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We examine the feasibility of obtaining high-temperature
superconductivity in nonequilibrium systems with repulsion be-
tween the electrons. We show that in a metal containing a source
that transfers electrons with energies lower than the Fermi ener-
gy to a state with higher enérgy it is possible to obtain, besides
the trivial solution with zero gap, also a new solution with non-
zero superconducting gap and inverted electron distribution.

1. It was shown recently [1l] that the equation for the superconducting gap can have a
solution in systems with repulsion (g > 0) if an inverted population1 is produced for the qua-
siparticles np, i.e., 2np -1>0
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where £ = p?/2m - Ug and ugy is the Fermi level.

The main difficulty lies in maintaining the "inverted population" in the interval || < &
of the interaction. In [1] it was proposed to get around this difficulty in a "semiconducting
medel," in which it is assumed that the dielectric gap makes an inverted distribution possible.
In this case the gap is produced near the extrema of the bands, and not on the Fermi surface.

2. Another possibility is to use a gap A = d & (doy is the dipole moment of the inter-
band transition); this gap is produced by the action of a strong electromagnetic field & of
frequency w, [2], which causes resonant transitions between the bands.

From the structure of the kinetic equations for the quasiparticles, it follows that when
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(where wy, is a frequency on the order of the Debye frequency), the transition of the quasipar-
ticles tgrough the gap is possible only via multiphonon processes. The time Ta of this process
is therefore much shorter than the time of energy relaxation of the quasiparticles under (over)
the gap.

If we now turn on a source that transfers the quasiparticles from a state below the gap
into a state above it, then the quasiparticles will be blocked in such a way that their distri~
bution will take the form

E - -1 ———
np = {exp(~-9;——u-)+ l} N Ep = \/{“2 + /\2 , (3)

where p is the quasiparticle Fermi quasilevel determined by the source intensity and by the
time Tpe

Such a quasiparticle distribution will lead to the appearance of a superconducting gap A
equal to (cf. [3])
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The energy of the quasiparticles in this state is given by

(P=\/§2+A2+/\2=\/§2+A(2,' )
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3. 1In expression (4) we can let A tend to zero while retaining the condition
2A0 > wph. (6)

This means that a solution with a gap Ay in a nonequilibrium state, in the presence of a source
that transfers the quasiparticles from a state below the gap into a state above the gap, is
self-maintaining, viz., the gap leads to an inverted particle distribution, which in turn leads
to the existence of the gap. Such a self-consistent solution is possible not only in the sa-
turation state, when the electrons in the conduction bands are produced by a strong field §,
as was assumed above, but also near the Fermi surface of a metal or of a doped semiconductor.
It is possible to go over into this state by turning the strong field off adiabatically.

4. We can note also that the processes of the transition of the quasiparticles through the
gap can also be caused by electron-electron collisions. However, in view of the limitation
imposed on the volume of the phase space by the Pauli principle, the probability of this pro-
cess decreases by a factor (up/w)? and at u/up = 10! - 1072 it turns out to be small in com-
parison with the reciprocal relaxation time l/Tph of the quasiparticles on the phonons.

If u/ug ~ 1, when the electron-electron collisions become predominant, wph in (6) must
be replaced by &; therefore, taking (4) into account, we obtain
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5. Let us calculate the response of the system to an external weak field. The current
in a constant magnetic field at qvy << A and T << n is given by
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i.e., it is equal to the current in an equilibrium superconductor, but with opposite sign. This
means that the system under consideration has an anomalous paramagnetism that leads to the onset
of an electromagnetic field in the sample, and the magnetic field oscillates with a period
(4mmge?/mc?)1/2,

The physical meaning of this result can be easily understood by turning to Fig. 1. Con-
tributions to the paramagnetic current are made by the electrons near p = p; and p = py, Whereas
the contribution at p = pg is equal to zero because of the gap.

The paramagnetic current is thus doubled, so that the total current with allowance for
the diamagnetic one is given by (8).
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6. Let us find the current in an alternating field F = Foelwt, with allowance for the
elastic scattering by the impurities. We present the simplest equation, when the period of the
oscillations is much shorter than the correlation length, w > 0, and T << u:
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The first term in (9) corresponds to double the normal con-
ductivity 2oy connected with the contributions from the
surfaces with p = py and p = pp. The second term corresponds
to the undamped current, which becomes infinite at w -+ 0 and
is connected with the contribution from the surface with

P = pp»> wWhere the superconducting gap hinders the momentum
scattering (see Fig. 1). We note that the sign of the second
term is opposite that of the current of the equilibrium
superconductor, and this explains the existence of the ano-
malous paramagnetism. This "negative superconductivity" has
a definite analogy with the effect of negative conductivity
in semiconductors [4].

Spectrum and energy distribution
of electrons in the conduction
band, p? , = p% 7 YuZ = AZ.92n, The temperature leads to smearing of the distribu-
! tion (3), i.e., to a decrease of np. The transition tem-—
perature at which ghe gap tends to zero is approximately
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equal to

T, = . (10)

The stability of the considered superconducting state and the role of multiphonon processes in
the kinetic phenomena call for a separate study.

The authors are grateful to Yu. A, Bykovskii, L. V., Keldysh, and D. A. Kirzhnits for
useful remarks and discussions.
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The spontaneous production of positrons in a Coulomb field with Z > Z, (where Z, = 170 is
the critical charge of the nucleus [1 — 3] is of interest as an example of ete~ pair production
via an unusual static mechanism [4 - 9]. The most realistic way of searching for this phenomenon
is in collisions of heavy nuclei with Z, + Z, > Z,, for example uranium or californium nuclei.
It is not necessary that both colliding nuclei be "bare" (i.e., have no electron shells). When
a beam of bare nuclei Z, is incident on an ordinary heavy target Zj, vacant places are produced
in the K shell of the combined atom if Z; > Z,. The cross section ¢ for the production of e’ has
in this case practically the same value as for bare nuclei [8, 9].

A detailed discussion of this process, as well as an estimate of the background effects,
can be found in [9]. There, however, the cross section ¢ was calculated using a threshold for-
mula valid only for E » Ey (i.e., where the cross section itself is exponentially small). In
view of the strong dependence of ¢ on the energy E _of the colliding nuclei, extrapolation of
this formula to the region E > 1.5E; is not validl’/. At the same time, calculation of the cross
section ¢ in the entire range of energies and the energy spectrum of the produced positrons is
needed for an experiment on the spontaneous production of et in nuclear collisions, which is
being planned for the near future. The results of such a calculations are presented below.

Since the velocity of the nuclei is much lower than the velocity of the electron on the
K orbit (at Za ~ 1), the process of et production can be regarded in the adiabatic approximation.
The cross section ¢ is then expressed in terms of the imaginary part y of the energy of the
quasistationary level that has gone to the lower continuum at R < R, (e = egg + iv/2, eg < -1).
Exact calculation of ep and vy as functions of the internuclear distance Rcalls for a solution
of the Dirac equation for the two-center problem and entails considerable mathematical difficul~
ties. We have used the fact that in the region Z ~ 90 — 100 there is satisfied the condition
of "low supercriticality"

8 =(Z,+2Z,-2.)/Z_ << 1 1

(we put for simplicity Z; = Z, = Z). Consequently, the solutionof the relativistic two-center
problem can be obtained in analytic form by using the method of matching the asymptotic forms
[10]. The energy € of the ground level of the quasimolecule lso is determined by the asympto-
tic equation
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