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Introduction

High-beta, quasi-steady state scenarios represent a fundamental step towards the perform-
ance required for future fusion reactors. In DIII-D steady-state scenario discharges, the
normalised beta Sy=p(%)a(m)B(T)/I[(MA) (where f is the ratio of the plasma pressure to
the magnetic field pressure, a the plasma minor radius, B, the toroidal magnetic field and I,
the plasma current) exceeds the no-wall ideal kink beta limit. The performance of this
scenario is limited by the onset of an n=1 tearing mode, which appears on the resistive evolu-
tion time-scale (1-2 s) at constant pressure and causes both a loss of confinement and a radial
redistribution of the current density from which the available current drive sources cannot
recover. It is routinely observed that the injection of electron cyclotron current drive (ECCD)
with a broad deposition can prevent the mode from appearing. This is not a case of a direct

stabilisation due to the interaction with the mode’s rational surface. These variations of the
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broad and narrow current deposition (the case narrow deposition becoming unstable). The
current density profile evolution and the MHD modes of several sets of significant discharges
with and without ECCD (at different locations) have been analysed, using motional Stark
effect (MSE) spectroscopy measurements for the former and edge magnetic probes measure-
ments, toroidal rotation profiles and fast electron cyclotron emission (ECE) data for the latter.
One equilibrium based on EFIT reconstruction [1] with kinetic data has been perturbed by
adding local current density at a specific radius, mimicking the application of EC waves, and
the changes in the stability for a sequence of equilibria with the current perturbed at various
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density, Vj, to the discharge insta- Fig. 2. MSE reconstructed current profiles for discharges (a)

bﬂity. An increasing current  #134217 (red, .unstabl'e), #134221 (bla.ck, stable) and (b)
#134366 (evolution until the mode onset in red). A systematic
density gradient, of either sign and  error seems to affect the channels at p20.7 so they are not
localised just inside the mode shown. Error bars are indicated by vertical lines.
position (usually at the g=2 surface in the analysed database), characterises the unstable dis-
charges. In particular, a narrow EC current deposition is expected to create a local current
build-up, while a broad deposition would keep the profile smoother. In Fig. 2(a) the toroidal
current density points from MSE measurements are shown, for a discharge with narrow EC
deposition (red traces), just before a 2/1 mode develops, and a stable one, with broad EC
deposition (black traces). The same holds in the case of an increasingly negative Vj that, as in
the case shown in Fig. 2(b), might be the result of a n=2 mode detected at p~0.4. In the
absence of EC current, a localised reversal of the gradient develops, which drives a 2/1 mode
of high amplitude unstable. The subsequent discharge, repeated with broad EC current
deposition, remains stable, because the EC current prevents the j profile from becoming
locally inverted. The current profile evolution, in some cases affected by significant error
bars, is always checked against the MSE pitch angle time histories, which confirm the
conclusion about the impact of Vj on the stability of the discharges. A statistical study has

been carried out on a series of repeated discharges (among which two show the appearance of
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a mode at p~0.55), which evaluates the difference between the local Vj of the unstable and
the stable discharges. The discharges in Fig. 2(a) are taken within that dataset, while #134366
in Fig. 2(b) is not part of this study. A structure appears just inside the mode position, indi-
cating that a higher current gradient at that location is a recurrent feature within the unstable
discharges (Fig. 3). Conversely, the pressure profiles of the analysed cases remain constant
up to the time of the mode onset, and do not differ from the profiles of the stable discharges.

Thus, although the discharges are above the free boundary limit, instabilities appear to be

mainly driven by large Vj, of either sign, ViunstaBLE — VisTapLE (Shot series July 29th 2008)
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ideally unstable to an n=1 mode without a

wall, and slightly below the ideal-wall stability limit. For this reason, the tearing stability
index A” might be very sensitive to the equilibrium characteristics [5]. The stability
calculations were performed with a conformal wall positioned at a distance from the plasma
that was found previously to best match the behaviour of the DIII-D vessel wall. We focussed
our study on the g=2 surface alone, as velocity shear is likely to screen coupling to the other
surfaces. One matching matrix containing the interchange and resistive terms has been
calculated for every radial deposition of EC current (~100 radial points). The results for A"
around the g=2 position and the Vj obtained when the perturbation is located at the g=2
surface are plotted in Fig. 4, for one perturbation scan of small amplitude (I/I,,, = fic ~ 6%)
— which produces gradients comparable to the experimental Vj observed in the MSE data —
and for a broad EC deposition injected at p~0.25-0.55. The resistive index grows to its
maximum at the points where the current gradient at the position of g=2 deviates most from
the unperturbed profile. This is consistent with the observation of higher instability in the
discharges when a higher Vj, of either sign, is observed. Conversely, perturbations at the

rational surface show a significant stabilisation (A" < 0), although Vj__, =Vj ..., in those
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cases. The broad EC current deposition
the Vj

significantly, but the corresponding A’ is

does not modify at g=2
higher than the unperturbed level. This
indicates that the current gradient at g=2 is
not the only drive for instability. It appears
that any Vj perturbation lying more than
~5% of the minor radius away from the
rational surface does not affect the stability
of the mode. This is consistent with the
results obtained previously in a similar
study with an analytical model for
cylindrical geometry by Westerhof [6],
compared to the PEST3 results in Fig. 5
(the points are extracted from Fig. 2 in

Ref. 5). The toroidal geometry seems to

impact only the amplitude of the
calculated A" and so far the resistive
stability is affected only by local

parameters. We are also evaluating the way
PEST3 deals with the effects of the ideal
stability of the equilibrium, which might
ultimately affect the results for the resistive
calculations  to

stability.  Inner-layer

determine whether this level of A" is
sufficient for a growing tearing mode are
also in progress.

This work was supported in part by the
US Department of Energy under DE-
AC05-060R23100, DE-FC02-04ER54698,
DE-AC05-000R22725, and DE-ACS52-

07NA27344.
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