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Transverse dielectric susceptibility elements are derived for radio frequency waves in a large aspect ratio toroidal
plasma with elliptic magnetic surfaces by solving the Vlasov equation for untrapped, ¢-trapped and d-trapped parti-
cles. These dielectric characteristics are suitable for estimating the wave absorption by the fundamental cyclotron
resonance damping in the frequency range of ion-cyclotron and electron cyclotron resonances.
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INTRODUCTION

Tokamaks represent a promising route to controlled
thermonuclear fusion. In order to achieve the fusion
conditions in these devices an additional plasma heating
must be employed. Effective schemes of heating and
current drive in tokamak plasmas can be realised by the
wave dissipation in the frequency range of ion-cyclotron
(ICR) and/or electron-cyclotron (ECR) resonances. As
is known, kinetic wave theory of high-temperature
plasmas should be based on the solution of Vlasov-
Maxwell's equations. However, this problem is not sim-
ple even in the scope of linear theory since to solve the
wave equations it is necessary to use the suitable dielec-
tric tensor valid in the given frequency range for a real-
istic plasma model. In this paper the transverse suscep-
tibility elements are derived for radio frequency waves
in a two-dimensional (2D) axisymmetric large aspect
ratio tokamak with elliptic magnetic surfaces using an
approach developed in Refs. [1, 2].

1. REDUCED VLASOV EQUATION

To describe a 2D axisymmetric tokamak with ellip-
tic magnetic surfaces we use the quasi-toroidal coordi-
nates (r,6,¢) connected with cylindrical ones (p,#,z)
as p=R,+rcosl, z=—(b/a)rsind, ¢=¢. Here R,
is the large torus radius, r is the small plasma radius, &
is the poloidal angle, ¢ is the toroidal angle; » and a —
large and small semiaxis of the external elliptic tokamak
cross-section. In this case, the stationary magnetic field
components, H, = {H H,,,H } are
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To evaluate the transverse susceptibility elements
for waves in such plasma we should resolve the Vlasov
equation for the first, /=+1, harmonics of the per-

turbed distribution functions of ions and electrons:

+1 $oo

fer,v)=22 f'(r,8,v, p)exp(-iot +ing—ilo),
s 1
using the coordinates (r,%,¢) with the "straight" mag-
netic field lines and new variables in velocity space
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Here the index of particle species is omitted; by
s==1 for f;° we distinguish the particles with positive

and negative parallel velocities, v, =svy/1-u-g(r,9),

respectively to Hy. In this case, the Vlasov equation for
/., harmonics can be rewritten as
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E, =FE, —ilE, is the combination of the normal and
binormal (respectively to Hy) electric field projections;
equilibrium distribution function Fj is maxwellian with
the particle density Ny, temperature 7y, charge e, mass
M. Describing the wave-particle interaction in elongated
tokamaks we should separate all particles (in the general
case if A >¢&) on the three groups of untrapped, ¢-
trapped and d-trapped particles. Such separation can be
done in dependence of yzand § by inequalities:
0<u<yu, —-m=<9<x —untrapped particles,

M, Spuspu -0, <8<6 -—ttrapped particles,
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-0, <9< -6, — d-trapped particles,
0, <9< 6, —d-trapped particles,
Y (4,9 =0.
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My < S py,
analyzing  the

condition Here

,uuzl—g—%, ,u[:1+5—%, )7y , and the

stop points =6, and 6, for t- and d-trapped particles
on the considered magnetic surface are

0, = tarccos {%{1 - 240

p 220 =m0t
e'u
6, = * arccos {ﬁ{l +
A

I+

L2
&’u

To find the perturbed distribution functions of the
untrapped f,°,, t-trapped f;’, and d-trapped f’, parti-

H+

cles we should resolve Eq, (1) using the corresponding
boundary conditions: the periodicity of f°, on ., and

continuity of f and f, at the stop points +6, and

160, , respectively. Moreover, we use the new variables

instead of poloidal angle & by the first kind elliptic
integrals:
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— for untrapped particles;
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— for d-trapped particles. Here
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In this case, the transit-time of untrapped particles
and the bounce-periods of #-trapped and d-trapped parti-
cles are proportional to 7, , 7, and 7, , respectively:

22KK (i)
Tu = Td = 2 2 025 °
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where K(x)= j

0 yJ1-x7sin’ 7y '
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2. TRANSVERSE SUSCEPTIBILITY

Knowing f, f, and f’,, we can calculate the

contribution of u-, t- and d-particles to the 2D transverse
current density components by

51 8) = S g(r, ) PR [ v dvx
b fundn i e L
0 1= ug(r,9) Al —ug(r,9) uzm

To evaluate the transverse susceptibility elements
we use the Fourier-expansions of the perturbed current
density and electric field components on angle 4:
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———=2_j," exp(im9),
g3/2 (r’lg) ~

g (r,9)E,(0) = fE,('") exp(im'9) .

