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Abhstract

The- effears, of, atomic. physics, processes. suchi as, iomzation., charge: exchange.. and. radianon: on
the linear stabilicy off dissipative: dinft: waves are: investigated! im toroidal geomevny botlh numer-
ically and. analyucally. For typical! TETR and! TEXT edie: parameters. overall linear stahilioy
15 determined! by tlie: competitiom Getwesm vhe: destubiliznng imfuence of jomzatiom and: tlie sva-
bilizing effect due: to: thie elerrrom temyperature gradiens. Am analyticall expression. for the linearn
marginal!stability condimom. nf™*, 1»demved! Tieinstability is moxt ikely tooccur at the extrene

edge of rokamaks- wioh a sigmfieant iomzatiom source: andi a: steep elecrron densicy gradient.
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I TImtroduction

Tokamzk edige plasmas are:cliaracrerized| by larze-density. and: povential finamations andllazge:
panticle: diffusivity, whichi typically incresses. towasd! the: edige: as a. fination off minor radins. '3
Mosy pravious dmft wave rurhulence models have notr Heen successfil in' explaimng vhe radiall
praofile of the: diffusiwity andi the large flneruation levels. ¥ Anootier wedbly, studied edge tunbulence
candidate 15 resistivity gradient drivem turbulence™ whidy evolves. from. the nppling wmstahilicy® in
the linear reqyme: Althongh this madell predicts lasger fncsuanom levels and: radially increasing
panticle: diffusivines. 1¢ suffers frome the explinw dependence on' vhe: edge current density, wharh
has been called! into question by a mumber of cumrent ramp expenments.” ? However, the: radial
aradient. ofi the voraidai electne field which: develops during, the camyp could: drive some residual,
instahilicy. Maluding. reslistic effeats: such as the impunity. dynamics™™Y andi radiztion™ tends to
make the: vheorencall predictions dibser to expemmentali cbservations.

Recently, dmit wave wirbulbnee has. beem reconsidered] moihding atonue physies effects wash:
a: hope vhiat vhe aforementioned problems: coulidi be: remedied: Mosu of these efforvs hiave: beeu
performed. 1. a sumplified: geometry, wivh, a. foeus, om vhie nonliness remme. ™18

Ini thus paper. we consider tlie effeets of atomme pliysics: o the linear spabibty of dissipative:
dofr wases 1 toromdal geomerry. It has been shown that in toroidall geomesry. the coupling of
adjacent poloidal harmomcs renders magnetia sheas induced damping meffective.™* Therefore. the
mstahmlioy. wish tormidal mode soructure is morelikely tobe exmted tham one: wishy Pearlstein-Genk.
made: sorurrure:

Tle prunapaii conclusious off this prper wnelude:

i. For typieall TETR and TEXT edige paramerers. atomc pliysies effects are only imporranr



for long wavelengthi modes. [ onder of relamve importance: omzation 1s destabilizing,

charge-exchange 15 stabilizing, and: radiatiom effects are smallen.
i. It s shown thas nonfogellanalysis is necessary. to propenly detemmine svablility

ii. For typical parameters, the toroidal mode structure! is mamvaned. e che presence of
atomic physies.effeers. The electrom dynamies, are nearii adiagbatic (Bolbzmann-like). tather
than hydrodynamic. over mass ofi the widsh off the: esgenmnde; alvhough the dewianion from:

adiabaticity 15 crumal and non-neglimble.

v Vamous asymptonc remmes 10 parameter space areid antfied: and fiicsuation cliaractensnos

are disoussed. for each regime. Relanans to previous works are elunidated:

The: angamzanon off the: tesz. ofi thus, paper is: as follows: Tm See. I, we present the basie madid!
and: obvain the: dispersiom relatiom in. she logal lims. The basic trends atomics physics effects
liave: on stahility. are indicaved! by local analysis. We turm to) the nonlbeal analysis 1 Sec [
where: we: derive the eigenmode: egnanion using the Ballooning. teansformanon. and' solve io bovh
numencally and analyvically Conclusions and! discussion. of these resnits are presented m Sec.

