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ABSTRACT 

Wall stabilization of the ideal n = 1 external kink mode is shown to be possible 
in high p, rotating DID-D plasmas for times much longer than the resistive wall 
penetration time. The gain in 6 can be more than 30% above the calculated stability 
limit with no wall stabilization. Stabilization from the resistive wall is found to 
require plasma rotation speeds of several IdIz, otherwise, unstable locked or slowly 
rotating modes appear, with growth times of the order of the wall penetration time, 
which ultimately lead to termination of the discharge. The slowly rotating modes 
have the characteristics expected of the theoretically predicted resistive wall mode 
in an ideal plasma. 

1. INTRODUCTION 

Significant reductions in the size and cost of a tokamak power plant can be 
realized if the maximum operating p can be increased [1,2]. The p limit in present 
high performance tokamak regimes and in future “Advanced Tokamak” scenarios is 
limited [2] by low n kink stability . In all proposed second-stability access schemes 
[3-51 for example, a close fitting perfectly conducting wall is required to stabilize 
low n ideal kink modes. 

However, there remains a question whether a real wall with finite resistivity 
can provide the required stability; it is widely believed that a resistive wall can 
provide stabilization only for times much less than the wall penetration time. The 
earliest simple theoretical models of a straight circular cross-section tokamak 
predict that if the unstable ideal kink mode with no wall is stabilized by an assumed 
perfectly conducting wall, a “resistive wall mode” is unstable if the ideal wall is 
replaced by a resistive wall [6]. The resistive wall mode has a characteristic growth 
time of the order of the wall penetration time. This mode is also predicted to be 
unaffected by sub-Alfvdnic plasma rotation [7] and other non-ideal effects; in this 
simple model the mode is nearly stationary in the reference frame of the wall. Only 
very recently has it been suggested [8] that toroidal effects coupled to non-ideal 
dissipative damping could stabilize the resistive wall mode in a rotating plasma. 

Previous tokamak experiments have suggested that wall stabilization can 
improve stability limits but have not provided definitive evidence that a resistive 
wall can afford complete stability. There has also been no clear demonstration of a 
mode with the predicted characteristics of the resistive wall mode. Experimental 6 
limits in DID-D are somewhat greater than the theoretically predicted Troyon limit 
[9] of BN = B/(I/aB) = 2.8 MA/(mT), which assumed no wall stabilization and a 
restricted set of profiles; in full size DEI-D discharges the SN limit is roughly 3.5. 
Here, I is the current (MA), a is the minor radius (m) and B is the toroidal field (T). 
However, the maximum p reached in smaller DID-D discharges with larger wall-te 
plasma distances is consistent with the Troyon limit of SN - 2.8. The DID-D 
discharges with 2.8 < BN < 3.5 are, furthermore, consistent with ideal stability 
limits computed assu&ng alconducting wall at roughly the DID-D vacuum vessel 
location but lie in the unstable range predicted by calculations assuming no wall 
[12]. It is now well-known that the stability limit depends on the details of the 
profiles [ 10,111 and these details need to be included in order to demonstrate 

1 



conclusively that the discharges are wall stabilized. More recently, stability 
calculations have been done for specific DIII-D discharges [ 13,141 using equilibria 
reconstructed from the magnetic and pressure profile data. In many of these cases, 
the results are consistent with stabilization from the wall but it has been difficult to 
rule out all possible alternatives because of uncertainties remaining in the 
reconstructed equilibrium profiles, particularly the current density profile. 

Convincing evidence of wall stabilization has now been obtained from detailed 
equilibrium and stability analyses of recent high I3 DIII-D discharges. These 
discharges were designed to test the existence of wall stabilization by operating at 
low Pi in a full-sized double-null diverted cross section to increase the coupling 
between the plasma and wall so that the difference in the calculated 13 limits with 
and without wall stabilization is most pronounced. New diagnostic measurements of 
the q profile have also eliminated much of the earlier uncertainties in the 
equilibrium reconstruction. Stability calculations for the reconstructed equilibria 
from the recent high /3 discharges then confirm that wall stabilization of the ideal 
kink mode persists for at least 30 wall penetration times, with a gain in /3 of 35% 
above the limit calculated with no wall stabilization. Stabilization from the wall is 
found to be correlated with plasma rotation; low m/n modes appeared when the 
rotation was slowed, and these instabilities ultimately either led or contributed to 
termination of the discharge. This result is in good qualitative agreement with the 
predictions of the newly developed theory in Ref. [8] and the observed unstable 
modes have growth rates and rotation frequencies consistent with those predicted 
for the resistive wall mode. 

