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R.L MILLER, et al. BALLOONING MQDE STABILITY FOR SELF-CONSISTENT
PRESSURE AND CURRENT PROFILES AT THE H-MODE EDGE

Ballooning mode stability for self-consistent pfessure and
current profiles at the H-mode edge -

R.L. Miller, Y.R. Lin-Lin, T.H. Osborne, and T.S. Taylor
General Atomics, P.O. Box 85608, San Diego, California 92186-5608 USA

Ahstract, The edge pressure gradient {H-mode pedestal} for computed equilibria in which the
current density profile is consistent with the bootstrap curreni may not be limited by the first
regime ballooning limit. The transition to second stability is easier for: higher elongation,
imtermediate iriangularity, targer aspect ratio, pedestal at larger radius, narrower pedestal width,
higher qys_and lower coilisiorality.

The sensitivity of “stiff™ transport models to the magnitude of the edge pressure pedestal
has recently increased the interest in the limits and explanation of the maximum sustainable
pressure gradient near the plasma boundary of tokamaks. Ballooning modes can limit the
pressure gradient and this work explores the constrainis of ballooning stability upon adding
a large pressure gradient localized near the edge of the plasma. The equilibrivm and infinite
n ballooning stability calculations use TOQ and BALOO {1] and are facilitated by an
improved numerical implementation of the ballooning mode equation using an approach of
Bishop er al. [2]. The added edge pressure gradient produces a pressure pedestal as
observed in DIII-D [3] and can also produce a significant bootstrap current that typically
raises the stability limit for the pressure gradient by reducing the local shear [4.5]. The
local pressure gradient near the boundary in DIJI-D EE Ming H-mode discharges exceeds
the first regime bailconing limit by as much as a factor of two [3]. Bootstrap current may
resolve this discrepancy. )

In DHI-D, the pedestal pressure profile near the plasma edge is well represented by
P(Wig) = Pg (1-tanh[( iI"I-ﬂlp)lfywid])ﬂ—p@(l-mnh[(l-ﬁlp)/f{fwid])ﬂ where ¥ is the
normalized poloidal flux, p and W ;g Characterize the location and width of the pedestal
region, and Pegge=p(1)=0. The plasma current is specified using: (J <B) = IBo(1-H)2
where JB,, and |1 are adjusted to determine q, . and qgs. The (I B) from bootstrap current
is added to the above. The plasma boundary,¥ =1, is specified by elengation k and
triangularity & via: R(8) = Ry+acos(8+sin~! 8sind); Z(6)=xasing. The plasma boundary has
no X--point.

Parameters to be varied are x, §, A=Rg/a, ¥y W gq- and [i. As an aid in assessing
stability an artificial parameter, Cygq , 18 introduced which multiplies the bootstrap current.
With Cpoo=1 the bootstrap current is the collisionless bootsirap current [6], with Cpyo=0
there is no bootstrap current. The reference equilibrinm is k=1.8, 8=0.3, A=170/65,
fpp=0.98, W :a=0.0125, q4.=3.5, and q; =1.1. With no bootstrap current the magnitude
of the pedestal pressure profile is increased until there is a plasma flux surface marginally
unstable to baliooning modes. As the bootstrap current is increased, by increasing Cpoqe, the
magnitude of the pressure for marginal stability increases. That the second stable regime is
accessed for large enongh bootstrap current is jllustrated in Fig. 1. Cpoq=0.8 in Fig. 1 is
seen to be more than sufficient to obtain second stability.

An abrupt transiticn to second stability is seen for all of the many cases examined.
Accordingly, we can identify the value of Cyy required for second stability, bearing in
mind that Cpoor > 1 is physically unattainable. The effect of varying P the location of the
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Figure 1. p” versus ¥ along with first and second stability boundaries for Cpoar =
0.0 (short dash), 0.4 (long dash) and 0.8,

maximum pressure gradient, is that it becomes increasingly more difficult to achieve
transition to second stability further from the edge of the plasma. A targer width of the
pressure profile, ¥4, also makes the transition more difficult, however, the stability
dependence upon width does not seem strong enongh to determine the width of a pedestal
region.

The elongation is at least as important a paramefer as friangularity, with higher
elongation leading to improved second stable access, at least up to K=1.8. This is shown in
Fig, 2 for 4,.=3.5. Higher q  improves second stable access. The aspect ratio is another
important parameter, with higher A providing easier access. A scan holding the <J-B>
profile fixed, instead of Qs produced Cpoe = 1.7, 1.01 and 0.59 for A = 1.5, 2.5, and 10.
Qg5 increases with A in this scan so holding g, fixed would produce an even stronger A
dependence.
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Figure 2. Cpopy versus & for k= 1.0, 1.2, 1.4, 1.8, and 2.2.
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The results {o this point have used the collisonless bootstrap model of Hirshman [6]
but collisional effects can be significant near the plasma edge. Results using the collisional
mode! of Santer et al. [8] are shown in Fig. 3. The collisional effects can be roughly
approximated by Iy — Jpoor / (] + \/Z ) For the seference equilibrivm with hegge = 2 X
10" m~? and T4, =500eV, v, ~ 0.15 suggesting about a 30% reduction in bootstrap
current which is what is seen in Fig. 3. Since v, e n/ T~ , results for other collisicnalities
can easily be estimated from Fig. 3. Ranges of average values for H-mode plasmas in
DII-D are negge = 1-6 X 10'° ;3 and Tygge = 50--300 ¢V [9]. Clearty most of this range is
quite collisional suggesting that higher q,5 may be required for bootstrap access to second
stability. Results (not shown) for qg=4.5, hegge = 2 X 10! w3, and Tegge = 250 eV at
k=1.8 indicate second stable access over a range of & from 0.2-0.6.

In summary, the transition to second stability is easier for: higher elongation,
intermediate triangularity, larger aspect ratio, pedestal at larger radius, narrower barrier
width, higher q,,, and lower collisionality. A more compleic MHD picture of self-
consistent bootstrap current at the edge should include stability to low-n modes as

well [10].
3 .
2l Tedge =250 eV Tedge =500
[ ol
0 Collisionless o
0 02 5 0.4 0.6 0.8
Figure 3. Cpoer versus & for collisionless, negpe =2 %10 9 m3, k=18,
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