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For steady state high-confinement-mode~H-mode! operation, a relaxation mechanism is required to
limit build-up of the edge gradient and impurity content. Alcator C-Mod@Hutchinsonet al., Phys.
Plasmas1, 1511~1994!# sees two such mechanisms—EDA~enhanced D-alpha H mode! and grassy
ELMs ~edge localized modes!, but not large type I ELMs. In EDA the edge relaxation is provided
by an edge localized quasicoherent~QC! electromagnetic mode that exists at moderate pedestal
temperatureT,500 eV, high pedestal density, and high edge safety factor,q95.3.5, and does not
limit the buildup of the edge pressure gradient. Theq boundary of the operational space of the mode
depends on plasma shape, with theq95 limit moving down with increasing plasma triangularity. At
high edge pressure gradients and temperatures the mode is replaced by broadband fluctuations
~ f,50 kHz! and small irregular ELMs are observed. Ideal MHD~magnetohydrodynamic! stability
analysis that includes both pressure and current driven edge modes shows that the discharges where
the QC mode is observed are stable. The ELMs are identified as mediumn (10,n,50) coupled
peeling/ballooning modes. The predicted stability boundary of the modes as a function of pedestal
current and pressure gradient is reproduced in experimental observations. The measured dependence
of the ELMs’ threshold and amplitude on plasma triangularity is consistent with the results of ideal
MHD analysis performed with the linear stability codeELITE @Wilson et al., Phys. Plasmas9, 1277
~2002!#. © 2003 American Institute of Physics.@DOI: 10.1063/1.1561618#
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I. INTRODUCTION

Formation of an edge transport barrier in high confin
ment mode~H mode! of tokamaks’ operation is accompanie
by a buildup of strong temperature and density gradients
narrow region of the plasma in the vicinity of the separat
~pedestal region!. It has been shown, for example, in Re
1–3, that total confinement and core transport are dire
linked to the height and gradient of the temperature and p
sure pedestal. When these gradients become sufficie
strong, they drive edge MHD~magnetohydrodynamic! insta-
bilities that limit further pedestal growth. The most comm
type of such instabilities are edge localized modes~ELMs!—
short bursts of transport that intermittently relax the pede
gradients and provide steady state operation of H-m
discharges.4 Large type I ELMs, which are the major edg
relaxation mechanism on most of the existing tokama
drive considerable particle and energy fluxes that prese
significant power load on the divertor target plates. On Al
tor C-Mod, however, type I ELMs have never been observ
Instead more benign instabilities appear to drive enhan

a!Paper KI2 5, Bull. Am. Phys. Soc.47, 184 ~2002!.
b!Invited speaker. Electronic mail: mossessian@psfc.mit.edu
1721070-664X/2003/10(5)/1720/7/$20.00

Downloaded 03 Oct 2012 to 194.81.223.66. Redistribution subject to AIP lic
-

a

ly
s-
tly

al
e

s,
a

-
d.
d

particle transport at the edge of H-mode plasmas, leadin
steady state operation. We present the results of recen
perimental and numerical studies of these edge instabil
on Alcator C-Mod.5

The most extensively studied edge instability is a qua
coherent~QC! electromagnetic mode~f550–150 kHz!, lo-
calized in the outer part of the pedestal that appears to d
enhanced particle transport in enhanced D-alpha~EDA! H
mode.6–8 It is established experimentally that the QC mo
exists in a well-defined region of edge parameter space
quiring moderate pedestal temperature (Te

ped,500 eV!, high
pedestal density, and high edge safety factor (q95.3.5).9

The edge safety factor boundary appears to depend
plasma shape, with higher plasma triangularities favor
EDA operation at lowerq. Ideal MHD stability analysis that
includes both pressure and current driven intermediatn
modes~stability codeELITE10,11! shows that the plasma edg
is stable in typical EDA discharges. On the other hand,
nonlinear real geometry modeling based on Braginskii fl
equations~boundary turbulence codeBOUT12,13! shows, for
an EDA plasma discharge, the existence of an edge local
resistivex-point mode with characteristics~location, wave
number, frequency! similar to the measured parameters
the QC mode. Based on these results the QC mode was
0 © 2003 American Institute of Physics
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1721Phys. Plasmas, Vol. 10, No. 5, May 2003 High-confinement-mode edge stability . . .
tatively identified as a resistive ballooning mode.
In high density, high input power discharges with bo

