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In recent years, there have been many papers dealing with the scope for lasing in the
recombination of supercooled plasmas from numerous elements [1-3]. It has been shown that
a multicomponent plasma is more promising for the production of quantum amplifiers and lasers
[4, 5]. In [5], a numerical analysis was performed on the populations of the levels of Li I
in the recombination of a dense supercooled Li—Cs plasma. The Li—Cs interactions were in-
corporated, particularly as regards the effects on the populations of the Li I levels, and it
was shown that low cesium concentrations, Ngg = (1072-107°)*Ny;, can increase the inversion
on the 3p » 3s, 4s - 3p transitions by 2-3 orders of magnitude. However, the variation in
the major plasma parameters (electron concentration N, and temperature Tg) on adding the
cesium was not established, nor were the effects on the populations of the lithium levels.

The addition of a readily ionized substance to a recombining plasma may substantially
increase the electron concentration and the recombination fluxes for the atomic levels, and
this can provide a promising method of increasing population inversions in a plasma for an
element of high ionization potential, where low electron densities are produced. It is there-~
fore of interest to comnsider a recombining Li-—Cs plasma in a numerical analysis of the lithium-
level populations with allowance for the combining effects of the readily ionized Cs on the
populations due not only to changes in the plasma parameters (N, and Te) but also because of
inelastic atomic collisions.

Calculation Method. Consider the time relaxation of a spherically expanding Li—Cs plas-~
ma whose initial parameters vary within the following limits: Ny = 10™*-10*® cm™®, Ngg =
10**-10*® cm=®, T, = To = 0.25 eV. The initial expansion time is to = 1077 sec. The initial
ion concentrations are defined by the Saha—Boltzmann formula. See [1, 6] for a system of dif-
ferential equations describing the population relaxation in the lithium and cesium levels as
well as the changes in the major parameters (electron temperature T,, heavy-particle tempera-
ture To, electron concentration Ng, and atom concentration Ny). The method of {1] was used
to derive the time dependence of the populations: The differential equations for the
slowly varying plasma parameters (the populations of the ground states of lithium and
cesium Nﬁi, Ngs, Nes Tas To) were integrated numerically by the Runge—Kutta method with auto-
matic step choice, while the populations of the excited levels were found in the stationary-
sink approximation as functions of Nﬁi, NES, Nas Tes To.

The number of atomic levels that had to be incorporated into the system was determined
from the sink bottleneck [4]: The 15 lowest levels were incorporated for lithium, and 14 for
cesium. The lithium levels with principal quantum numbers from n = 7 to n = 10 were included
in the quasiequilibrium spectrum, and their populations were calculated from the Saha—Boltz-
mann formula. The oscillator strengths were taken from [7, 8]. Any lacking oscillator
strengths were calculated from the tables of {9]. The calculations were for a plasma with
a sufficiently high electron concentration, so the electron velocity distribution was taken
as Maxwellian [4]. For the same reason, three-particle recombination predominates in the
recombination processes in the low-temperature plasma, and this was incorporated into the
calculations.

We now discuss the methods of calculating the cross sections for the electrom-atom and
atomatom collisions at low energies. Figure la shows that Drawin's method [10], which has
been used to determine ionization cross sections (solid curves), agrees well with experimental
results [11] in this energy range (dashed curves). The electron—impact excitation cross sec-
tions near threshold are most accurately described by the strong—coupling method. However, it
is fairly laborious to calculate cross sections by this method, and the system of differen-
tial equations in [1] for the level populations included about 100 cross sections for the ex-
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citation of spectral transitions. This makes it virtually impossible to compute the plasma
parameter relaxation. Therefore, one calculates the excitation cross sections for a relaxing
plasma usually either by means of the modified Bethe formula [12] or by means of the Vain--
shteimSobel'man—Yukov formula [9], which produce a standard overestimation of the cross
section at the maximum by a substantial factor. Figure 1b compares calculations on the total
excitation cross sections for the ZZPy@,@& level of Li I from the ground state via Bethe's
formula (curve 2) and via Vainshtein's formula (curve 3) with the experimental data [13]
(curve 1). In this calculation, we used Bethe's formula, since it gives values of the effec-
tive cross sections for excitation levels in the energy region below 10 eV closer to the ex-
perimental results (Fig. 1b). In that case, the contributions from the excitation to the
level populations will be somewhat overestimated. We performed additional calculations on
the relaxation with excitation cross sections altered by an order of magnitude. This did not
substantially affect the results, since the main contribution to populating the levels in a
low-temperature plasma comes from recombination.

The cross sections for excitation transfer in atomic collisions were calculated from
Stuckelberg's formula [14], which agrees better with the measurements than do other methods.

