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ABSTRACT

An electrostatic turbulence of the edge plasma
ig studied on the CASTOR tokamek by a triple Lang-
muir probe with an analog correlator, allowing to
monitor the  levels of dengity and poloidal electric
field fluctuations together with a radial turbulent
flux. A significant stabilization of the fluctuati-
ons during the combined lower hybrid/inductive 'cur-
rent drive regime (LHCD/OH) suggests an improvement
of the particle confinement. It is independently
supported by spectroscopical data, indicating a sub-
stantial enhancement of the global particle confi-

nement time ( ~2x) during the LHCD/OH part of the
discharge.

1. INTRODUCTION

Recent OH-tokamak experiments (e.g. in /1/)
suggest a close correlation between the edge parti-
cle transport and electrostatic turbulence. The ra-
dial turbulent particle flux I'= < én. ov.,.> , cau~
sed by crosg-field drift 6vy = 6Bp/By (T6n, svp,

6Bp are fluctuating parts of the plasma density,

radial particle velocity and poloidal electric field
respectively, Bt is the toroidal magnetic field) has
been found outward. The turbulent flux I'at r = a is
comparable to the toftal radial particle flux through
the outermost closed magnetic surface JTgpg, = a.lg

NA2.rp), rp is the global particle confinemént time.
The scaling of the both quantities is similar.

The study of transport processges during lower
hybrid current drive (LHCD) regimes has only recent-
ly begun, but there are some indications that, name-
ly in regimes with a combined lower hybrid and in-
ductive current drive (LHCD/OH), the particle confi-
nement is improving, when the additional RF power at
moderate level Prp< Popg is applied on the OH-~target
plasma /2, 3/. '

.An improvement of the particle confinement has
- been quantitatively observed on the CASTOR tokamak
ag well /4/, together with a simultaneous decreagse
of the level of the electrostatic turbulence. The
experimental evidence of these facts is reported
here in more details. : '



2. EXPERIMENTAL ARRANGEMENT

The experiment was performed on the CASTOR to-
kamak (R = 40 cm, a = 8.5 cm are the major and mi-
nor radii, r= 9 ms is the pulse length). Electro-
static fluctuations were studied in regime with the
toroidal magnetic field By = 1 T and plasma current
I, = 12 kA. The operation without an impulse gas
puffing is preferred to rsach a reproducible low-
-density regime (fie < 10'7 m~3, favourable for an
- efficient LH~current drive. The RF-power (Prp=40 kW,
f = 1.25 GHz) was launched via a 3-waveguide multi-
Junction grill (the phaseshift @ = 90° hetween the
adjacent waveguides) into the quasistationary target
OH-plasma.

The electrostatic edge turbulence is experi-
mentally investigated by a movable triple Iangmuir
probe, located 180° toroidally away from the grill.
The tips of the probe are arranged in the form of a
triangle with distancesof 2mm. The two poloidally
separated tips are on the floating potential and
gerve for the determination of poloidal electric fi-
eld fluctuations. The density fluctuations are dedu-
ced from the ion saturated current on the third tip.
Following /1/, the fluctuations of electron tempera-
ture are assumed to be negligible. But, for absolute
-measurement of turbulent quantities, the local value
of Te should be determined independently from the
1 - V characteristics of a probe. An analog correla-
tor, comnected to the triple probe, allows to moni-
tor in autocorrelation mode the root-mean-square va-
lues of fluctuating quantities denoted by " ~ ". By
the second mode of operation of the correlator, the
radial turbulent flux I' can be determined as a
cross—correlation between the n- and Ey-fluctuations.

The density fluctuations §t Tfour discrete wave
numbers k, = 6, 12, 24, 34 cm~' are monitored by a
microwave gcattering apparatus ( A= 2.6 mm). The
scattering volume can be vertically shifted, shot-
~by-shot, from the plasma centre to r = a.

3. EXPERIMENTAL RESULTS

3.7. Fluctuation-induced transport and particle con-
Tinement

OH-discharge: The particle losses can be characteri-
zed by a radial particle flux TIgpec, deduced as u~
sually from the density/spectroscopical data (an
example of them is shown inZFi%. 1la). The typical
value of rgpecs;1—2.1020m— g1 (corresponding to
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the global particle confinement time 1T - 2 ms)
should be compared with a turbulent flux measured at
the outermost closed magnetic surface to estimate
the role of the electrostatic fluctuations in the
edge particle transport on CASTOR tokamak. However,
in the case of CASTOR, the quantitative comparison
ig rather complicated due to the existence of polo-
idal asymmetry of the turbulent flux, as the turbu-
lent flux measured at the bottom part of the torus
rP(a), see Fig. 1b., is roughly three times lower
than the flux Ft(a), measured at the top part. The-
refore, the comparison can be done only after a
rough averaging of I'(a) in the poloidal plane I'(a) =
= (r'%(a) + r°@@)/2 = 2. rP(a). The satisfactory con-
cordance between I (a) and Iypec suggests that the
electrostatic turbulence shou%d represent an impor-
tant contribution to the particle transport in the
edge plasma on the CASTOR tokamak.

This and other features of the OH-edge turbu-
lence on CASTOR are similar to those obgserved in the
other low-p tokamak plasmas /1/.

