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We continue an investigation of the stability of a magnetized plasma that contains a small number of 
fast monoenergetic ions. This work represents a continuation of the investigation in r1- 3 J. It is shown 
that a plasma that contains an arbitrarily small number of fast ions is unstable against the excitation 
of Alfven waves. At the same time, the existence of the fast monoenergetic ions does not have any 
significant effect on stability with respect to drift waves. 

THE investigation of the stability of a magnetized 
plasma containing a small number of fast and essentially 
monoenergetic ions is intimately related with the inves
tigation of plasma stability in the case in which thermo
nuclear reactions occur. The point here is that if the 
reaction ions possess energies that do not exceed tens 
of kilo -electron volts, the distribution function for the 
products of the thermonuclear reactions can be essen
tially monoenergetic (cf. r1J where an explicit expres
sion is given for the distribution functions for particles 
that are produced in a weakly inhomogeneous thermo
nuclear plasma). Furthermore, in regimes character
istic of thermonuclear reactions the most important 
instabilities are those which occur in a time much shor
ter than the characteristic relaxation times. Hence, in 
an investigation of the stability of a thermonuclear 
plasma the time variation of the distribution function 
for the thermonuclear products can be neglected. It can 
also be assumed that the number of charged particles 
resulting from the thermonuclear reactions is small. 

The stability of a plasma containing a small number 
of monoenergetic ions with respect to the excitation of 
various wave branches has been investigated inr1- 3 l. 

In r1J an investigation was made of the stability of a 
weakly inhomogeneous thermonuclear plasma with 
respect to instabilities characterized by frequencies of 
order Wpi. Here we shall first consider the effect of an 
essentially monoenergetic component on the stability of 
an inhomogeneous plasma with respect to excitation of 
oscillations at the drift frequencies of the primary ions. 

Assuming that the following conditions are satisfied: 

(1) 

where PH = vT/wH and vT is the mean-square velocity, 
we can write the following dispersion equation: 
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in which 'II' is the distribution function for the fast ions 
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over the transverse energy w = v~u2 normalized to 
unity, 
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and the primes denote quantities that characterize the 
fast monoenergetic ions. 

If w f lwai> taking account of the small magnitude of 
the ratio n'/n we can easily obtain the zeroth approxi
mation for the solution of Eq. (2): 

Making use of Eq. (4) we can simplify the expression 
for Az: 
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In Eq. (2) terms that arise because of the existence 
of the small number of fast ions are found to be impor
tant when w 10 > ::::; lwH- For reasons of simplicity we shall 
consider the case in which lwH < wHi' Then, writing w 
in the form w10 > + iy (where y « w) we have 

'd 1/w.' r ,1/n' 1 
y=±lwH-, f- , ~ ±lwH V ---,. 

d ulo 2kl_PH n kl_pH 
(6) 

Since we have assumed that kz is small, damping on 
the electrons and primary ions is exponentially small 
and the drift cyclotron instability will be important for 
an arbitrarily small number of fast ions. It should be 
noted, however, that for the assumptions made in (1) 
there also exists the unusual drift instability due to the 
primary ions w10> = lwHi; the growth rate for this insta
bility is ~ vnu/n'vTi times greater than the growth rate 
obtained above. Hence, the presence of a mixture of 
fast ions has essentially no effect on the stability of a 
plasma if the condition in (1) is satisfied. 

The stability of a uniform plasma containing mono
energetic ions with respect to the excitation of ion
cyclotron waves and fast magnetoacoustic waves has 
been considered by Korablev and Rudakov. r2' 3 l We now 
wish to investigate the stability of a uniform plasma at 
the Alfven frequencies (w = kzv A, where v A 
= Ho/V41Tnimi. The fact that the fast ions are not per
fectly mono-energetic can be neglected, that is to say, 
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we shall assume that 
n' 

f'(v) = --6(v- u). 
4m,2 

For the Alfven waves, for which 

the following dispersion relation holds: 

.vhere 

{7) 

{8) 

and Jz (zz) is the Bessel function of order z. The last 
term in Eq. {8), which arises because of the mono-ener
getic ions, vanishes when lkzl < wH/u. Writing 
w = kzv A + iy andy « kzv A we have 

The expression in {9) becomes particularly simple 
when lkzl < 2wHfu (we recall that the condition lkzl 

{9) 

> wHfu is always satisfied). In this case, in the summa
tion that appears in {9) the only nonvanishing terms are 
those for which Ill = 1. It is evident that the instability 
will arise if the density of fast ions exceeds the critical 
value 

(10) 

and if the wave vectors fall in one of the following reg
ions: 

(11) 

where p1 11 and p~ 11 are the 11-th roots respectively of 
> > I 

the functions Jl{zJ and J1(z1). The maximum growth 
rate is of order 

Y- (n' I n)wu'. (12) 

We can now estimate the critical density of mono
energetic ions. If VA~ 108 em/sec and u ~ 109 em/sec, 
then n~/n ~ 10-5 • Thus, the threshold for this instabil
ity is found to be significantly lower than that for the 
instabilities investigated inl1-31 • Furthermore, if the 
plasma electrons are cold, that is to say, if w 4:> kzVTe 
(we recall that Eq. {8) has been obtained in the opposite 
limit) then the damping due to the electrons and the 
ions will be exponentially small and the Alfven waves 
will be excited for an arbitrarily small number of 
monoenergetic ions. 

In conclusion the authors wish to thank L. I. Rudakov 
for discussion of the work. 

1Ya. I. Kolesnichenko and V. N. Oraevski1, Atomnaya 
energiya (Atomic Energy) 23, 289 (1967). 

2 L. V. Korablev, Zh. Eksp. Teor. Fiz. 53, 1600 
(1967) [Sov. Phys.-JETP 26, 922 (1968)). 

3 L. V. Korablev and L. I. Rudakov, Zh. Eksp. Teor. 
Fiz. 54, 818 (1968) [Sov. Phys. -JETP 27, 439 (1968)). 

Translated by H. Lashinsky 
247 


