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Starting with an effective hamiltonian describing a disordered substitutional alloy superconductor with local electron pairing,
we derive a random version of the Gorkov equations in the weak coupling limit. The disorder is treated by means of the coherent
potential approximation. We take special care of the energy dependence of the order parameter as introduced by averaging. This
leads to a complex wave function renormalisation parameter Z similar to that found in strong coupling theory. The transition
temperature 7, is calculated analytically for the lorentzian density of states of the host metal. The numerical calculation of 7, has
been performed for a range of phenomenologically important parameters such as alloy concentration, relative position of (ran-
dom) atomic levels, value of on-site effective attraction and carrier density for the densities of states suitable for d=2 and d=3

spatial dimensions and bipartite lattices.

1. Introduction

In the BCS theory of superconductivity the elec-
trons are paired in k-space as originally proposed by
Cooper [1]. The opposite limit of pairing in real
space has been discussed by Schafroth and others
even before BCS theory [2]. The material in which
Schafroth scenario of “small” pairs is realized, is
sometimes called a local pair (LP) superconductor.
The reader is referred to the recent review [3] for
discussion of LP superconductivity-model systems,
properties and origin of strong local attraction lead-
ing to LPs. For the purpose of this work we postulate
the existence of the effective hamiltonian appropri-
ate for the description of a superconductor with local
electron pairing. To this end we take the widely used
negative U Hubbard model. Such a model has been
extensively studied [3] both in weak |U| <t [4]
and strong [5] | U| > ¢ coupling limits. This model
(or its generalization including additionally the in-
tersite Coulomb repulsion) has been used by several
authors as a model for superconductivity (and
CDW) in doped BaBiO; (BaPb,_,BiO,,

Ba,_,K,BiO;) [3,6-8] and in the newly discovered
superconducting fullerenes M,Cq, [9]. The two-di-
mensional version of the model has also been dis-
cussed in the context of the effective description of
the superconductivity in Cu-O planes of supercon-
ducting copper oxides [10]. Doping of the materials
both outside and inside Cu-O planes has an impor-
tant impact on the superconductivity. Doping out-
side the CuO plane introduces holes into the plane
and the materials start to be metallic and supercon-
ducting. It certainly also introduces disorder to the
CuO planes in the sense of changing local values of
of parameters. The doping in the Cu-O planes in-
troduces much more disorder.

It is the purpose of this work to study the random
version of the negative U-Hubbard model describing
a substitutionally disordered alloy superconductor.

The organization of the paper is as follows. In sec-
tion 2 we describe the model, and derive the random
version of the Gorkov-BCS equations. Section 3
deals with the averaging. We use the single-site co-
herent potential approximation CPA approach in its
analytical version. The metal-insulator transition as
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well as the dependence of T, on various parameters
of our model will be studied in section 4. In section
5 we summarize our weak coupling results, discuss
the previous work in the strong coupling limit and
the possible extensions of the present model.

2. The model and equations of superconductivity

We shall start with the following hamiltonian in
the tight binding representation [3]

H= 2 ttja$aja+ z (6?—#)0,-’{,61,—0
Jjo i
- Z Unyny . (1)

Here ¢; is the (nearest-neighbor) hopping integral,
4 is the chemical potential, €?, U, are random, in
general, site energy and on-site effective attraction.
The periodic model is obtained by assuming ¢,=0
and U;=U. The parameter U of the effective instan-
taneous attraction between electrons of opposite spins
does not posses any cut-off different from the band-
width. This means that the description of the ther-
modynamics of the superconductor with local elec-
tron pairing requires the knowledge of the relevant
function, e.g. density of states for all energies and not
only in the vicinity of the Fermi energy Eg
(Erp=u(T=0K)).

There may be a number of reasons for the fluc-
tuation of € and U, The most obvious is a substi-
tutionally disordered A,_,B, alloy, where the pa-
rameters € and U, take on values €3, €} and U,, Uy
depend on the kind of atom occupying the site i. The
corresponding probability distribution for the A, _,B,
alloy is assumed to be

p(y)=(1=x)(y;—va) +x6(y; —78) ,
vi=€,U. (2)
Model (1) as it stands may be used in d=3 as well
as d=2 spatial dimensions depending on the ge-
ometry of the underlying lattice of sites (i, j). Here
we shall assume the hopping integrals to be periodic

in the lattice and taking on a nonzero value —¢ for
nearest-neighbor sites. Thus the energy spectrum

=1 e’ (3)

where the sum goes over nearest-neighbors of the

central site, and the wave vector k will be d=3 or
d=2 dimensional. The rest of the problem is local
and thus independent of dimensionality.

