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NEOCLASSICAL TEARING MODE ISLANDS
CAN REDUCE PERFORMANCE AT HIGHER BETA

® m/n =3/2 island excited at higher beta
— Confinement lower with mode
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NUMEROUS EXPERIMENTS HAVE INVOKED THE THRESHOLD
FROM POLARIZATION CURRENT (WILSON et al., PHYSICS
OF PLASMA 1996, PLASMA. PHYS. CONTROL FUSION 1996)
TO EXPLAIN OBSERVED CRITICAL BETA FOR NTMS

® Acceptance of polarization threshold as superior in scaling and magnitude of critical
beta in experiments as compared to incomplete pressure flattening threshold
(COMPASS-D/Gates, Nuc. Fusion 1997, DIll-D/La Haye, Nuc. Fusion 1998,
JET/Huysmans, IAEA 1998, ASDEX Upgrade/Gude, Nuc. Fusion 1998, JT-60U/Isayama,
Plasma Phy. Cont. Fusion 1999, TEXTOR/Koslowski, Nuc. Fusion 2000)

@ Polarization/inertial threshold questioned theoretically (Waelbroeck and Fitzpatrick,
PRL 1997, Mikhailovski et al, Physics of Plasmas 2000)

% Convergence on theory of polarization/inertial threshold
(Wilson, Connor and Waelbroeck, Sherwood 2000)
— Different physics assumptions flip sign of effect

— Stabilizing threshold for |w;.] > @ > 0 in ion direction
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WHY A NEOCLASSICAL TEARING MODE?

@ Helically perturbed bootstrap current (Qu and Callen 1985)

* “Seed” island from another MHD instability
* O-point and X-point J;,g differ
* Helically perturbed bootstrap current makes Ermn
— Reinforces “seed” (q monotonic inc., p monotonic dec.)
— A destabilizing effect
* Neoclassical tearing mode can result even if Ay’ <0
— Plasma is “metastable”
.. . must be perturbed beyond a “threshold”

@ Signatures of an NTM include. ..

* Higher B, larger bootstrap current Jjpse<e1/2Bg/L
— Destabilizing
* Other MHD mode provides “seed” island
— Metastable plasma (wo island) must be disturbed above a threshold
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WHY A THRESHOLD?
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% with wye) o< £1/2 pg; the ion banana width, as suggested by the
polarization/inertial theory of Wilson et al. (1996) (to be discussed later)
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POLARIZATION THRESHOLD THEORY (Also see Wilson, TH3/5)
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ISLAND PROPAGATION INE;=0
QUASI-NEUTRALITY FRAME IS HIDDEN
VARIABLE FOR POLARIZATION THRESHOLD

e o is key for polarization threshold
.. . must be wj, > ® > 0, ion direction
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DIMENSIONLESS SCALING OF NTM CRITICAL BETAN = B(%)/(l/aBT)
(CORRECTED FOR COLLISIONALITY VARIATION)

® LSND, ELMing H-mode, q95 2 3 ® [n o< pj f(v) is consistent with polarization threshold
® Sawtooth induced 3/2 NTM database
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COMPARISON OF UNSTABLE SEED ISLAND
TO POLARIZATION THRESHOLD ISLAND

® Islands estimated from m/n = 3/2 Mirnov level upon excitation
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MIRNOV ACTIVITY ACROSS A SAWTOOTH INSTABILITY THAT TRIGGERS NTMS

® m/n =3/2 and 4/3 tearing modes produced, 5/4 pre-existing
% Sawtooth on 97835 with 50% beam step up at 2500 ms also produces m/n = 2/1 mode

MP166M137D - - integrated modes 0 to 17 2.000 kHz smoothing (3 PTS) 1.0 ms intervals

MPI66M157D - - integrated
2000 -

0

2000 L-———
70T

01 345678 10

contouRrs: (Tesla)
.316E-03
.100E-03
.316E-04
.100E-04

56

42

Sawtooth __
Precursor =3

Frequency (kHz)

28

14{

o
2286 2288 2290 2292 2294 2296 2298 2300 2302
Time (ms) 0 ‘ Profile

ELM Analysis

Sawtooth Crash

Dili-D

NATIONAL FUSION FACILITY 199-00/jy
SAN DIEGO



ALL ISLANDS OBSERVED PROPAGATE IN
ION DRIFT DIRECTION IN LOCAL Ey = 0 FRAME

® (= m/n location from EFIT with 35 channel
MSE profile

— g good to +3%

® E;atq=m/nfrom CER includes vy, vg
and Vp; terms

— Resolution to 0.5 ms
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® Consistent with a polarization threshold
* ol >®>0

® Relative propagation decreases at larger
minor radius
% Higher collisionality, smaller n; = Le/L;
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5/4 exists both pre and post sawtooth crash

2/1 is from #97835 with 50% more beam power
after 2500 ms and is 9+5 ms from sawtooth crash
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CONCLUSIONS ON COMPARISON OF EXPERIMENTAL
NTM THRESHOLD TO POLARIZATION THEORY

® Consistency with polarization threshold?

% Linear critical beta p;,, i.e. pgilf (worrisome for future devices)
% Seed island of order of ion banana width
% Island propagation |w;,| >®>0 in ion drift direction in E, = 0 frame

* » » Co-injected heams and upon island initiation
— Stabilizing polarization current predicted
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