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Ideal MHD external kink modes driven by large current dgnaitd pressure gradient values
in the pedestal region of the tokamak plasma are believedgger the edge localized modes
(ELM). Since the ELM triggering mechanism depends on the edgent and pressure profiles,
a modification of these parameters can lead to a variatioheoELM cycle controlling their
frequency and amplitude. In experiments on TCV the vertisaillation of the plasma generates
an edge current which, in turn, triggers or inhibits ELMs degieg on the sign of the induced
edge current [1]. Similar experiments have been perfornrmeASDEX Upgrade (AUG) to test
this technique on an additionally heated H-mode plasmatyjté | ELMs [2].

To understand the difference in the triggered ELM behavierdetail quasi-equilibrium mod-
eling of the edge current induction in the ELM triggering exments was performed with the
PET code integrated into the DINA-CH Simulink [3] environmé&aiting into account the mag-
netic field diffusion and with realistic plasma profiles iretpedestal region. Plasma shape per-
turbation in the ELM controlling sequences was reproducededalistic profiles with pedestals
and self-consistent bootstrap current. Stability catoohes were performed with the KINX code
interfaced to the environment. Higher local squarenest@bbundary, corresponding to the
downward plasma motion, was found to destabilize kinkdmaling external modes. The cor-
responding reduction of the edge current density is tylyiGacompanied by a current density
increase at the top of the pedestal that diminishes its infe®n the stability. The overall ef-
fect of the plasma shape distortion on the stability is $igaintly stronger than that of current
density perturbations.

The results of the magnetic triggering simulation for ITERgmeters are presented.

1 Quasi-equilibrium modeling with pedestal profiles

The new option to prescribe temperature and density prafilégserms of the normalized
toroidal flux®/ds = p? was implemented into the DINA-CH. The equilibrium pressusrssilf-
consistently calculated from the input profiles and, togethith a prescribed averaged current
density and total current value, fully describe the inigguilibrium.

The profiles were prescribed using the following expression

f=(fo—fp—fs+ fe)(l—pa>b+%fp (tanhd;p +1) +fs— fe; fo= %fp <tanhd—;1+1) :

that allow to independently change the values at the &xist the separatriXs and at the
top of the pedestal, and pedestal width and position. For the ASDEX Upgrade (AU&e
examples of the profiles are given in Fig.1la. A simple paiabmirrent density profile was
chosen for the initial equilibrium. The self-consistenbtsirap current calculated taking into
account the effect of the collisions [4] builds up in approately 0.05s in the pedestal region.

The ELM triggering scenario described in [2] was considefidte results of the modeling
confirm the analysis of the plasma shape evolution patteffioqpeed in [5]. In Fig.1c the ex-
treme positions of the separatrix during the period in tHéage perturbations are shown. The
local increase/decrease of the boundary squareness dnemgrturbation correlate well with
plasma downward/upward motion and the minimal/maximalealf the current density at the
plasma boundary, respectively. The upper trianguladity, 0.03, changes very little during the
perturbation.

The dependence of the edge current perturbations on theal@snperature was studied in
the series with different values of the temperature at tharsdéyx. The magnitude of the current
density perturbations scales approximately linearly whéhtemperature. A remarkable feature
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of the current density perturbation pattern is the con@tedf the minimal values at the plasma
edge with the maximal perturbation at the top of the pedéBigl2b).
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Fig.1 AUG Ea) the density (solid) and tenu%perature (dashed) profiles asaidmnof normalized
radius; (b) averaged current density perturbation during the periad;the extreme boundary
positions during the period and the boundary with the perturbation amplified fogstim

2 Stability analysis

Ideal MHD stability of the equilibrium sequences in the ELbhtrolling scheme was inves-
tigated with the KINX code that includes plasma up to the sspa.

Two equilibria with minimal and maximal current density la¢ tedge (downward and upward
phases of plasma motion respectively) during the periodewosen. The stability margins
were calculated in the equilibrium series generated by liegcide parallel current density and
pressure gradient profiles in the pedestal region for eachil@ium keeping the total current
and plasma boundary fixed (a similar procedure was used JnA6yood approximation for
an equilibrium with self-consistent bootstrap currentl$aned when the current density and
pressure gradient are multiplied by the same faStarhe comparison of the stability margins
In S showed about 2% difference between the two equilibriumeses = 1.07 - downward
andS= 1.05 - upward for the most unstable moale- 7. It correlates with the observed ELM
triggering during the downward plasma motion despite loagrent density at the edge. In
order to separate influence of the current density pertiofmbn the stability from the shape
influence, the profiles and the boundaries were swapped bptive equilibria. It was found that
the stability margins due to the profile change differ by bass 0.5% with the profile having a
maximal edge value being slightly more unstable. Such a wehlence of the current density
profile perturbation on the stability can be explained bygpecial pattern of the perturbation

