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ABSTRACT. It ia shown that the hot electron compon-
ent present in an electron cyclotron resonance heated
plasma can destabilize the compressional Alfvén wave
if p of the background plasma exceeds a certain limit.
The relevance of the result to the Elmo Bumpy Torus
experiment is discussed.

A renewed interest in the experimental and theo-
retical study of electron cyclotron resonance heated
(ECRH) plasmas was prompted by the recent success in
producing a stable plasma in Elmo Bumpy Torus (EBT).
EBT consists mainly of a number of simple magnetic
mirror machines which are longitudinally connected
and bent into a torus. The injection of microwave
power produces a finlte-p annulus of resonantly hea-
ted electrons which provides a local diamagnetic well
(p is the ratio of kinetic pressure to magnetic pre-
ssure). Within this minimum-average- B layer, a sta-
ble warm core plasma is obtained C 1 ] .

It is essential that the non-resonant fluid mod-
es are stable in a successful fusion device. Previous
work has shown that the stability of a finite-B plasma
to the low frequency interchange mode is related to
the presence of a minimum-average-B surface in the va-
cuum magnetic field and not to the diamagnetic well

dug by the plasma [2,31 . For this m o d e « / A c i « 1
and k. B = o where» is the mode frequency,JJ.cl is
the ion cyclotron frequency, k is the wave vector
and B is the magnetic field. The effects of the
presence of a hot electron component on the mode
were later taken into account C4,53 . It was shown
that the hot electrons can provide stability if

*e -Ph<Pw< 4«/d + ph) (l)

where € = Ln/Rc , Ln = Jï[ln n (x)]/*x J ~'
1

is the density scale length in the slab model with
the density decreasing in the x-direction, Rc is
the radius of curvature of the magnetic field and
the subscripts w and h refer to the warm and hot
plasma components respectively. We may note from
the above condition that a reversal of the direct-
ion of the magnetic drift of the charged particles
caused by the diamagnetic well is necessary for
stability, contrary to the case when hot electrons
wore absent.

The high frequency interchange instability of
the hot electron component has also been investig-
ated in the zero and finite-p limits £6-93 • For
this mode « ~ k v d h where v d h is the average dr-
ift velocity of the hot electrons in the vacuum
magnetic field. It was found that the instability
disappears if the ratio of the warm electron dens-
ity to the hot electron density, new/nj!t exceeds a
certain threshold. In effect, this sets a lower
bound on B w for stability.

The purpose of this work is to show that a
new high frequency instability may be present in
an ECRH plasma, driven by the destabilizing influ-
ence of the hot electrons on the compressions!

349



Alfvén oscillations. The related stability thresh-

hold is derived.

We begin by using the two fluid equations to

derive the dispersion relation for the compression

nal Alfvén mode in a two component inhomogeneous

cold plasma. The necessary equations are:
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The subscripts o and 1 refer to the equilibrium

and perturbed values respectively, E is the elec-

tric field, e., is the particle charge of species j

and "v* is the particle velocity. Adopting a slab

model in the local approximation with the equilib-

rium magnetic field pointing in the z-direetion and

the density decreasing in the x-direction and not-

ing that the mode is characterized by the field com-

ponents Ex, E and B gv* exp [ -i (<ot-ky)3we can

solve for the dispersion relation to obtain

w 2 - k2 v| (i -Sw/-n.ci) (?)

where VA - £ B | /(/»O nQ M )] ̂  is the Alfvén

spee^M is the ion mass and if » l/(kLn>. It is

easy to show that the wave is always stable. . The pr-

esence of a density gradient appears through the par-

ameter £' and can be important in some limits [ lo] .

We now turn to the case when a hot electron com-

ponent is present. For simplicity we assume all

three components to posses the same density scale

length and replace the magnetic curvature by cut. equ-

ivalent gravity "g*. = (2 v^2 / Rc) "ex, where v^ is

the thermal speed of species j C 2 3 • The hot elec-

trons will be assumed to be monoenergetic with a

distribution function given by

foh = noh

where Wj_ and W(| are the kinetic energies perpendic-

ular and parallel to the magnetic field respectively,

W& is a constant and & is the Dirac delta-function.

This choice eliminates the need to compute the resi-

dues and offers a good approximation to the more rea-

listic maxwelllan distribution C 93 . The diamagnetic

well can be obtained directly from Eq. 8 and Ampere's

law

X, (9)

To obtain the dispersion relation, we solve the lin-

earized Vlasov equation for the perturbed hot elec-

tron distribution function in the standard manner to

obtain [2,3]

(Ey,-

h) f
(10)

'dh
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We may now evaluate the perturbation in the hot ele-

ctron charge and current densities, to be added to

the cold contributions present in Eqns. 4 and 5.



Assuming for simplicity that noj/n0i is negligibly-

small but that p h remains finite, we obtain finally

the dispersion relation

O3 /CO - 1 /

In the practical EBT limit » d h ê'/Ji. c i » 1, the

stability condition becomes

which can be written as

14/n . 1%, < 1.3 x lO-'-Vb cm'-1 (12)

for a hydrogen plasma. Near the stability boundary

b > ~ 2 A 1 /&' and thus the instability is a high

frequency one since S must be < 1 to justify the

use of the local approximation. An increase in the

depth of the diamagnetie well obviously reduces the

maximum achievable core plasma density.

It is not difficult to account for the finite

temperature effects of the background plasma t111.

The stability condition for the tnagnetosonic wave

then becomes

ion to the more realistic case when the radial var-

iation of the perturbed quantities is taken into

account £ 12 ] .

In conclusion we have shown that the presence

of the hot electron component in an ECRH plasma can

lead to the déstabilisation of the compressional

Alfvén instability. A simple expression for the

maximum achievable warm plasma density was obtained.

This may be useful in the design of future devices

which incorporate electron cyclotron resonance hea-

ting, such as the Elmo Bumpy Torus and the Tandem

mirror.
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where T w is the ratio of the warm electron temper-

ature to the ion temperature, ¥ * aj/*"n a n d Bi *B

the ion larmor radiut. The maximum achievable p w

is then always lower than that obtained by consid-

ering the stability of the background plasma to the

interchange mode, given by Eq. 1. It has also been

shown that the local solution is a good approximat-
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