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Description of the confining magnetic field. The dstellarator magnetic field
B,(r,9,z)=¢,B,, +e,B,, +e.B,, can be represented (in cylindricd coordinates) in the
paraxial approximation, fdr= 2, through the single harmonic (see [1]):

By, = 4 Byarsin(16), Bog =4 By cos(18) | Bo, = By — 0 Byor cos(18) , (1)
. nb,l, (ksr) nb,1, (ksr) 5., 1
An :W, AI’I :W, b}’l :8JakSKn(ksa)(n ) , 6=9 -qaz. (2)

In (2), aisthe radius of the g/lindricd surface carying a thin helicd winding with the arrent
J, Ki (&) is McDonald function, 1, (&) is modified Bessl function, the prime devotes the
derivative with resped to the agument, a=277L, L is the pitch length of the helicd winding, |
Is thepoloidal number of the helical-field periodss | a.
Influence on the dispersion properties in the general case. Inhomogeneity of the
magnetic field B, (r,8,z) (1) often may be omitted in fusion applications due to its smallness,
A; <<1,4; <<1. The effect of this nonuniformity on dispersion properties of Alfven waves

(AW) and fast magnetosonic waves (FMSW) was studied in [2] in the nonresonant case. The
inhomogeneity of B, was shown to result in the weak shift 8w of the waves eigen frequency

W, W= w + dw, where wy is the eigen frequency known from the zero-th approximation, and
the shift is the second-order quantity in the ripple amplitude, dw 0 AZ.

Influence on the dispersion properties in the resonant case. In the present report, the
influence of the B, nonuniformity on the dispersion properties of AW and FMSW is
investigated in the resonant case such that the period 27/ k, of the fundamental mode of
eledromagnetic oscill ations in the aial diredion is twice & large & the pitch length L and
poloidal numbem of the fundamental mode is twice as small as

k= 2k, |=2m. (3)
Perturbation theory developed for the cae with the degenerate spedra is used to solve the
problem.

In the resonant case, the B, inhomogeneity causes the splitting of the eigen frequencies
of AW and FMSW, w= a» * dw. The mrredions dw to the eigen frequencies are the first-
order quantities, dw [ A,. Splitting of the spedrais $rown to take placefor oscill ations with
wedk gyrotropy (for which differencein eigen frequencies of oscill ations with opposite signs of
poloidal numbers in straight magnetic field, A=0, is small, w;(m|)-wy(~m)<<wy). In
particular, in a stellarator with 1=2, splitting of the spedra is expeded to be pronounced for
the small-scde (& 4a, = m, >> 1, here ka is Alfven wave number, a, is average radius of

plasma @lumn, n; is radial wave number) FMSW propagating nealy perpendicular to steady
magnetic field, £, >>k, , with the poloidal number m=+/ and the adial wave number

k, =Fa . If the diamber is fully filled with plasma with uniform radial density profile, then
eigen frequency of FMSW is equal,

1769



26" EPS CCFPP 1999 ; 1.0.Girka: Influence of Helical Magnetic Field Inhomogeneity on the Pro...

Wy :jl,scwci/(awpi) ’ 500:0’2521 (a)ox, (4)
here j1s isthe value of the s-th root of the first-order Bessel function, Ji(j19)=0, w,; and w,,
are the cyclotron and plasma frequencies of ionsgVh&ropy can be weak in this case,
-2
[wo (+1m) - wy (- \m\)] Jw=2ml(1+w/ w,; )(m,) " << 4. (5)

The splitting of the eigen frequency by the helicad magnetic field can be observed
experimentally. The smilar phenomenon was discovered in experiment [3] with tokamaks: the
longitudinal eledric current eliminated the degeneration of the spedra of FMSW with resped
to the sign of their axiakavenumber.

Distribution of eledromagnetic field of eigen oscill ations of a plasma olumn with a
nonuniform radial density profile is determined in the following form

B, = %C(S” Wl )+l (r))eie * (Cg_)%( Vel (r))e_ie *
ol r)e3i + 05wl r)e‘”e]exp( -iex),  (6)

In the resonant case, the natural modes are standing waves, C(gJ') = J_rC(()_). The positions of
the nodes (antinodes) of the standing wave with the lower frequency w = w, —dw (with the
higher frequency w = w, +dw) coincide with the surfaces at which the enfining magnetic
field is minimum (maximum). The reason is that, in a uniform megnetic field, the eigen

frequencies of AW and FMSW increases with the magnetic\@jb

The superposition of two natural standing waves whose frequencies are dose to ead
other leals to the aise of a bea wave. The bea frequency dw depends on the external
parameters (4;,w,;,L,a) and the plasma density <n>. Consequently, the measurements of the
dw can serve to diagnose the>.

