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a superconducting transitieon in many
allowing interband electron-electran
The order parameter,
and the ac-conductivity are calculated and

at very low

shown to reproduce known results in the limit when the

"dielectric gap"

The problem of superconducting
transitions in many-~valley semiconductors
and semimetals was first studied by
Gurevich et al and by tohen(2), The
transition was expected since intervalley
phonon processes (large momentum
transfer) would give a large attractive
electron-electron interaction, because
the screening in this case is less than
in intravalley processes. Furthermore,
the existance of many equivalent valleys
in a degenerate semiconductor provides
a large number of states into which an
electron could scatter through an
intervalley phonon processes., Based on
those assumptions superconducting
transitions were sought in several
materials and found in GeTe, SnTe,

SrTi0 Ba,Srq.4Ti03, CaxSrq-4xTi03 and
T4BiTéy with very low transition
tempeg?tures and small superconducting
gaps However, attempts to observe
bulk superconductivity in the lead
chalcogenides were unsuccessful.
Recently,
in many valley semiconductors gained
new I‘F? with the report of Chernik and
Lykav'?) who found that PbTe doped with
T2 has a superconducting transition at
temperatures as high as 1.4 K, On the
theoretical side, however, very little
was achieved aside from the static
properties of the system.(1,2,5,6)

In this work we present a
calculation of the a.c.-conductivity of
superconducting semiconductors, based
on a BCS type interaction of electrons
in different valleys. We have
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is going to zero.

neglected intravalley electron pairing
since screening would be strong. The
Hamiltonian of the system for twa
equivalent valleys can be written as:

H= 1 fe ;v (Trdr «
a=1,2) ¢ o

> >
(r)dr
.0’ %1
where the indices a,0 and o' are the
bang and spin indices respectively,
€ (p) is the single particle energy in
band o, measured from the Fermi surface,
with minima located at * k_ . A is the
interaction strength between e¢ectrons
of eguivalent bands, and ¥ _(¥) is the
electron field operator (W€ are using
Hh = c = = 1), The extension to n
equ1valen% valleys 1s straightforward
and can be carried as proposed in Ref,
2, We define a set of Green's functions
for such a system as:

+ I

Al oyl L GRv. (kY
16" 20 ' T 207 ¥ 1

G (X, x')=-i<T(¥ _(x)¥, (x'1)> (2)
a8 X, X =-i<T 00 X WBO X ,

+ > > + - + >

oo =—i<t (¥t (v (X,

aB a,-0 3,0

where T is the time ardering operstor.
Considering the two eguivalent valleys,
as minima of only one band separated by
a very high barrier, the electrans
which form pairs are those ngar the
Fermi surface with momentum p and -p
respectively. Under this assumption:

> > 2 2 > > 2 2
o tp-k ) Pr > (prk ) “Pe
aq[p)= =€2(—p)“————~——————— ,
2m* 2m*

(33
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where m* is the electronic effective

mass. Calling € = g, * An, with

+ > -
<y (x)¥ {(x]> B
a ac a0

g
we find:

> .2 2 2 2 -1
qu[p.w]—[[w -£ ][w+s)+Ad[w-e]—A2[w+€)].D )

> 2 ,3.,%.2y -1
GZ,I[p,w)—l[Ad[w+€] +Ad+AdA2].D ,
_ 02 2 2 2 -1
= Az[w £ +Ad+AZJ.D s

Fro(pw
g (s

> ~ * * -1
FraPow) = =87 [8,twre)-b, (w-e)).07 0, (7)

D = wied%ean? wiee?)-20% (i) s (02402)%
d 2 d 2
(8)
with:
Ad = A 621(01 (9)
: ; (10)
A2 = A F21(D)
Solving this set of functions self-
consistently we find for the gquasi-
particle spectrum:
w=t (el 8%y s 1) . (11)
At zero temperature, the order
parameter satisfies:
N 4w -ih 12—A2|
c d
= > = > {12)
(27 9% Jug-ATn | 22 |
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Both results reduce to the BCS limit,
for A, » 0,0(7) Ay, known as the
"dielectric gap", can be interpreted
as an inverse lifetime of the quasi-
particle produced by the competition
between forming an electron-electron
pair, or an electron-hole pair.

Next we calculate the response
function to an ac-field. Following the
procedure, as well as the notation of
Ref. 7, we have found the response
function to be:

A3[8++6—] (v ey )

3Tﬁ2 1
Qlk,w) = {1+ -
K Z =
ave TRT o 887y
w ~A w+A, w -A w +A
-2 g gy,
Y Y B B
(13)
here wn = {(2n+1)7T, and
+ 2 2
8" = Jw, £ 407 + A5 (14)
vt = Vi 6% v a2 . (15)

In conclusion, we have found an
analytic expression for the response
function, which reproduces well known
results 7 when the dielectric gap goes
to zero. Eg. (13) can be used to obtain
the resistivity to compare with the

with W , a cut-off freguency. For finite measurements in [3eTe':3 and an
tempemﬁmra, the expression becomes: PoTe:TLL? Extensions of this work are
\ W ;iz?'*iA in progress.
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