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1. Purposes of Experiment

Small island stabilizing effects (transport, polarization current, etc.) set the marginal
beta above which neoclassical tearing modes (NTMs) can be excited. The marginal full
island width w .. is the value of w at which growth, dw/dt, is largest. This island size
plays an important role in determining the electron cyclotron current drive (ECCD)
requirements for stabilization in ITER. In “high” aspect ratio devices with R/a=3
(ASDEX-Upgrade, DIII-D and JET), the marginal island width is found to be about twice
the ion banana width, 2¢! 2pei. The purpose of this experiment, in NSTX, is to

investigate if this scaling occurs at different aspect ratio.

2. Background and Motivation

An NTM can be excited when there is a region of parameter space with dw/dt >0
between w =w;; (dw/dt =0) and w = wgy (dw/dt =0). In general dw/dt is a maximum
at Wmarg- When sufficiently seeded, wgeeq = Werit, the island grows to the saturated size
wgae - If beta is then slowly reduced, the island shrinks as the destabilizing bootstrap
current jpg g is reduced. When w2w ;... dw/dt=0 for all w and stabilization occurs.
An example from DIII-D is shown in Fig. 1. Data from ASDEX Upgrade, DIII-D and
JET is plotted in Fig. 2; this is the normalized electron beta poloidal, the dominant
destabilizing perturbed bootstrap term, versus the normalized poloidal ion gyroradius at

q = 3/2 for the spontaneous stabilization of the m/n=3/2 NTM. This is equivalent to a
1/2

scaling of wy a0 ~2¢ 2p61. However, €'~ is essentially the same in all cases. While

Wmarg = 2¢! 2pE)i is most consistent with the polarization threshold, this is not a proof.



The empirical scaling predicts ITER will be very susceptible to destabilization, as also
shown in Fig. 2.

NSTX, with a much larger a/R has a larger ¢!/? and can extend tests of small island
threshold 11/)£1ysics. With R/a=5/4, q(0)=1, and qg95 =4.5, one expects e!’? to be
[3/ (5 / 4)] ~1.6 times larger in NSTX.
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Figure 2
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3. Experimental Method

To best add to the existing database, an m/n=3/2 NTM needs to be excited and
allowed to saturate. Desirable is qg5 =~4.5 and q(O) ~1 so that the p value of q=3/2
will be similar to large aspect ratio devices. Sawteeth may be needed to excite the
m/n = 3/2 mode. Once excited and saturated at near constant heating power, the power
should be lowered in steps to get beta to decrease “slowly”. Steps could be -40% every
3tg for about 4 steps taking g down to =1/3 of the saturated value. H-mode with
ELMs should be retained. A density scan in beta rampdown is desirable, keeping I, / Bt
fixed, if time permits.

4. Analysis

EFIT is needed to locate q=3/2 and determine Bg. T; profile measurement is then
needed to get pg;. Lacking ECE radiometer, Wy, ., Will have to be computed from
magnetics using calibration by SXR inversion if possible. Data for the marginal point, as
shown as C in Fig. 1, for wp e, Pei/Ts» B and Ppe (rS/Lp) will be added to the existing
date set in Fig. 2.

5. Resources

5.1. Tokamak

Toroidal Field: Bt = 4.5 kG
for qg5 =4.5 777
Plasma current: Ip =0.8 MA

Shape: Moderate & LSN shape as NSTX 109926, t=280 ms is preferred to match
existing experimental data.

5.2. Neutral Beams

Enough power to raise beta high enough to excite the m/n = 3/2 mode. The presence
of sawteeth may be desirable.



5.3. Diagnostics

Essential: Magnetic (fast and slow)
CER for core T; and rotation
Thomson
Co,

Desirable: SXR for island width

6. Experimental Shot Plan

The reference discharge is shape of 109926 at t=280 msec, a moderate triangularity
LSN so as to touch base with AUG, DIII-D and JET shapes. Sawteeth for q(O) ~] and a
Qo5 = 4.5 are desirable. Beam heating is needed to be added late, i.e. in the I, flattop, to
allow q(O) to come down to get sawteeth. An ELMy H-mode with sawteeth is preferred
in which sawteeth as beta rises excite the m/n=3/2 mode but not high enough beta to
excite the m/n=2/1 NTM.

This is a /4 day experiment.

1. Establish the plasma with a reproducible m/n=3/2 mode that saturates as beta
stops rising. (4 shots)

2. Repeat with heating power stepped down serially at a time just after the mode
saturated in 1. Stay in ELMing H-mode and look for the decrease in mode
amplitude (by n =2 Mirnov) until spontaneous stabilization occurs. (4 shots)

3. Repeat 2 with different densities in beta rampdown to vary the plasma conditions
for stabilization. Up 50% and down 30% for a factor of 2. (4 shots)
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