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INTRODUCTION

The use of electronyclotron waves for plasma heating (ECH) and non-indeeturrent due
(ECCD) has the adwntage of local pmer deposition determined by the location of a resonance
layer in the plasma and the orientation of the mvex@ beams. Localized deposition of heat-
ing paver can be used as a means to modify the shape of temperature and presEasanuofi
their gradients with substantial consequences on the currentudistribs well as on heat and
particle transport. Local non-induati generation of current prides a tool to optimize the
shape of the g-prdé with the aim of reaching ggmes of impreed confnement.

Depending on thexact location of the pger deposition with respect to the rational q-aces

of the plasma (in particular g=1), fdifent types of satooth oscillations hae been obseed

on the signals from soft X-ray emissidrhese lead to transient perturbations in the millisec-
ond time scale of the electron temperatugg &éhd density (g profies. In the folloving, mea-

surements byrhomson scattering are used todsticate these characteristic changes in the
spatial and temporalaviation of T, and g during diferent scenarios of EC-heating and EC-

current drve.

THE THOMSON SCATTERING SYSTEM ON TCV

Using a laser beam, which passesit@¥ vessel in ertical direction at the position of its major
radius, and 35 viging chords distribted on 3 horizontal ports, the system ves
measurements df and r profiles with a spatial resolution of about 40mm along the laser beam
and 3mm in toroidal and radial directions. Recently the system has been upgraded and no
comprises 3 high-peer Nd:YAG lasers. By combining the beams of these lasersan arid
focusing them to a common spot inside the plasma, the system permits us to meaksafprofi
sampling interals which can bearied via delayed triggering of the inalual lasersThe
minimum time interal between laser pulses is 0.4ms, limited by the data acquisition system.

T AND n, PROFILES DURING ECH AND ECCD

Apart from sweeps in the direction of the microwave beams or variations of the toroidal
magnetic field strength, the location of power deposition in TCV can also be changed by
moving the plasma in the vertical direction during a shot. This method has been used in the cases
presented here, in order to investigate the effects of central or off-axis power deposition. The
parameters of the plasma and the heating system were the following :

1,=170KA, line-intgrated g = 1.10°m, gugqe 4.4,k = 1.25, Rc = 1.5 MW (3 beams),
82.7GHz (second harmonic), X-mode.
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Fig. 1 T, -profies measwrd byThomson scattering for dgrent conditions of EC-heating and -cent drive
total injected power using 3 beams;;;P1.5MW
a) ECH (inject. at 0°); b)co-ECCD (inject. at +14°); c)entr-ECCD (inject. at -14°)
top row : power deposition on-axis; bottowwr : of-axis (near q=1 surface).
The fited curves (ined) assume constafy on fuix surfaces.
TheT, -profiles of an ohmically heated plasma with the samearpates are given for efelence
(curves in geen, labeled by * )The dashed vertical line marks the z-position of thgrmagc axis.

The paver deposition in the centre and near the g=lsarfof-axis), respectiely, is confrmed

by calculations using thEORAY code, which predicts full absorption in both cases.

In the case of perpendicalur injectidd, fig. 1a), thél, and r profiles measured byjhomson
scattering at diérent time steps during the awphases sho a clear trend : high central
temperatures and peak profies for central pwer deposition and a sigraéint broadening of
the profies in the dfaxis phaseThis can be quantéd by a ariation of the profe peaking
factor (defned asT(0) / Tg(avg) ), which drops from about 6 t@ies belar 4. The region of
central heating is delimited by sharp gradients in the vicinity of the location of the gadesurf
During the phase with baxis deposition local minima and side lobes appear on thdgstofi
These structuresavy with time and seem to be located close to the g=&ajrivhich suggests
the presence of islands. Compared to g ypronounced changes of theprofies, there is
only little change in thedprofies, which remaindirly flat (peakingdctor around 1.7).

In a similar scenario and starting from the samgetgplasma, te cases of non-indugt cur
rent drve (ECCD) have been imestigated (fgs 1b,c). In the ffét case, the toroidal angle (14°)
was adjusted to produce currentvdrin the co-direction, whereas the second case refers to a
counterorientation.

For co-injection aiming at the plasma centre, there still is sogmifiheating and peedt T-

profiles are obserd with the centralalue reaching that of the pure heating cag@®}¥ SkeV,
see fg. 1b).The phase with &faxis deposition is agn characterized by\er central temper

1066



26" EPS CCFPP 1999 ; RBehn et al.: Evolution of Te and ne profiles during ECH and ECCD in TCV

atures and smaller peakingctors.The density prokes do not shw ary significant change
(peaking &ctors warying around 1.5).