edge pressure gradient and edge temperature higher th
the EDA region, the QC mode is replaced by low frequen
( f ,50 kHz! broadband fluctuations. In this regime sm
irregular ELMs are observed with average frequency aro
600 Hz. MHD stability analysis shows that these dischar
are ideal ballooning stable.9 A model was proposed that iden
tifies the ELMs as a combination of pressure gradient dri
ballooning modes and edge current driven peel
modes.10,11A number of ELMing, ELM-free, and EDA equi
libria were analyzed using the stability codeELITE. It was
found that the observed threshold for ELMs in pedestal
rameter space is consistent with the coupled peel
ballooning modes model. The model also describes in a c
sistent way the measured dependence of the EL
characteristics on plasma shape.

II. PEDESTAL PARAMETERS AND H-MODE
CONFINEMENT

The results presented in this paper are based mainly
high resolution edge Thomson scattering diagnostic tha
designed to map the details of temperature and density
files to the H-mode pedestal region. The diagnostic is
scribed in detail in Ref. 14. To parametrize the pedestal p
files the measured profiles are fitted to a hyperbolic tang
function ~see Ref. 14 for details!. In Fig. 1 typical pedesta
H-mode profiles together with the fitted curve and the para
eters used to describe the pedestal region are shown.
value of the pedestal gradient as used below in this pa
represents the maximum pedestal gradient obtained from
tanh fit. The pedestal parameters routinely measured du
C-Mod plasma operation are used to populate an edge d
base that contains also the global plasma parameters, pl
shape, and confinement characteristics. The type of H m
is defined based on the observed type of edge fluctuat
~see Ref. 9 for details! measured by fluctuation diagnostics—
phase contrast interferometry, reflectometer,15 and magnetic

FIG. 1. Typical L and H-mode pedestal profiles measured by edge Thom
scattering. The tanh fit to the H-mode profiles are shown~solid line! together
with definitions of pedestal parameters~heighth, width D, and positionr0!.
Downloaded 03 Oct 2012 to 194.81.223.66. Redistribution subject to AIP lic
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coils. The large set of data representing different types o
modes and a wide range of plasma parameters allows u
establish correlations of pedestal parameters with pla
confinement and their scalings with global plasma para
eters, leading to improved understanding of pedestal phy
and mechanism of pedestal control and improvement
plasma performance.

It has been established experimentally that global c
finement characteristics of an H-mode plasma are dire
linked to the pedestal height and gradient.1–3 Figure 2 shows
the dependence of plasma stored energy in H mode on p
sure pedestal gradient observed on Alcator C-Mod. It sho
be noted that since on C-Mod the pedestal width does
change significantly over the entire operational range of
H modes and was observed not to scale with major plas
parameters, similar correlation exists between pressure
estal height and stored energy. The set of data used in F
represents a variety of H-mode discharges with a wide ra
of engineering plasma parameters~plasma current, magneti
field, etc.! for various types of H mode. The observed corr
lation of pedestal gradient or height and plasma stored
ergy is essentially a result of resilience of core plasma p
files ~see, for example, Ref. 16!.

The measured correlation ofPe
ped andWstored is an indi-

cation of a direct dependence of plasma confinement on p
estal characteristics. Therefore, establishing dependenc
the pedestal magnitude on plasma parameters is impo
for understanding and optimization of the tokamak perf
mance. The major effort in this direction has produced
number of scalings that allows us to predict pedestal par
eters in a variety of operational regimes on C-Mod.17 In Fig.
3 one such scaling is presented, showing dependence of
sure pedestal gradient in EDA and ELM-free H modes
plasma parameters—currentI p , electron density in Ohmic
phase prior to the L-H transitionnL,0 , and power flowing
across the separatrixPSOL:

“Pe
ped}I p

1.9860.11
•PSOL

0.4860.06
•nL,0

20.5660.05. ~1!

The scaling was obtained using multivariable regress
on a large set of plasma parameters. The result can be un

on
FIG. 2. Scaling of plasma stored energy with pedestal pressure gradi
ense or copyright; see http://pop.aip.org/about/rights_and_permissions
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1722 Phys. Plasmas, Vol. 10, No. 5, May 2003 Mossessian et al.
stood qualitatively by considering observed dependencie
the temperature and density pedestal parameters on pl
parameters. The density pedestal height on C-Mod is line
dependent on H-mode core density, which in turn is defin
by two plasma parameters—current and Ohmic target d
sity nL,0 . No gas fueling is normally used in C-Mod durin
the H mode and plasma density is uniquely defined by th
two parameters at a given toroidal magnetic fieldBt . On the
other hand, the magnitude of the temperature pedestal i
by the available heat source—power flow from the core i
the scrape-off layer~SOL!, defined as

PSOL5Pin1POhm2Prad2
dW

dt
,

wherePin is input heating power~ICRH power in C-Mod!,
POhm is Ohmic heating power,Prad is the total radiated
power, andW is the plasma stored energy.

