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Abstiract

Effect of inhomogeneity of radial electric field on drift
wave instabilities is investigated, Curvature of static potent-
jal gives rise to an additioral Landau resonance. Critical
conditions for the stability due to sheared ExB motion of ions
are estimated for various modes. Effect on a2nomalous transport

coefficient is also discussed.
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Introduction

Recently the important role of radial electric field has
been theoretically pointed out [1-3] in connection with the
improved confinement of the H-mode [4]. Theories have predicted
that the inhomogeneocus radial electric field causes the L-/H-
transition [1,2,5] and reduces fluctuations in the H-mode [9,5-
71. The experimental observations have confirmed the appearance
of the strong change of inhomogeneous radial electric field assoc-
iated with the L/H transition [8-103. The theory on the reduc-
tion of the low frequency fluctuations has been either the linear
theory on the collisionless trapped ion mode [2,7] (flute-1like
node)., or the nonlinear theory of the fluid turbulence [3,6],

The former one is applicablie to the collisionless limit (u*i<<l,
Vy; is the normalized collision frequency of trapped ions) and
the actual parameter of the present experiment is in the regime
of Vgi~l near plasma boundary. Further extension of the paranm-

- eter to the more general plasma is surely needed. The latter
has shown that the nonlipnear saturation level can be reduced, but
the quantitative evaluations on the disappearance of the fluctua-
tions may need further studies,

The effect of the inhomogeneous radial electric field on
kinetic interactions has been discussed by Timofeev [11], and it
has been found that the Landau resonance can be caused by the
inhomogeneous ExB drift motion. This model has been applied to
the stability of Bumpy torus and mirrors and has succeeded in

explaining the effect of the radial electric field on the low



frequency instabilities [12,13]. These theoretical predicticns
have been confirmed by the experimental observations[14,15].

In this article, we investigate the effect of the inhomogen-
eous radial electric field on instabilities in the drift wave
range of frequency in tokamaks. TWhen the inhomogeneous radial
electric field becomes strong, the mode is linearly stabilized by
the ion Landau damping, although the Kelvin-Helmholtz type modes
may be excited by further increasing of the inhomogeneous elec-
tric field. The critical condition is derived for the electron-
driver modes and ion-driven modes. The comparison with experi-
ments in JFT-2¥ [9,10] shows that the criterion is satisfied in

case of K-mode plasmas.

Hodel and Stability

¥e take the slab plasma model to investigate the stability.
The z-axis is in the direction of the strong magnetic field, and
the density changes in the x-direction with the scale length of
A . i.e., dn/dx =-n/x,, where n is the plasma density. For the
simplicity of the analysis, we consider 2 single species plasma
(T being the temperature). The static potential ¢;(x) generates
the radial electric field E =-Vdq.

In this inrhomogeneous plasma, drift wave appears with the

frequency “*mx:kypivTi/An (k. is the wave number in the y-direc-

y

tion. p:

i is the icn gyroradius, Vs is the ion thermal velocity).

This mode can be unstable by various causes. [The magnetic shear

can cause convective damping so as to stabilize the wode; In



toroidal geometry, however, the toroidal coupling annihilates the
convective damping, so that we here use the local theory on the

effect of ion Landau danping. ]

Eleciron Mode

e first study the mode driven by the dynamics of electrons.

The growth rate v can be approximately given as

Y = Yo V1ip (1)

in the case of T((mr, where Ty is the drive by electrons, TLD

1s the Landau damping by ions and o_ is the real frequency. The

T

Landau damping term may be written as [13]
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where b is the electrostatic potential and the effective wave

A -
nunber k- in the paralliel directiion can be written as

]22,,_,1{2 2 ¢ O 2
g TRyt (kypi) [X;) (5)

In the absence of the radial electric field, the iom damping 1is
not effective if m/kaTi>>1. The inhomogeneous radial electric
field, on the other hand, induces the Landau resonance even for
k, = 0 case ( see, the second term in Eq.(5)). Equation (2)
reduces to the conventional form of the ion Landau damping when
we neglect the effect of radial electric field ( ¢; = 0) or no

shear ( ¢0” =0 ). Since the effective parallel wave number for

ions is approximated (in the small k, linit) as
= &
; .
b yoioA, (6)
the ion Landau danping term (2) reduces to

2
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where A = A0/(1+Ti/Te-AO)_ It should be noted that 7y increases



gradually for positive « but increases rapidly and has the maxim-

ug at a=acs—/§A/(/§+1) for negative . For o < -oa., it decreases

C’
and may change its sign( Landau growth ) for a¢-A. The stability
boundary is estimated by balancing the growth by electrons and

ion damping. We have for TeiTr

/2T A (A+0) A+ 2
[ERISAr exp - (5] 1 >vg/us (8)

for stability. The left hand side of Eq.(8) is shown in Fig.l as
a function of «, where parameter of kypi =0.8 is chosen for
T;=T,. The right hand side of Eq.(8) is also plotted for the
typical parameters. Generally, we obtain three roots for o from
Eq. (8), namely, o5 (§ =1~3 ), which are iandicated in the
figure. The drift instability can be suppressed in the following
two regions of a: (1) aj{edag and (2) o2aq. Fe clearly see that
the effect of inhomogeneous electric field depends on its sign.
When « 1s negative, namely, the gradient is positive, we find the
narrow stability regior for o (o aleny ).

