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V. A. Moskalenko., The Theory of Superconductors
with Overlapping Energy Bands. Energy bands overlap
near the Fermi level in various metals and alloys. This
overlap must be taken into account in superconductivity
theory for more accurate determination of the para-
meters of real superconductors.

A model that takes account of the possible formation
of bound electron pairs with opposite momenta and
spins within each band was proposed in™ for the
simplest case in which two energy bands overlap. The
model assumes the existence of two spherical cavities
of the Fermi surface in the neighborhood of which—in
energy intervals of width 2w, (n = 1, 2)—conduction
electrons participate in the formation of the super-
conductive state. Since the momenta of these cavities
are assumed to be different, the formation of bound
electron pairs from electrons belonging to different
bands is not considered.

Interband interaction of electrons results in an ad-
ditional indirect interaction of electrons within each
band. As a result of this interaction superconductivity
intervenes simultaneously in both bands and has a single
critical temperature. A review of the basic results ob-
tained in the theory of pure two-band superconductors
will be found in'®. Below we present the basic results
obtained on the basis of the model in™ for supercon-
ductors with nonmagnetic and paramagnetic impurities.

The impurity-atom concentration is assumed to be
small, so that the relaxation time of the band electrons
on the impurity is substantially larger than the re-
ciprocal Fermi energy and, consequently, the individ-
uality of the Bloch electrons of the individual bands is
preserved.

As a result of interband scattering of electrons by
a nonmagnetic impurity with relaxatinn times 7,, and
7,1, where 1 and 2 are the band numbers, this impurity
has the effects of weakening the correlation between
the bound-pair electrons, w1th a resulting decrease in
the critical temperature Tc of the two-band sem1—
conductor, reducing its ordering parameters I'y
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giving rise to a single energy gap in the elementary
excitation spectrum, and strongly smearing the electron-
state densities of both bands near the corresponding
ordering parameters ¥

With the condition that the frequencies wp are
approximately the same and equal to the Debye fre-
quency, the critical temperature of a two-band super-
conductor with a nonmagnetic impurity is determined
from the equation

aE2 —bE.+c=0, (1)
where

a0 (g h), e N G-V,
b=2Vbo+al, c=14 ¢el;
here
bo=NyVyy+ NoVas, I=\P(1—+M) - (%)
Ay, 1 NIVy+ NiVas+ 2NN,V

(P=-2'(_1:,_,+1:T,))' e=by—7 (1:= 1V N‘,—in—.Ng 1¥a n)‘

At a low impurity concentration (8qp << 1), the value
of T decreases linearly as the concentration rises™,
At the higher impurity concentration @go >> 1), &¢ is
determined from the equation

p
hao T 6(Bcp)2” (2)

In the weak-coupling limit, T, tends to a nonzero limit
with rising impurity concentration:

Tor 2L hopetr5, (3)

Vanishing of T under the influence of a nonmagnetic
impurity is impossible, even with the special relation
a = €T between the constants N and Vp, of the model
under consideration. In a two-band superconductor with
a paramagnetic impurity, interband exchange scattering
of electrons by the impurity with relaxation times TISm
produces an additional mechanism lowering T and
the ordering parameters, over and above the effect of
the nonmagnetic impurity*>'®. At the paramagnetic-
impurity concentration determmed by the condition

(4 —Bu — Bz + o)) (1 — Boz — Bay + @) = oy, (4)
where

__r_ " —__*
bam=r i M, YT n

the gap Wg in the elementary-excitation spectrum
vanishes, and then the superconductivity disappears
when the critical impurity concentration is reached 2
Unlike the single-band system with paramagnetic im-
purity (7 , the two-band case has a critical concentration
determmed not only by T¢q, but also by the parameters
Ny and Vyy of the system.

The ratios np(w) of the electron-state densities in the
superconductive Nj(w) and normal Nj states,

N» (0)

np (0)= N, 2a (2

m)zwiio+'

and the related functions are determined on the basis
of solution of the equations

(5)

:tlm(

T _ Bumi(z) | (e () —ue(s)) _ Braus(s)
U YIsge T Vicaw | Vi—de
PR PO S O ST S S 6)
Ty VI—al® ' Vi VI—d

the ordering parameters I'y, of the system are found
from the equation system
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Tn= S VomVn =29 ——2
% "R Va @t

where

Q=(Zr+1)% r=0, %1, ...), Bpl@=—iu, (s3=00Q).

On the basis of (6) and (7), expressions were ob-
tained in"*’**"* for the energy gap wg and the state
densities np (w) of a two-band superconductor with a non-
magnetic impurity (Bym # 0). It was possible in the ex-
treme cases of large and small parameters aj to ob-
tain explicit expressions for Wg and the function np(w)
over the entire frequency range ®'?. N. I. Botoshan
and M. I. Vladimir carried out computer calculations
for intermediate values of the parameters of the theory.
It was shown that for a system with a nonmagnetic im-
purity, wg is always larger than the smaller and
smaller t%la.n the larger of the two system ordering
parameters I'y. As the concentration of this impurity
increases with I', < I';, the value of wg/I' increases
with it. At high impurity concentrations, when the in-
equality apy > 'ﬁwg/r‘n is satisfied, we obtain for wg
on the assumption of weak coupling

(=T ®

The relation of the single-band theory of Bardeen,
Cooper, and Schrieffer " and Bogolyubov'** holds be-
tween wg and T¢ in this extreme case, thus demon-
strating the single-band nature of the superconductive
properties of the two-band model with a high nonmag-
netic-impurity concentration.

Investigation of the electromagnetic properties of the
two-band model with impurity[”’] also confirms this
conclusion.

Values of ny(w) were calculated on the basis of a
method of analysis developed in'®’' and based on sep-
aration of the nonanalytic dependence of these functions
on the impurity parameters in Eq. (6) in the frequency
ranges near the energy gap and near the larger of the
two ordering parameters. At frequencies far from
these values, the computation method was based on ex-
pansion of the functions np(w) in powers of the small
parameters of the theory. It was shown that at small
concentrations of the nonmagnetic impurity, the state
densities have sharp maxima near the respective order-
ing parameters. The heights of the maxima increase
with decreasing impurity concentration, their half-
widths decrease, and the frequencies of the maxima
approach the values for the energy gaps of the pure
substance.
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Figures 1 and 2 present computer-generated curvest?

of np(w) as functions of

where

_(m4o2¥ 0l 1 =0 @0 —1) (14 Lwg)
a taf + (wo—1) (1 + Lwo)?

(+3)

at various values of the parameters ap and ¢ =T /T,.

Q

The entropy and thermal conductivity of a two-band
superconductor with impurity'® and its absorption of
light and ultrasound”™ were computed on the basis of
the method developed for investigation of the functions
nn and functions related to them.
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Yu, E. Perlin and B. S, Tsukerblat. Dichroism
Effects in Systems with Dynamic Jahn-Teller Coupling.
Insurmountable mathematical difficulties are en-
countered in attempts to calculate the shape of the
optical bands that arise on transitions between Jahn-
Teller electron vibrational states of a crystal impurity
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