W
IT Theoaretical Model and Loacal Analysts

Thebasic modellfor dissipanver dmin waves can be denved. from the: Braginskii fhud equations. '3

Ta, properdy inclinde: atomue phivsics effects, we: talie: moments of the Boltzmann equation:
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cbtaimng, for the zerosh. first, and second veloawy moments:
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Atome physics processes and collisions enter vhiese moment equamons through the veloairy space
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Therefore. the usual cold 1on Braginski equations are modified in the following way:

invegrals of

on
T v = S
3¢ (Meve) &
dw., . Ve x B
Mt :t = —Vp: —en'CUE-»v X )+ Ry ~ MGl vy — v,
3 ; s
;;w:—dlza;i = —I'"_-V w, — - %'{'@"a--ﬂ'—m-’ﬁ:s: ﬁ_?:—'g'-('w\' — V)
am,
—+- T ) o= S,
v (Rew) 5
m-.m% = en{E+ i : B’* —R., +mbifey - w)+mSlvy —w).

The atomic physics effects are contained: in:
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for iomzanion, charge exchange: and radiation. respectively.
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Physicallv omzation 15 a scurce

i the electrom and 1on continuity. eguations, diarge excliange causes drag onm the on parallel

veloaty. and radiation cools the elecvrons. Note that while onizanon does act affect the flud



momentum (nw) ot energy (nT ). £ appears as a drag i the veloaty equanon, and. also enters
the temperature equation.

For electrosvatic pertunbations with w < @, the pempendicular dynamics are governed: by-

e
Vi =VExE+ Vae WExB=-—zmeL8xB

BE
a
Vi =¥Exg+ ¥ Ve = —E—Bg—m—E} x Wi
c o
Yo = —Wa—tv;@

Here we have used m, > m, and' assumed T, < T. for simplimoy

[n. a toroidas: sxstem. the diverzence of the B x B dnfr 1n she on conmawry equation: does
nor vamsh. and! leads to, coupling between different polontal harmomics. For a lange aspect ratior
tarus wagh concentme arcular flux surfaces, we have W, vgeg = —2u,, (cns - ,T‘q-sin 0’31,_) %.
where wy, = ““%

We: lineamze: Eqs. (L){8)with. e = ng + e 1 =g+, P = pg +po1. Lo = To + Ten.
U = ujy. assumung tiere ® 10 meem fow (g = 0) The neutrall velocity 1= assumed. to be
stamonasy compared: to the perturbed: iom and' electron veloaties. We also assume that the
wavelengrhs of the flucruanons are much shorrer than the equiibrnm: gradient scale lengrhs

(L. Lp. ) but comparable to the ion gyroradius at the electron semperamre, p, = 3= Definng

the following dimenwionless field quantimes.
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wilere the numemcal facsors come frome the Bragmnskii coefficenss () = 0.51732 &y = 1.16 mf_“.

a=1L171)and 5. = -E—'Il;, . = —kiﬁ’f’— We note that density and temperasure tucruations affece
rite 1omization source (J,. 7). and the radiated gower (v,.5T).

Before presenting the solution of the eigenmode equation (mn See. [N, which 1s necessary
to aecurately. devemmne: the stalnlity. off this system.. we: begim by examimng thie local disperwon
relation. For hie purposes of this discussion. we trest the iy, termy as a constans. evaluated ac

@ =0 (bad curvature side). and: sreas —-a_‘iir — k7 as a constann. kT [ chis local bmur,

i 2 e
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Using quasineutrality and Eqgs. (9)-(11) and (13), we can obtam the local dispersion relanon.

Two dimensiouless parameters play crucal roles in charactenzing the propernies af che fluc-
tuatons: —iﬁ‘% and: %_;%— The: first, fui:—:"" comes from: the: rq“VﬁCE, term. n % q.. and measures
electran thermal conduction along, B. Thus the parameter {'j% campares the parallsl electrom
thermal conduction rate to the mode frequency. The second. E“u‘i’— is the ratio of the sound wave
propaganon rate almmg B ta the mode frequency When —iﬁ‘% > I, elertron thermal conductinn
18 strong enough. to smooth temperature fncruanens along B, so T, — 0. Thus 1 known as the
adiabanc limas, and! electrons ave a Boltzmannlike distmbution. When ifj;— > L sound waves
smaoogh pressure perturbations along B. so jr — 0t This will: be called the pressure balance limis
w this paper