mentioned above. N . .
For the stability diagrams shown in Fig.2 the equilibriumrregponding to the downward

plasma motion was chosen as reference. The current dendifyrassure gradient profiles were
rescaled independently in order to obtain the stabilityrtolawies in the parametric parametric
plane (t)’/pg,JH/ < J >): the maximal parallel current densily in the pedestal is normalized

by the averaged plasma current density >=|,/S, and the maximal pressure gradient is nor-
malized by the limiting value in the first region of the highzallooning mode stability at the
separatrix. In order to visualize the influence of the boupgerturbation on the stability, an-
other reference equilibrium with the perturbation of thebdary amplified four times (Fig.1c)
was generated with the same profiles. The reference eqgailibe shown by the green circle
with the error bar corresponding to the current densityysbétion during the period.

The difference in the stability margin along the bootstiap Hue to the stronger boundary
perturbation is approximately proportional to the scafecior 4 in the boundary perturbation:
S=0.99 versus reference= 1.07 forn = 7 — about 8% drop. The high-n stability boundary
shifts to higher values of the normalized current densitthin pedestal due to the increase of
the plasma boundary squareness. This feature is acconddaneeshift of all medium-n mode
stability boundaries to lower values of pressure gradi€he effect is stronger for higher n:
in particular, then = 10 mode instead of = 7 becomes most unstable along the bootstrap
current line (dashed). The obtained results are in agreewitdnthe study of the plasma shape
influence on the edge kink-ballooning instabilities [7] wiéhe destabilizing influence of the
cross-section squareness was associated with highesvalyedestal current density needed
for the second stability access.
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Fig.2 AUG (a) the edge stability diagrams for the reference equilibrium (bluéXa@ equilibrium

with the amplified boundary perturbation (red)
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Fig.2 AUG (b) contour lines of the plasma normal displacement and (c)dhesponding har-

monics in the straight field line coordinate.

3 ELM triggering in ITER

The first results on the currentinduction in ITER configuwativere presented at the EPS2004
[8]. The new version of the DINA-CH90 code was used for the satioihs with the realistic pro-
files with pedestals (Fig.3a). The self-consistent boapstrurrent builds up in approximately
0.5s in the pedestal region. The perturbing voltaid€V per turn were applied to the coils
PF2-3 and PF4-5. The voltage perturbation wave-forms wikosan as in TCV experiments
[1]: pulses with a duration of 0.2s and a period of 2s. Theltegumagnetic axis vertical po-
sition trajectory during the period is shown in Fig.3c. Therent density perturbation pattern
during the plasma upward motion is similar to the AUG caseasvéver, the magnitude of the
perturbation at the edge is about 4 times higher compardutteaiues at the top of the pedestal
(Fig.3b). That is connected with a narrower skin depth fertilgher temperature ITER plasma.

For high triangularity the edge kink-ballooning mode sibboundary corresponds to higher
values of the pedestal pressure gradient so a narrowertpedédth was prescribed. However
for the choserBp = 0.2 the stability margin along the bootstrap line is still viitta factor of
2 above the the reference equilibrium with the upper tridgangfy & = 0.52. The most unstable
toroidal mode number is = 15 that corresponds to a shift in the wave numbers havingeitie s
ond stability access in accordance with the scalngn x qgs = const [8] for narrower pedestal
width w compared to the AUG case. Reaching the stability margin irséifleconsistent equi-
librium would require narrower pedestals for the same \&bfethe pedestal temperature and
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density. It takes finer resolution near the plasma edge loottné rectangular and adaptive flux
grids used in the present versions of DINA and PET codes. iBegpite strong current density
perturbations at the edge, the stability mar§iralculated in the series with rescaled profiles in
pedestal region are close to each otlser: 2.06 for downward motion an8= 2.02 for upward
motion. In relative figures it gives the difference 1.5% camgble to the effect of relatively
small boundary perturbations in the AUG case.
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Fig.3ITER (a{) the density (solid) and température (dashed) profiles asctidin of normalized ra-
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Fig.4 ITER (a) contour lines of the plasma normal displacement and (bydhesponding har-

monics in the straight field line coordinate.
3 Conclusions

The local plasma boundary squareness increase during ttage@erturbation cycle was
found to be destabilizing for medium-n edge kink-ballo@nhmodes in accordance with the
ELM triggered in the AUG experiment when the plasma moves ddwe relative influence of
the boundary perturbation is much stronger than the vanatin the current density. However,
for higher temperature ITER plasma the current densityatians alone can be responsible for
the kink-ballooning mode destabilization. Both currentsignand plasma boundary variations
are possible candidates for the ELM triggering in TCV [5].
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