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Optimization of plasma current profiles may be a way to provide stability 
against MHO modes 111 . With i nductive current drive , however , external 
control is impeded by the link between current density and electron tem­
perature profiles. RP current drive therefore has been proposed fo r loca l 
profile shaping 12/ . The largest current drive efficiency in a wide range 
of experimental applications has been obtained with Lower Hybrid current 
drive . Modification of the current profi l e and decoupling of j(r) and Te(r) 
were demonstrated on ASDEX 13 , 4/ . In this paper the correlation between 
curren t profile changes and the behavlor of I-1HD modes is studied , Local 
profi l e shaping by tailoring of the launched LH wave spectrum is investi ­
gated . The impact on electron density and temperature profiles and the 
relevance of profile consistency are discussed . 

The form of the current density pr of tIe j(r) can be charac:erized by the 
internal inductance li ' from lhe two independent measurements of ~~qu + 

li/2 and of the diamagnetic ~R ' the sum of li and of the anisotropy in 
electron pressure, 11 + (ep-e~) may be determi ned . With LH current drive 
both quantities may vary in time but the different time scales allow 
separation of the two parts in most cases. Direct measurements of the 
current d istribution j(r) were made for typical cases also with a Li- beam 
diagnostic 15/ . The change in the internal inductance Ali as determined by 
both diagnostics Is plotted in f ig . 1 versus rf-power for ~H-current drive 
in the density range ne-O.5-1 .6xl0'3 cm-3 . An increase of 11 and therefOre 
peaking of j(r) is ob tained at low rf-power. The suprathermal electrons 
generated by the LH are accelerated In this case to very high energies by 
the initial high dc electric field as i ndicated by a conti~uous increase of 
hard X-ray radiation 16/. With hi gher LH-powers the loop voltage Is reduced 
and a suprathermal electron distri bution with an upper boundary of -400 keV 
is maintained . The current distribution J(r) broadens under these con-
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dltions and 11 decreases as PLH increases. The current distribution there­
fore Is closely related to the form of the electron distribution function 
which is deter~ined by the combination of inductive and rf-current drive . 
At high LH-power strong central electron heating results 1n a peaking of 
Te(r) while j(r) Is f l attened . ThUS, the resistive link between current and 
temperature pr of tIes is then removed with LH-current drive . 

Sawtooth oscillations are strongly influenced by modifications of the cur­
rent proftle. Peaking of j(r) at low PLH leads to an augmentation of the 
sawtooth amplitude. Above a threshold LH-power sawteeth are completely 
suppressed when j(r) Is flattened such that q)l 1n the whole plasma 17/ . 
Sawteeth can also be stabilized by this method in the presence ~f strong 
additional heating from NBI 18/ . In the sawtooth-free phase higher central 
electron temperatures ar e obtained. The electron density also peaks with 
the steady-state profile being similar to that just before the sawtooth 
crash . 

Steady-state sawtooth-free discharges can be maintained for the whole 
duration of the rf pulse (~ 1 . 5 s) with LH powers slightly above the 
threshold for sawtooth stabilization (30-50 % of the power required for 
complete current drive). If the LH power is further increased MHO modes 
with mode numbers m8 2 . 3 In- l may be activated. The various regimes are 
shown in fig. 2 for a density scan with LH-current drive at constant power 
PLH- 750 kW . All is plotted together with a signal from Lt-beam measure­
ments AB p(r-15 cm) which is proportional to the change in fractional 
plasma current inside r-15 cm. At low density strong broadening of j(r) 
with a resulting reduction of the internal inductance -611 up to 0.3 leads 
to the onset of m-2 modes several hundred ms after the stabilization of 
sawteeth . The total plasma current is driven by the LH in this density 
range . With increasing density the drop in 11 decreases . Sawteeth are still 
stabilized up to ne - I .6xl013 cm-3 where -61i-0 . 15. Steady state discharges 
stable against sawteeth and other MHO modes are thus obta ined in the den­
sity range ne -0.8-1 .6xl013 cm-3 . Towards higher densities the signal 
6B p(r-15 cm) decreases faster than -61i ' Above ne~2xl013 cm-3 the current 
distribution is no longer modif i ed in the central region while the total 
current profile still broadens. This may be explained by a local flattening 
of j(r) by the LH whtch is shifted towards the periphery with increasing 
density . With edge current drive a redistribution of the current In the 
cent er is not seen during pulse times of Is possibl y due to the long in­
ductive time constants . 

m-2 modes are readily destabilized by LH-current drive at low Q(a). They 
appear shortly after suppression of sawteeth . In experiments at q(a)-2 . 1. 
m-2 modes are triggered immediately after begin of the rf pulse. In most 
cases they give rise to major disruptions . Sawteeth could not be stabilized 
under these conditions . With decreasing Q(a) rf-generated modi~lcation$ of 
the Ohmic j(rj profile therefore increasi ngly provoke mode activity for the 
LH spectra investigated here . This may be caused by a s teepening or 9r j(r) 
1n the region of the q-2 surface due to the curr~nt redistribu~lon. 
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Optimization of the current profile with respect to all modes therefore re­
Quires selective modification of j(r) with external control of the local 
absorption of the LH waves . In a series of experiments the shape of the LH 
wave spectrum was varied by adjusting the power fed into each one of the 
waveguides of the grill antenna 19/ , Thereby N could be varied in the 
range 1 . 9<N <3.2 with highly directional current-drive spectra. The plasma 
current was "kept constant at 300 kA by feedback control. The variation dur­
ing LH of the residual Ohmic power input PO"H , of_611 and 6ep(r~15 cm) are 
shown in fIg . 3. The results with a wider grill (N (A,~w)~) at 6$-105°, 
N -, . 65 are also included in this figure. With increasing N the current­
d~lve efficiency is reduced as expected from theory . Therefore the addi­
tional Ohmic input pohH has to be increased . The change of the current pro­
file char~cterized by All and 66 p(r-15 cm), however, is enhanced with in­
creasing N , i . e . with decreasing rf-driven current. This can be explained 
only by a shift of the LH current deposition zone to larger radiI and a re­
sulting flattening of j(r) closer to the plasma surface. This is confirmed 
by logal current profile measurements. They show also an i ncrease of -Ali 
with N but simultaneously a decrease of the change of j(r) in the center: 

" N .. 1.65: -6lt-0 . 01l, 6q(0)-0.3 
N""'3.1 : -61 1-0 .1 6 , Aq(0)"0.11 . 

The displacement of the LH deposit i on zone is also clearly seen in the 
modification of the electron temperature profiles as shown in fig . 11 . The 
ratio T~H(r)/T~H(r) of the local values is calculated at each radius ; the 
pOints in fig . ~ refer to the actual data pOints , t he solid lines to fitted 
analytic pr of tIes for Te(r). This form of local normalization of the pro­
files leads to a better criterion for profile consistency which then would 
require a constant factor of temperature change for all radii, i.e . 
straight horizontal lines in fig. 4. With ~H-current drive, strong electron 
heating Is achieved in the center for low N , while edge heating and 
cooling of the cent er are observed at high ~ . This shows that a large 
variety of electron temperature profiles can"be obtained with LH current 
drive which are not subject to profile consistency . 

As shown In these experiments , the form of current and temperatu~e profiles 
is governed by the local deposition of LH power . The position of the ab­
sorption zone can be varied externally by varying the launched wave spec­
trum. This allows for an active control of plasma profiles, where sawteeth 
and t-1HD modes wi th higher m numbers might be suppressed simultaneously. 
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