The I p
2 scaling alone would indicate a ballooning cha

acter of the pedestal instabilities since in this case the
looning parameter

a5
2m0Rq2

Bt
2

“Pe

is constant, which would suggest that the pedestal gradie
limited by the MHD activity. However, the dependence
pressure gradient on power flow across the separatrix i
cates that pedestal growth in the EDA regime observed
C-Mod is not limited and the height of the temperature p
estal increases monotonically with increasing heating po
at a constant density. On the other hand, at constant i
power the temperature pedestal decreases with increa
density, which may explain the inverse dependence of
pressure pedestal on target plasma density in the scaling~1!.

III. PEDESTAL PARAMETERS AND THE CHARACTER
OF H MODE

The scaling~1! is inferred from a set of data that in
cludes both EDA and ELM-free H modes. The ELM-free
mode observed on Alcator C-Mod is characterized by

FIG. 3. Scaling of pedestal pressure gradient with plasma parameter
tained with multivariable regression fit.
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sence of any edge fluctuations, which leads to continu
impurity accumulation in the plasma, exponential growth
radiated power, and eventual radiative collapse of the
mode.6 By contrast, EDA is a steady state H mode that c
exist as long as auxiliary heating is applied. In EDA t
enhanced impurity transport appears to be driven by a q
sicoherent electromagnetic mode localized in the pede
region. The pedestal gradient scaling indicates that the
mode, although apparently affecting the particle transp
across the separatrix, does not limit the growth of pede
pressure gradient. Recent experiments and stability ana
on Alcator C-Mod have shown that continuously increas
heating power leads to the growth of the pedestal pres
gradient to the values that exceed by more than a factor
the ideal ballooning stability limit calculated without takin
into account the stabilizing effect of edge bootstrap curre9

It was found that at highest values of edge pressure grad
and temperature achievable to date in Alcator C-M
@“Pped>1.107 Pa/~Wb/rad!# the QC mode is replaced b
broadband fluctuations and small ELMs are observed.

In Fig. 4 the magnetic fluctuation spectrum of both t
QC mode and ELMs together with traces of total radia
power normalized to the input heating power, line avera
density, andDa radiation are shown for a pure EDA H mod
@Fig. 4~a!# and a discharge with ELMs@Fig. 4~b!#. In an EDA
discharge the QC mode is clearly seen in the fluctuat
spectrum obtained by a magnetic coil installed on a tip of
scanning probe that dwells near the plasma separatrix. In
ELMy discharge, as in a regular EDA, the QC mode w
ramping down frequency appears after a brief ELM-free
riod @1.02–1.04 s, Fig. 2~b!#. The mode is replaced by ELM
~1.05 s! when the pedestal temperature grows above 400
and reappears~1.23 s! when the edge cools down because
increasing radiated power fraction. In this example the
mode is terminated by a large impurity injection seen in
radiated power trace. It has been shown previously9,6,7 that
the QC mode, which is characteristic for EDA regime, exi
in a well-defined edge parameter space. Generally, the m
requires high values of edgeq (q95 above 3.5! and moderate

b-

FIG. 4. Magnetic fluctuation spectrum showing a QC mode and small EL
together with divertorDa signal and traces of line integral density and tot
radiated power fraction. In ELMing discharge the QC mode starts at;1.04
s following L–H transition~;1.02 s! and brief ELM-free period. The mode
is replaced by broadband fluctuations~ELMs! at ;1.05 s and reappears a
;1.23 s when edge temperature drops.
ense or copyright; see http://pop.aip.org/about/rights_and_permissions
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values of pedestal temperature. At higherTe
ped or lower q95

the mode is usually replaced by ELM-free regime. Rec
studies show, however, that the mode’s operational sp
cannot be uniquely described by the combination of th
two parameters (q95 and Te

ped). It is demonstrated~see Fig.
5! that the QC mode can be obtained at lowq95 values in H
modes with high pedestal density (ne

ped.331020 m23),
while the temperature boundary seems to hold over the w
range of values ofq.

