


1. INTRODUCTION

In recent years enormous efforts have been
made to study the properties of disordered
or amorphous systems (see/!=-3/ ). Using
various kinds of CPA/*12 and cluster
methods/l&JV a substantial progress 1in under-
standing the density of states (DS) in such
systems could be reached. Especially 1t was
demonstrated that the DS in disordered sys-
tems will be determined essentially by the
short range order (cf/M_w6 while the long
rarge effect becomes damped out.

Much more difficulties have arisen when
considering the conductivity (or resistivity)
in disordered systems. Long ago Mott
(see/1,17/) has proposed the concept of mobi-
lity edges which truncate the extended states
from the localized one. The latter states may
occur due to potential fluctuations(cf./Zngé.
Then one distinguishes between hopping and band
conductivity according to cimrcumstances
whether or not the Fermi level lies 1in the
pseudogap, built by localized states. The
nature and the conditions for appearance of
localized states have been investigated by
several authors within different approaches
(cf./3Jﬂ_%/ ). Although a qualitative under-
standing of electron localization in disor-



dered systems seems to be found (cf. /3/),
this subject is yet under current discussion
concerning special applied methods and quan-
titative results for the critical condi-
tions (cf. 2’3’24/).

The basis of localization theories is
mostly the Anderson model /18/ with disorder
only in the diagonal matrix elements of
the potential. This kind of disorder causes
localized states beginning at the extreme
edges of the DS. Under critical disorder
conditions an Anderson transition appears
where all states become localized (cf./l‘B/).
For the application of localization theo-
ries to amorphous, especially, to one-com-
ponent systems it is, however, important to
include off-diagonal randomness (ODR), be-—
cause the fluctuations of the atomic dis-
tances cause varying hopping and overlap
integrals. In general, the existing locali-
zation theories are formulated in such a way
that ODR can be included in the considera-
tion without principal difficulties. Econo-
mou’/2% has formulated a localization theory
which formally involves also random hopping
integrals. The first numerical estimations
on the basis of this theory were made by
Herscovici/26/ using the simplest approxi-
mations. The obtained results have indicated
that statistical independent ODR yields an
effect of delocalization. Herbert and Jo-
nes’??’ nave tried to treat random hopping
potentials in the Anderson model analyzing
the residues of the off-diagonal propagator.
This treatment was much more difficult than
the consideration of diagonal disorder,howe-
ver,calculations indicate that in three di-
mensions there is probably a mobility edge
in the tail of the DS.
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In the present paper the localization
theory of Economou and Cohen (E/C)/Y9 was
applied to a generalized tight binding model
of amorphous one-component systems involving
fluctuations of the hopping integrals which
are coupled to the fluctuations of the energy
levels and the overlap integrals (Sects. 2
and 3). The obtained expression for the lo-

calization functionn I(E)(Sect. 3) is esti-

mated in Sect. 4 with the help of several
improved approximations (cf. /% ). Thereby

1t is found that the coupled diagonal and

off-diagonal disorder and the presence of
fluctuating overlap integrals lead to an
asymmetric change of the mobility edges.
Furthermore it is confirmed that the ODR
causes an effect of delocalization.
Consequently, an Anderson transition in
amorphous systems can only be expected if the
diagonal disorder is strong enough, i.e.,
chemical or other kinds of diagonal disorder
are additionally present. As an example, in
Sect. 5 we briefly study the influence of
diagonal spin disorder due to electron corre-
lation described by the Hubbard model and
treated within the alloy analogy (cf./2227-29)),

2. MODEL

Let us consider a system containing N
identical atoms at the points R, forming
an amorphous structure. The Hamiltonian H for
such a system is supposed to be of the form