The linear growth rates have been reported in literatures
[(16,17] on collisionless trapped electron mode (CTEM), dissipa-
tive trapped electron mode (DTEM), universal mode (or collision-

less circulating electron mode) (UM) and dissipative circulating

electron mode (DCEM) as




(CTEM)

(DTEN)
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(UM
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where & is the inverse aspect ratio, ueff=u/a, v is the electron
collision frequency, o, is the electron transit frequency,
VTe/qR, VTe is the electron thermal velocity, q is the safety
factor, R is the major radius. Conbining Egs.(8) and (9), the
rough estimate of the critical electric shear can be obtained.
The value of «g in the case of small o limit is calculated by
balancing 7o with 1 p. For instance, in the the case of the
collisionless trapped electron mode, the critical condition is

approximately given as

a > o

3=A{%£n%l}_]/2 (10)

Approximate conditions for varicus modes are listed in Table 1.



on Mode
The ions can also drive instabilities in the range of drift
frequercy. We study the effect on the 7; mode {%; is the ratio
of the density gradient scale length to that of ion temperature
gradient). The critical temperature gradient and the resultant
growth rate have been discussed in Refs.[16,17]). The instabili-

ty has the upper bound of k- as

n.
1 1 2
S 2/, (k

i Y
Xk <k = (11)
Ny (k

13
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If ﬁa becomes large and exceeds k'c’ this nonresonant mode is
stabilized., The stabilization is difficult for the small ky

node, and the critical conditien for stability is given as

3

2

i

(12)
The condition is also summarized in the table |.
Effect oo Anomalous Transport

Equations (8) and (9) indicate that the linear growth rate

becomes negative if F becomes of the order of unity. The anomal-




ous transport coefficient D by drift wave instabilities has been

estimated by use of the mixing length theory[18,19] as
D = Frk 2 (13)
L

where F is a numerical coefficient of order of unity., The reduc-
ticn of the growth rate by the enhanced Landau damping decreases
the anomalous transport. Nonlinear studies [3,6] has evaluated
F, and it was found that F is reduced by the inhomogeneous radial
electric field. Thus radial electric field inhomogeneity can
reduce D in two ways:; One is the linear process and the other is
the nonlinear one. One may write as D = DO(F/FO)(TRLZ)/(TKLZ)G,
where the suffix 0 denotes the value in the absence of the radial
electric field inhomogeneity. The dominant contribution in F/F0
is discussed [8] and is obtained as 1/{1+(2eB a/kyzlnzTD)zl.
Combining the «-dependence of the linear growth rate ( Eq.(7) ),
we have an approximate formula of D/Dy as ( for the case of

electron instabilities )

w 2 1
2 Al - *ng(Am) exp{-(22%) 1] 7 6B 1 (14)
0 Yoty 1+ [HTk}"n = o)

The iterms in square bracket come from the linear contribution. The
effect of the parameter o on the linear growih rate causes a

sharp reduction of the transport coefficient when the parameter o



approaches to the critical value for the stabilization.

Summary and Discussion

In summary, we have investigated the effect of the inhomo-
geneous radial electric field on the ion Landau damping of drift
instabilities. The critical value of the inhomogeneity of the
radial electric field to stabilize the mode is obtained. It is
found that if the inhomogeneity parameter « reaches of the order
of unity (for the electron mode) and (7;/2)/T-2/7; (for the ion
mode), the mode of drift wave range of frequency can be stabiliz-
ed by the ion Landau damping.

The recent observatior on the radial electric field in JFT-
2 has shown that « can reach of the order of 1 to 100 in the
vicinity of the edge in case of the H-mode. This value is large
enough to suppress instabilities for the wide range of collision
frequency and plasma parameters. Because the linear instability

“is suppressed, the expected fluctuation level and anomalous
transport may be drastically reduced for these parameters. The
establishment of the inhomogeneous radial electric field in H-
mecde can suppress the anomalous transport near edge.

This analysis is made in the slab geometry. The stabiliza-
tion by this mechanism is effective for the modes with large
poloidal mode numbers. Recent study on the toroidal drift mode
has shown that the mode with small poloidal mode number can be
stabilized in the real tokamak geometry(20]. This may reduce the

critical inhomeogeneity for stabilization. The calculation in the

10




toroidal geometry and more precise determination of the critical
value need further analysis.

¥hen the large potential change is present in space, the
localization and the structure of the mode alsc changes. In this
article we showed the local analysis and the estimate may not be
applicable. In this case, we need the nonlocal analysis of these
nodes. Further study is underway,

We finally note that the criterion derived in this article
is nuch smaller than that obtained previously[2]. The critical
value may be satisfied even in the core region for the case of
the peaked profile modes [21,22]. The inhomogeneous radial
electric field was predicted [28] to appear associated with the
inward pinch of particles in such improved modes. The applica-
tion of this analysis to the model of the peaked profile mode

will be reported in a separate article.
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Table Caption

Table 1 : Linear growth rates normalized by wy, and values of
g in the small o 1imit are tabulated for the
electron and ion modes. A1l notations are defined in

the text.
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Figure Caption

Fig.

Ion Landau damping rate normalized by o, versus « is
plotted, Critical stability conditien for e« estimpat-
ed from Eq. (8) is 2lso shown for the case of T45/w,
=0.2. Drift instabilities can be suppressed in the

regions of algagaz and “2“3'
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