Observation of Global Alfvén Eigenmode Avalanche events on NSTX’
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Multi-mode interaction of Alfvén Eignmodes can NSTX has low field, high density and current;
Toroidal Alfvén Eigenmode Avalanches in NSTX greatly enhance fast ion transport perfect for study of fast ion-driven modes

Berk,et al., Phys. Plas. 2 (1995) 3007
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L * Low field, high density Vs, = 0.5 - 2.7 x 106 m/s.

- Large amplitude modes overlap in fast-
ion phase-space.

- Interaction accesses more free energy; - Reactors would have higher field, fusion a's and V. ./V oinen> 1
resulting in stronger modes, destabilizes

» Typical beam injection energy 60 - 100 kV, V;,, = 2.6 - 3.1 x 10° m/s
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- Although GAE have multiple resonances,
more complex physics, this simple model
captures the relevant physics.
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GAE Avalanches studied under plasma conditions optimized / TAE avalanches often immediately \ / Fast-ion D, level jumps during GAE \
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for diagnosis TAE avalanches preceded by GAE avalanche avalanche, fast-ion redistribution
Plasma conditions developed to study TAE avalanches also often have GAE avalanches. - No direct evidence (?) for fast ion redistribution seen; no - GAE seen with BES, but interpretation of eigenfunction becomes
neutron rate drops, no losses measured with the Fast Lost suspect.

Source A injected early and late for MSE diagnostic, two lower voltage sources used to

excite avalanches. lon Probe (FLIP), no losses seen on the scanning NPA.  Fast-ion D

Correlation with TAE avalanches best indication of .
significant fast ion transport Filtered 0.65 - 0.75 MHz
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-b) Neutron rate (1014/s)
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: : Inter-avalanche period consists of multiple, bursting chirping
Mode structure consistent with GAE modes at roughly 10% of peak avalanche amplitude.
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g * - Toroidal B e 0<rla<0.2 Modes are identified as GAE based on radial mode amplitude
< b) | 5 E 2<h<2 profile from reflectometer array data, and recently from the BES
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Toroidal Position (degrees) ' S Peak mode amplitudes reach én/n = 1%
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towards magnetic axis. 4E - - g‘.) 50 Toroidal mode numbers in range from n=6 to n=11.
Pthaste data suggests lowest order radial eigenmode cT> GAE avalanches are seen to trigger TAE avalanches,
structure. LIL] demonstrating that fast ion redistribution from these modes is
Mode amplitude reaches on/n =1% important to other fast ion driven instabilities.
0 M Ma1j§r Radiu;.?im) t M The BES diagnostic gives further evidence of measureable fast ion
redistribution, acting as a passive FIDA instrument, so that an
Pitch of magnetic fluctuations is measured with an array of coils. increase in the BES baseline signal is interpreted as evidence of
Within uncertainty, phase/amplitude relation of poloidal and toroidal fluctuations indicate fast ion redistribution.
polarization of mode at plasma edge is compressional (GAE are shear Alfvén modes). 0 =
Consistent with simulations of GAE for similar conditions which show coupling to 1
compressional component towards plasma edge.. P'O "
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Resonance sits on perpendicular bump-on-tail.