The observed dependence of the H-mode fluctuati
character on pedestal temperature and density suggests
edge collisionality may play a significant role in triggering
the QC mode. The fact that the mode exists only in plasm
with pedestal temperature below a certain threshold an
the same time requires high density and/or highq indicates
that the QC mode favors highly collisional edge~neoclassi-
cal collisionality being defined as

ne* }
qRneZ ln Le

Te
2e3/2

,

where Le is a Coulomb logarithm ande is inverse aspec
ratio!. No clear boundary exists, however, between EL
free ~QC-mode free! operational space and QC-mode regi
if collisionality is considered as one of the independent va
ables. The dependence of the mode character on tempera
density, magnetic topology~q! and shape~see the following!,
together with tentative identification of the mode as a re
tive ballooningx-point mode12,13 suggests a complex multi
dimensional threshold for the mode triggering which is n
likely to be described in terms of one or two simple variab
like edge collisionality.

The q95 boundary of the QC mode space can also
modified by changing the shape of the plasma. Figure 6 s
marizes the results of measurements of edge fluctuation
discharges of different shape and current. The QC mod
observed predominantly in discharges with high values
q95 in strongly shaped plasmas~with average triangularity
dav.0.4). As q decreases, the mode becomes weaker
eventually disappears, leading to ELM-free H mode. At lo
triangularity the QC mode can be achieved only for the v
ues ofq95 above 5. At lowerq the mode frequency spectrum
widens and the rising level of radiated power indicates
creasing accumulation of impurities. It should be noted t

FIG. 5. Operational boundary of QC mode is pedestal temperature (Te
ped),

density (ne
ped), and edgeq space.
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the ‘‘standard’’ C-Mod equilibrium is up-down asymmetr
and the changes of averagedav are obtained in the experi
ments by simultaneous changes of lower and upper trian
larities. It is not possible to say now whether the observ
effect of plasma shape on QC mode is related to only one
the shaping parameters (d lower or dupper) or to both of them
simultaneously. It is clear that no hard boundary exists
tween EDA and ELM-free H modes. The QC mode amp
tude is changing gradually as the boundary is approache
any of the considered variables and as a consequence
character of the H mode is changing from steady state
mode with constant level of radiated power to the ELM-fr
H mode. Although the presence of the QC mode is gener
associated with the steady state EDA regime, the mode
also be observed in some H modes with high rate of impu
accumulation and radiated power, characteristic to ELM-f
regime. It appears that the amplitude of the mode should
sufficiently large to produce a steady EDA H mode. Th
observation is in agreement with the previously reported
pendence of the effective particle diffusivity in the pedes
region on the amplitude of the QC mode.7

IV. SMALL ELMS AS COUPLED PEELING Õ
BALLOONING MODES

The ELMy regime can be achieved at highq95 by simul-
taneous increase of edge temperature and density, w
leads to higher edge pressure gradient. The boundaries
tween EDA, ELM-free, and ELMy regimes are demonstra
in Fig. 7, where the values ofTe

ped andne
ped measured in the

three types of H mode are plotted for values ofq95 above 3.5
and a wide range of plasma shapes. The ELMs gener
appear at higher pedestal pressure~pressure gradient! than
EDA and the considerable overlap in operational regions
QC mode and ELMs can most likely be explained by a w
range of plasma shapes included in the data set in Fig. 7.
ELMs observed on C-Mod are small, irregular, high fr
quency bursts of edge transport~see Ref. 9 for more details!
that cannot at the moment be classified as any of the kn
ELM types ~type I, II, or III18! since not enough data ar
available to determine a dependence, if any, of their f
quency and amplitude on heating power. Since the EL

FIG. 6. Modification of theq95 boundary of QC-mode operation by plasm
shape~triangularity!.
ense or copyright; see http://pop.aip.org/about/rights_and_permissions
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appear at the values of pressure gradient higher than th
the EDA H mode and at levels of heating power two to th
times above the L/H transition threshold, it is likely that th
cannot be classified as type III that usually exist near the
threshold.