H:%h(\;—ﬁn)+T(\;), (1)

where T(w) is the kinetic part and h(w-R )
denotes an effective potential due to an



atom at the site R,. Now let Nlinearly inde-
pendent functions|¢:>span the space of N
e1genfunct10ns[¢]>of X with energies EJfrom
E
mated by localized atomic orbitals associa-
ted with atoms at the point Ea (cf. /30/), ),
Solving the matrix equation

(Ej'S—h)vj -0, (2)

where the matrix elements of § and h are
given by
Sum =<baldn>=08, +AS

nm nm nm

(3)
h =<¢nl}(l¢m>=en5nm+\/ ,

nm nm
(Vi =A8,, =0), the corresponding eigenfunc-
tions[¢f>then are

N .
|¢J_>=§Vi|¢n>- (L)

As is shown by Halpern/w/the density of
states between energies E, and Ey can be
calculated by the reduced Green’s function
which is essentially the projection of the
full Green’s function (GF) onto the space
of the function [¢ >.In Sect. 3 it is shown
that on the basis of the reduced GF the
question may be discussed whether or not
an eigenstate of H with energy E(E <E<E )
is localized.

For the sake of simplicity we will work
within the nearest- neighbour approximation
(NNA) where

a to Ey. These functions |¢,>may be approxi-

{£0 if n,m nearest neighbours (NN)

Vo AS

nm’? nm

=0 elsewhere.

This approximation is a good one if we

assume that the functions are well enough loca-

lized and the amorphous structure may be
characterized by a well established short

'range order, e.g., the number of NN Z is

nearly constant for various atoms. In the
framework of NNA and neglecting three-centre
integrals, ¢ and V., 2Te given by

€ = <¢n|h(w— R )+ T(w)|¢n> +m§n<¢n|h(w-— Rm)|¢m>.

5 s 5 - (5)
Vim=<®,lhw-R))+h(w-R) + T(w)lg >.
The variation of the atomic distances AR =

!R —Rﬂln the amorphous structure lead to
randomly distributed values ofe¢,,V_  and
AS,. - If |[¢ > 1is an s-like state these
gquantities are functions of the distance
AR - Therefore the fluctuations of €., V
Vim and AS  —~are strong coupled so that
really only one random variable exists. As
we have assumed no large fluctuations in
the NN shell, in a first approximation,
expanding €n Vo @801d AS_linearly in the va-
riatién of AR, , the following simple rela-
tions can be obtained

nm

€ =a s (\’nm——Vrfm)+b,
m;én (6)

AS =s(V.  -V° ) 4 ¢,
nm nm nm

where VP belongs to the averaged atomic
pPositions which determine the type of short
range order. For the sake of convenience
further we shall choose for b=0 and ¢=0.



For more complicate atomic orbitals |¢_ >
n* V.., and A8, are only partially corre-
lated. However, for the first estimation
of the coupling of diagonal and off-diagonal
randomness we can use relation (6) also in
this case . As we will see in the next Sec-
tions and because of the results obtained
in/31/these coupling is of importance in the
considered model of amorphous systems.

In recent papers/&g’”/ concerning amor-—
phous or liquid systems the assumption e,=const
has been used. Indeed, estimations of the
deviation of ¢, from the atomic level due
to the second part in Eq. (5) yield small

€

corrections for crystalline systems (cf. /3% ).

However, it does not mean that the fluctua-
tions of e, can be neglected, although it 1is
expected that ¢, fluctuate not so strong as

Vom, 1.e., lal<1l.