The equations of superconductivity will be de-
rived here by means of the equation of motion for
the two-time thermodynamic Green’s function (GF).
It is a matrix G,-,-(w) in the Gorkov-Nambu repre-
sentation [11]

<<aiT Iaﬁ >>w <<air |ajl >>w:|
Kaflag Yo Lailaydol

The equation of motion
w{A|B),=[4,B],>+ <[4, H]/BY,
={[4,B],> —KA|[B.H] D w, (5)

applied to G,-,—(w) and a Hartree-Fock—Bogolubov
type of factorisation leads to the expression

G",,(w)=[ (4)

(w—€;+u)dy—ty, 4,6, :I A

z1: l: 4 by, (w+e—u)dy;—ty Gy(@)

=‘E06ij . (6)
where we have defined
Ai:Ui(ailaiT>’ Alj'—=Ui<aiTai_‘l->’ (7)
=€) -Un>, (8)
and
(> =Ny > (%)
From the spectral representation one finds

U, T Im G2 (w+i0)
= —— Az 1

4 e efo+1 (10)
In the following we use the notation
. G} G2
GU:[Ggl ng] (11)
and the symmetry properties (for complex w)
G (w)=-G}"*(-w*),
G (w)=G*(—w*). (12)

The chemical potential 4 is not a proper thermo-
dynamical variable in a system with no cut-off in-
teraction parameters. It has thus to be eliminated in
favour of the carrier concentration n. The corre-
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sponding condition for the average number of car-
riers in the system to be » is defined in terms of the
averaged Green function G (see eq. (19) below) and
reads

2 ImG”(w+10)
J dw —or] ne[0,2].

(13)

Equations (6)-(10) describe both normal (diago-
nal terms) and superconducting (off-diagonal terms)
properties of the system. For disordered alloys the
Green’s function (11) is not transitionally invar-
iant, the Fourier transformation is not allowed and
in order to get experimentally meaningful results one
has to average over possible configurations. In a co-
herent potential approximation [12] this is done by
requiring vanishing of the average scattering matrix
for a single impurity embedded in an otherwise av-
eraged medium. The procedure is described in the
next section. Let us, however, note that the absence
of the (already mentioned) energy cut-off for the at-
tractive interaction makes this approach different
from the previous calculations for disordered BCS
superconductors [13,14].

3. The configurational averaging

Let us introduce the averaged GF, to be denoted
by G. By definition it is periodic, and its Fourier
transform may be written as
(2= 3T Gh—(a-p)B-2E)",  (14)
where £(z) is a yet undefined (matrix ) coherent po-
tential, and %; the Pauli matrices. The off-diagonal
terms of 2 play the role of the order parameter for
the averaged system. The appearance of a nonzero
value for ¢'? and G'? below some characteristic tem-
perature 7, marks the onset of superconductivity. The
CPA for the determination of the X(z) is the van-
ishing of the averaged value of the single-site scat-
tering operator T [12]

(TH>=(1=-x)T\+xT =0, (15)

where T;=V;(1-GV;) and the “scattering” poten-
tial V; is given by

o [ -2 (w), (16)

V= —Ai+212(w)]
L —4r+ 2 (w), :

—€¢+25(w)

Equation (15) is the condition for the determina-
tion of X(z) which plays here the role of (and is
sometimes so called) the self-energy in many body
theories.

