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INTRCDUCTION

Anomalous transport and degradation of confinement during additional heating in
pinch discharges are widely believed to be associated with fluctuations of
random nature /1/. Here we report some measurements of fluctuations in edge
magnetic field and visible iight emission carried out on the JET Tokamak and
discuss the time - space behaviour of the broadband activity.

EDGE MAGNETIC FLUCTUATIONS
The main parameters of the JET machine and of one of its typical discharges
(during Neutral Beam Injection) are summarised in Fig 1. Also shown is the

location of the edge pick-up colils (é } located inside the vacuum vessel. Each
of the eight octants of JET is provided with an identical array of 18 coils
(although 2 octants are devoted execlusively to feedback current control). The
data are collected by digitally sampiing at U40kHz over a time interval of ~
200ms during the flat-top period of a discharge; if additional heating is
applied the acquisition starts -~ 13 after that has started, so as always to
observe steady state phenomena. Data thus collected from several similar
discharges is selected in order to eliminate that influenced by coherent large
amplitude MED fluctuations such as sawteeth, minor disruptions, ete; in this
way we can focus our attention on the low amplitude background activity.

The total normalised fluctuation amplitude in such conditions is TEG /<Be> -~
107™* - 107° and Fig 2 shows the digital spectra obtained for two identical
pulses, in one of which ~ UMW of NBI heating was applied (# 8060},

Mirnov activity is normally observed, under ohmic conditions, up to frequencies
of 0.5-1kHz; during NBI this limit can shift to 5kHz, as in the example shown,
where a narrow peak at ~ 5.6kHz is representative of some sawtocoth precursor
agtivity. For the rest the t{wo spectra are characterised by broad random
features. The increase of spectral power density at high frequencies during NBI
is a systematic and well reproducible feature (Radio Frequency heated
discharges are not yet sufficiently well documented but appear to behave
similarly). The protective metal shielding of the pick-up coils has an
associated cut-off frequency of ~ 10-15kHz but this effect has not yet been
studied in detail and is of little relevance in what follows.

. The spatial structure of this broad band activity has been investigated by
- means of correlation techniques applied to signals from several coils at

various toroidal and poloidal angles. The original time histories are first
digitally filtered; then a time-space correlation is calculated as follows:
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Pxy(T) = ny(r)// Ryy (0) Ryy(o) (cross—-covariance)

Figures 3 and 4 show p,. {1t = @) for various pairs of coil signals x and y (for

pulse # 8060) in the frequney bands 2-5kHz and 15-20kHz. In particular coils 1
to 10 of octant 8 have been correlated with the N° 3 ccils of all the available
octants, so as to form a 2-D (8-y) space correlation. The bottom inset in both
figures shows the (torcidal) correlation between the N° 3 coils (the gaps being
filled by assuming axisymmetry).

In both cases a still significant correlation {error bars are ~ 5-10%) is
revealed between signals from coils separated by v in both toroidal and
poloidal location. This indicates the presence of global modes (low m, 1) and
it is very interesting to note that whereas in the first case (2-5kHz)
relatively high m and n numbers {(m up to 6-8 and n up to 3-4) must be present
and dominate the correlation (rapid decrease of p when moving in both @ and ¢
directions), in the second case {15-20kHz) correlations are broader and it
appears that the dominant mode is m = 2, n = 1. In both cases the correlation
in the direction of the average B is very good (still ~ 50% when moving by w In
¥) but whereas a poloidal propagation velocity of about 4-6 x 10% m/s (in the
electron diamagnetic drift direction) is observed (with time-delayed
correlations) up to ~ 10kHz (independently of additional heating and of
frequency), no propagation is observed in the range 15-20kHz.

VISIBLE LIGHT FLUCTUATIONS

An array of 100 Surface Barrier Diode is available in JET to measure X-ray
‘emission. By removing the absorbtive metal foil at the front of each diode we
have observed the emission of visgible light radiated by the edge plasmna
region. Flg 5 shows Iin a poloidal cross section, the line of sight of some of
the diodes and the contours of emissivitiy. The tetal normalised fluctuation
amplitude is -~ 1072 (this represents an upper limit for the relative ﬁe
fluctuation level but not for Te).

The digital sampling is at 200kHz over a period of ~ #Cms and the fregquency
spectrum is shown in Fig 6. The level and shape of the spectrum can vary
considerably according to the choice of line of sight (Fig 6 corresponds to
diode 63) and also according to the plasma parameters. The case chosen (pulse
# B420) is similar to the previous example, ie.,, is a standard NBI heated
plasma.

.The spatial correlation is shown in Fig 7 for two frequency bands (15-20kHz and
40-60kHz). The correlation is dominated by that part of the signal which
corresponds to fluctuations in the edge plasma directly facing the diodes
(shown by an arrow in Fig 5}, due probably to the fact that visible radiation
is partly reabsorbed by the plasma and that the separation of lines of sight 1is
larger on the opposite side. Fluctuations are observed to propagate poloidally
(when NBI is applied) with a velocity of ahout 5x10°w/s in the electron
diamagnetic drift direction, constant at all frequencies. The latter property
impilies that m is linearly proportional to the frequency (m -~ 25-35 for
15-20kHz and m~70-100 for 40-60QkHz, as in fact shown by Fig 7). As yet, no
direct correlation between these fluctuations and fluctuations in Behas been
ohserved above 2-5kHz.