LHCD/OH~digcharge: After application of the additi-
onal RF-power to the OH-target plasma, typically mo-

- re than one half of the plasma current is driven by

‘LH-waves. It is demonstrated in Fig. 1a by a decrea-
ge of the loop voltage. Simultaneously, the density
decay is substantially reduced during the combined
LHCD/OH phase of the discharge. Spectroscopic data
indicate that neither a neutral influx (from the
wall, limiters or the RF-antenna), nor an additional
ionization of impurity ions are responsible for such -
dengity behaviour. Therefore, the effect of density
stabilization is assumed to be the result of an en-
hancement of the global particle confinement time.by
factor of two. The improvement of the particle con--
finement was independently deduced from a decrease
of the density gradient scale length I, at the plas-
ma edge during the LHCD/OH /5/.

At the game time, the levels of fluctuations
and consequently the turbulent flux decrease noti-
ceably during the LHCD/OH, see Fig. 1b. It is con-
sistent with the improvement of the global particle
confinement time. However, for the present it is
difficult to compare the suppression of fluctuations
and the improvement of confinement more quantitative-
ly, as the turbulent flux [I'(a) was available only
at one poloidal angle for the LHCD/OH regimes.

It should be emphasized here that the suppre-
gsion of the edge turbulence is found to be roughly
windependent on the mutual position of the triple .. ...
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probe and RF-antenna, therefore the effect is Supp-
osed to be toroidally symmetric.

3.2. Characteristic features of the edge turbulence
during LHCD/OH :

Atpresent, we can not explain the observed
effect without being too speculative. Therefore, in
this subsection we present only a brief, point by
point summary of experimental results, which may
contribute to some understanding of mechanism of the
edge turbulence suppression during ILHCD/OH:

1/ Begsides the decrease of fluctuation levels, a
decrease of the correlation between the density and
Ep-Tluctuations is observed. The cross-correlation
coefficient Cpp = By. I' /5.8, decreases from ~ 0.3
(OH-value) to ~0.2 (LHCD/Oﬁ—value).

2/ Suppression of density fluctuations measured by
microwave scattering (MS) technique is generally
less pronounced comparing to the Langmuir probe data,
see Fig. 2. It may indicate that namely low wave
number fluctuations are influenced during LHCD/OH,
since in our case the MS apparatus mgnitors only
dengity fluctuations with k, = 6 cm™!'.

3/  The relative drop of the poloidal electric field
fluctuations during the LHCD/OH, defined as

— 1 _ gRF/gOH
A =1 —efV/el

(meaning of BETOH o fig. 3a) shows a broad maxi-
mum in the limiter region, see Fig. 3b. It should be
noted that the relative drop of Ep-fluctuations de-
creases smoothly towards the plasma centre. It de-
monstrates that the suppression of En~fluctuations
takes place inside an essential part of the plasma
edge.

4/ The spectral characteristics of the edge turbu-
lence during the LHCD/OH regime are given in Pig. 4.
The Ep-fluctuations and radial turbulent flux are
suppressed in the broad frequency range, while the
density fluctuations are suppressed only in the. lo-
wer part of the frequency spectrum (@/ir<100 kHz).
Such behaviour seems to be rather peculiar from the
point of view of the theory of the density gradient-
—~driven turbulence.

5/ Together with suppression of electrostatic edge
turbulence a gignificant stabilization of fluctua-
tions of poloidal magnetic field (measured by an
array of Mirmov coils in the limiter shadow) was
observed (Fig. 5). Suppression of MHD-activity du-
ring' LHCD/0OH, but specified as m = 2 mode stabiliza-
tion, has been reported earlier from Petula B tokamsk

/6/.



4. CONCLUSIONS

The suppression of the edge electrostatic turbu-
lence. is proposed-as a candidate for an improvement
of the particle confinement, which is rutinely ob-
served on the CASTOR tokamak during the combined lo-
wer hybrid/inductive current drive. However, the un-
derstanding of the turbulence suppressing mechanism
needs additional data about the edge turbulence in
this regime of operation.
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Typical time evolutions during the LHCD/OH

regimes. The dotted lines correspond to the
pure OH-regimes. :

a) Uloop - loop voltage, n, - line average
density, Hy - an intensity of the H-al-
pha spectral line. ’

b) %, B, are the root-mean-square values of
the density and pbdloidal electric field
fluctuations,I'is the turbulent flux. The
triple probé was located at the bottom of the
torus at r.= 85 mm (limiter radius):

Suppression of the density fluctuations as
seen by the microwave scattering (Pg curve)
and by the Iangmuir probe (B2 (a) curve).
The both diagnostics see the top part of the
torus. The MSadaya correspond to the wave-
number k,;= 6 cm™'. The time evolution of the
local electron density <ng (a)> is shown for
comparison.

a) An example of time evolution of the RMS-
values of E, —-fluctuation for definition
of the relafive drop of fluctuation level

Ag, during LHCD/OH:

= 1 — ¢RE/-OH
ag, = 1- £}V/ES
Analogically, A, Ar could be defined.

b) The radial profile of the relative drop
of Ep—fluctuation level.

The relative drop of the density A4, and po-
loidal electric field 4g fluctvations, toge-
ther with the relative drop of the turbulent
fﬂuz:Arversus frequency. Measured shot-by-
-shot 'using a bandpass filter /27 =30 kHz.

The temporal evolution of the level of the

‘magnetic fluctuations meagsured in the freg-

uency range 35 - 65 kHz. <b>is an average of
signals from a complete array of Mirnow
coils.
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