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Abstract. High harmonic ion cyclotron resonances are important for understanding future
fast wave heating experiments on NSBX well as recent ICRF flow drive experiments on
PBX-M? and TFTR. Unfortunately, many of our ICRF wave analysis codes are based on an
expansion to second order knp whereky is the perpendicular wave number, gni the
Larmor radius. Such codes are limited to cyclotron harmonics less than or equal to 2. Integral
codes* ®on the other hand, are valid to all orders in Bethandp/L whereL is the equilib-
rium scale length. But velocity space integrals in these codes require long running times. Here
we take a simpler approach which assumes a local plasma conduptfivit (1), while still
retaining all orders ifzp. This allows high harmonic fast wave and flow drive applications,
while requiring less computing time than conventional integral codes.

INTRODUCTION

Recently there has been interest in developing full-wave ICRF models which are
applicable at high harmonics of the ion cyclotron frequency. This interest stems in part
from the National Spherical Tokamak Experiment (NSTX) where the primary ICRF
heating system is designed to operate at higgmonics of the majority deuterium
frequenC)]/. Other examples include recent ion Bernstein wave (IBW) flow drive ex-
periments on PBX-Mand TFTR where directly launched high harmonic IBW is used
to drive poloidal flow near minority ion cyclotron resonance layers. A realistic theo-
retical treatment of these cases requires a full-wave model which goes beyond the usual
second order finite Larmor radius expansion used in standard finite difference and finite
element codes. Integral codeshave been developed in one-dimension (1-D) which
are valid to all orders ikp as well ap/L wherep is the ion Larmor radiu is the
perpendicular wave number, ands the gradient scale length for the equilibrium mag-
netic field and plasma profiles. But the usefulness of these codes is limited by long
computing times associated with calculating velocity space integrals for the plasma
current. Here we try a simpler approach which assumes a local plasma conductivity
(p/L << 1) while still retaining all orders ikop. The advantage is a much shorter run-
ning time than required by conventional integral codes.



SPECTRAL SOLUTION TO THE WAVE EQUATION

To avoid the usual second order gyroradius expansion used in finite difference
and finite element codes, we apply a spectral method to solve the vector wave equation,
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The RF electric field&E and plasma curred}, can be expanded in Fourier harmonics as

E(x) = Z E,, e, Jo(z) = ZE(w, k) - By, ettt (2)
wherek, = 2rm/d, andx is the radial dimension in a 1-D perpendicularly stratified plas-
ma model (& x< d). The dependence otin o(x, ky) is through plasma equilibrium
guantitiesne, T, andB. We typically keem < 2048 Fourier harmonics in Eqs—@).

With this representation, the vector wave equation can be solved for individual Fourier
harmonics of the electric field. Fo(x, k), we apply the well-known local expression

for the plasma conductivity with an isotropic Maxwellian velocity distribution. To
lowest order irp/L, this gives
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A first order correction ip/L could be included by retaining termsad(x, k) that are
proportional to gradients in the equilibrium quantities. In Egs. (3) and, (¥)the
modified Bessel function of ordérwith argumentr, = 1/2 4<nvth/Q)2, andz is the
plasma dispersion functiod(¢;) with argumenf;= (w-1Q) /[k,On, . The derivative

with respect td, isZ'({)) = -2[1 + {; Z(())]. We typically keepmnax< 20 ion harmonics

in Egs. (4) and (5). Metallic boundary conditions are simulated by a thin layer of high
density plasma at each of the two boundaxes) andx = d. Comparison between the
spectral code (AORSA) and a second order finite difference solution (ORIQN1D
shows good agreement whef).; < 2 in the region of interest.