As will be shown i Ser. [T usmag the nonlocal made suructure. the adizbawtic remme 15
relevans for twpical tokamak edge pasamevers. We discuss, several onlier limins vo. relate this werk

to: prewvious spudies.

e ke
v). I the adiabame regime, —L’:Jf > 1L 1:
- ; Buee -
e = &, T=0 e —— (15)
W o7y iy

Quasi-neuwsrality giver the: following dispersion relation to the leading arder 1m 2%

\.iurb
SHL=h) =l = 2o +0dy = o L+ 0 Fu+ Fn )= kfjes — 70+ fowe = 2 +2.30) = 0
{16}
where b= i} p7. When kyjey. 7u. Fn, < =, the electnon: oot fuscher reduces tor
) PRy léch
so = ST e i~ e i~ LR b (D)

[n thelocal approamanon. the dessabdizing effect of iomzanan: ( 4, ) comas from the wmverse

dissipation I the iow contmmoy equation. The statilizing influence dive o tlie iwmzation



).

and charge-ecchange drag on the pasallel jon veloaity 15 smaller roughly by a factor of l—‘i-f—
When: spatially dependent k) is actually vaken mto account, a nonlocal analysis i Sec. IE
shows that the averalll effect off innization is destabilizing, Therefane. the tonization term:
i the 10m veloaity equanon, which is often meglected im the previous studies, seems to be
important only when ﬂi,—c} 2. 1. We also note that the real frequency 15 shifted below L. by
e amd: fimive Larmor radins effects. Because T is smalll im this, regime. radiation effents are

subdominant.

Callisional effects appear as. a fivst order (~ 2%-) correcnion tor g 1 Eq. (16):
“ e

QAT
L =g Hele E}J TT(

T = Tere ==y g
wrores TS v "

5

Coallisional effects are destabilizing; whem she down-shift of = owercomes the statilizing effects
of mi. et e < LTA(E — 3), Whem the spatiall dependence of Ky is treated nonlocally m
the next sectiom, s sealing withy v, clanges o u;‘:. mereasing the relamve impartance of
eollisional effects. Radiamon effects also enter a6 this ondler im 229, but only stuft the real

Wt

Fequency. and do net affecs stabiliny directly

vl
En vhe: hydradyname regme, L= -~ < It
ﬁ'e -~ i‘ix. fe -~ ngt(ﬁ».

Here the dynamics along B 15 insignyicant, and! the: electran density and temperatuse ane
mainly B x B convected. Nove shat if g 3 1. we recoven the immt considered by Waze,
et all'* wiere w ~ quy = wup andl T ~ & » 7, Im thus [min. radianon efects could be

sigmificant

[> V)



Thus limit 15 simular to the one imvestigated by Drale. et dl'® for the case J = 0. In contrast
tothe near adiabatic regime, the pressure balance reginme permits large electron temperature

fluctuanons. and consequentiy. radiation could become an important destadlizing effeet.
II1 Nonlocal Armalysis

We denve the linear egenmode equamnor. asing the ballnonmg, formalism. ' ~'* This procednre
reduces the two dimensional problem 1 (r. #) to @ one dimensional egenmade equation: . the
balloonme coordinase (7). which can be regarded as the coordinase along the field lnes. The
simplifying assnmpuon 15 that for hrge mode numbers, my, different paloidal karmonics have
pearly denticall structures centered at each ranonal surface.

Using, quasineytralivy, Egs. (12) and { I3) bernme:

kl@% ) . oy a;' " _
([ - L,- -= ‘l‘—dz(.cus&— l,%smx@‘—@—)) - p;(.aT1 - lag))} &=

- ) - 2 an

k22 o 7 doked E e -
‘/L— |I1 )}5’7«:1‘@“— _4_),2.2;.61_24__—”_ )!1‘ 19y

< e vy, i) ) - Qe Ty T ady)