The cross section for endothermic charge transfer in an Li—Cs plasma was extrapolated to
thermal collision velocities on the basis of the experimental data of [15]. Allowance was
made for the fact that this cross section tends linearly to zero when the velocities of the
colliding particles tend to zero. At thermal velocities, the cross section for exothermic
charge transfer increases as 1/E, as is evident from experiment {16, 17]. This course for
the cross section is not described by standard methods of calculating charge transfer such
as in [18], and therefore we analyzed the experiments of [16, 17] to derive an empirical for-
mula 0 = const*1/E. We normalizeoc at the point E = Ep on the endothermic charge~transfer
cross section [15], with Ep determined from Massey's criterion. As the exothermic charge-
transfer cross section was only estimated, we also calculated the relaxation with the cross
sections in this reaction increased by a factor 10.

The following collision reactions have the largest cross sections in an Li—Cs plasma:

Li(2p) + Cs* — Cs(Bs) 4 Lit+ 4 0.3508 €V 3 (1)
Cs(0) + Li+ — Li(2p) + Cs+ — 0.3508 &V; (2)
Cs*(5d) + Li(0) — Cs(0) + Li*(2p) -- 0.05 eV; (3)
Li*(3p) + Cs(0) - Cs*(19p) + Li(0) — 0.002 eV; (4)

In the exothermic transfer of (1), we obtained a cross section of 1.58°107*° cm® at E =
0.1 eV, while for (2) we found 6.3-107"7 cm®. For excitation transfer as in (3) and (4), we
found ¢ = 1.8°107*7 and 5.74°107** cm® from the formula of [14] for E = 0.1 eV. We also esti-
mated the scope for the formation of ions in the collisions of excited atoms as in Li* +
Cs > Li + Cst + e—and A* + A ~ A} + e~ (where A is an Li or Cs atom). As Li and Cs do not
have low-lying long-lived levels, these processes play only a secondary part in the relevant
range of plasma parameters.

Results. The kinetic calculations on the lithium level populations showed that about
10 transitions in Li T are inverted in a pure lithium plasma and in a lithium—cesium one,
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where the 3s - 2p, 4s > 3p, 58 - 3p transitions are the most important as regards the absolute
magnitude of the inversion. If we take the initial cesium concentration as small (or zero),
the inversion on a given transition in lithium occurs from the time when the electron tem—
perature becomes less than a certain critical temperature Tg, which was the same for all

forms of the calculation. If on the other hand the Cs concentration is high, the cesium

can effectively clear the lower working level via reactions (1)-(4) under certain conditions
and Tg does not exist. The occurrence of Tg, which determines the start of population in-
version on the ns - mp transition, indicates that the recombination flux becomes sufficient

to produce a population inversion only at a fairly low T Our calculations show that TC =
0.14 eV for the 3s - 2p transition in a lithium plasma, whlle inversions are produced on

the 4s = 3p and 5s - 3p transitions at critical temperatures of 0.12 and 0.05 eV correspond-
ingly.

1. Highly Tonized Cesium. The addition of readily ionizable cesium to a lithium plasma
may substantially increase the electron concentration and recombination fluxes. Therefore,
the population inversions in a lithium plasma increase with the cesium concentration. How-
ever, during the relaxation the cesium readily recombines and heats the electrons. If the
cesium-ion concentration is high, the electron temperature is reduced so slowly that the re-
combination proceeds slowly in spite of the increase in N., and the inversions are less than
in pure Li plasma. There is thus a certain optimum concentration of ionized cesium that sub
stantially increases N, and the population inversions in a lithium plasma but does net alter
Te appreciably. Figure 2 shows the optimum cesium concentrations for Li—Cs plasmas of var-
ious densities. The optimal concentrations are <5°10 *® cm™® for the 3s - 2p transitions at
the Li—Cs plasma densities used in the calculations, as against <10'> cm ® for the 4s - 3p
transition. There is no optimum cesium concentration for the 5s -~ 3p transitions, because
TC at which an inversion can be formed on this transition is small (T = 0.05 eV) and even
very small cesium concentrations raise T, so much that the inversion on the 5s -+ 3p transition
is much reduced. Figure 3 shows how the inversions on the 3s » 2p, 4s - 3p, 5s - 3p transi-
tions vary with the initial concentration of ionized cesium in an expanding Li—Cs plasma hav-—
ing an initial density for the lithium plasma of 0.5:10*°® em™® and an initial temperature
of 0,25 eV (the transitions correspond to curves 1-3). The effects of the cesium on the
lithium level populations via N, and T are much greater than those of the collisions (1)-
(4). As the optimum cesium concentratlon is less than 5.:10° cm~® for the 3s + 2p transition
in an Li—Cs plasma of any density, the relative contribution from the cesium to the inversions
in the lithium decreases as the Li—s plasma concentration increases, and the highly ionized

cesium does not produce a considerable increase in the inversions at high plasma densities
(Fig, 4).