In the following section, we discuss the characteristics of the recent 
experiments. We also briefly discuss the method used to reconstruct the equilibria 
since this is crucial to demonstrating wall stabilization in individual discharges. In 
Section 3, we discuss the detailed analysis for two representative cases, the record 13 
(13 = 12.5%) discharge #80108, in which qo e 1, and a lower current, lower 13 
discharge #80111 in which qo was maintained above unity. The termination of these 
discharges is discussed in Section 4. Section 5 provides a summary of the results 
and the consequences for Advanced Tokamak operation in TPX [15] and ITER. 

2. HIGH /3 DIII-D WALL STABILIZATION EXPERIMENTS 
A series of high /3 experiments was designed specifically to test wall 

stabilization. Previously, theoretical stability calculations [ 101 and analysis of high 
/ 3 ~  current ramp experiments [ 11 ] in DII-D resulted in a refinement of the earlier 
Troyon scaling law to include the improved stability obtained from eaked current 
profiles. In the new scaling, the Troyon coefficient CT defined by B e CT (I/&), 
where CT = 3.5, is replaced by CT = 4 ti  so that the maximum / 3 ~  scales with 4 ti. 
The 4 ti scaling has since been found [2] to describe JET and other Tokamak f3 
limits in addition to the DII-D data. The highest / 3 ~  discharges, until recently, were 
then obtained with moderate to high Pi in the range 1.0 to 2.0. At high ti, the 
stability is predicted to be limited by internal modes [ 101 and consequently the wall 
is expected to have a negligible effect on the achievable 6. For low !j with broad 
current profiles, the stability is predicted to be limited by external kink modes and a 
nearby wall is then expected to have a large stabilizing effect. The DEI-D stability 
data base with respectto the 4 t j  scaling is shown in fig. 1. The new discharges &e 
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Fig. I .  Scaling of the DIII-D f i  limit with l j  and UaB, including the recent high fi 
experiments (solid circles) . 

shown as solid circles, and they consistently exceed the earlier 4 t j  scaling by 
margins of up to 40% suggesting that the discharges are wall stabilized. 

In the new experiments, ti was maintained in the range 0.6 to 1.0 by a slow 
positive current ramp and early neutral beam heating to increase the temperature. 
The discharges were also programmed as large, double-null, high triangularity 
plasmas to maximize the plasma volume and minimize the average plasma-wall 
separation. Two of the discharges shown in Fig. 1 have been analyzed in detail, 
#80108 and #80111. The time histories of Ip, f 3 ~ ,  and the neutral beam timing are 
shown in Figs. 2(a) and 2(b). In both cases, t j  was maintained near 0.7 during the 
high p phase. In discharge #80108, qo dropped below unity and the remaining 
neutral beam sources were turned on later in the discharge . This discharge was at 
0.8 T and high current (995 = 2.5) and reached a new record f3 of p = 12.596, at 2300 
ms, with PN = 4.2. In comparison, PN predicted from the 4 t j  scaliig is only 2.85. 
Discharge #80111, on the other hand was run at lower current and higher 995 (995 - 
5), and the beams were injected early in the discharge to reach high f3 while qo > 1. 
Maintaining qo > 1 is important for the later stability analysis. The discharge 
reached f3 = 6% at 700 ms, and f 3 ~  = 3.8 was still well above the limit predicted by 
the 4 t i  scaling of f 3 ~  = 2.85. Both discharges were finally terminated by MHD 
modes but only after the high BN state had been maintained through several wall 

G uilibria were reconstructed using the EFITD code 1161 from the data taken at 
several times during the high p phases of the discharges. The reconstructions used a 
complete set of profile diagnostics, including 8 channels of Motional Stark effect 
(ME) measurements [17] of the internal field line pitch to constrain the internal q 
profile. The experimental pressure profile is determined from the electron density 
and temperature measurements from Thomson scattering, the ion temperature from 

netration times. 