The observed small amplitude, high frequency ELMs a
pear to drive sufficient particle transport at the edge
achieve a quasisteady state H-mode regime without h
power load on divertor plates~as opposed to low frequency
large type I ELMs! at high edge pressure gradient leading
enhanced energy confinement. Understanding physics
these ELMs is therefore important since this regime may
relevant to the future tokamak reactor operation. The
served characteristics of small ELMs are consistent with
proposed model of ELMs as intermediaten coupled peeling/
ballooning MHD modes10,11driven by a combination of edg
pressure gradient and edge current. The importance of
current driven term implies sensitivity of the mode stabil
to the edge temperature as well as pressure gradient.
results of the stability analysis performed with the line
ideal MHD stability codeELITE show that the modes becom
unstable at the values of“Pe

ped and Te
ped typical for small

ELMy regimes on C-Mod.9 The analysis has shown that th
mode stability is very sensitive to the values of edge curre
Since no edge current measurements exist on C-Mod,
current density was modeled using a collisional model
neoclassical resistivity and collisionality.19 The details of the
analysis and results of the sensitivity studies are describe
Ref. 9.

The analysis of stability boundary for peeling/ballooni
modes was performed on a model equilibrium construc
with typical C-Mod plasma parameters~toroidal field Bt

55.3 T, plasma currentI p51 MA! and shape~triangularity
d50.4, elongationk51.6! using a modeled pedestal tem
perature and density profiles with the pedestal widthD
50.03– 0.04CN(;4 – 6 mm, which is a typical C-Mod ped
estal width!. The pedestal temperature was scanned at
eral fixed values of pedestal density over the range typ
for C-Mod and the values of temperature at which first u
stable modes appeared indicated the stability boundary.

FIG. 7. Boundaries between EDA, ELM-free, and ELMy regimes in ped
tal parameter space. Each point on the graph is a time point that cou
identified as one of the three H-mode types by fluctuation diagnos
ELMs appear in the high pedestal pressure region.
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results of the modeling are shown in Fig. 8 together with
measured pedestal parameters for a set of C-Mod discha
corresponding to various H-mode regimes. It is seen t
although the location of the boundary is quite sensitive to
value of the pedestal width~which modifies the pressure gra
dient at constantTe

ped,ne
ped) the agreement with measure

threshold for ELMs is good. It should also be noted that
up–down symmetric equilibrium was used for the analysis
opposed to an asymmetric equilibria typical for C-Mod a
the data set presented in Fig. 8 include a range of pla
triangularities, although the average triangularity in the
discharges is near 0.4—the value that was used in mode

In order to compare further the results of modeling a
experiments and understand the physics of transition fr
EDA to ELMy regime a dedicated power and density sc
experiment at fixed plasma shape and current was car
out. The stability analysis was performed on a set of equi
ria derived from the EDA and ELMy discharges obtain
during the scan. In Fig. 9 the measured pedestal tempera
are plotted against the

-
be
s.
FIG. 8. Peeling/ballooning mode stability boundary calculated withELITE

for a model equilibrium with typical C-Mod parameters and different pe
estal width. The modeling results are compared with the experimen
observed boundary between EDA and ELMing regimes.

FIG. 9. Experimentally observed transition between EDA and ELMing
gimes together with the results ofELITE stability analysis on a set of equi
libria constructed for EDA and ELMing discharges.
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aMHD5
2m0Rq2dPe

BT
2

•

dP
e

dr

parameter, derived from edge Thomson scattering meas
ments. Open circles represent the points correspondin
EDA regime, closed diamonds—ELMy regimes.

A clear boundary is observed between the regimes, w
ELMs appearing at values of pedestal temperature ab
;500 eV and dominating in highaMHD region. Nine equi-
libria covering the entire region of interest were construc
using EFIT equilibrium solver with pedestal pressure profi
taken for Thomson scattering measurements. In Fig. 9 la
symbols mark the points that were analyzed usingELITE. The
equilibria for which the peeling/ballooning modes are fou
to have finite growth rate are marked with triangles, t
stable equilibria with squares. Within uncertainties ofj boot

calculations and experimental measurements,ELITE shows a
stability boundary consistent with measurements. The p
at low aMHD , high Te

ped taken from an ELMing discharge i
likely to be found stable byELITE because of the uncertain
ties in estimates of the edge current density.

