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The fast frequency tuning in electron cyclotron resonance heating (ECRH) can provide
an alternative way (to the launching angle adjustment) to control and adjust the power
deposition profile in the plasma beneficial for discharge stabilization and for heating and
current drive efficiency optimization. The fast change between different heating scenarios
or even between heating and current drive can also be envisaged. The analysis of such
schemes calls for a detailed ray-tracing method for the ray tracking and power deposition
calculation, 3-D simulation of the electron interaction with the launched RF power, and
evaluation of the driven current density profile in the presence of fast electron diffusion
in radius. The requirements of frequency tuning (tuning rate, tuning range, and power)
obtained from such an analysis should be contrasted to the present stage of art of tuning
technology with microwave sources.

In the present work, the problem of modifying the ECRH driven current density
profile (and power deposition profile) with fast tunable gyrotron sources is addressed for
ITER reactor tokamak configuration. Quasilinear diffusion coefficient for the electron
iuteraction with the microwaves is obtained from a relativistic ray tracing model for
the ITER relevant localized current generation conditions for discharge stabilization or
confinement enhancement. With a dynamical change in the wave frequency, the electron
diffusion is evaluated from the 3-D relativistic time-dependent Monte Carlo calculation
including the trapping effects, finite aspect ratio, poloidal asymmetry of the interaction,
and various models for the radial anomalous diffusion of the fast electrons. The various
time scales of electron radial diffusion (a few milliseconds), electron velocity diffusion
(hundreds of microseconds), and frequency tuning (> 1 — 100 fis) make the resulting
current density profile evolution nontrivial. Of particular interest is also the comparison
of the fast electron bootstrap current from the localized heated electrons with the current
ensuing from the conventional electron cyclotron current drive mechanism for various
radial diffusion models. In the Monte Carlo analysis, special care is needed to include
a sufficiently accurate model for the electron-electron collisions determining the details
of the electron distribution in velocity space. The results of the analysis are discussed
to determine the feasibility of using fast frequency tuning for the current density profile
modification in plasma stabilization or confinement improvement.

302