3 



(a) Discharge 801 08 

" 
2000 21 00 2200 2300 2400- 

(b) Discharge 801 11 - 
g '-, 'P 
p. 
I --------- --------- 

500 550 600 650 700 750 
Time (ms) 

Fig. 2. Time history of discharges (a) #80108 and (b) #80111, showing l,,&r, and the 
neutral beam timing. 

charge exchange recombination (CER) spectroscopy, and &ff from visible 
bremsstrahlung. The fast ion contribution is calculated from the deposition profile 
assuming a classical slowing down distribution function, including a fast particle 
loss obtained from the observed neutron fluxes. Soft x-ray ( S X R )  data provides an 
extra constraint on the peakedness of the central p(v) profile. The total current is 
also known and is obtained from the total stored energy. The plasma edge is very 
well determined from flux values at 40 external poloidal flux loops and poloidal 
field measurements from 50 probes located inside the vessel wall. Global values of 
pp and Pi are independently obtained from the poloidal field measurements, 
diamagnetic loop measurements, and the kinetic profile measurements and are 
found to be in extremely good mutual agreement. 

The plasmas were all strongly rotating during the high p phase. Plasma 
rotation can often be inferred from the frequency of saturated MHD tearing modes 
observed on the Mirnov coils, and rotation profile data was also obtained 
independently from the CER measurements of impurity ion rotation. The inferred 
rotation from the Mirnov data is usually in good agreement with the measured ion 
rotation when account is taken of differences between main and impurity rotation 
E181 and neoclassical corrections for Vpj effects are included. Except near the 
plasma boundary, however, these corrections are expected to be small. 

3. STABILITY ANALYSIS 

Ideal n = 1 stability was computed for all the reconstructed equilibria using the 
GAT0 code [19]. This code uses either a perfectly conducting wall boundary 
condition or conditions corresponding to no wall. The wall is taken from a 26 
parameter harmonic fit [20] to the real DID-D vacuum vessel, with an adjustable 
parameter Rw used to scale the wall radius uniformly (normalized so that unity 
corresponds to the real vessel). Usually, the stability is most sensitive to variations 
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in qo and equilibria in which different values of qo are imposed can be generated to 
find the acceptable range in qo allowed by the data. Such a series of reconstructions 
with a variation in qo was carried out for several time slices for discharge #80111 
and confirms that qo was at all times significantly above unity: equilibria with qo 
approaching unity gave unacceptably large fitting errors. qo > 1 was inferred also 
from the lack of sawteeth or any other m/n = 1/1 activity on the S X R  or Mirnov 
arrays. 

3.1. Discharge #80108 

The new record of f3 = 12.5% reached in discharge #80108 was evidently a 
result of wall stabilization. The maximum f3 was 40% above the limit predicted by 
the modified Troyon scaling law f 3 ~  = 4 t j  and the high f3 phase in which PN 
exceeded 4 4 lasted about 100 ms. During this time ti was constant around 0.7 and 
qo was just below 1.0, as inferred from the MSE data. Fishbones and a sawtooth 
were observed. A rotating saturated Zl tearing mode was also present but no high 
m modes were seen that could be associated with any external kink activity. 

The ideal stability calculations are consistent with the observed MHD activity 
if an ideal wall is assumed at the location of the DIII-D vacuum vessel. Several 
alternative equilibria were reconstructed from the discharge data at 2300 ms as 
described in Section 2. All the equilibria had q e 1 at or near the magnetic axis and 
are considered to be equally acceptable. All were found to be unstable to a 
predominantly 1/1 mode for all wall positions, including a wall identically on the 
plasma surface (Fig. 3). However, the computed unstable mode changes character as 
the wall is moved closer to the plasma, from a relatively global mode with a 
displacement amplitude at the edge of 35% of the peak amplitude to a much more 
internal mode with less than 10% edge amplitude for a wall at the DIII-D vessel 
location as shown in Fig. 3. At the same time, the linear growth rate undergoes a 
similar transition to the internal kink growth rate (as computed with the wall on the 
plasma) when the wall is moved in to the DIII-D vessel location. These predictions 
are consistent with the m/n = 1/1 sawtooth and fishbone modes observed in this 
discharge. 

The wall is also clearly acting as the ideal theory predicts in suppressing the 
edge-localized higher m harmonics of the computed unstable modes since little 
activity is seen in the discharge outside the q = 2 surface. If the global mode that is 
computed with no wall were present in the discharge, one would expect to see a 
more catastrophic mode on the Mirnov and S X R  arrays. Also, the 2/l and other 
saturated rotating modes are tearing modes and their stabilization by the resistive 
wall and plasma rotation are consistent with the applicable theories [ 19,201. 

