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Abstract: The character of edge localized modes (ELMs) and the height of the edge pres-
sure pedestal in DII1-D tokamak H—mode discharges have been modified by varying the dis-
charge shape (triangularity and squareness) and the safety factor, increasing the edge radia-
tion, and injecting deuterium pellets. Changes in the ELM frequency and amplitude, and the
magnitude of the edge pressure gradient, and changes in the calculated extent of the region of
access to the ballooning mode second stability regime are observed.

The high edge-localized pressure pedestal that is akey driver of improved confinement in
“stiff” transport models of the tokamak H—mode results in edge localized MHD instabilities
(ELMs) [1,2]. ELMs result in energy and particle loss and subsequent large heat pulses into
the divertor region, perturbations of the discharge core that can prevent formation of interna
transport barriers and triggering of neoclassical tearing modes. In order to study the tradeoffs
between the improvement in confinement with pedestal height and the perturbations on the
discharge caused by ELMs, and to improve understanding of the ELM mechanism, we have
investigated methods to modify the ELM frequency and amplitude.

The methods for modification of ELM character that have been explored were derived
from the hypothesis that typical Type | ELMs are low-n kink/peeling modes driven by the
high edge pressure gradient egPe'dge and the associated bootstrap current density (Jegge). We
have studied the effect on edge stability of varying the discharge shape (triangularity and
squareness) and the safety factor (qgs), increasing the edge radiation to modify Fage, inject-
ing deuterium pellets to change the density profile and variation in the time evolution of Jegge.

Low-n modes are believed to be most important because the observed values of Pijqe at
the Type | ELM threshold in DII1-D single and double-null divertor discharges are, with a
few exceptions discussed here, above the first regime stability limit for ideal infinite-n
ballooning modes predicted for low values of Jeqge [3-5]. Values as much as 5 times the 1st
regime limit are commonly observed. Theoretical calculations have shown that these
conditions near the discharge edge can be unstable to low toroidal mode number (n = 3)
kink/peeling modes [3], destabilized by both the current density and pressure gradient. The
ballooning mode is stable because the high values of Jeqge and the discharge shape ensure that
in the region of large Ryge the ballooning mode 2nd stable regime is accessible. This has
been demonstrated by ballooning mode stability calculations for experimental and theoretical
equilibriafor awide range of discharge shapes[3,6,7].

In the experiment, after the transition to H-mode there is a period free of ELMs during
which relatively wide pedestals and good confinement develop, especially in VH-mode
discharges. A large, ELM-like, relatively global low-n instability at the end of the ELM-free
period often destroys the low transport edge and/or internal transport barrier. The severity of

*Work supported by U.S. Department of Energy under Contracts DE-AC03-99ER54463, W-7405-ENG-48, DE-
AC05-960R22464, and Grant Nos. DE-FG03-86ER53225 and DE-FG03-94ER54371.
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thisfirst ELM in these cases is consistent with theory calculations which show that the low-n

mode amplitude and radial extent increase with the width of the pressure pedestal [4].
To avoid the effect of this global 30 97896 97886
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characteristic of this discharge is a slow
rate of increase of Jeqge during the ELM-
free period. The current density in the
outer 10% of the discharge, as determined
from equilibria reconstructed using MSE
internal magnetic field pitch angle mea-
surements, continues to increase during
the first few ELMs although PRiyge IS
approximately constant after the ELMs
begin. The stored energy is maintained
relatively constant. Reduced severity of
the first ELMs may result from a
dependence of the radial extent of the
mode on Jedge-

Modification of the pedestal height
and Psgge during the phase of continuous
Type | ELMs s observed with changes in
the triangularity (d) of single-null divertor
discharges; higher 8 yields higher Rygge,
pedestal height and improved confine-
ment. An increase with & of Riyge and
Jedge at the low-n stability threshold is
under study as the explanation. Figure 4
shows the variation of the ratio of the
observed Riyqe to the critical pressure gra-
dient for first regime ballooning stability.
In al cases the ballooning first regime
limit is exceeded. The figure also shows
that the critical value of Piyge doesn't vary
significantly with d. Little variation in the
pedestal width with & is observed. Instead,
there is an increase in the pressure
pedestal height by the same factor as the
increasein Fegge-

The largest changes in ELM character
and the height of the edge pressure
pedestal have been observed by eliminat-
ing edge access to the ballooning second
stable regime [5]. A sharp transition, indi-
cating loss of 2nd stable access, is ob-
served in edge parameters if the discharge
squareness is either increased or decreased
sufficiently (Fig. 5). ELM amplitude is
reduced dramatically, as indicated by the
edge Dy fluctuations and the perturbations
on the edge Te, and the ELM frequency
increases by afactor of 10. Thisis consis-
tent with a shift to higher n instabilities,
more like high-n ballooning than low-n
kink modes, which, with shorter wave
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Fig. 4. Variation of Pédge (expressed in terms
of the normalized pressure gradient (o)
commonly used in ballooning mode theory [3])
with discharge triangul arity.

length, would be expected to produce a more localized perturbation. For the equilibria recon-
structed from experimental data, there is no second stable regime access in the pedestal region
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either observed or predicted (Fig. 6) [5,7]. The measured Fyge is equal to the first regime
limit and the pressure pedestal and confinement are reduced because the pedestal width
remains approximately constant. Formation and sustainment of an internal transport barrier
has been observed in high and low squareness discharges with little or no ballooning second
stability access at the edge during phases of continuous, low amplitude ELM activity. These
discharges have confinement at or above the normal H-mode level despite the low edge
pedestal height.

In summary, we have described several methods to modify the ELM character and the
effect of the ELM on the discharge that are consistent with expectations from ideal MHD
stability. Quantitative agreement with infinite-n, ideal ballooning mode theory isfound in the
elimination of second regime access by changi ng discharge squareness, Measured values of
Padge Well above the ballooning 1st stability regime limit are in agreement with calcul ated
second regime access for ballooning modes and with low-n stability calculations performed
thus far. These results suggest that large low-n ELMs can be eliminated, or their impact
reduced, by control of edge profiles or high-n stability properties, and that the magnitude of
the edge pedestal can be modified to impact confinement.
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Fig. 5. Dy and edge T indicating ELM amplitude and Fig. 6. Measured pressure gradient near the dis-
frequency in 3 discharges with shape varying from low charge edge and the calculated marginal stability
squareness (top) to h|gh squareness (bottqm). The boundaries for the ideal infinite-n ballooning
small insets show the discharge shapes within the mode. (a) During small amplitude ELMsin ahigh
DII1-D vacuum vessdl. sguareness discharge. (b) During Type | ELMsin
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