26" EPS Conf. on Contr. Fusion and Plasma Physics, Maastricht, 14 - 18 June 1999  ECA Vol.23J (1999) 1393 - 1396

Neoclassical tearing modesin advanced scenariosin ASDEX Upgrade
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Introduction At ASDEX Upgrade advanced tokamak discharges with internal transport bar-
riers (ITB) have been investigated. One has to distinguish between discharges which remain
in L-mode by avoiding aL to H-transition and discharges with a double transport barrier with
an additional H-mode edge. For discharges with L-mode edge (2/1) mode activity dominates,
which can be used to gain information about the minimal ¢,,;,. In discharges with an H-mode
edge mainly the excitation of neoclassically driven (3/2)-modesand (2/1)-modesisthe limiting
MHD activity which is covered by this paper.

ITBwith L-modeedge Dischargeswith an L-mode edge and alarge heating power of Py =
5 MW of neutral beam injection during the current ramp up phase are achieved by an limiter
configurationontheinner limiter on highfield sideresultinginincreased L to H-modethreshold.

#11( MTR:
250 o

157

99

078 __080--—""082 084 gmeg

s P ER:-13
= #11068, t=0.830779-0.831644 s, S} #11068, MTR, t=0.830779-0.831644 s,
- {=51854.2-51854.2 Hz, n=-1.01216 | 5 [ f=51948.1-69895.5 Hz, m=1.73120
8

20 25 30 35 40 45 1 2 3 4 5 6
tor. measurement pos.

R ¥R bee
i
CLISTE! #1108 Qi
H
03 05 07 09 nmeo[s]

Figure 1: (2/1)-fishbone-likemode activity intheearly current ramp up phasewith 5 MW of NBI heating
power. From a CLISTE equilibrium reconstruction based on MSE measurements a constant ¢,,,;, = 2
can be observed during the phase of this (2/1)-fishbone activity.

In these discharges fishbone-like mode activity with ahigh frequency of f;, ~ 70 — 50 kHz
for (2/1)-fishbones during the ramp up phase can be observed. The CLISTE equilibrium re-
construction based on measurements of the motional Stark effect (M SE) diagnostic showsa g-
profile with negative central shear and a constant ¢,,,;, = 2 during this phase. The toroidal and
poloidal phase on the Mirnov diagnostic and the the spatial phase distribution from soft X-ray
measurementsshow clearly a(m=2/ n=1) structure. In some casesalso clear (3/1) fishbone-like
mode activity coincidingwithag,,;, = 3 from MSE can be observed. In so far these modes can
be used as an indication for the minimal ¢,,;, present in these discharge phases. For alimited
period of timethey seem to stop for at |east sometime afurther diffusion of current towardsthe
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center. The transport barrier is usually lost with the onset of a strong continuous (2/1)-mode,
which usually after mode locking to the vacuum vessel |eads to acompleteloss of confinement.

I TB with H-modeedge Discharges with an H-mode edge show a completely different mode
behaviour. The discharges are performed in lower X-point configuration with theion V B drift
towards the X-point leading to an early L to H-transition.

Typically strong (1/1)-fishbone activity in the flat-top phase over many energy confinement
times are observed [2]. Thisfishbone activity indicatesa ¢ = 1 surface in the plasma, whereas
no sawteeth are present during this fishbone activity. Their characteristicsis similar to that of
sawteeth reducing the central electrontemperature 7..(¢ < 1) and leading to a heat pulsefurther
outside(q > 1). Thefishbonesseemto also gjectimpurities. Theraise of thecentral temperature
before the crash and the crash itself is smaller, as the fishbones have a much higher reptition
frequency (fs, ~ 350 Hz >> f,;). According to the stability diagram for fishbones [3], for
higher densitiesand/or higher B thefishbones disappear. A increasein the density reducesthe
slowing down time 7, of the injected fast ions and decreases the pressure produced by the fast
particles 3,5 which drives the fishbones. The increase in the toroidal field aso reduces the
availablefree energy of thefast particles, asthe confinement timeischanged by variation in the
toroidal fieldand asthe radius of the ¢ = 1 surface shrinks and reduces the number of available
fast particles.
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Figure 2: Anincreasein the upper triangularity &;,, fromé,, = 0t0d;,, ~ 0.2 resultsin an increased
achievable 337°“* and 3, for the onset of a (3/2)-mode.

These discharges usually have low densities of the order of . ~ 4 — 5 - 10" m~ and hence
low collision frequencies. They tend therefore to be vulnerable for neoclassically driven tear-
ing modes [4]. Indeed an increasein the plasmaenergy by increasing the applied neutral beam
heating power alone leads to a 5-limit by a neoclassical (3/2)-mode and eventually followed
by a (2/1)-mode leading to mode locking. The locked modes completely destroy the improved
confinement phase, but do not necessarily lead to disruptions. With an additional increase of the
density simultaniously to the heating power ramp one is able to avoid the excitation of (3/2)-
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modes, smilar to caseswithout ITBs[4]. Stationary phaseswith up to 7.5 MW of NBI heating
power without neoclassical modes could be maintained. The stationary achieved 3y remains
well below the value before the onset of the mode, but above the value with a saturated (3/2)-
mode. A further increase of thedensity resultsinanincreased energy content in these discharges
leading to an excitation of (3/2)-modes at 3,y values comparable to cases without gas puff.

