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Introduction Neoclassically driven tearing modes cause a severe limitation tofhigkion
plasmas, unless avoided or controlled. A further extension of the present database with respect
to the poloidal ion gyro-radiu.s’lgi and the normalized collisionality; has been investigated on

JET and ASDEX Upgrade. The two most established theories, the ion polarisation current model
and thexL/xH_modeI, both allow ep;i scaling for the onset with some weak dependence on the
collisionality vj;.

Modelsfor NTMs The most general accepted model for describing the behavior of an NTM is
the generalized Rutherford equatibn
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with mainly two stabilizing terms, deriving from tb@/xL model and the ion polarisation current
. . . . L
model. For the ion polarisation currentmodel one arnvﬁ%@@tz Bp,crit ~ Lq?gf -0(&, Vi)

(—&) - ppi, whereg(e, vji) = £3/2 or 1 forvj = vji /mewt, < or > C~ 1. For thex;; /x.. model

with | = XspitzeraNdX 1 = Xayro-Bohm~ T%/?/B? one getBy"se~ vﬁ/ﬂ'- p*il/2 orvi}/z- py; for

large or small seed-island, respectively. It should be noted, that the factor and even the sign of the
polarisation current term is still under discussion [1,2]. The present experimental scalings point
towards a Iineap’;,i dependence with a weak collisionality dependence for small collisionalities
[3,4]. Depending on the assumed transport modelg Boweak or even no collisionality depen-
dence is predicted for the /X model [5], whereas for the ion polarisation current a transition
from the two extreme regimes is predicted throughglienction. Besides the necessary condi-

tion Bp > B%“SEtan initial perturbation, a seed-island is required for the mode onset.

Density dependenceof NTM onset  The present data set for JET was restricted to vqigpg

0.06 andv;; < 0.09 with ggs = 3.4...3.5. A further extension beyond this range presented in [3]
towards lowemp?; and also highev; has been done with logys ~ 2.6 discharges at los; =
1.53..1.22 T andlp = 1.22...0.97 MA. Afirst ramp-up in the NBI heating to a maximum power

of Pyei < 17 MW at constant gas puffing rate gave the first possibility for a mode onset. Having

lres resonant surface of the considered marlg; resistive time scale on resonant surfacg,Ly: pressure
gradient and]-gradient scale lengtla;: numerical constants of the order of unity; island width.g: inverse aspect
ratio of the resonant surfadgy: axis of the resonant surfagey;: poloidalion gyro radiusp’;,i: normalized poloidal
ion gyro radiusyj;: ion-ion collision frequencyws: electron diamagnetic drift frequency
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reached flat top in heating power a reduction in the gas puff rate reduces the density in order to get
a variation in the collisionality;; at constanBy andBp(q = 3/2) at the resonant surface (see Fig.

1). The initial gas puff rate has been varied on a shot to shot basis. Besides the[&%‘?ﬁ&’dd)r

the mode onset this scenario gives separatly information about the rquimmdlorvii for the

onset. In all considered cases the modes are either triggered by a pure sawtooth or a combination
of sawteeth and fishbones. Eventually a (4/3)-NTM is excited before the (3/2)-NTM gets excited.
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Figure 1:(a) Typical scenario with gas puff and hence density ramp down during constant high heating
power phase. (b) During the ramp phase the local collisionaljtydecreases whilegi and hence the
maximum achievabl@..i; even increase{3y remains constant during this phase. The mode gets excited
atvj ~ 0.08

As local variable3, and Py are used and profile effects are corrected by includlipgnd

Lq to describe the limit ({/Lq/Lp- Bonse‘as function ofp; andvj), it is possible to combine

discharges with differenigs values and include these new discharges in the data sets from the
MK-II A and gasbox divertor data from JET. The old data set presented in [3] could be described
by B9"¢ \/Lqg/Lp ~ pj%°-v; ~010 The extended data set now shows a dependence of the form

Boset /La/Lp~ POt VY 011 for a parameter extension towarpls > 0.035 andv; < 0.32.

Pellet triggered NTMsin hlgh density discharges A further extension of the accessible range
towards lowep?, > 0.02 and highev; < 0.8 is achieved by taking discharges into consideration
where an NTM is triggered by pellets injected from the magnetic high field side (HFS). Typically
discharges with, = 2.5...2.8 MA and By = 2.4...2.8 T with ggs5 = 3.0...3.3 with up toPyg| =

17 MW have been analysed.

In these discharges a pellet sequence was injected to ramp up the density close to the Greenwald
value [6]. During this ramp-up phase the temperature transiently drops and hence also the ion
temperaturd;(q = 3/2) at the resonant surface drops, while the density profile steepens. Even
though the local collisionality;; is strongly increased, the reduced gyro raqhgsdomlnates in
this region and the plasma becomes more vulnerable towards NTMs. A subsequent pellet then
may trigger the NTM.