From the configurationally averaged Green’s
function (14) written in the form

-2y (w)+p—¢,

Zin(w) B
X;[ 25 (w), :l

Cl)+222(w) —/.l+€k
(17)

and the symmetries (12) we read off the symmetry
properties of the 2 elements

Ip(w)=2T(-w*),
2 (w)=2%(-wY). (18)

CPA condition (15) can be shown to be equivalent
to the condition

G(@)(1-x)Ga(w)+xGe(w) , (19)
where the conditionally averaged GF G, is defined by
G(w)=G(w)+G(w)V(0)Gi(w)

or

G(w)=G" (w)~V(w))™" (20)
If we define £, as

2w

Ziu(w)= 20+21H(—0*) -2 (w)

Z2(w)  (21)

then from eq. (17) can be found the very important
exact relation
Gi2(w)== (G (@) -Gl (-w"))En(w). (22)

Using eqs. (16) and (21) we get

; _ 1 G''(2) .
610)=—p (G —erzn(-) @)

; _ 1 G'*(2)

12(2) = ~D.(z) (—d(z) —‘Ai+212(2)), (24)
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where we have denoted d(z)=det G, D;(z)=det G,
with respective symmetries

d(z)=d*(-z*), Di(z)=D¥(-z*). (25)

Hence using symmetries of eqgs. (12, 18, 25) and the
relation (22) in the CPA conditions (135, 19) we get

4G (2) =GP (=2%))>
G_n(z)—G_Tl('—Z*) ’

Gill(z)"‘Glil(—Z)f
2z

2‘f=‘12(2)=

(26)

Gia(z)=—

12(2)

1
D () -4). (@7)
The spectral representation (10) leads to the follow-
ing exact equation for £,:

_ /GL(2)=Gi(=z") T,
z“2(2)‘‘<Gn<z)—G";'l(—z*) T

Gi“((uw) 212(60)

XJ dw th(ﬂa)/Z)Im( >

1
s Sa@)-4))). @9
From the CPA conditions (15) or (19) it is easy to
obtain the second equation for 2

(1=x)Ps+xVe =V GV, (29)

We need only an equation for X, and it is given by
the (1,1) element of matrix equation (29)..The (1,
2) element is explicitly given by eq. (28). Equations
(10, 13, 28) and (29) form a set (exact in the Har-
tree-Fock-Bogolubov and CPA schemes) of equa-
tions for the determination of normal state and su-
perconducting properties of the system. In the
following we describe additional approximations we
do and the scheme of calculations for both d=3 and
d=2 systems.

4. Results and discussion

4.1. Main approximations

For a given value of the chemical potential the lo-
cal electron occupancies n,, ng are given by

maa= | pan(eS(e) de, (30)

where f(¢€) is the usual Fermi distribution function
and p, p is the local density of states at an A or B site

2 .
Panl€)=~— ;ImgA,a(eﬂO)- (31)

The averaged site occupation # and density of states
p(€) can be expressed as

n={n;>=(l=x)n,+xng,
ple)=<p.(€)>=(1=Xx)pale)+xpp(€) . (32)

It is obvious that the parameter » calculated in an
alloy has to be equal to the density of free carriers in
the system. This in turn depends on the chemical na-
ture of the constituents forming an alloy. Let denote
by n<, n3 the number of valence electrons per atom
in the system composed of only atoms of type A or
B. In an A, _,B, alloy the concentration # is

n=(1=-x)n%+xng.

n9, n% are material parameters like €2, €3. In this
work we take 18 =0, n% =2, similarly as in refs. [7]
and [8].

Equation (32) for n together with eqs. (30) and
(31) reduces to the condition (13) for the deter-
mination of u. The diagonal part of the self-energy
Z,(z) can be, in the first approximation, calculated
by neglecting the effect of superconductivity on it (i.e.
the terms proportional to X,(z)). Thus it is given
by the solution of

2 (2)=(1—x)es +Xe€p

- (GA—211(2))G_u(z)(fn—zn(z)) .
(33)

This approximation is certainly valid for the calcu-
lation of T, where both X,, and G, are small com-
pared to X,, and G,,. In the spirit of the weak cou-
pling we neglect the last term on the rhs of eq. (27)
for £,,. It takes thus the form

/G2 =Gir(=z")
Z’2(2)‘‘<G'u(z)—G‘an(—z*)
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u, po\ . (Gh(w)
X —Ejdwth( 2 )Im( 2w flz(w)>>.
(34)

Let us note that our treatment of disorder leads to a
frequency dependent order parameter. This result has
been previously derived in the context of BCS [13]
and Eliashberg [ 14] theories of superconductivity in
disordered alloys. In this work we study the super-
conducting transition temperature so we need only
the linearized order parameter equation. This means
that the Green’s functions entering eq. (34) are to
be calculated for 2,,=0:

i _ Gui(z)

= a5, ()G () (33)
and

= _ Po(€) .
G“(Z)—J.dfz'——‘—-_zll(z)_e, (36)

pof€) is the host metal density of states. Here we col-
lect the analytical expressions for the Green’s func-
tions for three different p, functions.

