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Zonal Flow Excitation by Nonlinear EPM Dynamics

F. Zonca (ENEA, Frascatti)

¢ 3D Hybrid MHD-Gyrokinetic code [ [1 []
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© Briguglio et al. PoP 2 (1995) 3711; PoP 5 (1998) 3287
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— n = 8 EPM: Bgg = 0.75 %, Lyg/Ry = 0.075, pLg/a = 0.01
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© pump EPM =+ zonal flow = sidebands



Alfvén Eigenmode Experiments on JET

A. Jaun (Alfvén Lab)
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Drift-Kinetic Alfvén eigemodes?
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e EC:
© Fukuyama: Evaluation of Radial Deposition width in ECCD

© Prater: Progress on ECH and ECCD in DIII-D
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Motivation

® Current profile control by EC waves

© Localized profile of driven current
°© Position control by injection angle

¢ Control of MHD instability

© Suppression of island growth due to tearing instability
© Localized current profile is required

¢ Evaluation of the current profile width

° Doppler broadening, decay length ( ) ) Beam
°© Finite beam size, focusing
° Defraction Magnetic Surface

¢ Limitation of ray tracing

o Defraction effect cannot be included ( ) )
Beam

Magnetic Surface



Beam Tracing Method

® Beam size perpendicular to the beam direction: first order in 6

® Beam shape : Weber function Hermite polynomial: H,)

E(r) =Re | Y Coun(6°r)e(6°r) Hy(061) H, (562) € 15074

mn

°© Amplitude : C,,,, Polarization : e, Phase : s(r) + 1¢(r)

1
s(r) = so(7) + KT)[r — r§ ()] + > Saplr” = gD - 7o(7)]
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(1) = Sdoplr” = ri (DI = ()]

o Position of beam axis : r,, Wave number on beam axis: &’

1
© Curvature radius of equi-phase surface: R, =
SCYCL’ R
2 1 % d1
o Beam radius(J d, = {/—
aa Ry dy

® Gaussian beam : case withm =0,n =0



Beam Propagation Equation

® Solvable condition for Maxwell’s equation with beam field
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¢ By integrating this set of 18 ordinary differential equations, we obtain trace of
the beam axis, wave number on the beam axis, curvature of equi-phase surface,
and beam size.

¢ Equation for the wave amplitude C,,,
V- (ve0lConl®) = =2 (YICal?)

Group velocity: v, Damping rate: y = (e* - ?A - e)/(0K/0w)



Beam Tracing in a Uniform Plasma

¢ 160 GHz, Ordinary Mode, Perpendicular Injection
R, = 0.0l m R, = 0.02m R, = 0.03m R, = 0.05m
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Beam Tracing in ITER-FEAT Plasma
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Summary

¢ Based on the formulation of beam tracing, the wave propagation
code TASK/WR was extended to calculate the spatial evolution of
the EC beam size.

® We have confirmed the diffraction effect and the initial wave front
curvature dependence of the beam size.

® In order to focus after 1 m propagation, initial beam radius of 3cm
is required for 160 GHz.

* In the case of ITER-FEAT, initial beam radius of Scm is required to
focus in the NTM island region.

® To dos:

© Magnetic surface average
© Coupling with Fokker-Planck Analysis
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¢ JAEA Fusion Energy Conf. 2002 U 1 00O 0O OOOOO

o Collective modes and Fast Particle effects on ITER

© Progress on Steady State scenarios for ITER
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