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A model based on magnetohydrodynani¢HD) stability of the tokamak plasma edge region is
presented, which describes characteristics of edge localized migdbts) and the pedestal. The
model emphasizes the dual role played by large bootstrap currents driven by the sharp pressure
gradients in the pedestal region. Pedestal currents reduce the edge magnetic shear, stabilizing high
toroidal mode number n) ballooning modes, while at the same time providing drive for
intermediate to lown peeling modes. The result is that coupled peeling—ballooning modes at
intermediaten (3<n<20) are often the limiting instability which constrains the pedestal and
triggers ELMs. These modes are characterized in shaped tokamak equilibria using an efficient new
numerical code, and simplified models are developed for pedestal limits and the ELM cycle. Results
are compared to several experiments, and nonideal MHD effects are briefly discus&a02©
American Institute of Physics[DOI: 10.1063/1.1449463

I. INTRODUCTION overall confinement in the core of a magnetic fusion device
on the pedestal height. Achieving at least a modestly high
The high confinement regime known &mode is a pedestal appears necessary for successful operation of cur-
promising operational regime for a tokamak fusion devicerently envisioned next step fusion devices, and determining
H-mode is characterized by the development of a transpofiinder what conditions a high pedestal may be achieved in
barrier, which forms a “pedestal” in the density and tem- conjunction with tolerable ELMs requires a detailed, predic-
perature profiles, in the outer region of the plasma, just intive understanding of ELM physics.
side the magnetic separatrix. Steady state operation in ELMs are short, repetitive perturbations of plasma in the
H-mode is generally accompanied by the bursty edge pertuedge region, which occur duririg-mode and/H-mode op-
bations known as edge localized modB&Ms). ELMs have  eration and lead to particle and energy loss. A rich variety of
the beneficial effect of transporting density and impuritieSELM phenomena has been observed, and are well described
across theH-mode pedestal region; however, large ELMsin recent reviews:> We focus primarily on developing a
can produce high peak heat loads on the divertor platesodel of the large and small ELMs, which occur in the high
which may be intolerable in a fusion reactor. Perhaps evepedestal pressure regimes of interest to next step devices, and
more important, ELMs limit the pedestal pressure gradientprovide de factolimits on the pedestal height achievable in
and, together with edge transport, can directly limit the presexperiments.
sure and temperature at the top of the pedéstal the “ped- The theory of ELMs has been an active area of investi-
estal height). Both theory-based transport models and ex-gation over the past decade, and comprehensive reviews of
perimental observation indicate a strong dependence of thgoth ELM'~® and pedest&f theory and experimental results
are available. In this paper, we present a model of ELMs and