Here we have broken the perturbed electron density into 1t5 adiabanc and nov-adiabatic pacts
. = & — fi.. The nght-hand side off Eq. (19 contaims the non-adiaBatic electron response and
the: atomuc physics effects. Because thie electrons are nearly adiabatic and atomic physics effeets
are small for typucall TEXT and: TETR parameters considered: hers: we treat the nighs hand wide

of Equ ( 19) pervurbatively
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We use the usual (r, # &) caordinates, corresponding to the minor radial. poloidal. and tocoudal
drrections. M a large aspect-rafio) a0symmene torus, the perturbed potent.al can be expressed
as:

éw&&=2@um@mw+w—&—¢b (20),

(

where || € mg, & = . rg.is the reference ramoaal surface mg = nq(rg), Ar, = F

X

and & = 22 a5 r = m. Ignonmg for the momens she nght-hand side, Eq. (I9)1s:

TR N ey Sy A ; & .
[L—a—w-bg(c}a:—].) ‘D‘ + lﬂ@,_x_ + @y - *a(@l_l_—@l_”] =0 (2L)

S
Py

where we have used &) = 5, by = k3ot @ = = g, =1

- e

;

. Fn = %-. Usmg the balloomng

?

mode formalism, far |mg) ~ |2} 3> L & (s) = Bez), and &, p(s) = §{zF 1), wsh 2 =s— In
tius approximation. the egenmades are compesel ofidentical structures eentered at each rational

surfice. The cigenmode equation: is:

N ¢ A
I[h—ﬁ—ﬁ—ba('ilp—I)l@('-)ﬂ’—ﬂ‘ [‘E(' - L)+ &= -I\"’b_[‘ﬁ(-—‘l']-) @\;°D)JE=O'

(22)
We now Foumer transform this equation:

() = /., d= ™= By ). (21

The eigenmode equation 15 now a one-dimensional differenuial equation in the balle ung coocdi-

nare, q:t+
|T = + Q. ﬂ $(n) =0l {24a)
where
>
Qin-@) = nfo* EI -+ byl + 30y + -;L (cas g+ §q smr])l. ( 24h)

0]
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The }:r_ term:1s the 1omi sound: wave contibution. In the expression for @. L s the Boltztnann
electron respanse. ——,‘1— 1= the F.x B; convection: of the-1on density, §*7>1s the ion polanzation
drift. and. %"( cos7] 4377 sim7) is the tormdal coupling: term. We-repear tlus procedure including.

the nght-hand side of Eq. (19), and obtamn:

I:%L——.-Q(n 2) +Q(m. ﬂ)lfﬁ(nJ—O' (25m)
_ e TG — =
Q. D) = / d=e "= g )l:(.:]_ U;QL),an,

ELS 1-;_.3.-1 -2, BT ol 2\
S = —— ,...G — )jﬁe__ [ == = I' {25D)
N 1 135 4 SRR ) o “L——z———zij—ﬂ“Q-

where &( =) =L [ d=e~"= ().

Wesolveethis-equation. as-follows. First, we:find. the’lowest ordereigenfunction usingadiabatic
electtons- (6@ = 0). Then using tlis lowest erder egenfiinetiom weevaluate §@(n)in Eq: (25h).
Ne-find thar 6@(7n) 1s constant over the egenmode: §(n7) tora very good approximation. For
small and comstant 8Q. the effect on stability is- simply. [n(w/we) =~ ~IM(6Q) /770~ As far as-
linear anayisis is concerned. TETR and: TEXT parameters. justify the perturbative treatment.
since ~ & w-. as wiil be shown. Equation (24 1s the eigenmode equation of Ref. 1t and s
obrained from our equations neglecting the non-adiabatic electron response and aromic physics
Wa:solve- Eq: (249 aumerically. using? ani interacrive: WKBS shoonng codie:? Wa are interssted.
in the most unstable modes. for- this svstem. wlich, are the neutrally stable torodicity mduced
epenmades. Eigures L and: 2 show numencal. selutions tos this. equation {or typical rokamak
parameters. [or an extrrmely long wavelength, eigenmode: kggy. = 0:02!(Fig. 1). and tor a shorrer

wavelength eigenmode. ksp, = 0.1 (Eig. 2). The effective potenuial. —Q{ 71,15 snown in - a+ The



toroidal coupling’ terms: ereate- the: locall patentiall well! which. makKes tlie. magnetic shear induced
dmmping: ineffective: thus making: these: modes: neutrally. stabile. The eigenmode structuren tlie
ballooning coordinate, &(7): is sliown in (b). The eigenmode structure 1 the: radiall coordinate.
&( =), abrained by Founer tranforming @i(n). 1 shown i (o). The elgenfrequencies for rhese twao
casas-are ) =082 for kyp, =002 and: 9 =0:48 for kyp,. =0 1L

