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Abstract

The linear characteristics of drift tearing modes are investigated in the

presence of a significant background of radio-frequency (RF) waves in the

ion cyclotron range of frequencies. The ponderomotive force, arising from the

radial gradients in the RF field energy, is found to significantly modify the inner

layer solutions of the drift tearing modes. It can have a stabilizing influence,

even at moderate RF powers, provided the field energy has a decreasing radial

profile at the mode rational surface.

Tearing modes play an important role in the general stability properties of a tokamak

discharge through their involvement in the minor and major disruption phenomena [1-3]. A

large number of studies have therefore been devoted to exploring ways of stabilizing these

modes by external means [4,5]. Numerical simulations as well as analytical studies have also

investigated the effect of equilibrium flows on the stability of these modes [6]. Such flows can

arise as a byproduct of heating the plasma through neutral beam injection (NBI). Recently,

there is some experimental evidence that if such NBI heated plasmas are further heated by

RF waves there is a significant increase in the core plasma temperature and an accompanying

improvement in the plasma confinement. Such shots, known as CH modes, were observed on

the PBX-M tokamak during Ion-Bernstein Wave (IBW) heating experiments [7]. Motivated

by these results, we have examined the effect of a large background of RF fields on the linear

characteristics of the drift tearing modes. In a simple model calculation we have investigated

the influence of the direct ponderomotive force, arising from the radial gradients in the RF

field energy, on the stability characteristics of the m = 1 drift tearing mode. The calculation

is restricted to the inner resistive layer, which is most sensitive to non-ideal dynamical effects,
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and shows that the ponderomotive force can significantly modify the stability properties of

the mode. It can induce stabilization of the mode, for rather modest RF powers, provided

8\VE\2/dr < 0 at the mode rational surface, where VE is the induced ion velocity due to the

external RF field.

The basic equations for the drift-tearing mode in the inner resistive layer can be written

down quite simply from a fluid description, as outlined for example in [8].

p~ + P<VE- VVE >= -JxB- Vp (1)

B v J ^ (2)
c e n

^ + V.(pv) = 0 (3)

where VE is the oscillating ion fluid velocity induced by the RF wave field (e.g. an Ion-

Bernstein wave (IBW)) and the other symbols have their standard meaning. We adopt the

slab model under the assumption x = (r — rs)/rs << 1, within the layer. For (3 = p/B% << 1,

the perturbed electric field can be described by the electric potential <f> a nd the parallel vector

potential A\\. We also assume that the ponderomotive force is radially symmetric with respect

to the minor radius and the mean contribution, in the ion momentum equation due to the

RF wave field, can be written as :

(4)
2 dr

For u > k\\vthi and k±pi << 1, the ions can be treated as collisionless. Taking the parallel

component of vorticity equation (i.e. Vx of Eq.(l)), and the parallel component of the Ohms

Law Eq.(2), we obtain two coupled equations for 4> and A\\ :

v l ^ i i = MA\\ - X4>) (5)

/ill d tQy V 7

where 0 0 = k2J(2kl{
2c2

ALn)'2,2 T ^ d<VF>
dr is the magnitude of the ponderomotive force, <f> =

(k'»c/u))<j> the normalized electrostatic potential, uo = — i(4ir/r)c2)(u — u;*e) the normalized

conductivity, rj is the Spitzer resistivity, x\ — ^i10 ~ u+i) I {k\\2 °2A) •> u*e — ~ ff

<jj*i = ^-d'^J1" the electron and ion drift frequencies respectively. k\\ — ky/Ls, where ky is

the poloidal wave vector, Ls the shear scale length, and CA — B/y/4np is the Alfven velocity.

For simplicity, we have neglected the electron and ion temperature perturbations.
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We now solve Eqs.(5-6) analytically for the ro = 1 drift tearing mode by using the

variational method as outlined in [9]. Combining Eqs.(5-6) and eliminating <j>, gives a fourth

order differential equation in A\\. We further Fourier transform the resulting equation in x

in order to obtain a self adjoint second order differential equation in q which is then suitable

for variational methods. The resulting equation is :

J'
x\ 1 6{q) - \J = O (7)

(To

r+oo
where J = q2A\\{q) is the parallel perturbed current, A\\(q) = / dx e~%qxAn(x), 0 = £?-,

and A' is the driving MHD energy. The A' term is introduced in order to correctly take into

account the asymptotic matching condition with the outer solution.

Equation (8) can be derived from a variational principle from the functional:

r+oo

*•£ (8)
qi-(3 ' ^A\q^ A' aoj

An exact analytic form can be obtained for 5 by choosing an appropriate trial function for

J. For the m = 1 drift tearing, we choose J = exp(—aq2/2) with Re(a) > 0, to get

V 7T O"o

where Z is the standard plasma dispersion function. The dispersion relation can now be
in

found by eliminating a by simultaneously solving for S = 0; — = 0. For a closed form
da

solution, we expand the Z function for |/?| < < 1. In the limit A' —>• oo (appropriate for the

m = 1 mode) the dispersion relation we finally get is,

In the absence of the RF field, Do = 0 and Ln —> oo, the standard result for the m = 1 drift

tearing mode is recovered:
2 i 3 3 / i i \

XAao = ~ 1 o r 7 = To- (11)

where 70 = (~f~~) TA TR 1S ^ne tearing mode growth rate and r^ = a/c^ and TR =

Aira2/(rjc2) are the Alfven and resistive time scales respectively. For the limit when u ~

uj+i > 7 and Ti « Te (and Oo = 0) the above dispersion relation also reduces to the known

result:
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where a;*,- = — y-u;*e.

Solving the dispersion relation perturbatively for finite f20, we obtain the following ex-

pression for the growth rate of the drift tearing mode in the presence of the RF field:

2
/ n

»l
We note from Eq.(13) that the RF field can have a stabilizing influence for the m — \ mode

when fl0 < 0. In physical terms this translates to d|Vg|2/dr < 0 at the mode rational surface,

i.e. the field energy should have a decreasing radial profile. This can easily happen if the

energy deposition by the RF scheme primarily occurs in the central region. To get some

idea of the RF power necessary to effect a significant stabilization we express the condition

\fl0 « 1| as,

T I T

For typical tokamak plasma parameters we can choose Ln ~ a, Ls ~ qR, q ~ 3, a/R ~

.3, |f ~ 1, and the energy deposition scale length LE ~ -la- Then the value of parameter

(y^j — 6.10~2 indicating that the RF power can be a small fraction of the thermal power

for this stabilization to be effective.

In conclusion, we have investigated the effect of the ponderomotive force on the linear

characteristics of the drift tearing mode. Our calculations for the m — 1 tearing mode

show that the presence of the ponderomotive force term leads to a significant modification in

the inner layer dynamics of the mode and could lead to stabilization provided the RF power

density has the appropriate radial gradient. The RF power requirements for this stabilization

to be effective are quite modest. In our model calculations we have ignored the effect of the

RF term on the external solutions assuming that this modification will be small. However in

a more realistic scenario, when the RF power level is high, this effect can also be significant

and should be incorporated in the calculation. It is relevant to mention here that such effects

have been investigated earlier in the context of external kink modes [10,11] and ballooning

instabilities [12] in tokamaks and in experimental suppression of the interchange instability

in mirror machines [13]. Another major simplifying assumption in the present calculation is
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the neglect of sideband coupling terms which arise in the generalized ponderomotive force

expression. These effects are presently under investigation and will be reported in a more

extended communication.
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