With regard to the resistive wall mode, the ideal stability calculations are 
ambiguous since the plasma is predicted to be unstable with a perfedy conducting 
wall since q h n  e 1, so the conditions for destabilization of the resistive wall mode 
do not strictly apply. However, the higher m components (m 2 3) to the unstable 
mode are largely suppressed as the perfectly conducting wall is moved in, and are 
stabilized in that sense. So, with a resistive wall, one might expect to see a resistive 
wall mode comprising m 2 3. (Note that 995 = 2.5.) This, however, is not observed 
in the experiment. 

5 



cy 

3< 
4 
cy 
2- 

0.15 

n 

0.10 E 
E 
xi 
rlp 

z 
\ 
n 
a9 
m 

0.00 

Fig. 3. Variation of the square of the growth rate and the edge amplitude of the normal 
displacement E 5 Vw/Vfl normalized to the maximum amplitude computed for discharge 
#80108. 

3.2. Discharge #80111 

In discharge #80111, an effort was made to keep qo above unity and eliminate 
the ambiguity that arises from the presence of the otherwise unstable 1/1 internal 
kink mode. p was maintained above the 4 ti prediction from about 640 ms through 
710 ms, which corresponds to about 35 wall times (zw - 2 ms). 

Equilibrium reconstructions were produced at 5 time slices between 620 ms 
and 705 ms, and sensitivity studies were completed for 3 of these time slices. This 
required scans in qo and other parameters to determine the acceptable ranges. Also, 
approximate reconstructions were obtained between time slices in some cases by 
linearly interpolating the pressure profile data, and fitting the remaining data at the 
appropriate time. In all cases, qo is well above unity. The lower range of qo is 
largely constrained by the MSE data. The upper range is constrained by the clear 
presence of a q = 2 surface inferred from S X R  observations of a saturated 3 1  mode. 
At the high p time of 704 ms, the minimum acceptable qo consistent with the data is 
qo = 1.1, while the best fit to the data is qo = 1.35. At 645 ms (the earliest time slice 
for which a wall is quired for stability), the minimum is qo = 1.5. 
Stability calculations for the n = 1 ideal kink modes were performed for varying 
wall positions for all the reconstructed equilibria. The results are displayed in Fig. 4 
for the 645 ms and 704 ms times as the square of the growth rate 9 (the eigenvalue 
in the stability code) versus wall expansion parameter Rw. In all cases between 645 
ms and 704 ms, the reconstructed equilibria were stable with a perfectly conducting 
DIU-D wall (Rw = 1) but unstable to a global pressure driven mode with 
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Fig. 4. Variation of 9 with wall position for the reconstructions of discharge MOll 1 at 445 
and 704 ms showing stabilizy with a wall and instability with no wall. 

no wall. This result holds for all acceptable reconstructions consistent with the 
discharge data, as determined by sensitivity studies. 

The ideal stability calculations show stabilization by the resistive wall for at 
least 30 wall times. The stability limit with no wall was calculated to occur at 
640 ms, corresponding to B = 4.1% k 0.2% (PN = 2.8), while at the highest I3 time 
(704 ms) = 6.1% f 0.2% (PN = 3.8). The maximum PN reached at 704 ms is then 
about 35% greater than the limit with no wall. The gain in PN is also consistent with 
the increase over the 4 t i  scaling; the limit with no wall is very well described by 
the 4 Pi scaling. This increase in P is, of course, a lower limit for the possible gain 
from wall stabilization since the maximum f3 value reached was limited by 
confmement . 

The unstable mode computed with no wall stabilization is a robust global 
instability with growth time of the order of a few tens of Alfvh times. In Fourier 
space, the mode is global with dominant m = 2,3 but with all m in the range 
1 I m I 10 contributing to roughly the same order. The Fourier harmonics tend to 
add in phase on the outboard midplane, while the odd and even harmonics cancel on 
the inboard side, which results in a strong outboard peaking (ballooning) in real 
space. 

The observed stability of this discharge is in disagreement with the simple 
theory in Ref. [q, which would predict a slowly growing resistive wall mode with 
growth time ~ 1 -  zW - 2 msec throu hout this time. The mode should be rotating 
slowIy with frequency f < (2% T ~ ) - ~  - 80 Hz from onset [8]. The resistive wall 
mode is predicted to havei global structure similar to the unstable ideal mode that 
is calculated with no wall [8]. No mode with these characteristics is observed during 
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this time. It seems unlikely that such a robust global mode would nonlinearly 
saturate at such a low level that it could not be seen. 