To proceed: we solve Eqs. (9)-(11) and: (13) for A,. 6., and T in terms of &, and ob-

ram:
- ae +bof - —  bd4-ce -
=L %5 T= 2
e ad—ef ad'—af 26)
S — aye —da -.L(Ib)-}—u)fi'
- ad!—cf’
where:
x (LTy* z= 2 == sz 23, 231
i o= 1={PLG+ —_—— N [y (LS et A 7
@ 13}( ! 0.51 7T YD~ T 4—1‘3") l(_,, Po de (=
b = JZLilz”  m
B N TET o IO
_ ‘)]_—.]_I’l 2 _rl ‘-:"n,mjn
c = -3;0.—11.ﬁQ> J‘QIQ--———- i—") 1 ” 1—3"4)
a z* L. A
A = OJ_L—Q Q(Q‘ ”‘4—1%)'1‘!4
= L
¢ T Ymm T @
1‘.11 P o+ =~ Jn
f = —_— o —

(Il'a'.l.—fl Q{lmj—l—‘—-l—l“l—) wl

We have normalized = = z7,. and. 7 = =2=  Tlese rerms 1 §@ are ranos of fourth arder
polvnomialk in, = and: do not Eourier transform mcaly into. ballooning space as the = and =
terms- do. 1n. the unprrturbed. eigenmode: euation: so: we evaluate them n confignranon space.

and. then, transform’ vo. ballooning: space.

i
[



Twpical! edge: parameters. forr TETR and: TEXT are- showm iny Table- L. 7, 15 calenlated using.
experimentally measured' Plqg. Toestimate y7, we use: coronal: equilibrium cooling: rates, > nor-
malized to match £,4. Since: the actual L_(T_) will be: smoother than the coronal model. this

is an upper bound: on 7 Al atomic pliysics rates are much smaller than, <. for m valnes of

L= and l}’» and 1dentify

interest. Using the:lowest ordereiganfuncnions, we can now. evalnate ——
the parameter remme- for these:fluctuations. For the toroidicity induced modes. & ~ 'Z‘%ka, where

S =41
T~ and. L, =%~ so

hi)

= (28)

n the TFTR and TEXT edge. this quantity vares from 1073 for short wavelengrhs (kpp, = 1)
22

ta. L for longer wavelengrhis (K30, = 0105). Therefore;. we have: —E:_E Llfor parameters. of tnterest.

and! pressure: balance 1s- now likely, to) be actileved: even, for rather low. kyg,. (m ~ 30).

More imporrantly. since-

lv 9 "N NA
]Tute ‘l‘"c;

ey | T wT w

(29)

2

Lm’— ke
and typically ¥ « L even for rather low kyp,, we have =— » 1 2 —Lr- In summary. these

flicruanions are tymcally in the adiabatic remme

Because of the spanial dependence of ky, the electrons are'hydrodynamic only within a narrow
remon near the- rational surface. and adiabanc outside this region. as shown in Fig. 3. For
illustration. Fig 4showsthe:case > L. where the-eleetrons, are: hydrodynamie near. the rational,
surface; and pressure balance is enforced oneside thes region. The: tymoal paramerer remmes for
toroidal dnft waves-in TETR! and. TEXT are shown. in Fig. 7.

