Long range Alfvenic frequency chirping in tokamaks
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ABSTRACT

e We have developed a theoretical framework to model the adiabatic hard
nonlinear evolution of a Global Alfven eigenmode (GAE), which is

New Hamiltonian B
Wave-particle interaction

Total Hamiltonian
H = Hy (Pj, Pp, Pg) + Hinp —1s K~ 2

is essentially 1D
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destabilized by energetic particles (EPs). p | 3" MVp ot (IL Py, Py) e 4 cec.
e It is shown that the peak of the radial profile is shifted and also broadens due Another canonical transformation | S
to frequency chirping. The time rate of frequency change is calculated using to simplity the dynamics
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e The model illustrates the theoretical treatment of long range adiabatic _n-n p Qs = O y
frequency sweeping observed for Alfven gap modes in real experiments. —
Adiabatic limit allows bounce averaging the kinetic equation .
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sweeping [2] and clumps [3]

in the adiabatic limit [4]
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We have generalized the model introduced in Ref. 4 to study the long
range frequency chirping of a GAE for a near-threshold instability

v" We focus on the evolution of the radial structure of the eigenfunction.

v A single poloidal (m) and toroidal (n) mode number!
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v Toroidal effects on EP dynamics are retained in a high aspect ratio tokamak limit SRR r s L_valid for initial stage,
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We represent the radial profile of the GAE using finite elements (FEs) and expand it F, =
in AA variables of the unperturbed motion:

CONCLUSION

e A theoretical description has been developed to study the hard nonlinear
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The FE amplitude (1) and «a are real
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Varying the total Lagrangian of the system with respect to the
FE amplitude, gives the nonlinear equation describing the

evolution of the radial profile of the mode:
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The perturbed phase-space
density should be found
from the kinetic equation

Krook collisions inside the bulk plasma provide

damping mechanism (y,4), which is implicitly included!

evolution of a GAE in resonance with co-passing EPs.

e A full description of the problem is aimed in our research plan. This includes
adding the toroidal effects to the bulk description and allowing the EPs
nonlinearity to update all the components of the mode structure.
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