When (A - Q)/2 < X, we can omit the third term in (3) compared with the
second, and then the problem reduces to that considered in [3], again with A
replaced by.A. Consequently, when the wave is applied, it is necessary to re-
place A by A in the foregoing conditions and in the criterion (1). If the
initial distance A v 1 eV between the levels is effectively reduced in this
manner by one or two orders of magnitude, then the probability of an insta-
bility associated with the phase transition increases rapidly, even if the
initial system was far from unstable.
To satisfy the condition X > 1~! at the values T ~ 10~'2? - 10~'* sec char-
acteristic of solids, the requlired field intensity of the light wave is
E, v 10* - 10°% V/cm.

Suitable substances in which one can attempt to produce a phase transition
are, for example, semiconductors and dielectrics contalning ions of rare-earth
and transition elements (see the reviews [5, 63). In such substances there
exlist narrow excilton lines corresponding to transitions with energy 0.1 - 1 eV
in the d- or f-shells of the indicated ions. Generally speaking, these transi-
tions are parity- or spin-forbidden. In crystals, however, such a forbidden-
ness 1s frequently violated, and many transitions are allowed in the dipole
approximation [6].

Transitions in d- and f-shells frequently occur with optical phonons taking
part, thus indicating a sufficlently strong electron-phonon interaction.

Illumination with a strong wave can maintain the system at a temperature
comparable with Tk‘

The phase transition can be revealed by displacements in the lattice (in
some cases by the appearance of a spontaneous dipole moment), by shifts of the
energy levels of the electrons, and also by the change of the electric conduc-
tivity of the system.

I am grateful to V.B. Sandomirskil :for a discussion of the work and use-
ful remarks.
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An experiment for producing and heating plasma by ultrarelativistic elec-
trons using a beam interacting with a solid target was proposed in [1]. The
preliminary estimates given in that paper lead to the following two conclusions:
1) An acceptable beam deceleration length (L £ 1 cm) can be reached only if the
relaxation of the beam is caused by collective processes which result from the
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two-stream instability. 2) It is difficult to heat the plasma within a time
much less than the time of its free expansion, i1.e., the plasma in this experi-
ment must be greatly inhomogeneous.

On the other hand, as shown by the authors in [2], the relaxation of a
nonrelativistic beam in an inhomogeneous plasma is much less effective than in
a homogeneous one, and in many cases does not appear at all. For this reason,
it is of interest to consider the influence of the inhomogeneity on the relaxa-
tion of an ultrarelativistic beam.

Let a beam with concentration 0, and particle energy E >> mc? be injected

in a plasma whose concentration n >> n, is a function with a characteristic

scale Ll). If the initial scatter of the beam particles relative to the angle
0 in momentum space satisfies the condition

A0 (a /n)S(mc?/ )13, | (1)

then the two-stream instability is kinetic. On the other hand, if this condi-
tion 1s not satisfied, then a hydrodynamic instability will develop during the
first stage of the relaxation; this instability, as shown in [3], rapidly in-
creases the angle scatter of the beam to values satisfying the inequality (1),
without a noticeable energy loss. We should therefore assume that the in-
equality (1) is satisfied.

The relaxation process is due to the Cerenkov interaction of the beam
particles with the waves that are built up by the beam. The condition for
Cherenkov resonance for an ultrarelativistic particle is given by

i k + k;p,cos ¢
w, —eP TR =0, (2)

2 2 y1/2
(p" +p )

where k” and k¢ are the longitudinal and transverse components of the wave
vector, relative to the beam axis, by and p, are the corresponding components
of the particle momenta, and ¢ is the angle between kl and D,

If the angle scatter in the beam is small (A® << 1), then it is seen from

relations (2) that it can interact with waves for which k” lies in the inter-
val

@ @ )
- % 2 A p2
[ Ky - | < 2 A%+ kAS . (3)

For such waves, the instability increment y can be estimated from the formula

, ) )
(4] nb mc wp

,y~___2
A6% ' n E 2 2
”b*'h.c

. H)

2

In an inhomogeneous plasma, the longitudinal component of the wave vector
of each oscillation changes as the beam propagates along the z axis in accord-
ance with the equation

)In the numerical estimates we shall use the beam and plasma parameters
indicated in [1], namely n ~ 1022 cm™2, n, v 10'® em~®, E v 10 MeV, and

L v 0.2 cm.
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dky /dt == 3w, /3z .

Within a time At, the wave vector changes by an amount Ak” 4y (wp/L)At. Bear-

ing this circumstance in mind, we can estimate the time during which the oscil-
lation is at resonance with the beam:

L k, L

AO? + A . (5)

At
c

“p

In a time At the energy of the oscillation should increase from the
initial (thermal) level to a level greatly exceeding the initial one (otherwise
osclllations with a given k cannot exert a noticeable influence on the beam).
This condition can be written in the form

yAt > A, (6)

where A is the Coulomb logarithm. Combining relations (3) - (6), we obtain the
condition under which the oscillations with given k, can play a role in the
beam relaxation process:

_nb mn_rzvé 'L@P 1+(klc /(dpAo)

n B diikge/o,)?

> A, (7)

At specified parameters of the beam and of the plasma, there exists a maxi-
mum value of A8, at which the inequality (7) can still be satisfied for at least
one value of KL:

L&) nb mcz

(8)

max e n —ET

If the quantity Aemax’ formally calculated in accordance with the relation (8),

satisfies the inequality Aemax 2 1, then the inhomogeneity of the plasma does

not exert a decisive influence on the relaxation process (a large value of
Aemax corresponds, as seen from formula (8) to a large inhomogeneity scale,

i.e., to the limiting case of a homogeneous plasma).

On the other hand, if Aemax 2 1, then the inhomogeneity of the plasma is

significant, since the beam with an angle scatter A6 > Aemax cannot lose any

appreciable fraction of its energy on passing through the plasma (the condition
for the growth of the oscillations (7) 1s not satisfied when A8 > Aemax for any
value of KL).

For the concrete parameters proposed in [1] for the beam and for the

plasma, Aemax turns out to be 3 x 1072, i.e., the limitation on the angle

spread of the beam is guite stringent from the experimental point of view.

A similar investigation of the relaxation of the beam in the case of a
small initial spread (A6 < Aemax < 1) will be published later. We indicate

here only that as a result of such a relaxation, the beam reaches an angle
spread A6 ~ Aemax and releases in the plasma an energy AE ~ EAGmaX < E.
Recognizing that in the experiment of [1] Aemax = 3 x 10~%, we can state

that even if the initial angle spread of the beam is much smaller than 3 X 10-2,
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the beam can deliver to the plasma in such an experiment not more than 10% of
its energy.
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ERRATUM

In the article by A.M. Bonch-Bruevich et al., Vol. 11, No. 9, p. 291,
the letter sequence in Fig. 1 reads downward, but should read upward. In the
same figure, on the right side, read 10-% rad in place of 10 2 deg.
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