If we use our result (5) to estimate the role of the hadron mechanism of y-quantum
absorption, then we can easily obtain for the absorption probability P per unit length
Bp~ 1.5 x 1072 omt (absorption by photons of "relict" radiation [4]) and P~ 3.2 x 107°
em™1 (absorption by photons of extragalactic radio emission [5]). For photons with E > 7
X lO23 eV, the contribution of the hadron mechanism prevails over the contribution made to
PT by the pair-production process, and does not vary with energy.
We see that the mechanism under consideration does not change essentially the guestion
of the absorption of photons in the universe for reasonable values of the y-quantum energies.
The authors thank A. I. Alikhanyan for interest in the work. One of the authors (S.M.)
thanks 0. V. Kancheli for discussions.
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*

In the estimate (4) we confined ourselves only to the most intense yp trensition.
Inclusion of yw and y¢ transitions leads to an increase in the cross sections in (4) and (5)
by approximately 30%.
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Plasmoids obtained in pulsed plasme injectors usually contain lons having a consider-

able thermal scatter both in the longitudinal and transverse directions, with T It

~T .o
i 1i
is shown in this paper that motion of such a plasmoid along a homogeneous magnetic field
excites in the latter, under certain conditions, ion-cyclotron oscillations that lead to a
"conversion" of the transverse thermal energy of the ions into energy of longitudinal trans-

"

lational motion. Such a "conversion" can cause an appreciable decrease of the energy of the
transverse motion of the tions, compared with the energy immedlately after the emission of
the plasmoid from the injector.

We confine ourselves for simplicity to the one~dimensional problem, l.e., we assume
that the parameters of the plasmoid depend only on the coordinate x directed along the
magnetic field. We assume further that at the initial instant of time the ion temperature
greatly exceeds the electron temperature. Under this condition, the electric fields produced
in the plasma do not influence the motion of the ions, i.e., each ion emitted from the in-
jector moves along the magnetic field with constant velocity (we neglect pair collisions).
The presence of initial thermal scatter of the ions causes the plasmoid to spread apart in
the course of time, and its characteristic length L increases like L = L(o) + vég)t, where
L(O) is the initial length of the plasmoid and véi) is the initial thermal velocity of the
ions.

It is easy to see that during the process of the spreading of the plasmoid, the scat-
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ter of the ions with respect to the longitudinal velocities, at each fixed point of space,
decreases with time approximately like L(o)/t, and that when t >> L(O)/vég) it becomes much
smaller than the initial scatter. At the same time, the transverse scatter of the ions re-
mains of the same order as the initial one, i.e., the ion distribution function at each point
of space becomes strongly anisotropic: Tli >> THi' This produces in the plasma an ion-
cyclotron instability (see [1]), as a result of which Tli decreases and THi increases. With
further spreading of the plasmoid, THi again decreases, the instability is again turned on,
Tis
energy of the transverse thermal motion into energy of longitudinal spreading of the plasmoid,

decreases, etc. Such a process leads in final analysis to a conversion of the entire

and Tl becomes much smaller than its initial value.

i

In the case considered by us, when T, ., >> Te’ the principal role in the ion isotropiza-

Hi
tion process is played by 7yclotron instability at the electron Langmuir osc}llations with

~ ~ 1/2 - 1/2
ky wHi/vTi’ k, (m/M) k) and a characteristic increment Im w ~ (m/M) Wy - Allowance
for the spatial inhomogeneity of the parameters of the plasmoid and the direction of the mag-

netic field does not influence the instability, provided the following inequality holds:
1/2
L >> {M/m) vTi/mHi’ (1)

In the case of free spreading of the plasmoid (i.e., in the absence of instability),
the characteristic time 7T of the increase of the anisotropy of the distribution function by
an amount of the order of unity is approximately equal to L/vTi' It is easy to see that when
condition (1) is satisfied there is simultaneously satisfied the condition T Im w>> 1, i.e.,
the instability develops very rapidly, compared with the time <. This means that the in-
stability retains all the time the anisotropy of the ion distribution function near the crit-
ical value corresponding to the threshold of the occurrence of the instability.

In order to investigate the motion of the plasmoid in greater detail, we shall use the
kinetic equation for the ions:

af af

+ v = St,
ar " 9z (2)

where St stands for the collision term describing the interaction of the ions with the un-
stable oscillations. We note that the collision term "acts" only in one direction: it re-
duces a larger-than-critical anisotropy to the critical level, but St = O if the anisotropy
is lower than critical, since there are no oscillations in the system.

As indicated above, the anisotropy of the ion distribution function is close to the
critical value at all times. Therefore the energy of the cyclotron oscillations in the system
is small compared with the thermal energy of the ions. Conseguently, we can assume that the
collision term conserves the energy and the longitudinal momentum of the ilons. We assume
further that the interaction between the ions and the unstable oscillations leads to estab-
lishment of a two-temperature Maxwellian distribution, for which the ratio a = Tii/T”i is
determined from the condition that the system be situated on the instability boundary. Using
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these properties of the collision term, we can obtain from (2) in the standard memmer the
hydrodynamic equations describing the longitudinal motion of the plasmoid. The result coin-
cides exactly with the hydrodynamic equations for an ideal gas with an adiabatic exponent
7= (3+2u)/(1+ 2q).

In our problem we are interested in those solutions of those hydrodynamic equations
vwhich correspond to the spreading of a gas cloud in vacuum. An investigation of such a prob-
lem can be found, for example, in the book of Zel'dovich and Raizer [2]. It turns out that
when t >> L(o)/vég) ,gg),
and the transverse temperature of the ions decreases like

the boundaries of the plasmoid move apart at a constant velocity ~v

oyt L -t

~T° -

i i ‘
vl (VW'

The foregoing investigation pertains to the case when T, 1 >> Te. However, a similar
effect can exist also when T“ 1 << Te, for in this case the spreading of the plasma cloud leads
to a decrease in the longitudinal thermal scatter of the ions [3]. When T, i << Te the iso-
tropization of the ions 1s due to the excitation of oscillations of the ion-sound type. We
note that the corresponding increments can greatly exceed the value /rw Wy *

The described effect can be used in experiments on charge exchange of a plasmoid with
a gas target. The atoms produced during the charge exchange leave the target at an angle
~ l/V” to the plasmoid direction of motion. Therefore the decrease of the transverse ion
velocity as a result of the "conversion” of the transverse energy into longitudinal-motion
energy will cause the divergence of the atom plasmoid to decrease greatly compared with the
case when the charge exchange is effected near the injector and the cyclotron instability
does not have time to develon.

The authors are deeply grateful to I. N. Golovin and A. V., Timofeev for useful discus-
sions.
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1. An important recent accomplishment in laser physics is the generation of picosecond
glant pulses (of duration = 10" sec for single pulses and T = 1072 for pulse trains,
see [1]). 1Inasmuch as the reduction of the pulse duration leads to an increase of the thresh-

0ld of the light-field intensity Ebr at which breakdown of the medium takes place (see
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