Investigations of Alfven Eigenmode stability via active antenna excitation
In JET Hydrogen, Deuterium, Tritium, DT, and Helium plasmas
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greatly impact the performance of future burning
plasma experiments, like ITER, SPARC, or FPPs.
Although many past experiments have explored Database analyses across H, D, T, DT, and He JET plasmas
AE stability, open questions remain, especially on
exact AE stabillity threshold conditions.

* First database of AE stability spanning all four ion species (mass numbers A = 1- 4)
 Normalized damping rates decrease with A for Hydrogenic plasmas, but increase for Helium

In JET, eight in-vessel antennas actively excite
stable AEs [1], from which their frequencies f,,
toroidal mode numbers n, and net damping rates
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S Left: Normalized damping rate vs mass number (number of data points in parentheses). Right: Box plots of the same data.

» Previous works identified only inverse trends —y/wyo 1/A [4] and exp(1/+/A) [5]
> Dominant radiative damping —y/wy « exp(1/p;) = exp(Z/+/A) explains this He “anomaly”
> Consistent with strong correlations with non-ideal parameter A = qqgcSg9s+/Teo/Bg [6]
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which should be carefully considered In
operations of future burning plasma tokamaks.

Left: Spectrogram with toroidal mode number analysis. Right: Stable AE magnetic resonances, frequencies, and damping rates.

* Previously observed in D plasma, during three-ion-heating (D-DNBI-He3) experiments [11]

 Unstablen = 3 —5TAEs and a stablen = 6 mode with —y/wy ~ 2% + 1% [12] Linear code NOVA-K shows impressive
» NOVA-K - radiative damping (—4.8%) dominates drive from ICRH (+2.3%) agreement with experimental AE damping rates,
» Nonlinear hybrid kinetic-MHD code MEGA [13] = impressive agreement across all modes but only nonlinear code MEGA accurately

captures both driven and damped AEs.
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