(1) For the ellipsoidal density of states we have

PY(E)= 2 JW?—E? O(w?-E?) (37)

w?

Here w is a half-width of the band; ©(x) =1 for x>0
and for x<(. Integral (36) can easily be evaluated
and we find

Gll(z)= £7<2+ﬂ—211(2)

_ﬁz+ﬂ-z,l(z))2+w2). (38)

The conditionally averaged function (35) takes the
following simple form

1
—+z+u—G, (z)w?/4°

h(z)= (39)
The self-energy X\ (z) is determined by the cubic
equation and can in principle be also calculated
analytically.

(2) The lorentzian DOS obeys

1 w

netw (40)

pol€)=

Simple integrations lead to
G (2)=(z2=2,(z)+pu+iwsgnImz)~ !, (41)
L(@)=(z—+pu+iwsgnImz) !, (42)

CPA condition (19) can now be used to find the
expression for 2. For the A,_,B, alloy it reads

Lu(z)y=u*{€&>

x(1-x)(eg—¢€a)’
z+pu+iwsgnImz—xe, —(1~x)eg

(43)

(3) Concerning the DOS of the square lattice we
make the following remarks.

The above two forms of the DOS have been widely
used to simulate the DOS of the three-dimensional
lattice. In view of the quasi-two-dimensional char-
acter of copper oxide superconductors and of several
organic superconductors it may be instructive to
study the density of states of a two-dimensional lat-
tice. For free particles the DOS is known to be con-
stant in 2 dimensions. On the contrary, it possesses
a characteristic logarithmic singularity for the square
lattice. With the help of eq. (3) the following exact
representation of the DOS for the square lattice can
be obtained

po(€)=N"'Y &(e+2t(cosk.a+cosk,a)). (44)

The alloy Green’s function is expressed in terms of
the elliptic integral K(k) [15] as

Gu(2)= = K(k)

k=(z+u-2y(z))/2t. (45)
The half-band-width is given now by w=4z.

4.2. Analytical results for T,

4.2.1. Solution for BCS model

The characteristic feature of the BCS model is the
existence of the energy cut-off wy<< u, w. In such a
situation it is enough to evaluate the (in the interval
of 2w, around the Fermi level slowly varying)
Green’s functions in eq. (34) at the Fermi energy
w=2z=10. One gets

T.=1.13w, e~"/%x (46)
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with the effective attraction parameter ieﬁ«_
<U,;’/‘l2(0)/p(0) ;. Here /J,\u; and /J\U) denote the
average and conditionally averaged alloy densities of
states at the Fermi energy given by the imaginary
parts of the Green’s functions (35) and (36), re-
spectively. The general form (46) does not depend
on the density of states. For the lorentzian DOS we
get an expression previously given by Weinkauf and

Zittart> 1121
LivanriZ 1]

3 w
T Wit xed + (1—-x)€ed
2 2 2 2
w{(1—nyu, B |y, At (47)
1 €at+w? 2+w2f"

In our model with local pairing the interaction has
no cut-off and the neglect of the energy dependence
of the Green’s functions is not legitimate. Calcula-
tion of T, from eq. (34) is possible but very tedious
because of the w and z dependence of the order pa-
rameter X, ,. We shall therefore neglect the frequency

denandanca of it whisch agnivalant ta tha factn
ULV PVIIUNVIIVLY UL 1L, Wlll\./ll xa U\iul'al\.«lll LU v iavivu-

risation of the average in eq. (34) by using

G (2) =G (—2%)
<G“(z) Gr(—2 )> L. (48)

Then equation (34) takes on the simpler form

which is equivalent to the result presented previ-
ously [7,8].

We use eq. (41), evaluate integrals by means of
contour integration and get the following exact con-
dition for T,

1_<£ = 1 2n+1)nkT +w >
T Zo2n+1 {2n+ kT +w]>+ (6,—u)?

