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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 heat-
ing and current drive studies are very important parts of experimental and theoretical
programs on LART (see, for example, NSTX program!!l 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. In Ref.2, the Vlasov’s equation was solved analytically and
parallel dielectric tensor was found via Jacobi functions for a LART model with con-
centric circular magnetic surfaces. The numerical calculations of imaginary part of the
parallel tensor component had demonstrated that bounce effect can strongly affect RF
dissipation in the LART. Here, using the same procedure as in Ref.2, the complete set of
the permittivity tensor components for solving Maxwell equations in LART is presented.

Plasma model and Vlasov equation. In magnetized plasmas, p; < L (where
pr, = vt/ is Larmor radius and vr, ., and L are thermal velocities, cyclotron frequency
and characteristic space-scales, respectively) the Vlasov equation can be simplified suf-
ficiently with approximate integrating of particle trajectory equations. In this case, we
get so called gyro-kinetic equation. Using approximations, pr/L < 1 and w/Q, < 1,
we get so called drift equation. Here, in contrast to those methods, we use directly a
traditional method (like in Chu-Goldberger-Low hydrodynamics for magnetized plasma)
in the Vlasov equation. To perform this procedure, we introduce new 6-dimensional
space 7', ¥ where 7' = F,u; = (7 - ¥), v; = (F-7) and v3 = (h - ¥) are the velocity
projections on unit vectors related to the geometry of the stationary magnetic field Eo.

The unit vectors 7, h are directed along the normal to a magnetic surface and along the
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magnetic field, respectively, and the binormal vector 7 is defined by the vector product
7 = h x fi. Then, we introduce spherical coordinates (v, s,) instead of the Cartesian
coordinates v; = vsinvy cosg, v, = wsin+y sing, w3 = vcosy that are defined in the
regions: 0 <v<oo, 0 <y <7, 0L o0 < 27,

Further, using the trasformations, 9/0t + v = —iw + v = —iQ) with the Krook form of
the collision term St[f] = —v f, the linearized Vlasov equation can be written for Fourier

components f; of the distribution function (f = Y, fiexpilo) in the form:
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The projections of electric field E on the unit base vectors (7, 7, ﬁ) are marked by the
indexes (1, 2, 3), respectively, and Q. = e|Bg|/Mc is the ion cyclotron frequency. To
describe the electron component of the plasma the values of e and M should be substituted

by —e and m. The next notations for differential operators in Eq.(1) are introduced

~ —

D =vcosy(h-V)—=(V-h) siny%; Dy = vsiny(it- V) — v(7-V x h) COS"/%;

o<

. - 0 . . .
Dy =vsiny(7-V) +v(i-V x h)cos*ya—; D* =D, +iD, (2)
g

Finally, the formal parameter p in the front of small values pr,/L is replaced by 1.
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Solution of Vlasov equation and evaluation of dielectric tensor. To find the

solution of eq.(1) in the second order of pr,/L we take into account the harmonics |I| < 3,

Jr2=—ip [1 o (15 + ino)} [sm’yai ( vK"fo ) + (D7 £ 2i7) fa (3)

Q=+ 20, Q=+ 20, Q+2Q,

This approximation is enough to take the bounce resonance effect in nondiagonal com-
ponents of the dielectric tensor. Note that we study only electron Cherenkov dissipation
which is valid in the condition vy, < |L(Q — Q)| then we can neglect © in compar-
ison with the electron cyclotron frequency in denominators of Eqs.(1)(2). Represent-
ing the distribution function harmonics as f; = fl(o) + W fl(l) and using the definitions
ATijo/w = €4 E, we have the next equations that can be used in calculations of anti-

Hermitian parts of the dielectric tensor:
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In above equations the operator T is the inverse operator of the operator (—i) + Do).
The parallel component of the dielectric tensor is studied in [2-4]. Here, we present the

results of analyses for the anti-Hermitian parts of the tensor components,
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where Vint.rm = /wunt (7 + m + ng;) is the dimensionless resonance velocity and g, =
a/ V1 — €2 is the tokamak safety factor. The periodic g and elliptic dnz, sn z functions
with argument 27 x/K are presented in Ref4. In Fig.1, in addition to analyses! of
€35 (unt): We show some specific cases of €357, ; component for short wavelength that may
be important for Landau and transit time magnetic pumping dissipation in LART.
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Fig.1. Plot of the imaginary part of the tensor components, Imeiy™ (solid line with squares) and Imefy™
(dash-dot line with diamonds) over w/kvr. for untrapped electrons (m + ng; = 13 and r/R = 0.5) that
are normalized: (a) on kﬁ)\%e and (b) on cylindrical tensor components, respectively.

In conclusion, we can say that the wave dissipation (Landau and TTMP) in un-
trapped electrons is strongly enhanced for waves with phase velocity larger than thermal
velocity and strongly modified near rational magnetic surfaces (when kj = 0) because
of strong modulation of parallel velocity of electrons. This phenomena have to be taken
into account in RF plasma heating, current drive calculations and in analyses of drift

instabilities at the rational magnetic surfaces in LART.
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