft X-ray and ECE image reconstruction [TFTR] of the
plasma discharge has been useful in the study of global modes
and the sawtooth phenomena.

In the case of plasma turbulence, a higher resolution level is
required.

Since the pioneering results using a multiple-probe system in
the plasma edge, [Zweeben] very little more has been done.
The proposed CO2 imagining system[Nazikian] could be an
interesting step forward.



Conclusions OfTVl

Given the present state of the development of diagnostics, it
is reasonable to expect progress in new measurements of:

1) Flows. This is a rapidly evolving area of research.

2) Long wavelength fluctuations in the plasma core.
Coparisons between different diagnostics are needed.

3) Electron temperature fluctuations at the plasma edge
as well as at the core.

These measurements could clarify some of the most
interesting issues we face in the fluctuation and transport
studies.

For the most challenging issues, such as the role of magnetic
fluctuations in plasma transport, new ideas in diagnostic
development are needed.