apaper UIL 6, Bull. Am. Phys. So@6, 323 (2000. constra.ints on the pedestal based on coupleq peeling—
YInvited speaker. Electronic mail: snyder@fusion.gat.com ballooning modes, compare the model to experiment, and
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. ; Incorporating the impact of edge current and fimitean
Type [ELMs  Dill-D overcome the above difficulties and lead to more comprehen-
. sive models of ELM stability. The sharp pressure gradients in
the H-mode pedestal can drive strong bootstrap currents
- which play a complex dual role in the stability picture. On
¥ e the one hand, edge current provides a source of free energy
which drives external kink or “peeling” modes in the edge.
On the other hand, edge current reduces the magnetic shear
! (8) in the pedestal, which stabilizes high-ballooning
» T 4 modes, and increases the MHD pressure gradient threshold.
A further complication is introduced by the coupling
1 2 between peeling and ballooning modes which occurs at
finite n.
0 Lasti20% ?f ECN Cyc!e r 0 Finite edge current can drive external modes localized
-0.1 0.1 0.3 0.5 near the plasma edge. These modes were dubbed “peeling”
Supper modes by Friemaet al,'? and localized criteria for peeling
stability have been given by LoriZ Wessont* and Connor
Fﬁr} 1-E’\E‘Jma”|29d ec‘g? Fr)]fcetiscfn“rgf %Laediml :y?:;%ed Ig‘r’i‘ff tohfet:]ft IZ:Q{; et all® Peeling modes are found to be most unstable when a
ghap?e. Also Cglgtfegsisathue critical norml;ﬁged presgslire é]lradient fF())r idearatlonal surf,a_c_e |s'Iocated Just OUtSIde. the plasmg, ml'nImIZ—
ballooning stability ), calculated in the absence of edgg. ing the stabilizing influence of magnetic perturbations in the
vacuum. In this limit, for large mode number, a necessary
stability criterion can be writteéid
discuss its implications. Section Il gives a brief discussion of ) 18
peeling modes and the role current plays in the pedestal re- ——— [
gion. Section Il describes the new numerical code, ELITE, 1=4Dy>1+ Tq’ ﬂg RZ_Bgdl’ @
which has been developed to allow efficient, detailed study
of peeling—ballooning modes. In Sec. IV we describe ourwhereD), is the Mercier coefficient,,<1/4 is the Mercier
model of the ELM cycle and pedestal limits, including pro- stability criteriort®), J; is the current density along the mag-
posed physics mechanisms for the ELM trigger, and the liminetic field B, q’ is the derivative of the safety factor with
tations imposed on the pedestal gradient and height bgespect to the poloidal flu¥, B, is the poloidal field, andl
peeling—ballooning modes. Section V compares the modds the poloidal arc length element, with all quantities evalu-
with experimental results from several tokamaks, and Seated at the plasma surface. Fin{{sitive) edge current is
VI briefly discusses the impact of nonideal magnetohydrody-+destabilizing, magnetic shear is stabilizing, and the pressure
namic (MHD) effects such as diamagnetic stabilization. gradient is also stabilizing, as it increases the amplitude of
Dy , which is generally negative. Equatiob) provides use-
ful insight into peeling mode stability; however, it is a nec-
essary, but not sufficient condition for peeling stability, as it
considers only modes which are radially localized on the
The magnetic fluctuation signatures, proximity to thescale of the distance between rational surfaces, and further-
ideal ballooning limit, and short time scale for ELM growth more it neglects the stabilizing contribution of the vacuum
suggest a relationship between ELMs and ideal MHD instaenergy. At finite mode number, particularly for lawmodes
bilities that has been explored by numerous authors. in shaped geometry, multiple poloidal harmonics couple and
However, simple models based entirely on pressur@ more detailed treatment is required to calculate stability
driven highn ideal ballooning modes, without consideration thresholds.
of the impact of edge current, appear to be ruled out by Studies focusing on the higher end of thespectrum
experiment. While the high- ideal ballooning limit does have emphasized the impact of second stability to ballooning
correspond well to the observed type | ELM threshold inmodes, and of coupling of peeling and ballooning modes that
some regimes, recent experiments with high edge spatialccurs at finiten.*>*"~?°Figure 28 illustrates several impor-
resolution diagnostics indicate that the ideal ballooning limittant features of peeling—ballooning coupling via stability cal-
can be substantially exceeded, and that observed pressurelations in3—a geometry?* with the addition of a “mag-
gradient limits do not scale as expected from ideal balloonnetic well factor”d,, = Dy,5%/ @ which models the effects of
ing theory (see, for example, Refs. 8—J1l(rigure 1 shows shaping and finite aspect ratio. In the->« limit, the peeling
the results from a scan of the plasma triangularity inand ballooning thresholds can both be obtained from simple
DIII-D, * indicating both that the ideal ballooning limit can 1-D calculations?® and these are shown as the “pure peel-
be substantially exceeded at high triangularity, and that thég” and “pure ballooning” curves in Fig. @). Note that the
strong scaling of the pressure gradient limit with triangular-peeling mode is driven unstable by edge currght2(1

Il. PEELING MODES AND THE ROLE OF CURRENT IN
THE PEDESTAL

ity is not predicted by ideal ballooning thedhgimilar scal-  —J,/(J)), whereJ, is the current density on the outermost
ing of the normalized pressure gradient with triangularity hadlux surface, andJ) is the average current density in the
been observed on other tokamaks. plasmd and stabilized by finitex as expectedEg. (1)], and
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the stability of these modes is expected to be a strong func-
tion of cross section shape, as well as pressure and current
profiles.
’ To develop a quantitative model, and allow for detailed
2 2-D, Coupled comparisons with experiment, a highly efficient tool able to
P MOdN 2nd characterize pedestal stability over a broad range ahd a
\ wide, multidimensional space of pedestal parameters is
Unstable b needed. To this end, we have developed the Edge Localized
Instabilities in Tokamak Experiment€LITE) MHD stabil-
ity code. ELITE employs an extension of classical balloon-
ing theory to incorporate the surface terms which drive peel-
ing modes, and carries the expansion through two orders in
(b) 06/ U 1/n for accuracy at intermediate to higi=5. A further ex-
/i pansion is carried out in poloidal harmonias)(. At highn,
a large number of poloidal harmonics are important, however
each harmonic tends to be localized around its rational sur-
2nd facqs). ELITE employs a windowing technique, allowing it
di=—0.645 S to retain a relatively small number ofi's at each radial
location for numerical efficiency. The analytic expansion
Peeling Unstable procedure, and further details of the code are described in a
. . . . . . . companion papéf ELITE outputs not only stability thresh-
0 1 2 3 4 5 6 7 olds, but also growth rates, and poloidal and radial mode
o structures. ELITE has been successfully benchmarked
FIG. 2. The marginal stability contours &« space for@) then=< pure ~ against the MISHKA compressionless MHD cGtidor 5

