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Abstract

Theoretical results on the wave-plasma interactions in simulated toroidal con�gurations are pre-

sented. The study covers the cases of large to low aspect ratio tokamaks, in the pre-heated stage. Fast

waves emitted from an external antenna with di�erent wave numbers and frequencies are considered. The

non-inductive Alfv�en wave current drive is evaluated and discussed.

1. INTRODUCTION

In view of the crucial importance of the non-inductive current drive in low aspect ratio
(spherical) tokamaks (LART's) [1]{[4], we have investigated the propagation and absorption-
conversion of fast waves as well as generation of Alfv�en wave current drive (AW CD) in such
devices [5]-[14].

In this model, fast waves launched by an external antenna penetrate a "simulated" current
carrying equilibrium tokamak plasma and are partially con verted into Alfven waves; these, in
turn, are absorbed by plasma electrons and generate a non-inductive current drive; the simulated
toroidicity and shear are arbitrarily large. Thus, this model represents a reasonable, �rst order
description of the AW CD generated in the low �eld side of tokamaks, including LART's.

The solution of the problem includes: (a) the derivation in local B magnetic coordinates,
of closed analytical expressions for the elements of the dielectric tensor, within the framework of
resistive, two-uid model equations; they hold well in the pre-ignated stage; (b) the derivation of
analytical expressions for the �eld components in the region between the plasma and the metalic
wall, within which the antenna is located; (c) solution of the full wave equation (Ek 6= 0) for the
radio frequency (rf) �eld components; and (d) evaluation of the rf current drive, comprising its
momen tum transfer, plasma o w and dynamo componen ts.

2. RESULTS AND CONCLUSIONS

We investigated the inverse aspect ratio dependence (� � a=R) of the propagation, ab-
sorption and conversion as well as the AW CD in the range 0:1 � � � 0:9, and for various plasma
and antenna parameters. Illustrative results are presented in Figs.1-5 as follows: (i) test of the
computational algorithm (Fig.1); (ii) frequency and temperature dependence of the total

power absorption, P , and total AW CD, I , for some eight �-values and �xed wavenumbers
(Figs.2{3); (iii) dependence of the e�ciency, � � I=P , on �, temperature T and several
combinations of poloidal (m) and 'toroidal' (n) wave numbers (Fig.4); and (iv) dependence
of the radial distance (from the magnetic axis) of the con version point,xs, on �, T , m and n
(Fig.5).

The results of our study support the following conclusions. (a). The three AW CD com-
ponents (i.e., dynamo, helicity injection and plasma ow) are generated in the entire range of
relevant aspect ratio values; (b). for the physical parameters considered in this work, the helicity
injection CD componen t dominates - the other (smaller) componen ts are comparable; (c). in
the case of low (large) aspect ratio con�gurations, the maxim um e�ciency of AW CD increases
(decreases) with increasing poloidal wave number, jmj (m = �jmj); and with decreasing toroidal
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wave number, jnj (n = �jnj): (d). The radial distance of the conversion layer is determined by
the lower edge frequency, !L(�; T;m; n). Its value decreases with increasing aspect ratio and
toroidal wave number as well as with decreasing poloidal wave number.

A more detailed discussion of the analytical and numerical methods used in this work as
well as of the results obtained will be presented elsewhere.
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Captions to �gures

Fig.1. Test of the computational algorithm used in this paper: (a) Comparison of numeri-
cal solutions for the vacuum case with the corresponding analytical ones indicated by the symbols
�; �;+ and �; the relevant physical parameters: � � R=a = 1=10; n(0) = 1014 cm�3; B0(0) =
1T; n = �3 and m = �1. The temperature T = 100 eV . (b) Modi�cation of 'all-vacuum'
solutions in the presence of plasma: the numbers 0; : : : ; 0:5 on the curves represent the values
of the factor multiplying the actual plasma density at r = 0, n(0). (c) Dependence of the �eld
solutions on the density of grid points: the solid curve corresponds to 2000 grid points; the re-
sults corresponding to 10,000 grid points are marked by black squares. (d) Frequency spectrum
of the total power absorption, P (!); the dashed curve corresponds to the case Ek = 0. The
frequency range is that of the Alfven continuum, ! � !L. ( Wave frequencies are measured in
units of the ion cyclotron frequency at r = 0. )

Fig.2. Frequency spectra of the total absorbed power, P (!) (solid curves) and total
current drive, I(!) (dotted curves ) for aspect ratios 10(a), 5(b), 3(c), 2(d), 1.6(e), 1.4(f), 1.3(g)
and 1.1(h) and a temperature value T = 100 eV ; n(0) = 1014 cm�3; B0(0) = 1T .

Fig.3. As Fog.2, but for T = 500 eV .

Fig.4 Inverse-aspect-ratio dependence of the maximum e�ciency �max = �(!L) for several
combinations of poloidal (m) and toroidal (n) wave numbers: see keys on �gures. (a) T = 100 eV ;
(b) T = 500 eV . The other parameters are the same as in Fig.1. In all cases, ! = !L(m;n; �; T )
| the lower edge of the Alfven continuum.

Fig.5a,b. Inverse-aspect-ratio (�) and frequency (!) dependence of the radial distance
(from the axis) Xs at which the conversion from the fast magnetosonic wave to Alfven wave oc-
curs, for several combinations of toroidal and poloidal wave numbers: (a),(g) (m;n) = (�1;�1);
(b),(h) (-1,-2); (c),(i) (-1,-3); (d),(j) (-2,-1); (e),(k) (-2,-2); (f),(l) (-2,-3). The temperature
T = 100 eV in (a) {(f) and T = 500 eV in (g) - (l).
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