3., EXTENDED E/C-THEORY OF LOCALIZATION

For the derivation of several localization
criterions it 1s, in general, not necessary
to restrict the consideration to regular
lattices(cf. /33/ ) and diagonal disorder
(cf./22 25 26/ ), In the Anderson sense /18/ an
electron is localized if there is a finite
probability of rediscovering the electron
in the region in which the electron was
initially localized. Let the initial state
¥ t=0)> be |¢,>,then the probability W,
that the electron will be in the initial
state after infinite time evolution (t» )

s given by Wn=[hm |<¢n|¢(0>ﬂ . Analogously
to the derivatioﬁwinHD/,wn may be ex-
pressed in the following way

Wo=lim, £ [ dEG (E+is)G (E-is), (7)

B s->0 m_
where

1

G (B) =<¢ |(E-JO ¢ > (8)

represents a projection of GF onto
the subspace of such eigenfunctions

of H defined by (4). Therefore G, is the
diagonal element of the reduced GF introdu-
ced by Halpern/30/, This quantity may be
expressed in terms of the self-energy AL(E)
defined by

-1
G (E)=(E-¢_-A_(E) . (9)

Following the arguments used by E/c/19it
can be shown that an eigenstate overlapping
with |¢ > and with eigenenergy E(E,<E<E,)

is localized if and only if the self-energy
A (E) is analytic at E.In the E/C theory the
analytic properties of AL E) are considered by
the convergence of the perturbation series
(Ps) for A, (E). In order to get this PS, we
start with the equation of motion for the
reduced GF which may be represented in the
following matrix form (cf.Eqs.(2,3)andmO/)

G = S(ES-h)'s - s€8 (10)
For the quantity € the equation
gnm=gn+gn§,‘vnm’gm'm (ll)

-1 -
holds, where g =(E-¢) and V =V -EAS .
If we partially renormalize the PS solution

for G,. we get



G =68, +G,r nm(E)Qm, (12)

where
-1
Qn=(E—en—déE»

dn(E) = § Vnmgmvmu+ % Vnmgmvmkgkvkn T oeeey
m #n m,k;én

and for n#m (, =0

r ®=V o+ Z Vg Vo (13)
m%n,m

Q“ is defined in the same way as § , the
superscrlpt n denotes that Q“ has been
calculated for ¢ =~.Finally, according to
(9)-(13) +the seﬁf—energy AJE) has the

solution of the form
A_(B)=(d, (B)+ (E-e)X_(EN/Q+X (E), (1h)
where

-« . n 3

Xn(E)=m§nSn“§mrmn§n+m’é S g + 27/: S, 9 T kdk (15)
If we assume that for a certain energy E the
renormalized perturbation expression (RPE)
for the quantities d (B, d,(E) , d§L(E) ,
d™(E), r (E) and r kGD converges, then
from/IW’lt follows that the only singularity
of these quantities are simple poles, conse-
quantly, because of (1L4) also the self-
energy A_(E) has only simple pole singula-
rities and 1s analytic elsewhere. The corres-
ponding eigenstate at the energy E is then
localized. In the opposite case nonanalytic
behaviour of d, (E) or X (E) yields nonanaly-
tic self-energy A (E) which is due to a localiz
state. Under the assumption that the conver-
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gence of the above-mentioned RPE is equiva-
lent to the convergence of the series

alone (cf. /3. 19/ ) the problem is reduced
to find the probability distribution of the
M-th term of these series in the limit
M>o. The considered diagrams for the va-
rious series are similar but have only

.different starting and end points which are,

however, 1in a finite region if we use NNA.
Therefore these boundary conditions cannot
influence the probability distribution of
infinite extended diagrams. Thus, the consi-
deration of the analyticity of A, (E) can
be reduced to the study of the convergence
of the d_ (E) -series alone where the overlap
integrals only appear in renormalized hop-
ping integrals V =V __-EAS .

Supposing, that the amorphous system has
a finite structural correlatlon, we can
apply all arguments of E/C/ /19/t6 derive
a general localization function L(KE) which
(etermines localized states at energy E
by the condition IL(E)<1. L(E) can be rede-
fined in the following way

5 _ _ —‘0...ni__1 ~0...nM_1 1M

L(E)=1lim ( X \" 58 LGV ¢ .. 0 ,
ﬁiolu# n19“1 oy 1By Uy SJ“M )

n ;/z 0, n, (16 )

M;éO, Dy fy
where the products V§ are given by

0...n. _ Oween .