We:can - now evaluate the integyall for §@ using tliee lowest order eigenfuncnions @(z). as shown
in Figs. U c) and 2c). for example: Since 7 « L. the- electrons are non-adiabanc only within a

narrow region, near the rational surface. and the integrand for rhe perturbed porennal a¢) lonks

Ld



like 2 dbita: fimcetiom im = Whem transformed: into ballooming;, space; §@Q(n) 1s roughly constant
over: the width: of the: eigenmodi:. as sliowm for these two) cases. in' Figs 6 and'

i the atomic plivsics rates. are: -dependenv due to specific experimental. situations such as
the limiter configuratiom and: gas- pufff location. the: inraginany. (dissipative) part of 6@ would: be
n-dependbnt and could: indice toroidall conpling: 2% For the paramerars. considered: m: rhiis paper.
the toroidal: coupling: in: the: reall (reacrive) parw ofi @ caused: by ion dits. is & larger effeer since
wap D> T

In the limit 7 € L. we camevaluate §@ analytically wishout knowing vthe dermiled ergenmode
structure. Keeping terms up to (D,(nu—'f’_). The lewest arder piece aff ohe §7. term. m Eg. (25h)

contobutes

{30)
) = u-'— L —z) [REF(L— Q) — L0Fn,]
ﬁfu-n); (MDD 4+ QLI — @) 0.1
+ I IB@ - 014Gl — @) — 0 16im),
+ IT0135R+ 00201 — D)+ 0187 7,) |

For the seeund. vermm i Eq: (25h)1 7. = & tolowest order: The- 3, term is trivial to,evaluate, bur
for the 7, term wee agproxinmate [~ 2 @liz)dz~ F. The dbminant conmmbusion is.

8@, =—z77§"ﬂ;3—-f— i(l—...'j;) (31)

wl
The lowest arder conortbunon ffom: vhe T termmis proportional tow “—14:—
§Q = nfpram (11_ + zz) (01350.# QIL6(L - B — 01l4n,) (32)

Combining these: terms. the: growvh, rate:s:

8, 2 i - 1_ .
‘/— T E(mzw@:—ms:u 1L— @) +0.197,)
2 9] ”)
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-



+(LIPR+0H49(L — @) — 0.16m)

+%'-(10‘.69)Q':~01h1. 1 — )+ Tt ) ]

The: basic trends off the loeall analysis remasn, withi some important modifications. The desta-
bilization from the: iomzation term in: the: iom continuity eqnation is reduced: by charge-exchange-
and' ionization drag on tlie ion. veloeity, bus the stabilizing: term is stmaller by a. factor of _-%“fiﬁf
which: depends am vlie: wavelengsin (73 ~ kaps). As kaps, gots smallen, tlie statilizing term hecomes
comypetivive: Im thetlird! term,. the:collisionall effécrs seale: like 77 instead: of 7 predicted fromlocal
theorv. Tuerefore; this termr 1s zot negligiile compared! to 7-indegendent terms. Tlie radianion
effects are: very weak. sinee'7. ¥y, and: v are all'small

Fignres 8(a)H{®) compare the numencall and! analitivall growtie raves as % ey Fnve I Tay T
and! 77~ are: varied. using the: parameters-im kig, L

Typically.. the growtiirate: s, deverminedi by tlie: competiniom betwaen ismzatiom andi collisions.

the: latver is- scabilizing for large- 5., and: overall stability. is. achieved when:

P /T |
e > Merser = 237 L — @) b

Pt (3
VT o (T M

For the cases cousidered im Table I collisionall smbilization 1s stronger than the destabilizatiom
from ionizatian. rendering these modes stable. However. at the-extreme-edire'of tokamaks. steeper

density. gradients and! nglier iomzation rares may make these: modes, unscoble:

IV Cancluosions and Discwession

Tlus paper has. focused! om vheseffecrs ofi various- atomic physics processes on dissipntive dnoft
par phy B i

wave stability. im toroudall geometry. Tlie prunwpal conclusions of this paper are as follows.



1).

i),

i),

iw).

For typical parameters of the TETR and TEXT edge; the eleetron dynamies are nearly
adiabatic.
The deviatiom from the adiabatic response: wlich 15 reqpired! for nstabilicy comes from

1onization. collisions, charge exchange, and radiation, rouglily. in arder ofi importance:

Far am instathlity, the mverse dissipation from wonizatiom or ffom the: downshifs off the real
frequency below. w.. shonld! overcome vhe: stabilizing effects: due- to. the electron temperarure
gradient, quantified. bx .. Therefore. for long wavelengph modes. an nstabilicy 15 likaly
to ocour at the extreme edge i minor radins with significant womzanon source and: racher

steep eleetron density gradient (low 7).