CONCLUSION

The measurements we have presented show that broad band edge magnetic
fluctuations at frequenices up to - 20 times the normal Mirnov frequency can be
domindted by low m, n modes with m/n possibly as low as 2. Broad band
fluctuations in visible light emission up to 100 times the Mirnov frequency are
also observed in the edge region. In both cases some features scem to indicate
waves assocliated with edge - - drift motions but the lowest m/n magnetic
activity shows different properties which are more suggestive of plasma
turbulence originated in more central plasma regions. This is particularly
impertant in view of the relationship between magnetic fluctuations and global
confinement properties which is investigated in the accompaning paper /2/.
Further work is necessary to assess the nature of the modes and the mechanism
of enhanced transport.
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INTRODUCTION

Turbulence can account for ancmalous transport observed in tokamaks,
Experimental results in ohmic (TCA) [1~2] and neutral beam (D ITI[3], ISX-B[4])
heated plasmas have already shown a correlation between magnetic fluctuations
and the electron energy confinement time. Density fluctuations measurements in
TFR indicate a similar correlation [5]. We report here measurements of
poloidal magnetic field fluctuations (59) in JET and a comparison with plasma
paramefers as well as the energy confinement time TR

MAGNETIC ACTIVITY IN JET

Typical magnetic activity in JET consists of a broadband spectrum (measured
from a few khz to 80 khz), the so~called Mirnov oscillations (0.5-2.0 khz
typically in ohmic conditions} and perturbations related to the internal qw=1
instability (sawtooth). Here we concentrate on broadband activity.
Magneti¢ microinstabilities can produce anomalous transport by paraliel
conduction and field line radial motion. We have analysed a number of shots in
different conditions to point out the effect of plasma parameters (I ’BT ete)
and if there is any correlation with g (ratio plasma energy/input power).
Parallel studies are in progress to identify the nature of the instabilities
responsible for the observed magnetic broadband spectrum [6].

APPARATUS

Measurements of the poloidal magnetic fluctuations are performed using pick=-up
coils located in the scrape~off layer. Eight band-pass filters (from 5khz to
56khz) analyse the frequency characteristies from a pick=up coil situated near
the low field equatorial plan. This technique allows us to measure the time
evolution of the magnetic fluctuations for this range of frequencies during the
‘whole shot.

EXPERIMENTAL RESULTS AND DISCUSSION

Time evoluticn of the different filter signals indicate the following trends:

(a) the behaviour of the different filters is similar but the filters at 5khz
and at Tkhz are sometimes sensitive to the Mirnov activity.

{b) high sensitivity to the radial position of the plasma. Comparison
between different shots has to be done at the same radial position.

{c) the level of fluctuatlons increases with the plasma current., This
indicates the need to normalise the fluctuations by the averaged field at
the probe loecation.




(d) the level of fluctuations decreases with increasing toroidal magnetic
field. The multiplication by Bq for comparison of data with different
fields will be introduced.

{e) increase of the magnetic fluctuations during Neutral Beam Injection (Fig
1}, This increase affects the whole spectrum (Fig 2).

() similar behaviour during ICRH heating (Fig 3).

Fy
(g) the frequency dependence of the spectrum: f7%.%7°.% (cf Fig 2-3). This
is in agreement with earlier measurements performed with a spectrum
analyser [7].

A database analysis has been undertaken to study the dependence of b

with Tge The data considered were taken during stationary states de?ined by
the condition that the loop voltage on axis be close to the loop voltage at the
edge (A V <0.2 volts) insuring the complete diffusion of the electrical field.
The plasma position and the elongation are the same for all the shots. The
values for the plasma current are 2MA, 3MA, 4MA. The main toroidal field is
2.5T, 2.8T, 3.4T. The database contains values for ohmic and neutral beam
heated plasmas.

The direct effect of I_ and Bp is taken into account by normalising the lgvel
of magnetic fluctuations: Bgy= By . Bp/By. Figure 4 shows tp”! versus b

at U40khz for the different conditions. Using a linear regresslon the straight
line crosses the Y axis abovehghe origin. This can be explained by the effect
0? the other losges: W/TE=P{bQN) *Pother losses. oSimilar results are obtained
with the other filters.

A good correlation between TR and magnetic fluctuations might be surprising
because the pick-up coll is located at the edge. But it is not clear whether
the energy confinement is sensitive to the transport between the gq=1 and ¢=2
surfaces |8] or to the boundary transport [9]. Moreover magnetic fluctuations
may be originated from the inside of the plasma (as suggested by our companion
paper [6]) although they are measured at the edge. A typical example 1s the
magnetic perturbation associated with the g=1 internal disruption, which is
measured at the edge but is related to phenomena which occur in the core [7],

The level of magnetic fluctuations measured at the edge might alsoc be sensitive
to any change of the current profile. A modulation experiment has been carried
out to observe any correlation between the current profile and the level of
magnetic fluctuations. An RF pulse (total duration: 9s) was modulated with a
frequency of 25Hz. The current profile (calculated with the ODIN code)} was not
affected by this modulation. However b, was modulated {modulation observed on
all the filters) at the same frequency: b, was larger during the phase when the
RF was on (Fig 5), which also corresponds to the usual loss of energy
confinement.

CONCLUSIGN

Magnetic fluctuations (measured at the edge within the range (5khz » 56khz) has
been compared with the characteristics of the discharge. The effect of the
current profile has been investigated by a modulation of the RF heating: The
normalised magnetie fluctuations are well correlated with TE‘ for different
conditions. These results show that magnetic fluctuations may be a fundamental
process for the confinement of the energy in the tokamaks.
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