peeling and pure ballooning modes, as well asrke20, dy=—-0.6 2D <n<50,?? and against the GATO cotfeas described in the
coupled peeling—ballooning mode afi) a sequence of curves for the  fo|lowing section.

=20 2D coupled mode, withl,,=—0.6,—0.64,—0.645, showing second

stability access reopening at the deepest wa||< —0.645).
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IV. ELM AND PEDESTAL MODEL

Peeling modes become unstable at laigg;, but are

that a wide stable path to the second stable region ex'5t§tabilized by increasing,;ed. High-n ballooning modes are

between the pure peeling and pure ballooning unstable r€instable at Iargep,;ed at low Joq, and coupled peeling—

gions. However, at finite values of (n=20 is shown, the ballooning modes are unstable at |a'@;'$’éd and larged e,

peeling and ballooning modes couple and can close off G creased shapingi.e., higherD,,) decouples the peeling

cess to the s?cond St‘?b"'t.y region, as §hown by the .“2Dand ballooning modes and leads to stability limits at higher
coupled mode” curves in Fig.(d). Increasing the magnetic

o "ed» Jpeq @nd lower values oh.
m 'ped Yped
well decouples the _odes and reopens second SIap'“ty al These stability limits can be quantified using the ELITE
cess as shown in Fig.(®. The strength of the peeling—

ballooning coupling is a function afi, and the second sta- code in_conjunction With Iq\m stability codes such as.
bilit v f h.’ h des. As th GATO. One approach is to fix the density/temperature ratio

ity gap opens more easily Tor higner modes. AS e, 4 e pedestal width, and vary the pedestal pressure gradi-
rr_lz_ignetlc v_v_ell deepe_:r(a;e., shaping _|mpr_ove)st_he edge s'ga- ent, while calculating the bootstrap current self-consistently.
bility transitions rapidly from a regime in which essentially Following this procedure for different cross section shapes
no n's have second accesa£50 will generally be stabi-

. - . . ) : allows us to further quantify the “working model” of ELMs
lized by finite Larmor radius effectsto a regime in which developed on DI”_E?,Q Figl]}:e 3 Shows tﬂe stability thresh-
all n=10 have access to second stability. )

Including current in studies of the pedestal leads to olds calculated by GATO and ELITE for an equilibrium

o . ased on a low squareness DIII-D discharge, for which large
separate dependence. of MHD stability on density and temI'EILMS and highp’ are observed in the experiment. For this
perature, rather than just pressure, because of the strong clice the nominal ballooning limithe n =2 limit calculated
lisional dependence of the bootstrap current. Important im- ' ,

. N : ) with the edge current forced to zerois p
plications of this will be discussed further in Sec. IV. —3.1 PaWb ! Rad, and pressure gradients exceeding this

limit by factors of 2 to 3 are observed in the experiment, in
reasonable agreement with the predicted stability limit, im-
posed by n=10 peeling—ballooning modes atp’
Analysis of peeling—ballooning modes in simple geom-~8 PaWb ! Rad. Note that good agreement in both pre-
etry suggests that stabilization of highballooning modes dicted stability threshold and mode structure is achieved be-
by magnetic shear, destabilization of peeling modes by curtween GATO and ELITE in their region of overlap €h
rent, and peeling—ballooning coupling combine to imply that<10), providing a successful benchmark of the two codes.
intermediaten coupled peeling—ballooning modes are often  Figure 3 also provides a demonstration that the concept
the most unstable MHD modes in the pedestal. Furthermoref second stability, developed from simple analysi$Hw

Ill. THE ELITE CODE
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FIG. 3. Stability threshold irp’,n space calculated using the GATO and
ELITE codes.