Anincrease of thetriangularity 4 of the plasmahasbecomepossibleat ASDEX Upgradeinthe
present experimental campaign. With this additional freedom higher valuesof 5y and Gy * fu
have been achieved without the excitation of (3/2)-modes[5]. In Fig. 2 two similar discharges
with upper triangularity of d,,, = 0 and increased triangularity of é;,, ~ 0.2 are compared. For
thelow 4;,, case (such as#11208) the modetypically getsexcited at 337*“" = 2.2 —2.4, whereas
inthe high 4,,, case (such as#12256) valuesof 33/** = 2.5 — 2.6 can bereached. Typically an
improvement in 3 beforethe onset of neoclassical modesin the order of 10 % could be gained
by the increased triangularity. The density increase parallel to the heating power ramp occurs
without any further gaspuffing required. Thisismainly dueto animproved particleconfinement
in high ¢ discharges observed in ASDEX Upgrade [6]. Hence the density increase is achieved
without a confinement degradation usually observed in gas fuelled plasmas.
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Figure 3: Scaling of the onset of (3/2) neoclassical tearing modesin I TB-dischargesin a 335 « I,,[T;]
(left side) and a ﬂ;”set [pp,i] (right side) diagram [7,8]. The stars mark standard sawtoothing H-mode
discharges, where a sawtooth triggers the (3/2)-mode. The other symbols represent the onset of (3/2)-
modesin ITB dischargesand are discussed in detail in the text.

In order to get a clearer answer about the onset conditions of neoclassical modes with I TBs,
they have been compared with (3/2)-modes triggered by sawteeth in standard discharges with
higher density and heating power and with theoretical predictions. Thelocal valuesfor 7;(q =
3/2), B,(q¢ = 3/2) and v;;(¢ = 3/2) have been determined at the radial location of the mode
taken from soft X-ray measurements. As the modes are often lying in the region of the steep
temperature gradients near the I TB this |ocation needs to be known quite well and is the largest
source for errors. From the polarization current model the onset of the modes should scale as
Bereet ~ p¥ . or asan approximation to global parameters for similar profiles 337**" + I, ~ VT:
[7] For sawtoothing standard ELMy H-modes (g5 ~ 4, Py; > 7.5 MW) without ITBs and a
trigger by sawteeth this scaling is fullfilled very well. Some standard discharges together with
the resulting scaling is shown in Fig. 3 (starsand solid line).

ThelTB discharges analysed so far show amuch larger scatter. It can be seen that the variation
from the sawtooth scalingislarger inthe 3375¢*« I,,[\/T;] diagram, asthe profilesare different for
ITB discharges. The onset details are therefore dlscussed inthe 3.7*[p* .| diagram: (i) In one
set of discharges adecrease of the density during discharges reduces strongly the collisionality
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and leads to sawtooth triggered (3/2)-modes (open squares). Similar values are seen in cases
with impurity puffing (Argon for #12044, full square), which strongly increase the confinement
and hence 3. Thisleadsto an excitation of the (3/2)-mode at relatively low 3-values. A rampin
thetoroidal field from 2.65 T - 2.85 T (#11940) leads to a sawtooth triggered (3/2)-mode. The
sawteeth reappear by a modification of the stability for the fishbones together with a shrinking
of the ¢ = 1 surface. Through the modification of the ¢ profile by the field ramp the strongest
discrepancy between the two diagramsis produced. Without any preheating during the ramp up
phase of the current the mode istriggered by alarge sawtooth resulting in very low achieved 3
values. (ii) In asecond set of dischargesthe modes are triggered by a combination of fishbones
and small sawteeth. They are lying slightly below the scaling. (iii) Discharges with a purely
fishbone triggered mode lie on or sightly above the scaling. Over all the trend can be stated
that also I TB dischargeswith fishbonetrigger, providing asmaller seed-island, reach higher val-
uesin By and 3, as discharges with sawtooth trigger and larger seed-islands. (iv) The highest
values can be reached with increased triangularity 4..,,. Values comaparable to otherwise only
transient achievable 3-values could be reached. In the transient case (#11216, full triangle) the
heating power has been increased much faster (several 10 ms) then the typical growth time of
theneoclassical (3/2)-mode (= 100 ms). Inthistransient case 3 still risesstrongly whileamode
is already growing. To explain the global trend for discharges with é;,, = O reaching only val-
ues below the usual sawtooth scaling the low local collisionalities at the resonant surface may
be important. The relevant values of v;; = v;;/mew* =0.002 - 0.005 are well below the usual
values of v;; = 0.03 for sawtoothing discharges. In addition A’ is expected to be different, as
the g-profilein ITB discharges strongly differsfrom usual plasmas due to another reconnection
process and different density and temperature profiles.

Summary In this contribution the MHD activity in ITB discharges with L and H-mode has
been presented. Mainly the onset of neoclassical tearing modesin H-mode I TB discharges has
been investigated. With increased triangularity local 3, values before the mode onset could
be reached comparable to transient values with power ramps well above the sawtooth scaling.
Other events, such as density drops or impurity puffing lead to reduced values compared to
the sawtooth scaling. The tendency to show values below the scaling may be explained by
different density and g-profilesresulting in different values of A’ and on the other hand by the
low collisionalitiesin ITB discharges.
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