~ ~ -1 i
WO, G =<V, | /E-q -d, >

i—-11 i i—1%4 i i (lT)
The symbol<...> denotes here a structure

averaging according to a distribution func-
tion of sites. For doing this calculation
further apprpximations are required.

1"



4, APPROXIMATE L(E) AND RESULTS

4.1. Zero-Order Approximation

Neglecting the statistical character of
n

the self-energies d . =1 in (17)
(cf./3’1g 2/ }), it is possible to omit
these gquantities. By a constant factor the
approximated expression for L(E) is then
fitted in such a way that in the ordered
case mobility and band edges coincide. Thus,
one obtaines

L(B)= L (B) = K/K )ZexpIn(V,_/(E-e >, (18)

whereK is the connectivity of the amor-
phous structure and may be defined as the
1/M -th power of the sum of all possible
diagrams in (16) in the limit M-e~. Kyis the
corresponding value of the ordered structure
with the same short range order.

The averaging in (18) corresponds to a
summation over all possible clusters con-
taining a central atom and the surrounding
nearest-neighbour atoms. Here we assume that
the NN positions with respect to the central
arom fluctuate independently around the
mean.

For a qualitative estimation of (1&).the
fluctuations of the distances in the cluster
can be replaced by statistically indepen-
dent fluctuations of V_  according to a gi-
ven probability distribution. As an example,
we examine the case of Lorentzian distri-
bution which is characterited by the mean
value V, and the half width I Then one
gets

12

/2 (19)

L ® = 23+ T 2a-E) VE s @a)’)’
The characteristic properties of electron
localization are the mobility edges E_
which separate extended from localized statec
and are determined by L(E.)=1.Here these edges
are symmetric to E0=34NZF)W(1—(ZdW2) and

.decrease (or increase) with increasing

disorder (the measure for it is I' )} if
(1-(Zsl) a2 >(<) A - (ZsVO)Z).It is known that dia-
gonal disorder /1,3,18/ leads to an Anderson
transition. Including ODR all states become
localized only for (1—(Zsl’)2)a22(1+(VO/I‘)2—(Zsl‘)2).
It is seen that random hopping integrals act
against localization and if |aj<1 no Ander-
son transition is possible and the E, in-
crease monotonously with I' (Fig. 1). The
presence of fluctuating overlap integrals
yields the interesting result that for
a2>(1—(ZsV02) the difference between E
first decreases but then increases with
growing 1" (Fig. 1). This feature of E_ con-
tains the possibility that for a certain
value of a and ' first an Anderson transi-
tion takes place but then with increasing T
a second transition occurs where the states
once again become extended. This 1is caused
by an additional delocalization effect due
to fluctuations of overlap integrals. This
effect is the greater the stronger the fluc-
tuations.

.2, Second Order Perturbation Theory

In the second order perturbation theory
O0...n;
=]

for dni the localization function is
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a > 1

a>1
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Mobility edges E_. according to

£ . . .
Lo-criterion in dependence

Results are independent of Z.

1.

Fig.

F(= !alZF.

upon strength of disorder,

approximately given by

D-L®-Keph(V, /B,

-

LS |V, 1B DD,

i

where a=7-K,, if we once again reguire the
right ©behaviour of Lj(E) in the ordered
case. It is possible to test this eriterion
numerically in the same way as L4EN Theredby

.we would get the same formulas 2as Herscovici

in the paper/ﬂy if we there replace I' »T(1-Es),
I, »Zlall and choose fTor simplicity K=K,.
Herscovici/®/ has shown for g=0 that according
to this criterion the mobility edges for

[,/ «<1 are displaced to smaller energies
(in modulus) compared with the inferior
approximation. This result holds also for
s£0. On the other hand Ly(E) leads to a stron-
ger delocalization comparing with IJ&E) if
I -0 and I,#0. Thus L (y 1s more sensitive
to increasing disorder. In spite of this we
must criticize this criterion because it
completely fails to describe the character

of states in the middle of the band. The
reason for the wrong behaviour of L, at
E=0 comes from the breakdown of the second
order perturbation theory.