2. Weakly Ionized Cesium. We consider how weakly lonized cesium affects the population
in a lithium plasma. Figure 5 compares the calculated time curves for the populations, elec-
tron concentration, and temperature in a Li—Cs plasma (points) with those for a one~component
1i plasma (solid lines). In both cases, the initial parameters were as follows: N = 107
em™?, Tg =T = 0.3 eV, Ny = 10*® em™, Ny; = 10*® cm™®. 1In the Li—Cs plasma, Ngg = 0.9°
10*® em™®, NGg = 10° cm™®. It is evident that N, varies in time in much the same way in these
forms, whereas the Ty curves differ appreciably. Over the time interval 0.10-0.15 msec, T,
for the Li—Cs plasma is less than that for the Li one, since some of the electron energy is
consumed in ionizing the cesium atoms. In the time interval 0.15 usec to 0.45 usec, T, is
raised somewhat in the Li—Cs plasma, since the cesium ions recombine rapidly and heat the
plasma as the electron temperature begins to fall. Then the recombination processes in the

Li—Cs plasma are substantially retarded, and the lithium level populations are reduced. In

i
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a plasma having a high neutral cesium atom concentration, reaction (4) occurs rapidly, which
clears the lower working level in the 5s - 3p, 4s - 3p transitions in Li I. As a result, in-
versions are formed on these transitions throughout the relaxation time interval, and there
are no Ny and Tg that restrict the inversion existence time (Fig. 53).

One concludes that weakly ionized cesium increases the inversions in the lithium for a
short time, but subsequently the recombination deteriorates and the populations in the lith-
ium levels are reduced. Therefore, this way of increasing the inversions in lithium is not
promising. A considerable increase in the inversions in the lithium can be attained by in-
troducing highly ionized cesium in the optimum concentration. The inversions found in the
calculations can be used on the assumption of a Doppler line broadening mechanism to esti-
mate the gains on the 4s - 3p and 3s > 2p transitions in Li I.

Figure 3 shows that the gain % for the optimum cesium concentration substantially ex-
ceeds 1072 em™ ', and the value is quite sufficient to provide a recombination Li—Cs laser on
3s » 2p transition. The inversion increases almost linearly with the concentration of the
1i—Cs plasma (Fig. 4), so even higher gain may be attained by increasing the density.
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POSSIBLE EFFECTS IN SOLIDS IN ULTRASTRONG MAGNETIC FIELDS

V. V. Druzhinin, A. I. Pavlovskii, UDC 538:114,665.61
and 0. M. Tatsenko

The history of solid-state theory and the detection of major interactions in solids are
closely related to research on the effects of external magnetic fields on characteristics
such as the magnetization, volume, specific heat, conductivity, thermal conductivity, spectral
parameters, and so on, since almost all of these are affected by magnetic fields. Advances
in producing fields of 100-300 kOe have been accompanied by improvements in research methods
since the pioneering studies by Kapitsa [1], in which the law of linear increase in magneto-
resistance was discovered for various metals, and there have since been numerous physics re-
searches in this range of magnetic fields. Anomalies in magnetization have been observed
[2] along with the magnetocaloric effect [3], magnetooptic effects [4], and other features.

A very important discovery was that of the gap-free state in a solid [5], which represents an
essentially new type of ordering in condensed media at low temperatures in strong magnetic
fields. Naturally, the region of even stronger fields, up to 107 G, should reveal new ef-
fects or special features in known ones. Here we examine some possible phenomena related to
the action of fields up to 107 G on the condensed state.

The magnetocaloric effect is a major one to be considered in experiments with pulsed
magnetic fields. 1In fact, the field increases under adiabatic conditions, and the changes
in internal magnetic energy are considerable, and they may attain the energies of the spin-
orbit and exchange interactions or the energies of the crystalline field at about 10* cm™ '
per ion. As the total entropy is conserved (magnetic plus phonon), while the magnetic en-
tropy tends to zero in the external field under ordinary conditions, the phonon component in-
creases considerably, which increases the temperature. To calculate the rise, it is neces-
sary to solve a system of equations consisting of Shroedinger's equations and the equations
of statistical thermodynamics:

HY, = E,¥,, S (T,,0)+ S5{To) = SpfTo H) + (T )
Sm= — 1,8, [(e=7/z) 1n(e-81/2)], Spp= 3n {— In(l—e—®/T) 4

o/T
2dz }

+a2(rep | 2%

0

being the magnetic and phonon entropies of the specimen per formula unit, while ny and n are
the numbers of magnetic ions and of all ions in the formula unit, and © is the Debye tempera-
ture. These formulas give a large temperature rise AT = Ty — To. Figure 1 shows the calcu-
lated value of AT in metallic Tb in a field of 1.5 MG. The Néel temperature is 230°K, while
the Debye temperature is 177°K., It is evident that the largest value AT = 120°K occurs in
the region of a magnetic phase transition. One can estimate the limiting value of AT as fol-
lows. For T >> @/4 with H = 0, Sp = npln(2J + 1), where J is the momentum quantum number and

Sphj=3n In T+ c. In a limiting strong field, where s; = 0, the adiabatic equation takes the
form
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