We conclude that the resistive wall mode was stabilized for at least 30 wall 
times during the high p phase in which the plasma was strongly rotating. At 710 ms, 
an unstable mode did appear which has all the characteristics expected of the 
resistive wall mode. It appears as a slowly growing m = 3 mode with a growth time 
of 6 ms and a rotation of 25 Hz as determined from a detailed analysis of a toroidal 
array of Mirnov coils and two poloidal arrays of saddle loops. After 719 ms, this 
mode ultimately led to termination of the discharge through a large loss of energy 
and will be discussed in detail in the following section. 

4. TERMINATION OF WALL STABILIZED DISCHARGES 

With few exceptions, all the wall stabilization experiment discharges 
ultimately terminated through a disruption when qo = 1 or through a large energy 
collapse when qo was significantly above 1.0 (qo - 1). The sequence of events 
leading to the final disruption was often complicated. The common feature was the 
appearance of a slowly growing, locked, or slowly rotating low m n = 1 mode 
which continued growing until the termination. The growth of these modes was 
always associated with a slowdown in the plasma rotation. The two discharges 
described in Section 3 have been analyzed in detail and will be discussed here. 

The disruption in discharge #80108 was due to a non-rotating Zl mode. 
During the high f3 time, a saturated rotating 2/l mode, rotating at f - 2 lcHz was 
observed on the Mimov array as shown in Fig. 5(a). At 2304 ms, the mode rotation 
slowed after an ELM and there was also a small drop in both the central and edge 
SXR signals. The mode unlocked, however, at 231 1 ms and rotated -more slowly 
than before -for 6 ms when it locked again. A sawtooth crash at 2318 ms then 
appears to have precipitated the growing locked mode which finally terminated the 
discharge. At the sawtooth crash, there was a small drop in both the central and edge 
S X R  signals. The 2/1 mode then grew with a growth time somewhat greater than the 
wall penetration time of 2, - 2 ms. The locking in this case was not quite complete 
and there was some small mode rotation of a few Hz. Throughout this time, both 
central and edge S X R  signals decayed and the divertor Da signal increased as the 
energy was dumped onto the divertor. 

The final termination is associated with a loss of plasma rotation. The Ul 
mode earlier in this discharge was clearly a tearing mode and the saturation before 
2304 ms is consistent with the widely accepted tearing mode theory [21,22] for a 
rotating plasma; the q = 2 surface is found to be rotating at several kHz from CER 
measurements, consistent with the observed Mirnov frequency. The subsequent 
locking and plasma rotation slow-down are also qualitatively consistent with the 
theory developed in Ref. [22], since the measured rotation profiles after the 
sawtooth crash indicate that the rotation of the q = 2 surface is then almost zero. 
The high PN phase of discharge #80111 is terminated by a slowly growing, slowly 
rotating 311 mode. During the high PN phase, the plasma rotation steadily 
decreased, as inferred from CER measurements and the frequencies of saturated, 
rotating 2/l and 5/2 tearing modes [see Fig. 6(a)]. At 71 1 ms, the slowly rotating 3/1 
mode appears and grows with a 6 ms growth time. The edge SXR signal drops 
noticeably at the time the 311 mode appears [Fig. @)I; this is partly due to an ELM 
but the signal does not recover as it ordinarily does after an ELM. The 3/1 mode 
reaches significant amplitude at 727 ms [Fig. 6(c)], at which point the rotating 
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Fig. 5. Time history of observed MHD activity for discharge #80108 showing (a)  the 
Mirnov and c(b) entral and edge SXR signals. 

modes lock and the central SXR signal collapses, as an energy collapse ensues from 
which the discharge never fully recovers. 

The termination of this discharge is again associated with a loss of plasma 
rotation at the mode's rational surface. The 3/1 mode fmt appears within 5 msec of 
the time the q = 3 surface has stopped rotating as seen from comparing 8Br and 6Bg 
in Fig. 6(c) with the rotation of the q = 3 surface in Fig. 6(a). The plasma is still 
rotating at the interior Ul  and 5/2 mode rational surfaces at this time [Fig. 6(a)]. 
The 3/1 mode has a rotation fresuency of 25 Hz which corresponds to oxw - 0.3, in 
good agreement with that expected for the resistive wall mode [8]. There is also a 
counter-rotating 4/1 mode; the counter-rotation is consistent with the expectation 
that the EXB rotation at the edge of the plasma is reversed. 