(50)

This can be summed and expressed in terms of the
di-gamma functions ¥ of complex argument [16] as

1—/—' [Rer L 'r"/l + id +1 & ]
=\ = 1 |_w—e, \2 2nT, 21tTc}J
W 71\ 1\

- o

Noting that ¥({)= —y—2In 2, where y=0.577 is the
Euler constant, and that asymptotrcally the function

WY~ Inl~ \ we aat an annroyimate aynraccinon for
L5 TCSS10

Y(z)=In(z), we get an approximate exp n for
T

2e”
To= == Were ™!/, (52)

with effective attraction A.4= {py(e;)U;> and effec-
tive band width

Wea=exn{(Upo(en] m \/ AT
e é; 1
— ;arctg—w—)]> E} . (53)

Here, as usual <O>_(1—x)OA+xOB; pole;) is

oiven (AN and far gimnl wa have Aa
Blviil uy €q. LV ) aiilu iUl ouupubu_y wo 1lave QC-

noted ¢,— u by e,. The concentration dependence of
T, is contained in ¢, At Fermi energy ¢;=0 and the
argument of p, is zero. For a pure system with
ea=€p=0, Us=Ug=U, A5r=po (1) U and we recover
the usual BCS-type solution with n dependent “cut-

off” Wy and A.4. In the clean limit, for the loren-

tzian density of states and at zero temnperature eq
tZian gensity o1 states ang al zerg iemperature ¢q.

(13) can be evaluated exactly and one gets

[\

n—1= —arctg—.

a

In the n—0 limit we find from egs. (52) and (53)
the n dependence of T in the form

e Lo = =) e - =)
e P n xp awln?/ "

Calculation of the zero temperature gap parameter
£\, would be much more involved for an alloy be-
cause the order parameter X, does depend on fre-
quency @ through the renormalisation function Z(w)

roen cangtant PR AdAafinad hy an
eVeil wucu 12 13 Lulsiaiit. L\w} 1S Gliinca uy Y.

(21); explicitly
2w
20+ (—w*) -2 ()

Z(w)= (54)
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Z(w) is known to play an important role in the
strong-coupling theory [11,17]. Here it results in the
process of averaging. In the CPA we replace the real
disordered system by the effective one described by
the complex effective hamiltonian (here complex
self-energies X,;(w) and X2>(w)). The imaginary
part of the self-energies has the interpretation of in-
verse lifetime of the particles. This introduces dy-
namical (w-dependence) features into the problem
which should affect the electromagnetic properties
of the superconductors.

For the lorentzian DOS the function Z(w) can be
easily calculated. In fig. 1 we have shown plots of real
and imaginary parts of Z(w) for the present model
and also for a square-lattice DOS. We can see the
strong frequency dependence of both real (solid
curves) and imaginary (broken curves) parts of
A(w) around the Fermi energy (zero of energy in
these figures).

1.5
Z{w)

0.5

-0.5

(b)

-1.5 A ——

-4.0 0.0 w40

Fig. 1. The wave function renormalisation parameter Z(w) (eq.
52) as a function of frequency for lorentizian host metal density
of states (a) and square lattice DOS defined in eq. (43) (b).
Note the strong frequency dependence of Z(w) in the large part
of the band. The alloy parameters are x=0.5, d,=0.45w,
U=0.225w for both (a) and (b).

4.3. Numerical results and discussion

For numerical purposes we measure all energies
and temperatures in units of the half band width w.
An important parameter characterising the scatter-
ing properties of an alloy is the difference between
unrenormalised energy levels do=¢€3 —€3.

