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A PLASMA EDGE MICROINSTAI3ILITY CRARACTERIZED BY AN ASYMMETRIC

DENSITY SPECTRUM

Andr. Rogister

Institut für Plasmaphysik der Kernforschungsanlage Jülich GmbH,

Association EURATOM-KFA

5170 Jülich, Federal Republie of Germany

1 show that under certain conditions the spectrum of density fluctuations

associated with a toroidal version of the rippling instability presents

a significant top-bottom asymmetry . The latter follows from the asymmetry

of the radial component of the magnetic drift . The wave propagates in

the direction of the electron diamagnetic velocity . Its frequency i.s

rabout 1 .71 n w miJ
*

e, electron diamagnetic frequency ; ne = (den Te /dr) /e e L-e

(dInN/dr) 1.

Fluctuations of relatively large amplitudes have been detected in

the edge plasma of mang tokamaks 1-3 . The hypothesis 45 that they might

arise from rippling instabilities 6
at first seemed to feil as these are

efficiently suppressed by the diamagnetic drift in the cylincrical model 7

used by these authors . Recently new arguments in favour of the rippling

instability arose indirectly from far infrared scattering diagnostics

in TEXT, the Texas Tokamak Experiment ; these showed a marked top-bottom

asymmetry of the density fluctuation amplitude . Such an asymmetry, which

reverses with the direetion of the plasma current, is the signature of

the radial component of the magnetic drift ;

	

it

	

does not fit with a

drift wave model, and implies that the poloidal mode number is smaller

than the radial mode number . The second conelusion points at a toroidal

version of the rippling brauch .
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1 have accordingly solved the two-fluids equations in the parameter

range where the rippling instability is expected to occur . 1 have found

an unstable toroidal version of the otherwise stalle cylindrical mode ? .

Remarkably the amplitude of the density fluctuation spectrum can present

a marked topbottom asymmetry, whereas the potential fluctuation spectrum

is essentially symmetric.

The equatians to he aolved are :
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nie definition of the units veetors are : A = ll/B, fi = normal to magnetie

surface direction of background temperature and density gradients,

b Ax5 . The Symbol f refers to the direction of the magnetic Field . Equa-

tion (1) is obtained by projection of the curl of the momentum equation

onto the unit vector A . 1 have deliberately ignored ion ineratia and finite

Larmor radius effects, but discuss their reale in the last paragraph ; parallel

viscosity has been likewise negleeted . 1 nute that the divergence of the flow
s-
V-uj (species

	

has been eliminated via the continuity equation . The terms

-» " -sand

	

2u •b b . 7B/B all arise from Ln-7x(ux8)

	

under the assump-

-s
tion that b-7 «

	

( " radial" wavelength much shorter than "poloidal" wave-

length) . In Eq• (2a), 1 have assumed U I . 4- 0 ; the second term an the left-
,

hand siele arises from the gyroviscosity ; another contribution from the gyro -

stress

		

-s -s
tensar has cancelled the convective derivative U .-7u i

term of Eq . (2b) is due to the resistivity gradient and, as usual, drives

the rippling instability . In the heat equation (3) the term (b . eB/B) e . tj

follows from the divergence of the contribution 5 cNT . Axetj /2ejB to the

heat flux as defined by Braginskii 8 . Eq . (4) gives the perpendicular velocity

appearing in (1) ; this expression has also been used in writing the convective

-s
derivatives uj•7Tj and uj 7N in the heat equation . x l	is the parallel heat

conduction coefficient and T e the eleetron collision time 8
. Finally 1 have

identified b . 7n = nilBi/RBe and w

	

(IcTe /ReBe)P-eInN ; 1 is the toroidal

mode number.

Solving Eqs . (1-4) usually ends up in a formidable eigenvalue problem;

various limits have then to be considered to explore the stability of the

different regions of parameter ,spare . A later paper will be devoted to such

a detailed analysis . Here my purpose, motivated by the TEXT results, is to

show as simply as possible that strongly asymmetrie density spectra ran be

exeited under some speeifie conditions . Consistently with this goal 1 choose

to seale the free parameters as to maximize the asymmetry and to eliminate

. The last
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Chose physical effects which, although always present to some degree, are not

directly connected with it . By an iterative procedure, 1 came to the conclu-

sion that the asymmetry will be important if

<kr Uq e /m A, I/n 2 (5)

(1 assume n i ;- ne) where kli is the parallel mode number of an oscillation

with toroidal (4) mode number 1 ; the satter is localized in the vicinity of

a rational surface r : q(r) = de(ryRBe )/2v = (j5d8 v(0,r)/2w =

	

/ , where

m is also an integer . Hence

	

(i/R) x Unv/3r, where x is the distance

from the rational surface . w is the wave frequency and

	

implies that a

characteristic value is considered . In order to minimize the rote of parallel

electron heat conduction (stabilizing) on the one hand, and the mathematical

compiexity which would result from a large growth rate (Im wA,Rew) on the

2 2other hand, it is necessary to adopt the compromise w » ke e 'r e	win 2;

1 thus assume

2 2
k .c

e
-t A, w/n

	

n » 1.lj

(cd = T

	

. Although the requirement n

	

1 is somewhat artificial, the

theory, developed on the Basis of an expansion in n -1 , nevertheless Shows

the trend as well as a more complete but also more corttplicated solution

involving many free parameters associated with as many different processes.

Solving by an expansion procedure also requires knowledge of the charac-

teristic radial length scale . The theory will Show that

c.