Phed

geometry, carries over to shaped 2D global equilibria. In the

presence of the large bootstrap current, which reduces mag!G. 5. (a) Schematic diagram of stability limits ibeq, Jpea/(J) space, for

netic shear, higm215 modes are stabilized, and remainialvanety of cross section shapés). Proposed simplified model of small and
. . . arge ELM cycles.

stable at pressure gradients well in excess of the higlad-

looning limit that obtains in the absence of bootstrap current

(p'=3.1PaWb!Rad).

In general, the density and temperature can vary indeis fixed, the pressure limit can be described equivalently in
pendently, allowing for multiple self-consistent values of theterms ofp’ or p, and here is given by the normalizegy,
pedestal current at a givep’. To explore the two- =pgaB/l, wherel is the total plasma current, and the plasma
dimensional pedestal parameter space in this more genergl=_8sp/B2. For these equilibria, second stability to high-
case, we construct a set of up—down symmetric D-shapefallooning modes is possible at high current, however this
equilibria, chosen to resemble Joint European T@3EN?>  access is cut off by intermediae= 6 —8 peeling—ballooning
plasmas, with major radiuR=3 m, elongatiork=1.6, tri-  modes as shown. Stability boundaries calculated in this fash-
angularity 5=0.3, and fixed shape hyperbolic tangent tem-jon set limits on the pedestal height at a given width, and the
perature and density profiles. The current profile is calculatedalculated radial extent of the mode structure in various re-
self-consistently including Pfirsh—Schéw, diamagnetic, gimes is employed in our ELM model. Furthermore, we note
bootstrap, and ohmic contributions, accounting for collision-that, largely because of the strong collisionality dependence
ality corrections. Stability is then calculated for a range ofof the bootstrap current, there is a monotonic relationship
modes, 5<n<31. The stability boundary for this range of between the pedestal current, and the pedestal temperature
modes, and radial eigenmode structures of the limiting insta¢T,) in the regime of interest. Hence it is possible to recast
bilities are shown in Fig. 4. Because the shape of the profilegig. 4 in 8y, T, space, and calculate limits on the pedestal

temperature itself imposed directly by MHD stability. For the
above case, this yields B, limit of ~2.6 keV atBy~2.
:Iu:‘?:gﬁdog:eling- Peeling Component Tcér;aks;lzlg triangularity to5=0.5 increases this limit to

These stability calculations suggest a model of ELMs in

n=13 Peeling

Small ELMS J

05— —Tbo n = 6 Marginal which peeli_ng—ballooning i_nstabilities_ provide the trigger,

) Ty and ELM size correlates with the radial depth of the most

0.10 - unstable mode. The stability limits imposed by coupled

0.08 peeling—ballooning modes can be envisioned schematically
j'o.os ed\}}f’ as in Fig. %a). The location inp’, J space at the time the
\%0.04 ”f‘%”’ ELM is triggered will also contribute to its dynamics, and it
= 002 it is possible to postulate semiguantitative models of various

) . High n Modes Unstable types of ELM cycle. At least three types of MHD-driven

=ne z 2 z ELM cycle can be envisioned for this type of stability

By boundary, as illustrated schematically in Figh5s In each
FIG. 4. Stability boundary id, 4 for th 5131 for JET case, power flowing from the core causes the pedestal gradi-
. 4. ability boundary 1, By space for the range<sn< or - . . :
like equilibria with k=1.6, §=0.5. The radial eigenmode of the limiting ents to rise between ELMs on a transport time scale, with

instability in different regimes is also shown, along with a contour plot of (mOSt!y bootstrap current generally rising more S|0W|_y to-
the 2D structure of an=6 peeling—ballooning mode. ward its steady state value. The cycle labeled “III” will oc-
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cur at low density and low input power, such that the current D_(au.) 07887
rises to exceed the peeling limit well before the pressure [ e 7
gradient reaches the ballooning limit. These ELMs are ex-

pected to be small, both because the peeling modes trigger- 1800 2000 2200 2400
ing them have narrow mode structures, and because they 0.15 : —
occur at low pedestal height. The ELM frequency is expected ELITE Analysis

n=10

to decrease with input power, because the pressure gradient
will rise more quickly, stabilizing the peeling mode. Hence
this cycle provides a model for the low density variety of
Type Il ELMs (high density Type Il ELMs are likely driven