It was found experimentally that transition to the ELM
regime happens at lower input power in discharges w
higher triangularity. Besides, in high triangularity plasma t
ELMs have larger amplitude and pedestal temperature
pressure gradient reach higher value at lower heating po
An example of two discharges with different upper triang
larities but similar values of target density and heating pow
is shown in Fig. 10. This observation is consistent with
model of ELMs as coupled peeling/ballooning mode
Higher triangularity should lead to higher stability bounda
which allows the pedestal to grow larger before the limiti
instability is triggered. The higher values of the pedestal g
dient and height lead in turn to larger growth rates of
modes, leading to larger ELMs amplitude. This is demo
strated by theELITE analysis that was performed using equ
libria from the discharges shown in Fig. 10. The stabil
analysis shows higher growth rates for the higher triangu
ity discharge.

FIG. 10. Traces of input power, pedestal density, temperature and pre
gradient andDa intensity for discharges with upper triangularity of 0.32~a!
and 0.45~b!. Increase of ELM amplitude and pedestal height and gradien
seen in higher delta discharge.
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V. ELMS TRIGGERED BY CURRENT MODULATION

General agreement of the observations of ELMi
H-mode regime on C-Mod and other tokamaks20,21 with the
results of modeling of ELMs as coupled peeling/ballooni
modes indicates the validity of the model for description
the edge localized modes. Since the model states that
current plays an important role in driving the modes, o
experimental verification of the model would be triggerin
ELMs in otherwise ELM-free H mode by a controlled vari
tion of edge plasma current. Such an experiment was s
cessfully carried out on COMPASS-D tokamak22 and similar
results have recently been obtained on C-Mod. Change
edge current relative to the total plasma current are expe
when plasma current is modulated on a time scale com
rable to the current diffusion time. On Alcator C-Mod th
scenario was realized by applying the ICRH power dur
the initial current ramp in the first 200 ms of discharge.
thus obtained H mode large ELMs were triggered imme
ately after the L/H transition. The frequency of the ELM
was increasing, and the amplitude decreasing as the ra
the current rise was slowing down, and the ELMs disa
peared as soon as the plasma current reached a flattop
grammed for the discharge. Figure 11 shows the traces o
line integrated density, magnetic fluctuations,Da intensity, rf
power, and plasma current for one of the discharges.

The ELMs are clearly seen on both magnetics andDa

signal. Appearance of bursts of power on rf signal synch
nous with ELMs indicates that the ELMs are modifying th
H-mode pedestal profiles to a considerable degree, thus
proving the rf coupling to the plasma. It should be noted t
the shape of the plasma is continuously evolving during
initial current rise and, since no edge current measurem
are available on Alcator C-Mod, no stability analysis can

ure

is

FIG. 11. ELMs driven by continuously rising plasma current in the rf i
duced H mode in the initial phase of the discharge. Note changing E
frequency as the current rise rate is changing and a transition to ELM-fre
mode when current rise stops.
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performed on these discharges. Therefore these results
only be considered as preliminary and further experime
on current modulation at fixed plasma shape are necessa
make any definite conclusions. However, the present res
can be taken as an indication that ELMs can be triggered
edge current modulation, consistent with the peeli
ballooning model that predicts appearance of ELMs if pe
ing modes are destabilized.

VI. CONCLUSIONS

Detailed studies of the operational boundaries of
quasicoherent mode thought to be responsible for ste
state EDA H-mode behavior have been carried out. It
been shown that the boundary of the mode can be define
multidimensional plasma parameter space~pedestal density
and temperature, edgeq, plasma shape! with the mode favor-
ing highly shaped, highq, moderate temperature, high de
sity plasmas. It has been demonstrated that MHD acti
associated with the mode does not limit the growth of ed
pedestal. Thus, applying high heating power~.3.5 MW! to
high density H-mode plasma~with ne

ped.231020 m23) leads
to formation of high“Pe pedestal and transition to ELMin
regime with high frequency~;600 Hz! small amplitude
ELMs. This steady state regime, characterized by impro
energy confinement in combination with relatively beni
edge MHD activity may be a prospective regime for a futu
burning plasma experiment. Ideal MHD stability analysis
the framework of coupled peeling/ballooning model p
formed using theELITE stability code supports the conclusio
that the observed ELMs are intermediaten (10,n,60)
peeling/ballooning modes. Modeled stability boundary
the modes is consistent with observed threshold for transi
between EDA and ELMing regimes. The results of stabil
analysis of equilibria reconstructed from ELMing and ED
discharges are also in agreement with the observed E
ELMs transition. Preliminary experiments indicate th
ELMs can be triggered by modulating the magnitude of
edge current relative to the total plasma current, consis
with the peeling/ballooning model that predicts appeara
of ELMs if peeling modes are destabilized.
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