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The near-threshold regimes of wave excitation by energetic particles reveal a rich family of 
nonlinear scenarios ranging from benign mode saturation to explosive behavior. The choice 
between these scenarios depends on relaxation processes that restore the unstable distribution 
function. Recent analysis shows that only the explosive behavior is possible when drag 
dominates at the wave-particle resonance [1]. As a result, the instability follows a ‘hard’ non-
linear scenario in which the saturation level is insensitive to the small initial growth rate. This 
finding indicates that Alfvénic instabilities driven by neutral beam injection, or by fusion-
born alpha-particles with drag-determined distribution functions should be more prone to the 
hard regime than those driven by ion-cyclotron resonance heating (ICRH) with dominant RF 
quasi-linear diffusion.  The experimentally observed differences between the TAE 
instabilities on JET and MAST support this theoretical notion. The explosive growth of the 
wave in the hard nonlinear regime serves as a seed for spontaneous generation of phase space 
holes and clumps. In previous work, description of such structures was limited to the case of 
small frequency deviations from the bulk plasma eigenfrequency. However, there are many 
observations of frequency sweeping events in which the change in frequency is comparable 
to the frequency itself. The need to interpret such dramatic phenomena requires a non-
perturbative theoretical formalism, which this new work provides. The underlying idea is that 
coherent structures represent traveling waves in fast-particle phase space. A rigorous solution 
of this type is obtained for a simple one-dimensional model [2]. This model captures the 
essential features of resonant particles in more general multidimensional problems. The 
presented solution suggests an efficient approach to quantitative modeling of actual 
experiments.  
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