Satellite Alfven resonances in the plasma core. Possbhility of additional plasma heding
within satelliteAlfven resonances (SAR) = rff) , for which the condition

— )2
g El—ziwf,,-(r)/(w2—wg,-):(Nz+NS) : (7)
holds, was sown in [4] for the cae, when SAR is locaed in the plasma ore. In (7),
N, =ck, /w isthe aial refradive index of the fundamental mode, Ny =ck,/ w. The aising

of SARs is explained as follows. Due to the helicad inhomogeneity of B, (1), eledromagnetic
waves propagate in stellarator in the form of envelope. Side by side with the fundamental mode

Dexpi(kzz+mz9—at), this  envelope ontains  the  satellite harmonics
Dexpi](k, 7 ky)z+ (m£1)9 - x| In the vicinity of SARs (7), just the amplitudes of the

satellite harmonics rapidly increase, and these waves convert into small-scale “kinetic” AW.
Even we&k phenomena ae known to affed significantly on the mnverson of

electromagnetic waves within AR regions and to provide for their efficient absorption there.
SARs at the plasma periphery. In the present report, the distribution of rf fields and the

rf power absorbing in the vicinity of SARs are found with taking into acount the following

week phenomena: thermal motion of particles, finite inertia of eledrons, helicd curvature of

magnetic surfaces, striction nonlineaity, reversed effed of kinetic parametric ion cyclotron

plasma instabilities on pumping wave and dissipation.
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Conditions are determined under which effed of the B, inhomogeneity on the
structure of SAR is more esential than of the other weak phenomena mentioned above. In
particular, the influence of the B, nonuniformity is more esential than that of finite ion

Larmor radius p;; =vy; / w,; (Where vy =.[T; / m; is the thermal velocity, and 7; is the ion
temperature) if the following inequality holds,

Z,Z >> (pL,- / rjf') )2 (NZ /Ng— 1)[2. (8)

These oonditions may hold at the plasma periphery, where the noncircular shape of the
magnetic surfaces is the most pronounced and the plasma is the most cold.
Under these conditions, satellite harmonics affed wedly on the distribution of the

fundamental harmonic. Within SAR, satellite harmonics incorporate small terms DAf” into
the eguation for the amplitude E,(O) of the fundamental harmonic of the radial eledric field,

this contribution being less then outside of SAR, wherelit 5 .

Behavior of the amplitude £(*) of the neaest satellite harmonic within SAR is

governed by the nonuniform Eiry equation. The width of SAR & is determined by the ripple
parameterd; in this case,

&~a*A72/3 ’ (9)

-1

herea” = ‘dlnel(o) /dr| is characteristic length at which plasma density varies.

Outsde of SAR, amplitude E,(+2) of the sewmnd satellite harmonic
Dexpi[(kz —st)z+(m+21)z9 —at] is known [2] to be the small value of the second order,

ESD - pEHD) - 2 E© \When coming to the SAR region 7 :f;(f'), the anplitude £
grows more rapidly, thaIE,(”), namely,

r gp(tl) -2
EX) = _’”ZAlldE;r 0 [e](o) ~(N, - Ng)’ ] . (10).

This growth results in restriction of the E,g”) growth. Charaderistic values of satellite
harmonics amplitudes are as follows by the order of magnitude within SAR,

ESED) _p B3 gD - p2/3 (0 (11)
Poloidal component of the electric field varies slowly within SAR,

(+1)
diy = _m+l sl (12)

dr r
The order of magnitude of the satellite harmonic amplitude E§+1) retains within SAR the same
as outside of this regiors™) ~ 4,EY).
Amplitude EZ(”) of the neaest satellite harmonic of axial eledric field grows within
SAR even rapidly thanES”) :

. 2
gl L€ (k; ~ k) i+ 13
z = 2 . ( )
W’ dr

1771



26" EPS CCFPP 1999 ; 1.0.Girka: Influence of Helical Magnetic Field Inhomogeneity on the Pro...

Nevertheless this amplitude retains snaller than E,(”) that is confirmed by the following
relation being valid by the order of magnitude,
/3] ng
EGD - 6 H eyl HOV: CIESD < gD (14)
? OO0 B(WgHONV, O
The damping rate y, caused by the ions scatering on turbulent pulses increases
sufficiently within SAR as compared with its valyeutside of this region,
ve=v(1+8y), oy~ 477 (15)
We& striction nonlineaity is iown to result in moving of the SAR region away from
the plasma axis for the small distance.
Account for the B, nonuniformity does not change the value of rf power absorbed in
the vicinity of the SAR.
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