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Introduction
Recently, several experiments in spherical or low aspect ratio tokamaks (LART) (where share of
trapped particles is very large) have produced efficient plasma confinement in high beta regimes
and, nowadays, the radio frequency (RF) plasma heating and current drive studies are very
important parts of experimental and theoretical programs on LART (see, for example, NSTX
program [1] where fast wave heating and current drive is proposed). In LART, electrons moving
along magnetic field suffer strong velocity modulation (bouncing effect) that can affect RF
dissipation. The analysis of wave heating and current drive by RF fields can be carried out on
the basis of Vlasov-Maxwell set of equations. For a LART model with concentric circular
magnetic surfaces, the Vlasov's equation was solved analytically (see for example Ref.[2]) and
parallel dielectric tensor was found via Jacobi functions. Finally, numerical calculations of
imaginary part of the parallel tensor component [4],[5] had demonstrated that bounce effect can
strongly affect RF dissipation in the LART. Here, using the same procedure as in Ref.[2], the full
set of the permittivity tensor components for solving Maxwell equations in LART is presented.

Plasma model and Vlasov equation.
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where the next notations are introduced
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The projections of electric field E
�

on the unit base vectors ( )hn
�
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,, τ are marked by the indexes

(1, 2, 3), respectively, and
Mc

Be
H

0=Ω is the ion cyclotron frequency. To describe the electron

component of the plasma the values of e and M should be substituted for e− and m .
The next notations for differential operators in Eq.(1) are introduced
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As usually, the formal small parameter µ is inserted in the front of small quantities L/λρ
replaced by one in final results.

Solution of Vlasov equation and evaluation of dielectric tensor components

To find the solution of Eq. (1) in the second order of the parameter
L
λρ

we take into account only

the harmonics 3≤l that gives us
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This approximation is enough to take the bounce resonance effect in nondiagonal components of
the dielectric tensor. Note that we study only electron Cherenkov dissipation which is valid in the



condition ( )HT Lv Ω−Ω〈〈 then we can neglect Ω in comparison with the electron cyclotron

frequency in denominators of Eqs.(1)(2). Representing the distribution function harmonics as
( ) ( )10

lll fff µ+= and using the definitions βαβα ε=ωπ Eij ˆ/4 we get the next formulae for the

dielectric tensor operator components after corresponding integration in the velocity space;
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In above equations the operator T̂ is the inverse operator of the operator ( )0D̂i +Ω− . The parallel

component of the dielectric tensor is studied in [2-4]. Here, we present the results of analysis of
the imaginary part of the parallel tensor component for LART,
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q is the tokamak safety factor. Some specific cases are shown for different plasmas

in Fig.1.

Fig.1. Plot of the imaginary part of the parallel dielectric tensor component, mm
Dek 33
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0 Imελ , (a) over
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ω for

trapped and untrapped electrons 2.4=+ tnqm in comparison with cylindrical case the solid line (a), and (b) over

∆ for untrapped electrons 3.0
0

=Ω
Tvk . The line with black squares (a) represents trapped particle part for

3

2=ε ,

with black circus (a) represents trapped particle part for 2

1=ε empty squares and circus(a-b) are related to
2

1=ε ,

the line with black circus (b) is related to 25.0=ε and the solid line (b) is calculated from Eq.(16) for ε=0.25.

In the conclusion, we can say that the wave dissipation is strongly enhanced for waves with
phase velocity larger than thermal velocity and strongly modified near rational magnetic surfaces
because of strong modulation of parallel velocity of electrons. This phenomena can be effectively
used for RF plasma heating, current drive and as stabilizing effect of drift instabilities at the
rational magnetic surfaces in low aspect ratio tokamaks.
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