The seed-island seems to be connected to the slowly or even not rotating ablation cloud from
the pellet. The ablation cloud is always created with the helicity of the local surface where the
material is ablated [7] and therefore has the required helicity for creating a perturbation, which
triggers the NTM. As the pellet and the ablated material is influenced by thg3ptgtsmoid drift
[8,9], the perturbation moves from the magnetic HFS towards the centre of the plasma and plasma
perturbing material always reaches the (3/2) surface.

The pellet triggered NTMs show a different frequency development than sawtooth triggered
NTMs, where the frequency starts at or above the frequency of the (1/1) mode before the saw-
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tooth and then drops to lower frequency. Pellet induced modes start with a very low frequency
connected to the slow or almost resting ablation cloud and accelerate to their corresponding fre-
guency at the resonant surface. For ASDEX Upgrade this behavior has also been reported [5].
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Figure 2:(a) The first pellets in a sequence cool the plasma and make it more vulnerable for NTMs. A later
pelletinthe pellet sequence then may triggerthe NTM. (b) The NTM typically starts at very low frequencies
pointing to the role of the ablation cloud as the major trigger.

If one includes the pellets in the scaling for the mode onset from the old data and the new low
G5 data, one arrives at the following scalif§s®" | /Lq/Lp ~ p’lgll 08.y0-069 (see Fig. 3a).

Combined scalingsfor JET and ASDEX Upgrade Inthe nextstep ASDEX Upgrade data with
sawtooth and fishbone triggered NTMs have been included in the JET scalings (see Fig 3c). As lo-
cal values have been used for both experimentd gaadL , have been taken into consideration,
differentqgs values could be combined. Nevertheless the ASDEX Upgrade data need to be multi-
plied by a factor of 0.27 to get to acommon scaling of the Bt  /Lq/Lp ~ pp)*"- V9% by

a minimization of the overall error. This could be explained by a global and Iocal deflnltldla for

for JET and ASDEX Upgrade respectivelyt ™ = tres/ %% andL§"® = res/ %

Rres = major radius of the intersection of the flux surface with a horlzontal line through magnetic
axis on the low field sideRmag= magnetic axis) and the usage of a different pressurler;‘(:lrf,ET

from pe, L’SUGfrom Rot = Pe+ Pi).- The solution of this inconsitency is straight forward, but had
to be left for a future work. Another obvious explanation may be a differenfg iBoth effects
might sum up and lead to the difference.

The behavior of NTMs triggered by pellets has been reported also from ASDEX Upgrade
[10,5]. A sequence of several pellets is also needed for precooling the plasma and a subsequent
pellet may then give the trigger through the ablation cloud. ASDEX Upgrade shows the same
frequency development of the pellet triggered NTMs in comparison with sawtooth or fishbone
triggered NTMs.

Role of the seed-idand size for theonset By now only the necessary condition that locally
Bp(d=3/2) > Bonseﬁ't(q = 3/2) holds, has been discussed. The second necessary ingredient
is the seed-island size. The size of the sawteeth, i.e. the drop on the central soft-X-ray channel
however did not give clear correlation to the achieﬁ%flfet, especially it gave no hintwhether the

NTM gets excited during the heating ramp or the density ramp. A possible indicator of the size of
the perturbation due to sawtooth activity is the sawtooth period, as NTMs are easily destabilised
with very long sawtooth periods [11]. The scatter of the achlet?@a‘*around[3°”seIflt can be
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explained by the variation of the seed-island size.

Bp*V(La/Lp)=
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Figure 3:(a) Inclusion of the low g cases and the pellet triggered cases for very b{;\(vand highv;
values. Both extension line up on the sa{B‘Q@e‘N Ppi dependence. (b) Combined scalings for JET and
ASDEX Upgrade. For different profile shapes the data would need to be rescaled to be fitted in a common

scaling. (c) Time trace of the developmenBgfq = 3/2) - \/Lq/Lp and Bgt(q =3/2)-/Lq/Lp.

Nevertheless in local paramete;%i( Vii, Bp) Bp has to approach the predictﬁ%?seﬁit before
the NTM gets excited, i.e3p andp*lgi are not collinear. A typical example is shown in Fig. 3c. It
has to be noted, that in global paramet@tgseems to be more strongly correlategtoandBy

behaves almost d% ~ p* for long durations of the discharge [11]. This again emphasizes the
importance of using local parameters.

Summary and outlook For the onset of the (3/2)-NTM an extension of the present data set
by low gg5 and pellet refueled discharges towards Iowﬁrand highew; has confirmed the
linear dependence of the achievable Iqﬁls‘“'tfrom pt; and a weak dependence an A fur-

ther combination with ASDEX Upgrade data additionally confirmed this dependence and leads
to B¢t /Lg/Lp ~ pp??7- v 92 These results are consistent with gj¢x . model in the heat

flux limit using gyro-Bohm scaling, and also with the ion polarisation current model for the mode

onset. In local parameters the approacipto B‘f,”se“it seems to be a necessary condition for

the onset.
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