1l II, e
a wR

1/2

	

Ci

wR (7)

where ai	c ./2. (2 . = gyrofrequency) ; the last equality follows from

Eq . (5) . lt remains to scale the relevant and independent parameter

Ull,e /e i and ci /mR. lt is conven1.ent to choose

Ud,e /ei A, ei /mR 1-,
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so that <g>

	

w /we

	

n and Lid/Lä u r/R % t-2 ; L s 1

	

(Be/B) d lnq /dr is

the inverse of the shear length . Also
kUR

	

n-2 and
k(t

c e i e %. k ci-ri

	

n (me/m . } 1

1 asse e (m/m .) "2	rt °" , ion viscosity and parallel and perpendicular

ion heg t conduction can then be n.eglected . 1 now let n '1, t '1

	

rb uq , J /ci '~ A.

where A - 0 is the linearization parameter and scale the different terms of

Eqs . (1-3) as shown.

1 obtain successively from Eqs . (1), (2b) (the latter at order , -2 ),

and. (3):

de 3n /3t=0

	

dB (1 .71 e (0) - i (o) ) = 0

and

e 23t e(o) /3t o) + irr* e 0) 3 = o

Flence the dispersion relation

i3/3to = wo = 1 .71 ner .

There follows also from Eqs . (3) and (2b) that

3 -(") /3e

	

36a(0) - i (0 )/3e,
e

Introducing in (1) yields

5Gdee (1 .71 n e (1) _ (0) ) =
0

(9)

(10a)

(I 0b )

(12)

whereas, still from (1), 1 obtain
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Eqs . (2b) and (3) can be combined to yield

2
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lt remains to eliminate u (0) - (0).	(0) Ur i . 1 nute first that there[I, 1

	

n

	

9e

resuits from Eqs . (1) at order n-I , (3) at order n-3 , and (11), that

d; . ha)

	

= 0,

From (1) at order n- 2 and (13) 1 also obtain

(0)

	

(o)

	

(0)

	

cT i- u+ n

	

= 2 i

	

de b ' 7Bk,e

	

eB 27r

	

B

since rEqs . (3) and (2b) -l

3t (1) /30

	

3(n 0) - (1)e

	

)/38 = 0.

- 1)

	

-0)The problem thus becomes to eliminate t

	

and n

	

in terms of the lowest

order functions . The equations requested are Et' . (3) at order -4 on the one

hand and als . (1) and (2a), both at order 11 -1 , on the other hand . Noting

2 -

	

, 4-
that

	

(b9713/B)/3e2 = -b q7B/B, one obtains

Te -(1) + t-(1)-n

03)

(14a)

(15)

(14b)
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1 note at this point that the system of Eqs . (9-15), to which one should

add (from (3))

t0)

	

(2/3) n (0 )

	

.W /W
0

)

	

(°)e

is not closed as yet . This non-closure refleets the freedom that 1 have of

seleeting the poloidal structure of the eigenfunetion . Seeking for the most

simple 0 dependenee, and guided by (9) and (15), 1 assume

(0)
n

	

-.,-- 0.

(1)(1 assume Te

	

Ti

	

T and n e =- ni r-° n from now on) . Soloring for n

	

, t i
1)

,

and introducing in (14b) and then in (14a) results in the following equation:

	

E(a 2 /z 2 )

	

B(y/cüo ) g2 + c

	

=1") (0) =--- 0 .
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(14d)

(16)

(17)

-(
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-0)There immediately follows that t 0)

	

t

	

= 0 (0) /1 .71 are independent from e

B =Here, A = 12 .25 (o ./Rw ) 2 / L 1 - 3 .25 (e
o

	

i /qRw i 2a
2

2T /0 .51 w o ,:Lee

C = 3 ku[

	

ai / 3,42 wo , and
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( /3t 1 )-1we + 2 k[I x 11e /3N

which shows the stabilizing role of parallel electron he gt conduction.

Here 1 treat y as a constant . 1 find also

b›eBt13) ; (I) = i

	

(c ./R2w ) e (» igo

- -where D = _ 1 .58 + 0 .97 (c ./qRfflo) 2

	

L1

	

3 .25 (c ./qR o) 21

The solution of Eq . (18) is of the form

(0)
cc exp

	

1/2
(

	

(S) 2 /2.

with (y/wo) = (-C/2B) (-C/2A)1/3, 6 = (-C/2A)-1/3, and 91 /2 = -2

lt can be shown that there is no instability if A is negative . This result

is not surprising for, in this rase, the potentially defavourable effect

of the magnetic drift is averaged over . if A is positive, the growth rate

is given by

(19)

(20)

(21)

0 .24 me
yTe = ,I/3 m

2/3
(22)

whatever the sign of n . Furtherrnore,

8 = -1 .57 Alt .' 1/3 sign n . (23)
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The density fluctuation is now obtained from Eqs . (12) and (20) . Assuming

;1( 1) (0 = (a+ß sin 8) i (° ) /1 .71 n e , 1 get a = 1, ß = 2iD(c ./Rw*) 3i1;0 /i0 3e
8

wich ehe convention that 8 = 0 is the poloidal angle an the Iow Field side

in the equatorial plane . The density fluctuation spectrum is thus

2
Enk k 1 2

	

1 + 2 D (krIs/keR) sin 811 2 exp(- - 1 /2 k a
2
.)

	

(24)
r

9' r

rohere

	

dlnN/dr ; ke -- -lq/r is the poloidal mode number . Eq, (24)

shows that a scan of the scattering volume along a vertical chord keeping

kr /ke fixed will display a top bottom asynxnetry as observed in the Texas

Tokamak Experiment 3 .

In concluding, 1 rote that ion inertia and gyroviscosity would erster

-2
Eq . (1) at order n ;since 1 made use of this equation up to that order

(see Eq . (14b)) 1 stress that Eq . (18) is valid as lang as 7073 (c i /woR) 2

as a more thorough caIculation shows . In ehe opposite limit, one recovers

the cylindrical result and the plasma is stehle, the parameter A changing

7
sign
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