It is clear from this analysis that the appearance of the slowly rotating 311 
mode in discharge #80111, which has the characteristics expected of the resistive 
wall mode, is strongly correlated with loss of rotation at the q = 3 surface; this mode 
was expected on the basis of the simple theory in Ref. [7] during the high f 3 ~  phase 
but appeared only when the rotation was lost. Recent numerical calculations [8] now 
suggest that the resistive wall mode can be stabiliied for a range of wall positions if 
there is sufficient plasma rotation. This stabilization appears to be due to coupling 
of the resistive wall mode to backward-propagating, strongly-damped acoustic 
modes which are also stationary (or nearly so) in the frame of the wall if the plasma 
rotation speed is comparable to the sound speed. The detailed results depend on the 
model used for acoustic damping but are generally consistent with the behavior of 
discharge #80111; the calculations predict loss of stability for the resistive wall 
mode if the rotation s 
A definite cause o p"d the plasma slow-down has not been identifiZ'8bldth 
discharges, one can expect on the basis of the work in Ref. 1221 that the saturated 
rotating islands suffer an electromagnetic drag from the resistive wall and that 
viscous drag between the islands and plasma also slows the fluid. However, 
fishbones appear in discharge #80108 and neutral beam driven TAE modes [23] 
appear in discharge #80111 early in the high PN phase and result in a loss of the fast 
ions that drive the plasma rotation. In discharge #80111, the appearance of the TAE 

is less than some fraction (-1/3) of the sound s 
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Fig. 6. Time history of observed MHD activity for discharge #80111 during and afer the 
high phase (a) rotation speeds from CER at q = 2, q = 2.5 and q = 3, (b) central and edge 
SXR signals, and (c) d i e  loop 3/1 mode 833 and 6Bg signals. 

modes correlates well with the beginning of the slowdown in both plasma rotation 
and the Ul and 5/2 Mirnov frequencies. While the fishbones and TAE modes 
almost certainly contribute significantly to the loss of angular momentum, other 
discharges with higher toroidal field and qo well above unity also suffered slow- 
down in the plasma rotation to varying degrees, even though the fishbone and TAE 
modes were not present. Resolution of this will require more comprehensive 
analysis 

5. CONCLUSION 

In conclusion, it has been demonstrated that both the ideal n = 1 kink mode 
and the resistive wall counterpart - the resistive wall mode - can be stabilized by 
sufficient plasma rotation and a fmite conductivity wall, leading to a significant 
increase in the p limit. For the discharges that were calculated to be unstable with 
no wall but stable assuming a perfectly conducting wall at the DIII-D vacuum 
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vessel location, the ideal mode is not observed. More importantly, the expected 
resistive wall mode did not appear while the plasma was rotating. 

Plasma rotation is crucial to maintaining wall stabilization. The discharges 
with / 3 ~  above the 4 4j scaling were all terminated by slowly growing or locked low 
m, n=l modes which appeared when the plasma rotation was slowed. For the 
resistive plasma (tearing) modes, the stabilizing effect of rotation is consistent with 
the theory developed in Refs. E211 and [31. For the ideal-plasma, resistive wall 
mode, the observation of a slowly rotating instability is consistent with the results in 
Ref. [8]. 

The cause of the slow-down in the wall stabilized discharges is not yet 
determined and at this point it has not been shown that the necessary rotation can be 
maintained indefinitely. The presence of saturated tearing mode islands in most of 
the high B discharges is one contributing cause but there are some discharges in 
which there were no such modes but which nevertheless ultimately developed a 
slowly rotating, slowly growing mode. Rotation profiles in those cases are presently 
being evaluated TAE modes in some discharges can contribute to the loss of angular 
momentum but this is also not a universal cause. It is also possible that the slowly 
rotating resistive wall mode itself, may contribute an electromagnetic drag to the 
plasma through the continuum resonance so that the plasma ultimately slows down 
and the resistive wall mode is eventually destabilized. 

Stabilization of high /3 discharges by a resistive wall and plasma rotation is a 
promising avenue for future work. It has been shown that the plasma can be 
stabilized for times much longer than the resistive wall time (an order of magnitude 
longer), making active feedback stabilization a real possibility. The effectiveness of 
a resistive wall in stabilizing the ideal kink and resistive wall modes on such long 
time scales is especially noteworthy for the most promising steady-state advanced 
tokamak scenarios envisaged [4,5] in DIU-D and TPX since in the absence of wall 
stabilization, these advanced tokamak modes have only moderate /3 limits but with 
wall stabilization, the gain in the /3 limit can be a factor of 2 or more [4,5]. 
Furthermore, with plasma rotation, stabilization by a resistive wall could 
significantly increase the operating range and B limit of the present ITER design. 
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