It is regularly obsered onTCV that launching conditions with counter injection lead to the
highest central electron temperatures. the case shen in fig.1c, the central, reaches 10 to
12keV during the phase with on-axisvper depositionThis results in eremly pealkd T,-
profiles and an electron emggr content close to 6kJAgain, during the phase with fedxis
deposition the central temperature iwdo and hardly xeceeds the ohmic referencalwe by
more than adctor of 2. During this phase slightly halld'.-profiles hae also been obsezd.
The behwgiour of the electron density is similar to the case with co-ECCD.

Table 1 summarizes the results of these measurements.

Table 1:
TCV-shot type on axis off axis
4 T(0) Te-prof. We T(0) Te-prof. We
[keV] peaking [kJ] [keV] peaking [kJ]
15’853 ECH, £ 0° 5-6 6-7 45-5122-27] 3-4 3.0-32
15'854 ECCD-co, +14° 5-6 7-8 4-5 2-3 3-4 3-4
15'855 ECCD-cnty -14° 8-12 9-11 5-6.4 2-3 3-35 | 35-45

INFLUENCE OF SAWTOOTHING ACTIVITIESON T ¢ AND ng PROFILES

Under conditions of local deposition of auxiliary heatingvep which is typical for EC-heat-
ing and EC-current dre experiments, the appearance of thetsath oscillations changes sig-
nificantly [1]. Apart from the ordinary triangular shapedvseeth the oscillations can &khe
form of saturated or uerted sateeth or features with a more sinusoidaliation interrupted
by a short crash (so-called “humpbacks”).

Although obseration of the soft X-ray emissty
provides essential information forvestications

of these phenomena, measurements base 00
other diagnostic methods are required for in  , |

Te profiles oo Ne profiles
X
v v v 4 v v v

pretation.Thomson scattering fefrs the adan- | \/\’\\
tage of local measurements and a clear separ < | 1. 7 \:
of the contrilations from diferent plasma paran %,1500 AN | ET -
eters (T, ne etc). Until recentlythe limitations = *°° /\f\/\ e .
in sampling rate usually did not permitus to1 ~ °® / B \ | S
low the &olution on the time scale of avg@oth 7 o A7
period. Valuable information could still b z-pos. [m z-pos. [m]
obtained in quasi-stationary cases where re Ve soft X-my emiss. o simul. X-ay piof.
tive measurements at aver frequeng producec BT .
samples at diérent phases in thewstooth gcle. N sool

F|g2 15 400““:

Top: measued pofiles ofT, and r, at different times 1

during a sawtooth cycle f il 200} \/—\/ e

Bottom : ecoded soft X-ay emission and simulatec VA AN

emissivity pofile (usingT, and rp data as input). 05— g

time [s] z-pos [m]
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The data of 1.2 refer to an EC-heated plasma withvpo deposition inside the g=1 sack
and a prolonged phase ofdarregular savteeth.The crash in the soft X-ray emigsy is

clearly identifed as a collapse of the central part
of the T, profie, which in this case reaches

amplitude of more than &K. Variations on then

profile are small and within the uncertainty of
measurement.d¥ comparison with the soft X-re
emissvity, measured approximately along f
same chord, »@ected emissity profiles hae
been calculated usinig and ry data as input @.2

bottom right). Intgration of these prdés along z
produces a data set, which has been supery
on the signal of the measured soft X-ray emis:
(labeled 1,2,3) to compare the tendertf the
temporal wariation.

Due to the recent upgrade of theomson scattel
ing system, it is n@ possible to ta& a series o
measurements within a singlendaoth gscle. Fig.
3 shavs a set of proes measured within a 2n
time intenal before and after a w#oth crash
This type of sateeth has been obsed/for EC
power deposition close to the g=1 sagé.They
are characterized by an unsuallygirariation of
the central density anaifly rapid reheating after «
the crashAt the start of the reheating phase hol-
low profiles hae been measured byhomson
scattering and soft X-ray tomograph

During “humpback”-type relaxation oscillatior
the short crash in the soft X-ray emiatsi is fol-
lowed by a rapid rea@ry (see 1§.4). The mea-
surement closest to the craskie@ls a clear dro
of the centralT,, whereas the density prefi

remains almost unfcted. In this particular cas
the rise in the soft X-ray emissgly after the crast
is larger than wuld be @pected from the mes
sured increase in temperature.wéwer, the Ty

profiles during “humpbacks” sko fluctuations
which male it difficult to establish a clear trend.
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