by resistive modes beyond the scope of ideal MHD analysis
At higher power and low density, cycle “I” will occur, gen-
erating large ELMs both because the relatively low-
peeling—ballooning modes have a broad radial structure, and
because the initial pedestal pressure collapse will leave the
pedestal in the unstable domain until the current relaxes to a
much lower value. This cycle’s frequency will increase with
input power, and it provides a model for large type | ELMS. g\, 6. ampiitude of the divertob,, signal is shown above, indicating the
Finally, at large input power, where the total steady state —H transition and ELM times. Calculatat=10 normalized growth rate
current at the pressure limit does not exceed the peeling |imﬁs a function of time is shown below, along with an estimate of the normal-
(Jior<Jpee), Cycle “II” occurs. This can occur either at high ized /2.

density, where high collisionality leads to a lalys (leading

to a model of small type | ELMs or it can occur at some-

what lower density when the peeling limit is high due to ballooning modes as a trigger for observed ELMs. We then
strong shaping or large magnetic shear. This cycle is expriefly discuss additional comparisons on the JT-80&hd
pected to yield relatively small ELMs because both the high-alcator C-Mod’ tokamaks.

n ballooning modes which are most unstable at low current,

and the intermediata-modes most unstable for highhigh - Case study: DIlI-D shot 97887

6 type-Il ELM cases, tend to have narrow mode structures, In DIII-D VH-mode shot 97887, the—H mode transi-
and because the pressure loss immediately following théon att~1810 ms is followed by a long ELM free period,
ELM crash returns the pedestal to a stable region of paranterminated by a large ELM dt-2240 ms. To test the viabil-
eter space. ity of peeling—ballooning modes as the ELM trigger, the

Note that in the above stability studies, the density andyrowth rates of these modes are calculated with ELITE, us-
temperature profile shapes, and therefore the pedestal widting experimentally reconstructed equilibria at 50 ms inter-
have been held fixed. Stability limits will in general be a vals. Figure 6 shows the= 10 growth ratgy) normalized to
function of this width, which is likely determined by a com- w,=v,/R, wherev, is the Alfven speed. Intermediate
plex interplay of transport, stability, and atomic physics. Stapeeling—ballooning modes are found to go unstable at sig-
bility itself can place constraints on the pedestal width at anificant growth rates just before the first ELM is triggered.
given gradient, as finite-modes are sensitive to the pedestalThe valuen=10 is chosen for the plot as it exhibits the
height as well as the local gradient. Study of these stabilityargest value ofy/ w, .
based constraints on the pedestal width and their integration A further test is provided by comparing the calculated
with transport constraints is an important direction for futuremode structure with the observed radial ELM depth. Figure
work. 7(a) shows the measured relative electron temperature loss
during an ELM AT./T.), using normalized poloidal flux
() as a radial coordinate. Good statistics are attained by
taking the average loss profiles from Thomson scattering, for

Recent advances in high resolution pedestal diagnostiahe two large ELMs occurring in the interval 2200 s
allow for detailed comparisons of the model with a range 0of<2400 ms. Then= 10 radial eigenmode structure calculated
experimental measurements. just before the first large ELMtE 2230 ms), is shown in

General trends in pedestal stability with shape have beeRig. 7(b). The measured ELM depitior example, using full
found to agree with experimental observati8fi€LITE cal-  width at half maximumand predicted mode depth agree, as
culations such as those shown in Fig. 3, allow further quanpredicted by the ELM model. Both extend significantly be-
tification of such comparisons, and are found to agree wittyond the pedestal width (0.954<1). The 2D structure of
observed pressure gradient limits in strongly shaped disthe MHD radial displacement is shown in the contour plot
charges, as discussed in the preceding section. inset in Fig. 7b).

To provide a direct confrontation of the stability-based  Additional confirmation of the predicted ballooninglike
model with experiment, we present first a case study, followimode structure is provided by results from divertor balance
ing the time evolution of DIII-DVH-mode shot 97887 and experiments on DIII-IF It is found that ELM energy depos-
evaluating the feasibility of intermediate- peeling— ited to the inner divertor leg becomes negligible in a double

Normalized Growth Rate (y/®A)

-05 ! 1 1 1 1 1
1800 2000 2200 2400
Time (ms)

V. COMPARISON WITH EXPERIMENT
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be related to ideal MHD instability. Results are to be dis-
cussed in detail in Ref. 10.

