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RF ion heating near the lower hybrid frequency
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Ware absorption near the lower hybrid requeney s considered
1t s shown that m w hot plasma, a slow wave approachmg the hybnd
laver ig strongly dampd by ion Tandau dampmg

1. INTRODUCTION

One of the RT methods. which is often considered lov supplementary ion heating
m large Tokamalk deviees, 15 to wse a slow wave witle a frequency in the vieinity
of the lower hyhrid froquency  The basie mechanisms, for encrgy transier from
the wave 1o the jons, whiclh are usually mvoked are the linear wave convergion
(Stax 1965) and the less wnderstood parametvie effects (Porkolalh 1974)  Tn this
note, we point out that in a hot plasma the external generated slow wave moving
toward the hybrid layer, experiences strong Imear Landau damping and is
heavily absorhed al the conversion poind

.
2 ('ALUULATION AND RESULTS

Tou propagation in the (v z) plane, wheve r s the doection ol the density
aradient ad = the direetion ol the confining magnetic field, the wave dispersion
relation is

Ap2k A—k,2e,, HhHwpe® w?) —1c - O, .. (N

where

Ap? ~ 3V 2w Hwplloh), o, = (op?lw?) (0o Lg)—T1]

= (w2, Aw!| kz| Vo) oxp(— w?[2k2 Ve?)--(m[2)Ay 2

st(wf [k, |V )exp(— w?/2k,2V3).

and

Va2 = Tafmg Ay —= Valwps, oLa® = opi®/(l +wpe?| wee?)
and (Golaut 1972),

ng® = (chs/w)? > 1+ 0pe®/wee®.
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In the absence of damping eq. (1) yiclds
2272 — 0, (0,2 412wt o). E))

Tor e, 2 2| k| Arwpe] @, k)~ k*(wpe®lw?)fe,, and Fopioze Azt Vo, =
2| kz | Ap@pefes, the two roots voincide, k2 — koy® = ke — | kz [ (wpe/w)/Ap, and
the modo (—) which s here the oxternal generated wave, 18 converted (Moore

1972, Fidone 1974) into the mode (+) Tnserting eq (2) in ¢ we have

() — () (T3 To) o )bl (BT axpl (2T /3)2h1
[/ , ro .
i (’I',,/T,)l/!(\.xp{ — X,Jr(i;—l)* }/{A I (X2—1)] )

where
A== 2 k| (wpelew)Ag—=- BI3Y (w/opy) - 1]
0 = BT AT e/k:V,)2 > ]
We see {from eq. (3) that the jon damping dommates the eleetron dampmg il
b= BT2THXA (X 1) S )
We assume that eq (1) s alfilled and m e (3) we agnore the clectron term At
X —1 we have
(eJke®) — (4m)Y( w,n‘"/(c)z)/lu"4 exp (—h) . (5
where  (opi?/e?) = (14-op?fog?) (11-3/6)  For the typical Tokamak puara-
meters,
To =2V, To|Ti — 2, @pe = wee — B65 TOM go¢--1 Ny - 2,
we have b = 10 and (¢/k,2) == 8%10-%  This corresponds to a strong dissipati e

effect and the mode (—) is totally absorhed hefore renching the point X — 1
Tu this case we ignore the mode (| ) We now diseuss the damping of {he hack-

ward mode (—)  Letting k.= —L |-il.r: m oeq (1) we obiain
J2o e - 20 bl (6)
$Aptkk
AP TR (42 0 2 etartopet o] 2 - 0
where ¢1s giver by eq (3)  Ltting
BT = [(Era® ~ 42 A7 0pe? 02 4162746l — (60— e FAntopeta?), o

from eqs (6) we obtain

kb= B, 2k - [( "ffr-,—;e ) * L 4B ]* I 23%’:—;“ - (8)
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Trom cqs (7) aud (B) we ohtain the two limats

(k) ~ (4”/9)!;,5/2,.,(1,[ [X-— (X212 X2—1)2, . (9)

—b
whore X413 (2/8)(4m)"/2h%20xp(-- b) and k 15 given by oq (2) and
(R fke) — (7 [OP 2P 20xp(—b)]2, T = ko, e (10)
for X - 1 We note that cq (10) is obtained from cq. (9) for X2—1
= (a[9)12 exp(—b) - In a homogencous portion of the plasma  the wave

energy dempmg s deserihed by the factor cxp(m"i’m) We agsume that total

absorption takos place il fr~1

Trom cgs (9) and (10) we obtain

Aoy (2m[3)2 (:/tz/i:l,-)'ll~‘(‘.\“1)[ - b ]/[X—(Xg—])ll(.\'ﬂ-— 1) ... (1)

X— (X2 1) |
(Role)  2a/3)m Tngomy fan Y 20T Pexp(—hj2). . (12)

where Ay 18 the vacuum waveleneth  Tos b — 100 0y == 2 (mzfm, )% — 43 Irom
e (12) woe have w - 29002 em Using eq. (11) it s casy (o see that the
absorption process is highlv localized  In conelusion, we have shown that in a
hot plasma a slow wave s completely ahsorbed by the wns at the sexomunce
defined by (o/ony)® - 1 13/b
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