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Studies of 2/1 NTM onset threshold vs. rotation
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Research to determine NTM onset conditions in high

beta ST
a Goals
Categorize NTM trigger mechanisms in a high-g, rapidly-rotating
plasma

Determine onset and stabilization criteria for NTMs

2 Outline
NTM characteristics in high beta ST plasmas
Various NTM triggering mechanisms
Relation of NTM onset and magnitude of plasma rotation
Correlation of NTM onset with toroidal flow shear at q = 2 surface




Observed characteristics indicate 2/1 NTM
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0 Saturated state has rotation constant
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12% ITPA MHD Meeting 10-2008 — S.A. Sabbagh/S.P. Gerhardt 3




Core 1/1 mode associated with 2/1 NTM

Island Equilibrium and USXR Chords,124379, t=0.730000
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NTM onset observed triggered by EPMs

30
. . )
O Energetic particle mode 5 %
(EPM) trigger g
. . . . 10
Chirping mode activity
NTM onset coincident with ol i fod e “
EPM; drop in the neutron rate - —
— 10 b) 21 Mode Amp. | &
Mode onset frequency close e 5 . T T R
1 — 0 S O S - ]
to, or a bit above V, at q = 2 m om  ow  m  om
_i5E o Iy Bp- :
R | .
= 0.5 | —
0.0E L :
0.50 0.55 0.60 0.65 0.70
BE, d) 11N ! i -
E 6 :_'[I P ‘.".'-_-1 |I|| Illl ll L, |1 | ll r 'II | II| .I| -'lI 'I 1 f |. |T
:I‘_-_‘ 4 g_ q'u_,-'\u'“'\xw-:’ VR VY __-'I o AW RS WSV EETUITTVUY
2t D, Neutrons ' |
0.50 ] 0.55 0.60 0.65 0.70
o a0f @ | oo
i 205 : :;-1'{1:3 cm 3
g ; i R=120 c¢m é
o .
S 10: _
© ok :

0.50 0.55 0.60 0.65 0.70

@D time (sec)
12" ITPA MHD Meeting 10-2008 — S.A. Sabbagh/S.P. Gerhardt 5




NTM onset observed triggered by ELMs
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NTM onset can occur with no apparent trigger

0 Spontaneous NTM

“Triggerless”: No observed
seeding instability in USXR,
neutrons, or D,

Mode onset frequency near
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a All trigger mechanisms share
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Database of 53 Discharges Assembled to Study Trends
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NTM onset frequency depends on triggering mechanism
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At onset, NTM frequency depends a0 Mode frequency approaches
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ELMs: much less than q=2
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Required drive for NTM onset is independent of mode

propagation frequency

Modified Rutherford Equation 0.4
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(depends on island propagation
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0 More than a factor of 3 range in
NTM drive at mode onset

O NTM drive at onset uncorrelated with frequency in E, = 0 frame
rotation dependence of polarization term suggest that this term is

not playing a large role
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Required drive for NTM onset better correlated with
rotation shear than rotation magnitude

NTM Drive at Onset Only Poorly NTM Drive at Onset Better
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a For fixed V, order of increasing onset drive: EPM triggers, ELM
triggers, and “Triggerless”

o
o

a All trigger types have similar dependence on flow shear
Dependence likely to related to intrinsic tearing stability, not triggering
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Statistically, NTM Drive Best Correlated with Local Flow Shear

All Cases | EPM ELM NTiggerlessO
Triggered Triggered
1: Fr @ q=2 0.098 0.002 0.445 0.018
2: dF/dr @ q=2 0.048 0.085 0.114 0.075
3: Lsta(dF1/dr) 0.409 0.456 0.605 0.354
4: (FT,q=2-FT,q=3) 0.153 0.092 0.336 0.365
5: ‘IZA(FT,q=2-FT,q=3) 0.195 0.162 0.395 0.376
6: 1a”° " (Frq=o-FTq=3) | 0.222 0.103 0.426 0.310
7: poie 0.284 0.009 0.416 0.139

 The ONLY correlation is with rotation shear.

ELM Cases:

* Lots of colinearity in the data (flow vs. flow shear. Vs differential rotation), but best
correlation is with flow shear.

“Triggerless” Cases:
» More scatter in data, equally good correlation with flow shear and differential rotation.
- Additional physics may be playing a role, including q,~1 and By near ideal kink limit
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NTM onset examined in high beta ST plasmas

0 m/n=2/1 NTMs observed, typically coupled to 1/1 core modes.

O Large variation in NTM drive at the time of onset for a dataset of limited

|, By, and shape, but with a large variety of V, profiles,

O Three typical onset conditions, in order of increasing NTM drive at
onset:

Triggered by an EPM, often near saturated width, along with drops in the
neutron rate

Triggered by an ELM, with the mode frequency starting much less than the
g=2 frequency

No visible trigger

0 Best correlation is found between NTM onset drive and flow shear at
g=2 (inferior correlation with flow magnitude or differential rotation)

a As in DIlI-D, results tend to indicate the flow-shear effect is related to
intrinsic tearing stability
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