As a result, the m-th harmonic ;™ of the transverse
current den51ty can be calculated by
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Here /%", 2" " denote the independent

contribution of the untrapped, #-trapped and d-trapped
particles of any kind (electrons or ions) to the transverse
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CONCLUSIONS

In conclusion, let us summarized the main results of
the paper. As is well known [3], the collisionless wave
dissipation in the frequency range of ICR and ECR can
be realized under the conditions if the plasma particles
interact effectively with transverse electric field compo-
nents, E,*iFE,. The specific features of the wave-

particle interaction in tokomak geometry are due to that

a) the resonance conditions for untrapped, #- and d-
trapped particles are different and b) all the harmonics
of E, =E, *+iE, contribute into the m-th harmonic of

the transverse current density component, ;. The

absorbed wave power under the HF plasma heating on
the fundamental cyclotron harmonic,

P., =05 Re(Elj(l)*)’

sion

can be estimated by the expres-

+oo +o0

= —ZZ(Im;{lmu’” +Im y"" + Im;(l”'“;m‘)x

x| ReE{" Re E" +Im E" ImE"" |.

As was mentioned above, / =1 corresponds to wave
power absorbed under the ICR plasma heating, when
@~ Q_, and the left-hand polarized waves E, +iE,
interact effectively with the resonant ions. The case
I =-1 should be considered under the ECR plasma
heating when @ ~| Q| and the right-hand polarized

waves E, —iE, interact with the electrons. Contribution

of untrapped, t-trapped and d-trapped particles to the
imaginary parts of the transverse susceptibility ele-

Imsz,lZm' > Iler

mated by Eqgs. (2) using the well known Landau resi-
dues method.

m,m'

ments, and Imy";)" , can be esti-
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HNOI' VIO EHUE HUKJIOTPOHHBIX BOJIH B BBITSAHYTBIX TOKAMAKAX C BOJIbILINM
ACHEKTHBIM OTHOLIEHUEM
H.U. I'puwanos, H.A. A3apenxos

[ToniepedHble dNMEMEHTHI JUAJICKTPUUECKOH BOCIIPHUMYMBOCTH MOJIYYCHBI U PAJOYaCTOTHBIX BOJH B TOPOH-
JaJBHOM Tu1a3Me ¢ OOJBIIMM aCIIEKTHBIM OTHOIICHUEM H DJUTHIITHYCCKHM CEYCHHEM MarHUTHBIX MOBEPXHOCTEH NpH
pelIeHHn ypaBHEeHHI BiiacoBa aiist MPOJIETHBIX, #-3aMePThIX M d-3aIIEPThIX YACTHL. DTH AUDJICKTPHUYECKUE XapaKTe-
PHUCTHKH NMPUMEHHMBI U1 OLCHKU IMKIOTPOHHOTO IOTJIOIICHHUS 3JIEKTPOMArHUTHBIX BOJH (Hampumep, BO BpeMs
Harpesa IJIa3Mbl) B JHAIla30HE YaCTOT HOHHO-LIUKJIOTPOHHOTO MIIN JIEKTPOHHO-IUKJIOTPOHHOTO PE30HAHCOB.

HOI''IMHAHHA IUKJIOTPOHHUX XBUWIb Y BUTATHYTUX TOKAMAKAX 3 BEJIMKUM
ACIIEKTHHUM BIJHOINIEHHAM

M.I I'pumanos, M.O. Azapenkos

[Nomepeyni eneMeHTH ieNEKTPUIHO! COPUHHIATINBOCTI OTPUMAaHI U PaliOYaCTOTHUX XBHJIb y TOPOiNaNbHIN
IU1a3Mi 3 BEJIMKAM aCIIeKTHUM BiJTHOIIECHHSM Ta SNNTHIHIM IIepepi3oM MarHiTHUX MTOBEPXOHb Yepe3 PO3B'sI30K piB-
HsHB BracoBa ai1s IpOITITHHX, /-3aIIePTHX Ta d-3allepTHX YacTHHOK. Lli mieneKTpudHi XapaKTepUCTHKH 3aCTOCOBaHI
JUIS OLIIHKY LUKJIOTPOHHOTO MOTJIMHAHHA €JIeKTPOMArHITHUX XBHIb (HAIPHKIIA[, il 9Yac HarpiBy IUIa3MH) y Aiamna-
30H1 YaCTOT 10HHO-IIUKJIOTPOHHOI'0 a00 EIEKTPOHHO-IIMKIOTPOHHOTO PE30HAHCIB.
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