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I ntroduction

For an accurate prediction of the ITER H-mode pedestal parameters, comparisons between
the experimental results in existing devices are important [1]. Theoretical understanding about
the dependence of the aspect ratio on the pedestal parameters can help to analyze experimental
results of devices with different aspect ratios and predict the performance in ITER. In particular,
since the heat load on the divertor plate due to Type-lI ELMs, caused by the ideal magnetohy-
drodynamic (MHD) modes in the tokamak edge region [2], is a big issue, the dependence of the
edge MHD stability on the aspect ratio is important. In previous works, Menard et al. discussed
the effect of the aspect ratio on the lovand infinitenh MHD mode stabilities[3], whera s the
toroidal mode number, and Snyder et al. showed the dependence of the pedestal pressure limit
on the aspect ratio in the different triangularity equilibria briefly[4].

In this paper, we numerically investigate the effect of the aspect ratio on the stability of edge
MHD modes in different shape equilibria by the MARG2D codel5, 6]. Since the edge pedestal
pressure limit is affected by the accessibility to the second stable region of ballooning mode,
we will analyze the aspect ratio effect from the viewpoint of the change of the accessibility to

the second stable region.

Effect of the Aspect Ratio on the Stability of Edge MHD Modes

To investigate the effect of the aspect ratio on the stability of edge MHD modes, we analyze
the stability of the equilibria whose shape of the cross-section is (a) the ITER-like cross-section
and (b) the quasi-double null (QDN) one as shown in Fig.1, which are to be realized in JT-60SA
plasma. The ellipticitx and the triangularity) of these equilibria areyp = 1.66, Kgw = 1.95,
Oup = 0.35, &gw = 0.54 in the ITER-like shape equilibrium, angp = 1.94, Kgw = 1.95, dyp =
0.59, dgw = 0.53 in the QDN shape equilibrium, where the subscupt(dw) expresses the
upside (downside) value. The stability of ideal MHD modes whose toroidal mode nummber
from 1 to 60 is analyzed by the MARG2D code, and the infimigallooning mode stability is
also analyzed by the BETA code[7]. Profiles of the pressure gradient and the averaged parallel

current density, shown in Fig.2, are given as
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edge pedestal and the bootstrap current. The pres- R/Rs R/Ro

surep and the safety factay profiles wherC, = 2.0

andC; = 0.5 are also shown in Fig.2. THg values Figure 1. Contours of the poloidal flux

andl, values are fixed aBy ~ 2.2, I, = 2.6[MA] (magnetic surfaces) of (a) the ITER-
(ITER-like), andBy ~ 3.1, 1, = 5.5 (QDN), respec-

tively. Note that since the parallel current densi

like shape equilibrium and (b) the quasi-
gyouble null (QDN) one.

profiles are fixed as Eq.(2) and the toroidal magnetic
fields are adjusted to fix the edge safety facigge ~ 5.5 whenCp = 2.0 andC; = 0.5, theq
profiles are different in each equilibrium as shown in Figs.2 (b) and (d).
Figure 3 shows the stability diagram of the ITER-like shape equilibrium on (ajgtwe)
plane and (b) thej, eqge/((j - B)),a) plane. Heres is the magnetic shear defined sas-
r(dg/dr)/q, a is the normalized pressure gradient definedras —2ugRg?(dp/dr)/B?, Lo
Is the permeability in the vacuumjs the minor radius of each magnetic surface, the subscript
94 means the value gty = 0.94, ], /qge IS the (] - B) value at the plasma edge, afiX)) is the
area average value of. These results show that the maximanvalue anx, restricted by the
peeling-ballooning mode stability, increases as the aspect ratio decreases. On the other hand, the
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Figure 2: Profiles of the pressupepressure gradiemntp/dy, parallel currentj - B), and safety
factorqin the ITER-like shape equilibrium ((a), (b)) and QDN shape one ((c), (d)).
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Figure 3: Stability diagram of the ITER-like shape equilibrium on (a)the) plane and (b) the
(J//edge/ {(]-B)), ) plane aty = 0.94 surface. The maximum pressure gradmpix increases
as the aspect ratio decreases.
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Figure 4: Stability diagram of the QDN shape equilibrium on (a) her) plane and (b) the
(J//edge/ {(] -B)), @) plane atp = 0.94 surface. The dependencemfax 0N A has a local max-
imal value betweeA = 2.1 and 32.

dependence afinax 0n A in the QDN shape case has a local maximal value betweer?.1
and 32 as shown in Fig.4.
Discussion

To investigate the reason wilmyx decreases in th& = 2.1 QDN equilibrium case, we pay
attention to the stability near the plasma surface, not at the maximum pressure gradient sur-
face. Figure 5 shows thg /eqge/((] - B)) — a diagram aty = 0.97 of (a) the ITER-like shape
equilibrium and (b) the QDN shape equilibrium. These results imply that the edge current den-
sity of the ballooning mode stability boundary approaches to that of the peeling mode stability
boundary a\ decreases. In particular, in the QDN shape case, these stability boundary values
of j//edge/ ((] - B)) whenA = 2.1 are close to each other more than those when2.6 and 32,
and the stable region in the stability diagram shrinks. On the other hand, in the ITER-like shape
case, the difference between the areas of the stable region ideaghlibrium is less than that



34th EPS 2007; N.Aiba et al. : Effect of Aspect Ratio on the Stability of Tokamak Edge MHD Modes 40of4

Red: A=2.1, , Blue: A=3.2 Red: A=2.1, , Blue: A=3.2
Circle: stable, Square: marginal, Symbol: unstable mew
0.3 peeling mode unstable region 03 peeth mode upstable reg|on ol =
A O. T %)% [l N O. w =
A — ﬂ A -l—-T—'-__‘T N . A
Qi i / . ‘ Qi Stable region
¥ 0.2 il ¥ 0.2
- / !
3 o - 3 Z
Q — Q
= Y
0.1 0.1
ballooning mode balloonmg mode
unstable region unstable region
0.0 ! 0. o |
2.0 25 3.0 35 4.0 25 35 4.0
Qo7 0,’97

Figure 5: Stability diagram of (a) the ITER-like shape equilibrium and (b) the QDN shape one
on the(s, a) plane aty = 0.97 surface. The stability boundary of the peeling-ballooning mode

of the QDN shap@ = 2.1 equilibrium approaches to that of the infinitdsallooning mode.

in the QDN shape case. This reduction of the stable region in the QDN #hap21 case is

thought to be responsible for decreasing the stability limit of the pressure gradient.
Summary

We investigated numerically the effect of the aspect rAtam the stability of tokamak edge
MHD modes. In the case that the maximum pressure gradient exists at the normalized poloidal
flux ¢ = 0.94 and the edge safety faciqyge ~ 5.5, the dependence of the stability limit value
onAis different by changing the plasma shape. This difference is caused by reducing the stable
region in the stability diagram, because the edge current density of the ballooning mode stability
boundary approaches to that of the peeling mode stability boundary and prevent the access to
the second stability region of ballooning mode. This reduction is thought to be responsible for
decreasing the stability limit of the pressure gradient.

Needless to say, the amount of the reduction area strongly depends on the safety factor profile,
especially thegegge Value, and the position of the pedestal. We will investigate the dependence
of the effect of the aspect ratio on these parameters, and will be reported in the near future.
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