32nd EPS Conference on Plasma Phys. Tarragona, 27 June - 1 July 2005 ECA Vol.29C, P-4.075 (2005)

Current Profile Modification by off-axis NBI on

ASDEX Upgrade

Sibylle GinterJ. Hobirk, G. Tardini, K. Lackner, A. Stabler,
and the ASDEX Upgrade Team

MPI fur Plasmaphysik, EURATOMssociation, 285748 Garching, Germany

NBI has established itself as a robust, largely parameter indepeheating method, with
the capability, to drive also substantial plasma current at high enigudparticularly for

advanced tokamak regimes, control not only of the magnitude, but also opatal s
distribution of the driven currents is essential, and is an important element ofagsenp
ITER planning. ASDEX Upgrade is equipped with a flexible NBI hepsipstem, allowing
on- and off-axis heating and current drive to test such scenaripsrilents using this
system reported previously [1] showed measurable changes imrtiemtcprofile only for
modest total heating powers. Above a certain threshold - depending simap&hape -
however, neither MSE signals nor the location of MHD resonant surtdumsed any
detectable changes. We show in this paper that the observed totaldnuent agrees very
well with results of TRANSR:ode [2] analyses. At low heating power this agreement
extends also to the spatial distribution of the driven currentight lheating power one has
to assume anomalous broadening of the driven current, consisteetxample, with an

anomalous diffusion of the slowirdpwn fast particles.
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Fig. 1: Time traces for heating power in Fig. 2: Typical profiles for the NB
typical NBI current redistribution discharg driven current density during oaxis
The offaxis NBI is complemented by ECRF (blue) and offaxis injection phase

keep the electron temperature approxihate  (red), as predicted by TRANSP
constant in time.

A typical scenario for NBI current-redistribution experimergsillustrated in Fig. 1.
Following current ramp-up we pass through a sequencexigreff-axis/onaxis beam
injection, with the length of the phases chosen to allow approactsigiive equilibrium.
The off-axis injection is complemented by central ECRH, adjusteabwer to keep the
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electron temperature, and hence the
resistivity, approximately constant in
time. All experiments reported ithe

following were in type-1 ELMy H-

mode regime. The two off-axis beam-
sources, with a beam voltage of 93keV
and a total power of up to 5 MW have a
tangency radius of 1.29 m (nominal
radius of ASDEX Upgrade:

1.65m) and are inclined vertically to be

major

tangent, in a poloidal cut, to the half-
minor radius flux surface. The ads

beam sources (total power up to 15
MW) operate at 60 keV (4 sources) and
93keV (2 sources) respectively. The

MSE system is linked to operation of one of the more radially dire@@elleV sources

(tangency radius 0.93m). Fig. 2 shows typical profiles for the NBI droegrent density

during the oraxis and offaxis injection phases, as predicted by TRANSP.
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Fig. 4a: TRANSP results for NBI (blue) a
total (black) current density profiles at t
end of the off-axis (solid) and the awis
phase (dashed) for the discharge show

Fig. 3.
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Fig. 4b: Contributions to the tot:
current density at the end of the afis
phase(5.8 s)for the discharge shown
Fig. 3, as resulting from TRANS
modeling.

At sufficiently low total heating power the measured time traceshef MISE signal
correspond very well to the TRANSP prediction (Fig. 3). At high ¢udaxity ©~0.4) this

regime extends up to our full off-axis power capability. As the MSE systdimked to an

on-axis beam, only the signal during axis phases can be directly compared with the
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modelling results. It is evident, however, that the experimental MSE traces corresyend
the whole radius range - far better to signals reconstructed frédfNIR-runs including the
NBI current drive with full nominal efficiency than to those netleg it. Fig. 4a shows the
modelled NBI and total current densities for two time instance$ieaennd of the oféxis

TRANSP, on-axis NBI (8.05)  #18703 1 F #18703, t = 7s (off-axis NBI)

] N ]

= u e : % 200 no fast particle diffusion E
“ F . r -
g 200 C no fast particle diffusion ] x N o Dy =05 m2/s ]

= EoNy Dyag = 0.5 M?/s = o k

E total current
[ NBI current

0.0 0z 04 06 08 1.0 0.0 0.2 04 06 0.8 1.0
P

tor ptor
Fig. 6b: TRANSP results for NBI (blu
and total (black) current density profil
for off-axis NBJ without (solid) and witl
(dashed) artificially introduced fa
particle diffusion.