4.3. Approximated Renormalization Expansion

An improved expression for LB, valid at
all energies, can be got using the renorma-
lized perturbation expansion (RPE) for
di:'“i—l (Cf.'/&18,19/ )
these series after the first term. To eli-
minate the difficulties with the restricted
0.emnj_

and terminating

occupation of sites in d we replace

ny
approximately (see/2,2/), ) 15



-d), (21)

where the sum is taken over all nearest-
neighbours of n; .The obtained simplified
RPE can be regarded as a RPE for a fictive
Bethe lattice with ¢, and V,, given by the

~0..n;
.o _l
real amorphous system. Thus, all € n !

i - i
in (16) can be calculated by Qf;:<h(lgfj)>,
1 1
where QE_ is the diagonal element of the
1

lattice GF (cf. Eq. (12)) for the fictive
Bethe lattice. A method to obtain the quan-
tity QE_ is the self-consistent effective

1

medium approach or CPA/4_1W.The simplest
version of CPA, which includes diagonal and
off-diagonal randomness, is the single bond
CPA /34, 35/  an improved CPA version is the
Bethe—~Peierls approximationé”’which is also
applicable for fluctuating V,, coupled
with €ne

Here we do not want to go in details of
such calculations. For studying L(E) on prin-
ciple we consider only the case of Lorent-
zian distributed hopping integrals and neg-
lect the correlation between differenp_vn
Then the CPA is not required because gn_
can be exactly solved by contour integration
(cf. /19 36,37/ ) Since the Vy, occur only with
the absolute value, no restrictions for the
parameter a are necessary to perform the
contour integration. Using the abbreviation
I',='1-Es) and I', =Z|a|', L(E) can be written
down in the form

o
m

5 Ry V2, @B, s Malv2 V2
LE®~LB-KV2THV? |G E e ve T, Vla(V2eDHY 2],

where
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Go=E - -d7

and

- 2 2,1/2
d=Z(E-e 7 (E-c))" -4(Z- DV))/*)/2(Z- 1, (23)

The sign - (or +) is used if (E —50)2 0

(or (E-€¢g) <0 ). The so far unknown parame-
ter @ is fitted by the condition that for
the corresponding ordered case (K- K,,

Vom = Voo €n> €9, and S, - 8,.) ) the mo-
bility and band edges coincide, i.e.,
Ly(+ZV)=1. Tt follows a=(Z-KXZK,+ Z -Ko/Z 2.
For the sake of simplicity further we shall
choose K=K, Since K is only a factor in
the formula of LyE), it follows that the
smaller K the easier the electrons become
localized. The results for the mobility
edges E _ (Lo(E))=1 are shown in Fig. 2.

From formula (22) one directly sees the
effect of random hopping integrals. It
yields an effective increasing of the band
width. Analogously to the second order
approximation, the diagonal disorder has
here a stronger localization effect compared
with the results of the Ly-criterion, e.g.,
for a -, I'»0, I', #0, and s=0 an An-
derson transition takes place about (Z-2)/Z
times sooner (Fig. 2a). Furthermore the limit
for the parameter a at which an Anderson
transition becomes impossible is lowered,
instead of |a; |=1 nov |a;|=K/Z. The results for

17



Fig. 2. Dependence of the mobility edges upon
I obtained from Ls-criterion where V>0,
————al s o, 20, —e—e— laj=1 and - - - ja| =2/3.
a)s=0 and b) s=0.04.
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s =004 are shown in Fig. 2b. It is seen
that the gqualitative picture is the same
as for thelﬂrcriterion.