4.3.1. The metal-insulator transition

The (attractive) interaction between electrons
leads to the formation of Cooper pairs but also to the
renormalisation of the single particle energies via the
Hartree term (8). This is an important factor lead-
ing to the appearance of the metal-insulator (M-I)
transition when we vary the interaction parameters
U, i=A, B. (when U, = Ug then the common value
is denoted by U). We detect the M-I transition by
observing the appearance of the gap in a single par-
ticle density of states p(FE) at the Fermi energy
E=FEg. To calculate p( E) from the imaginary part of
the Green’s function we have solved the system of
eqs. (33) and (36) with corresponding host metal
density of states po(E), see eq. (37) or (44), and
taking into account the renormalisation of the
“atomic” levels €, and ¢ as expressed by eqs. (8),
(30), (31) and (35). In figs. 2(a) and (b) we il-
lustrate the renormalisation by plotting the differ-
ence d=¢€,— €y as a function of concentration x for
various values of the bare difference d,= €% — €. The
effect is weak for small values of d, and U (fig. 2(a))
increasing with the increase of both parameters. Note
the difference between curves corresponding to pos-
itive and negative values of é, which has an impor-
tant influence on the metal-insulator (M-I) phase
diagram. The phase diagram is shown in fig. 2(c) in
the (Jdy, x) plane for U=0.4w. The metallic phase
exists between the curves shown. Below the bottom
curve and above the upper one the system is insu-
lating. For a specific alloy (given value of Jy) the
model shows two transitions from insulator to metal,
at low x and M-I at high x for positive d, and even
more consecutive transitions for negative d,. Similar
calculations have been presented in refs. [7] and [8],
but the analysis of the M-I transition in ref. [7] was
limited to positive dy. In ref. [8] the phase diagram
is shown on the (J, x) plane. The phase diagram in
our model does not depend on the form of the den-
sity of states.



198 G. Litak et al. / Disordered superconductor with local pairing

S/W i
0.6 So/W=0.4
e
0.2
0.2
0.0
-0.2
-0.2 —
-0.4
-0.6 —0.6
| ()
— 1 i

02 -

0.0
-0.2 -0.2
-0.4
-0.6
L -0.6
(b)
1.0 S . L |
0.0 0.2 0.4 0.6 0.8 x 1.0
1.0 T T T
Insulator

(c) Insulator
15 . \ L .

0.0 0.1 0.2 0.3 0.4 4. 0.5

Fig. 2. The renormalised scattering potential parameter J as a
function of concentration x for a number of bare values d, and
U=0.2w (a), and U=0.4w (b). Figure (c) shows the regions of
metallic and insulating phases on the J,, x plane for U=0.4w.
Note the difference between d,> 0 and &, <0 cases, connected with
the Hartree term in eq. (8). These results do not depend on the
density of states used.

Some additional insight into the system properties
can be obtained by looking at the values of the DOS
at the Fermi energy for different concentrations x.
These are shown in fig. 3(a) for a semielliptic host
metal DOS and in fig. 3(b) for a square lattice DOS
for two values dy=0.6w and —0.6w and U=0.4w.
The difference between positive and negative values

0.6 0o=—0.6W

0.4

0.2

p(EI)x 1.4
0.6

0.4

0.2

.
%% 0.5 x 1.0

Fig. 3. The density of states at the Fermi energy plotied as a func-
tion of alloy composition for U=0.4w and two values 5,=0.6w
and —0.6w, and a three-dimensional system with semielliptic
DOS (a) and two-dimensional square lattice DOS (b). The value
of p(Eg) does not depend the sign of J, for x=0.5 for symmetry
reasons. The difference between p(Eg) for §,>0 and d,<0 is
mainly responsible for the differences noted in fig. 2.

of d, is connected with renormalisation of single par-
ticle energies by the Hartree~-Fock term U;{#;> in
eq. (8). These in turn are responsible for the asym-
metries in the phase diagram.

4.3.2. Superconducting critical temperature

In fig. 4 we show the dependence of the supercon-
ducting transition temperature on the concentration
x for various strengths of the interaction parameter
U/w=0.3; 0.4; 0.5 for an alloy with d,=0.6w (fig.
4(a)) and d,= —0.6w (fig. 4(b) ). Note that 7 first
increases (fig. 4(a)) with increasing U (U=0.3w,
U=0.4w) and than decreases for U=0.5w and larger
values for dy> 0 but it increases monotonically (ex-
cept for x=0.5) in the same range of attraction U for
Jo<0. T, has a maximum for half filled band (re-
member 7 =2x in our model) when o> 0 and it pos-
sesses a deep minimum at x=0.5 for d, < 0. This can



