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What is TAE frequency?

(o

Gorelenkov: Are they TAEs in NSTX? 2 of 11



What is TAE frequency?

P oo e Simple, commonly used estimate
GAEs A
WOTAE = ZC]—R <= Kjm = —Kjjm11

e For NSTX #115731 with reversed g¢-
profile, gnin = 1.3, we find

g_AOw O7AE ~ 90kHz.
e Rotation is important factor in mode
identification in NSTX
: fpl :flab_nfrot
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What is TAE frequency?

g oo e Simple, commonly used estimate
GAEs CAEs
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e For NSTX #115731 with reversed g¢-
profile, gnin = 1.3, we find

OD7AE =~ 90kH 7.

e Rotation is important factor in mode
identification in NSTX

fpl = f1ab — Nfror

In general low frequency modes are
more effective in radial EP transport.
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MHD activity @ reversed shear #115731 (frag ~ 90kHz)

shot 1157317, device: \bdot I Tdmbeehf 1 _raw

freg (kHz)

C: 28 R

volts

Att = 0.262sec, n = 2 mode fréquency f1ap >~ 103kHz,
ot = flap —n x30=43kHz, = too low for TAE for all observed modes.
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A little bit of theory in low-B3 large aspect ratio equilibrium

Simplified shear Alfvén and acoustic equations (from Cheng, Chance '86):

Q2 —k&  —gMBsinOV-§ =0
—25in0E, 0?2 +Q2V§ —%%ﬁv.g =0,

where Q = 0gR /va, & ~ & o /R, kj = i0/08.

e Pure Alfvénic branch Q% = kﬁ +v8¢* (1+1/24%) (Chu'92,
Breizman’05, Berk’06, Turnbull '92).

e Pure acoustic mode (AM) Q? = zyBk
e GAMs: Q% = vBg* (1 + 1/2¢*)(Winsor’68, Breizman’03, Berk’06).

e Toroidal AM: Q% < yBg? is new (preliminary): &S ~ ¢*YBsinBV - &

(AM) at k) = 0. One can show that Q2 ~ 8[32 due to poloidal variation
of the Jacobian induced by toroidicity (in progress).
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Consider high aspect ratio low-3 tokamak - “nonspherical

torus”

Ry = 0.806m, but with the aspect ratio A = 10, a = 0.081m,
B=2p/B3=0.3%, g, =11.3, q(0) =2.16, Gpin = 1.3,
v=15/3 (if applied)
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Numerical anvalysis is very much simplified with filtering.
BAE and TAE gaps are well reproduced with the filtering technique.
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NSTX medium B = 5% equilibrium from TRANSP @q MSE

D

Overlaid red is for acoustic mode filtering
scheme (Chu’92)

Overlaid blue continuum includes g cor-
rection (14 1/24%).
Black is for full ideal MHD NOVA contin-

uum. Influens on gaps from the acoustic
modes.

Global AMs are more likely at high 3
since frequency spacing for the acoustic

= continuum is AQ ~ /YB/2.

e Hard to find the mode at lower to
medium beta due to strong interaction
with the continuum !!
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TRANSP high 3 = 21% equilibrium case
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Red is for acoustic mode filtering
scheme (Chu’92): TAE and BAE (Turn-
bull '93) modes are recovered.

Black is for full ideal MHD NOVA contin-
uum.

Global AMs are more likely to exist at
high B since frequency spacing for the

acoustic continuum is AQ ~ /v3/2.

Two AM branches are found. GAM is in-
teracting strongly with the Alfvén branch.

7 o TAM forms global eigenmodes above
acoustic continuum.
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TAE structure with and without filtering

Filtered continuum opens the gap  Full continuum limits TAE localization

XG

Mode structure is notably different in two models
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Interaction with the continuum is stronger without filtering. Is continuum

damping proportional to § (MAST results)?
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Global Acoustic mode structure and frequenc

First radial TAM (higher f = 35kH?z) Second radial TAM f = 33.8kHz

Two dominant harmonics, m = 2, 3, are present due to ng,,;, = 2.6.
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TAEs are observed in NSTX at higher frequenc‘
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e Most unstable mode numbers (larger amplitude at the edge) scale
with a/g* (Heidbrink ‘02, Gorelenkov '03).
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SUMMARY

e Preliminary analysis show the existence of low-n global Toroidicity
modified Acoustic eigen-Modes (TAM) in NSTX.

e The n =2 TAM frequency computed by NOVA, 35kHz, is very close to
the observed frequency 43kHz after deducting the toroidal rotation
Doppler shift for #115731 shot.

e TAMs can exist in high beta plasma with wider BAE gap.
e TAEs are pushed higher in frequency due to beta effect.

e Kinetic modification of MHD theory is important issue for new class of
modes (parallel phase velocity is on the order of the sound speed).
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