4.4, The Licardello/Economou Criterion

Licardello and Economou (L/E)/&/have de-

_monstrated that the function L(E) 1is not

very sensitive to the special restriction

~ 0.0emn,
. . * -1
when calculating § ! . Therefore they
1
50 weng

have proposed to replace all Qn.n“d by

- i

Qni where m is one of the NN of n,. Using

the approximation <In(§])>= In(<§>|),L/E have
then calculated this quantity by a single
site CPA. Here we apply a cluster version
of CPA. We consider a compact cluster for-
med by a central atom surrounded by its Z
nearest-neighbours and embedded in an effec-
tive medium which is characterized by an
effective Bethe lattice with a coherent_
hopping integral‘Vr For such a clustervgn_
is calculated (cf. /3. 38/ ) where the '
structure averaging over all possible clus-
ters can be performed in the same way as
described in Sect. U4.1l. The use of the Lo-
rentzian distribution enables us to carry
out the integration over the stochastical
variable V,, in an exact manner, if the
parameter a obeys the condition |4 >|1-Es|
(cf./lg 37/ )., Requiring now the CPA like
condition

<ln(|g:i\)> In(| § ',“1i oit 1 (2k)

cluster

the coherent hopping integral V. can be
determined self consistently. It is found

19



)
V.=V, ~il' sign(a). Hence the approximated ex- é $T§ g o
pression for L(I) has the form oL .8 ;

VP 0O Y . .

- 2 1/2 N A o 0O & n—

L@DstﬂDzlEZ+(EZ 7+ DY (ReEZ 20, (25) o P A g

e O ¥ --—1>1~||

™ m:jL o |

where PR o—l—':ut:i

7 = (E il )/2(V, ~ il sign(a)) e =S O R

EZ:(E—50+1(/2 ¢ — i, signfa)). ;nrcagdx'w/lll

Results based on this criterion are shown
in Fig. 3. For diagonal disorder Bi-
shop/38/ has analysed the L/E-criterion in
the case of Bethe and real lattices. These
results show that this criterion is extre-
mely successful qualitatively (cf. /3/).
The Z-dependence of the position of k. is
similar to that found for L,. A further im-
provement ‘'of this criterion is concerned
with the asymmetric change of the mobility
edges due to the coupling between ¢, and
V.., - This is expected from the exact re-
sults for the density of states in the
extended Lloyd godel/m/,There an asymmetric
damping of the k-states appears and it
should be expected that the electron loca-
lization is_the stronger the greater the
damping of k —states /3%/ This statement is
confirmed in the case of small fluctuations
where for aVy<0 the presence of random
hopping integrals enhances (lowers) the
damping and the localization effect at

the bottom (top) of the band. However, for
greater fluctuations the effect of diagonal

10
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The quoted results of thelLg-criterion
are directly confirmed by the exact inves-
tigations of a one-dimensional model invol-
ving diagonal and off-diagonal disorder
in the used manner /39/,

The influence of fluctuating overlap in-
tegral (s£0) 1is qualitatively the same as
for the Ly and Lj-criterions. It gives an
additional reason for asymmetric change of
the mobility band. After the obtained An-
derson transition (la|>1) another transi-
tion can appear at higher values of I' where
the states once again become delocalized.

It must be pointed out here that the latter
result cannot be physically realistic. At
first the Lorentzian distribution for V __
represents the real situation, the worse the
greater the width of the distribution. On

the other hand, there exists a bound for the
overlap integral, i.e., |S,,/< 1. Consequently,
the ansatz (6) and the obtained results

are quite good only for sufficient small
parameters I' and s.

4,5, Concluding Remarks

We only note that it is still possible
to derive an upper bound of L(E) (cf. /19,26/ y |
In the case of Lorentzian distribution of
Vom &and under the condition |al > |1- Es|
the resulting F(Elcriterion has the same
form as L.