lomzatiom acts, as.aw inverse: dissigation im the: density. commuity equatiom. bur alsmappears.

as am effective drag im the jon velbety equation. This. effect,. alvhongh ignored in previous
. 13’ 1oy . E;%E‘: >

studies, ™ can quantitamvely affect stability if - ~ 1L

a 3

. . v ke,
. The magmitudes of two dimensionless parameters.. ~-2— and! -1~ dstermine the: asymptonc
o B , - ymp

[t

ldday
remmes 1 parameter space and: the characrensnes off the: iluctianons. Relevances of the
previous- studies™ ™18 qn madiation-driven: edge: turbulence models are discussed. for cercan:

regimes.

The detailed linear analyses and' resuirs presented: in. tlus, paper indicate that the edige doifr

instzhilicy. has a. growvh cate which 15 smallbr than the: reall frequency for m > 100 Howeven we

woulid.: like: tew point curthat this does not necessarly. imply small fluctuanon levels at saturanon.

Since the longer wavelength fluctuations, (wish & gy < ') are more: likely to be desrabilized:

by. the: 1onization. the weak turbulence auwalysis based! upon: nonlinean waxe-particle wreractions

16



(including 1on. Compton seattering) is not likely. to be justified: [n the strong rurbulence regme.
thie B.'asegawa.—.\)ﬁma;nanlinem:inym’ is, alsoy negligtile: iecause 1t relies: om the nonlinear polamzation
driff. Therafore. the nonlinear saturation counld! ceonr chrought a nondinest process which: is
msensinve to the: strength ot tinite Larmor radius effeets. @ne: possibilisy. wouldi be she: dismipative:
correcniom to B x B convertion: > Since this nonlineanty. is also: weak, 1t 15 possible: to) have a

large ictuation. level at saturation: '
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Table L Typical Edge Parameters

=195 a
, , TETR TEXT
| 2 (cmi™) I &x 10~} &x 10~
', (e¥): 150 40
|y (cm3), b Bx 10M)  $x no™
o (W fem), 0.08 | oL
 Ln (em) | I |: 4
Ly (em) 3 2
| M 2| 2
I () , an P
| B (cm) \ M5 o
By (T L5 | 2
T 4 +
g | 2 2
€n i o 13
¢y (cmy/s) | &5x 10F | £ix I0F
vy (575 1 LOx 07| L.4x 108
oy (cm) | 9% 1072 | L6 x 1072
| whee (€7 fOT Kgpy, = QUL £5x 10| Dlx LGP |
' (e = 19) I (m=36) |,
atie (57U) fOr Ryay =002 || LTx LO¥] 22x 10¢
(me=39)| (m=11)
I (s7Y) ! 100) | fo0
I (1) -1 | 300
vy (571 200 | 1000
T (871 100 || 1300
- (s71) -200) | 100




Fig.

Figure Captions

L

k1

v 3l

Vumerical solutiom of Eq. (24a) for exrremely long wavelength (kzp, = (.02, with ¢ = £,
€, = 0L andi § = 2. (a) Effective potential —Q(7) 1 ballooning coordinate. (h) Lowest
onder eigepmade i ballboning coordinate, $(p) (c) Lowess order agenmode 1 radial

coardinate. €, z.

Numemcal salition of Bq. (24a) for Kage = 0L with. g = 4 ¢, =0.1. and § = 2 (a) Effec-
trve potential —~@( ) m balloonmeg, coordinase. (b) Eowest order egenmode v balloaning

eoordinate: $(n). (¢) Lowest ander eygenmode 1n: radial ecoondinate. @(x).
Spatial dependence of % {solid) and. T (dashed)) for 7 < I
Spatial dependence of # (solidlp and 7 (dasted) for 73> 1L

Typicall parameter remymes- for tecoidall drift wavesim TETR and! TEXT (electron response).

. BPurturbed! patennall for agenmode in Fig. 1§

Prrturbed: poteanal for eigenmode in Fig. 2

Compamsan: of analynically (dashed) and mumegically (solid) computed growth rates as (ay

7. (B N (€)0dn, (d) I, (@) 7. (£) 70, and (g) 37 are vamed. using the parameters m. Fig. L
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Growth rate vs. 7, »=0.001
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