G. Litak et al. / Disordered superconductor with local pairing 199

i U/m=0.4
T. /W

0.001 |

(a)
0.009) 5 0.5 x 1.0

U/¥=0.5
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Fig. 4. The superconducting transition temperature as a function
of alloy concentration (or carrier density n=2x) for a three-di-
mensional system, with various strengths of the on-site attraction
U as indicated and dy=0.6w (a), and do= —0.6w (b).

be simply explained by the behaviour of the density
of states at the Fermi energy. Although our model
does not imply any energy cut-off as in BCS theory,
the structure of eq. (34) makes implicit that the den-
sity of states at Er is the leading factor quantifying
T.. Figure 5 shows analogous results for a two-di-
mensional system. The overall behaviour is similar.
The maximal value of the transition temperature is
somewhat higher and the slopes of the curves for x-0
or 1 are different from the three-dimensional case.

In fig. 6 we show the plot of T.(x, &,) for the
A,_,B, alloy with different interaction parameters
U,=0.5w and Ug=0.2w. For negative d; the T, takes
on appreciable values for x<0.5. It follows from this
figure that the functional dependence of 7. on the
carrier concentration (#=2x) depends quite strongly
on the alloy under consideration (J,, U;).

Similar questions have been addressed previously
[6,8]. Our condition (34) for the gap parameter
512(2) reduces to that presented in the cited works
after additional factorisation of averages as ex-

u/m=0.5
0.04 |
Te /W
0.4
0.02 "
0.8
0095 0.5 x 1.0

Fig. 5. T, vs. n for a two-dimensional alloy with §,= —0.6w and
for a few values of U/w as indicated. Note the slight increase of
the maximal value of T, and differences on the slopes of curves
for x—0 and x— 1 in comparison to the three-dimensional case.

0.

W
re/ 0.02

0.01

QQOO

Fig. 6. Concentration dependence of T for a number of J, values
of the three-dimensional alloy with U, =0.5w and Uz=0.2w. The
different values of U for the A and B components break the par-
ticle-hole symmetry and makes 7.(x)#7.(1—Xx) even in the
system with no single particle scattering (J,=0).

pressed in eq. (48). Such an approximation makes
the gap parameter frequency independent and
changes the dependence of T, on x or n and U.

5. Final remarks

In the present work we have considered the weak
coupling limit of the model (1) (i.e. |U| <2zt). In
the opposite large | U| limit (| U| > ¢; preformed lo-
cal pair regime) the model (1) can be reduced to
that of the hard core charged Bose gas on a lattice in
random chemical potential (see eq. (5) in ref. [5]).
It is clear that as far as superconductivity is con-
cerned the problem is equivalent to the dirty boson
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problem whereas for the charge density wave (CDW)
the problem is equivalent to that of antiferromagnets
in random magnetic field. The effects of disorder on
the stability of singlet superconductivity (SS) phase
and the critical temperature in this case have been
considered for two types of random site energy
distribution:

(1) the two delta distribution with energies centered
at * E, and

(2) the square distribution of width E,.

For the case (1) and n=1 increasing disorder sup-
presses SS if 2E,/Jy= 1, where Jo=z 2¢%/|U| and z
is the coordination number. An analysis of SS and
CDW orderings also shows that increasing disorder
stronger suppresses CDW than SS and that there ex-
ists a possibility of disorder induced superconduc-
tivity. It would be of interest to extend the analysis
of the present paper to include the intersite Coulomb
interaction to study the CDW ordering and mutual
competition of CDW and SS. We should also stress
that such an extension is necessary as far as a com-
parison with experiments on doped BaBiO; is
concerned.

Here we have concentrated on the calculation of
T. of an superconducting alloy described by a neg-
ative U Hubbard model by treating attractive inter-
actions in the broken symmetry Hartree-Fock ap-
proximation and disorder in CPA. The model
describes the metal-insulator transition for high
enough values of the interaction parameter U. When
supplemented with the above mentioned intersite in-
teraction it should describe the superconducting
properties of BaPb, _,Bi,O; and possibly some of the
high-temperature superconducting oxides with dis-
order introduced into the CuO pianes.

The frequency dependence of the gap parameter is
expected to play an important role in understanding
electromagnetic properties of a superconductivity as
e.g. the various features “inside” the gap in tunnel-
ing spectra. This problem is under investigation.
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