0.8
l:: 0.6 VI. DIAMAGNETIC STABILIZATION
= 0.4 The ideal MHD model used in the preceding sections
neglects finite Larmor radiu¢FLR) effects which can be
0.2 significant in the pedestal. In particular, diamagnetic drift
0.0 . . stabilization has been considered by several authors as a po-
02 . : ! ] tentially important effect in the pedest@ee, for example,
Refs. 30—-33
The diamagnetic drift®, ) is a strong candidate to im-
—_ 05 : pact peeling—ballooning stability in the pedestal, because the
E 0 4§ strong pedestal pressure gradient leads tfovalues that can
g i be comparable to ideal MHD growth rates in many cases,
= particularly at highen. The analytic relatiotf
o N E
<Et 02% ~ Yinp= 0(0— 04), 2
§ | where yyup IS the ideal growth rate, implies that the ideal
E 04: MHD instability becomes stabilized whea, /2> yyp -
S Equation(2) neglects kinetic effects, and assumes a constant
00" = value forw, ;. Hastie, Catto, and Ramtishave developed a
0.2 0.4 0.6 0.8 1.0

formulation for treating the strong variation af, ; typical of
v the pedestal, and have found that strong variatiorwQf

FIG. 7. (a) The observed radial profile of relative electron temperature IossdIrnInIShes its stablllzmg effect.

across an ELM(b) Radial profile of the calculaten= 10 eigenfunction, just Ar_‘ estimate Ofw_* /2_ _norma"ZE'd to_wA_ is _p|0tted in Fig.
before the first ELM is triggered. The inset is a contour plot showing the 2D6. While there are significant uncertainties in bath andy,
structure of the MHD radial displacement. a model which predicts the ELM will appear whep

>w, [2 appears to be consistent with observations.
Motivated by consideration of diamagnetic stabilization,
null configuration, suggesting that the ELM is localized onwe designate the mode with the largest valueybb, (or
the low field side of the discharge, in agreement with theequivalently,y/n for a given equilibrium as the most un-
calculated mode structure. stable mode for the purposes of our ELM model. Incorporat-
ing nonlocalw, effects into ELITE self-consistently is an
important direction for future work.
B. Comparisons with JT-60U and Alcator C-Mod

Further comparisons of the model with observed ELMV”' SUMMARY

characteristics and pedestal limits have been carried out on ELMs can limit tokamak performance both directly, via

the JT-60U and Alcator C-Mod tokamaks. These comparifarge transient heat loads to divertor plates, and indirectly,
sons have consisted largely of side by side comparisons dhrough constraints placed on the edge pedestal height which
pedestal stability and mode structure in pairs of shots exhibimpact global confinement. Hence a quantitative and predic-

iting different ELM behavior. tive understanding of ELM physics is needed to reliably de-
On JT-60U, a regime of small “grassy” or “type II” sign next step fusion devices with both a high pedestal and

ELMs is observed at high and highs, while large “giant”  tolerable ELMs.

ELMs are observed at lowar, 5.2° ELITE calculations for The sharp pressure gradients in tHemode transport

n=12, using experimentally reconstructed equilibria duringbarrier drive large bootstrap currents, and the combination of
the ELMy period, find that both grassy and giant ELM casedargep’ andj provides drive for a variety of MHD instabili-
are marginally stable to peeling—ballooning modes. Broadies over a wide range of toroidal mode numben3.(The
mode structures are found for giant ELMs, and narrowercurrent plays a complex dual role in the pedestal, on the one
structures for grassy ELMs, in agreement with the ELMhand, driving peeling instabilities, while on the other hand
model. reducing shear and providing second stability access to bal-
Peeling—ballooning stability of “Enhancdd,,” (EDA), looning modes. The picture is further complicated by the
ELM-free, and ELMing Alcator C-Mod discharges has beendestabilizing coupling of peeling and ballooning modes
studied with ELITE. Intermediate $n<<50 growth rates which occurs at finiten.
were found to increase strongly with edge current, and to be A highly efficient, new MHD stability code, ELITE, has
higher with broader mode structure in ELMy cases than irbeen developed to allow broad, quantitative study of MHD
EDA or ELM free. Results appear to be consistent with ourlimits imposed on the pedestal over a wide rangenof
model of ELMs as intermediate- peeling—ballooning >~5. ELITE has been used to explore the limits imposed
modes, while edge oscillations in EDA mode appear not tdoth on pedestal pressure gradient, and through the collision-
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