Fig. 6a: TRANSP current density profiles
the end of the off-axis (red) arlde onraxis
phase(blue)for the dschargeof Fig. 5, with
(dashed) and without (solid) fast partic
diffusion.

and the second on-axis phase. Such changes in the current densigs foofilow power
discharges are also confirmed by the observed shift in the resonaatierl of occasionally
appearing MHD activity. The different contributions to the plasomraent density resulting
from the TRANSP analysis at the end of theafts phase are shown in Fig. 4b.
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measured by the MSE system fall

significantly short of the predictions of the

L' p =056  TRANSP with NBCD ] TRANSP code (Fig.5). The agreement can
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AT with Dy,= 0.5 m?/s ] be substantially improved by introducing an
2 5 4 5 6 7 8 artificial diffusion of the slowing down fast
time [s]

Fig.5. Measured itne traces of the MS particles, assuminga diffusivity Dast =

diagnostic at different radii compared i .
TRANSP predictiondncluding NBI curren 0.5nls. Fig. 6ashows the TRANSP current

drive, without (solid) and with (dashgd density profiles at the end of the aikis
artificially introduced fast particle diffusiol L
Discharge parameters:,;#600 kA, B=2.5 T, and on-axis injection phases, computed

6=0.2, Pyg=5 MW, ps = 6.2. both with and without fast particle
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diffusion. The consequences of fast particle diffusion on the NBedrisurrent density
distribution are illustrated in Fig. 6b for the -@ixis case.

The predicted total driven current, as monitored by the loopgaltagrees quite well with
TRANSP simulations throughout all power regimes, even without themgé®n of

additional fast particle diffusion. The latter is, anyway, expettedffect the neturrent

drive efficiency only through higher order effects (e.g. by displacing festinto regions
with different slowing-down rate). Nevertheless, simulationshwiést particle diffusion
appear to give also in this respect a slightly better fit (Fig. 7).

Obvious candidate mechanisms for a fast-

0.5F  experiment (chifted, smoothed . i istributi
T pepnt ehifted, smocthech | particle re-distribution are Alfven-type waves
= I TRANSP (with fastpart. diffusion) ] ..
g f or other MHD activity. To rule out m/n =1/

> 04f
: type MHD activity of fishbone or sawtooth

03} type we have carried out the NBI current re-

distribution experiments also absg values
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Fig.7. TRANSP prediction for the lor With similar results for the observed and
voltage without (black) and with (blue) f
particle redistribution compared wi
measured loop voltage (smoothed, the discharge shown in Figs. 5 and 6

constant offset added). Discharg d 6 T | il
parameters: J=800 kA, B=2.5 T, §=0.2, corresponds togg> 6. To rule out a possible

Pnei=5 MW, ¢js = 4.6. role of Alfven waves, we had previously

modelled NBI current distribution. lfact,

already carried out experiments varying the resonance conditiorssidbrwaves, e.g. by
reducing the beam velocity below/8, without change in the observed behaviour. We also
have found no direct evidence for Alfven wave activity, in spite ofdacdeed search with
Mirnov, SXR and recently also reflectometry and interferoyndiagnostics. It should also
be noted that observations of Alfven activity for«wva/3 in other experiments appear to be
restricted so far to hollow-q profiles (see e.g]),[3a situation not pertinent to our
experiments.
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