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I ntroduction

The H-mode pressure pedestal is crucial for the confinemfeatakamak fusion device. In
order to predict the height of the pedestal, we need to utataghe instabilities controlling
the pedestal evolution. Pedestal performance has beerssiially predicted for several cur-
rent tokamaks using the EPED model[1] which combines patipsessure gradient limiting
kinetic ballooning modes (KBM) with pedestal top pressureting peeling-ballooning modes
to produce a prediction for the pedestal width and height.

In this paper, we exploit high resolution diagnosis of p¢alegrofiles from Type | ELM
cycles on MAST and JET to perform MHD and gyrokinetic stapiinalyses that allow us to
test rigorously the ideas behind the EPED model.

MAST plasmas

The width of the MAST edge pedestal increases during the Eldlle¢ but the maximum
pressure gradient stays almost constant after the rappdeegimmediately following the crash.
By varying the fuelling during the discharge it is possildeary Te peq and thus collisionality. In
high collisionality (. peq = 1.4) pedestals only the density pedestal height increaséasgdine
ELM cycle, while in low collisionality ¢, ,eq = 0.6) pedestals both the density and temperature
increase (Fig. 1). Thee andTe profiles were measured using Thomson scattering system with
130 radial points with 10 mm radial resolution and fitted watimodified hyperbolic tangent
function ormtanh (for details see [2] and references therein).

We use these profiles (and assume: Te) to reconstruct the equilibrium using the HELENA
code[3]. The bootstrap currenjpf) dominates the current profile in the edge region, and is cal-
culated self-consistently using formulas in [4]. The lowplasma has more bootstrap current,
and, consequently lower magnetic shear near the edge rédierilux surface averaged toroidal
current density and g-profiles are plotted in Fig.2.

* See the Appendix of F. Romanelli et al., Proceedings of 8rel 2AEA FEC 2010, Daejeon, Korea
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Figure 1: Thene (top) andTe (bottom) profile evolution Figure 2: The toroidal current den-
during the ELM cycle in high (left) and low (right) col- sity and g-profile at the end of the
lisionality MAST discharges. The labels represent th&eLM cycle in high and lowv,
normalised time in the ELM cycle. MAST discharges.

Both high and low collisionality plasmas start the ELM cydlg being stable to finite-
n ideal MHD modes 1f is the toroidal mode number), but become unstable to theskesno
by the end of the ELM cycle. This is consistent with these nsgol@ducing the ELM trig-
ger. The stability to then = « ideal ballooning modes differs in these two pedestals. & th
high v, plasma with high magnetic shear, the pedestal is unstabie-te ballooning modes
through the ELM cycle. The width of the unstable region faléothe increasing width of the
density pedestal [2]. On the other hand, the
low v, plasma has low shear in the steep pres-
sure gradient region and this gives access to
second stability. Except for a narrow (<1% of
poloidal flux) band near the very edge, the low
Vv, pedestal is stable to= o ballooning modes.

In a linear gyrokinetic analysis using GS2 [5],
we find good correspondence between the KBM

andn = « ideal MHD ballooning mode stability.

_ Also by artificially reducing the bootstrap cur-
Figure 3: The growth rate spectrum at . L _
_ rent in the equilibrium reconstruction it is possi-
Y = 0.94 at 46% of the normalised ELM cy- _
ble to make the low, pedestal unstable against
cle of the lowv, MAST plasma wherg’ is _
then = « ballooning modes and KBMs.
varied from the experimental value. The ver- , , ,
_ _ In both cases we find unstable micro-tearing
tical dashed line represents the pressure gra- _
_ _ (MTM) modes in the pressure plateau at the top
dient values 8ms later in the ELM cycle. N
of the pedestal. These modes are stabilised by



inggeasingcthe:density sgragieatn Ansaitificiah scanief poessgradient (by increasing4bath
density and temperature gradients consistent with thelgrefiolution observed in the ex-

periment, but not increasing,s and adjusting g-profile self-consistently) at the “knee’tud
pedestal ¢ = 0.94) midway through the ELM cycle demonstrates the stalitisasof MTMs
(0.5 < kgpi < 4, kg is the poloidal wave number) and destabilisation of KBMg{ < 0.5)

as was found for higtv, in [6]. The growth rate spectrum of this scan is shown in Fig. 3
The widening of the steep pressure gradient region can daiaeg by this stability behaviour
at the pedestal “knee”. The steepening pressure profilecesdine MTM drive for turbulence
reducing the transport until the KBM stability limit is rd@ed, which stops the increaselop.

JET plasmas

The JET pedestal profiles with varying degree of fuellingraeasured using Thomson scat-
tering system with 1cm radial resolution and fitted wittanh-function. Pedestal evolution in
high triangularity JET plasmas is different from MAST. Weoloat two shots ad = 0.42,
lp = 2.5 MA, By = 2.7 T with varying fuelling. In a high fuelling case (#79503= 2.7 x 10??
el/s), the pedestal width does not markedly change aftemikial recovery from the ELM.
The pressure pedestal height increases in the early paredltM cycle, but then it saturates.
The plasma sits close to the peeling-ballooning stabildyrimary most of the ELM cycle. In
a low fuelling case (#79498, = 0.5 x 10?2 el/s) the pedestal density and temperature profiles
get narrower and steeper during the ELM cycle only crosdiegaeeling-ballooning boundary
at the end of the ELM cycle. In both cases the most unstalliethe crossing of the stability

boundary is about 15. Full stability diagrams are shown |n [7

Due to high bootstrap current driven
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marginally unstable. Similar to MAST,
GS2 finds good correspondence be-

tween the ideal MHDn = « balloon- Figyre 4: The density and temperature profile evolu-
ing mode and gyrokinetic KBM sta+jon during the ELM cycle in high (#79503) and low
bility, i.e. most of the pedestal is sta479498) fuelling JET discharges. The labels repre-

ble to KBMs. As for MAST low V. gent the normalised time in the ELM cycle.
pedestal removing the bootstrap current



(removiryg therdd stabiliyacecess)makes the.enting pedestal unstable tok BM 04.111
Gyrokinetic analysis reveals that the JET

pedestal top is dominated by ion temperature gra-

. , . =-=10-40% MTM
dient (ITG) modes, but we also find subdominant ¢ s|—10-40% ITG
===40-70% MTM

MTMs that are stabilised by the steepening of den- .4/ :;18:;83 'J%A/\
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the dominant ITG modes are not affected by the 02l  p

steepening of the density gradient. 01l

Conclusions % o0z o4 06 o08 1
Finite n stability analysis for the equilibria re-
constructed during the different phases of the ELM
Figure 5: The growth rate spectrum of
cycle shows that both JET and MAST plasmas
_ . o JET discharge #79498 at the “knee” of the
reach the peeling-ballooning (PB) limit before an _
pedestal ¢ = 0.96) during the ELM cycle.
ELM crash. The absence of KBMs shows that o
_ o The solid lines show the ITG modes and
while the PB modes set the limit for the pedestal )
_ the dashed lines the MTMs.
height, the pedestal recovery between ELMs in
JET and MAST are controlled by different pro-
cesses. ITER with high bootstrap current is likely to be KBltbde, like JET, making it difficult
to predict the pedestal based on KBM stability. On the otlagidh the PB stability should be a
robust limit for ITER pedestals. In all MAST and JET plasmasfimd unstable MTMs at the

pedestal top.
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