Overlooking the different approximations
in the E/C-theory of electron localization
for amorphous one-comnonent systems and
regarding all available results of the 1li-
terature we conclude that ODR acts against
localization of electrons, i.e.. has a quali-
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tative opposite influence than diagonal ran-
domness. Therefore, because of the impor-
tance of ODR in amorphous systems, this kind
of randomness must be included when discus-
sing properties of electronic conductivity
in this systems (cf. /29/ ),

One consequences of that is related to
the expected small effect of diagonal dis-
order ((a}<1) in amorphous one-component sys-

*tems. This does not allow that a structural

stimulated metal-nonmetal transition takes
place in such systems. Only other, additio-
nal kinds of diagonal disorder, e.g., chemi-
cal or spin disorder, can cause such a tran-
sition in amorphous samples.

5. Mott-Anderson Transition

In amorphous systems of transition metals
the electron correlation has, maybe, an im-
portant effect in producing localized states.
For instance, it is obtained an effective
cellular disorder if we consider the Hub-
bard model for correlation in narrow energy
bands/2/ and use the alloy analogy approxi-
mation/2%27 2,29/ 0on the other hand, there
are problems in understanding the dynamical
effects which are neglected in the alloy
analogy. Here we quote a phenomenological
point of view, comparing the dynamical fluc-
tuations in the Hubbard model with the
thermodynamical one in the one electron case.
It is known that for nonzero temperatures
the electrons can be delocalized by thermal
activated hopping. In spite of this a rela-
tive sharp mobility edge appears for compa-
rable small temperatures.
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In this sense we suppose that the dynami-
cal fluctuations of correlated electrons
only cause smeared mobility edges which
may be detected by the alloy analogy. Such
a supposition is justificated if in the energy
region of quasi localized states the dynami-
cal corrections only slightly change the
results of the static approximation. In the
case of fully localized states, i.e., in
the atomic 1limit (Us~), the alloy analogy
is exact. From that we may expect that also
for states, which are only partially exten-
ded in space (U finite) - localized in the
alloy analogy, the dynamical fluctuations
have merely a second order effect.

Let us now derive a localization crite-
rion to determine quasilocalized states for
the Hubbard model. For this purpose we re-
formulate the alloy analogy in the following
way. A spin+t electron in the atomic limit
can have the energies ¢, or ¢ +U depending
on the circumstances whether or not an elect-
ron with spin 3 1s present at the same place.
In the senses of a static approximation the
spin, electron can be regarded as fixed in
position if we switch on hopping for spint
electrons. Assuming a random distribu-
tion of the ¢ electrons we can apply methods
developed for disordered alloys.

In particular, we want to calculate the
localization function L(F) for such a sys-
tem using the L/E approach (Sect. 4.4). The
averaging over all spin, configurations 1in
the expression for L(E) 1s performed by ap-
plying a single site CPA for the quantity
anlnqwi—gg —d:)_ll) where € can have the
above-mentioned two values. According to
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Shiba’s CPA approach/y the environment of
the n-th atom is replaced by an effective
medium with coherent potentials ¢ _+ X (m#n).
Then,® will be self-consistently determined
by the condition that the spin: configura-
tion and structure average of the local
quantity €1 is equal to the corresponding

value of the effective medium, i.e.,

<@ e +2)>=n,<§"[E,e )>+n <E (E,e +U)>, (26)
n n i n n n n

where ny is the averaged occupation number
per atom (see /28/), The structure ave-
rage in (26) may be performed in the same
way as described in Sect. 4.4 for all three
quantities and is equivalent to the rep%a—
cement of all V by a coherent hopping in-
tegral V_=V - il sign(a) (laj 21, s=0) in an
effective Bethe lattice. When the num-
ber of electrons present 1s one per atom and
the system is assumed to be paramagnetic,

we have n.=n, =1/2, and hence the solution of
the problem becomes easy. Numerical results
are shown in Fig.lW where the mobility edges
are plotted against the parameters of dis-
order U and I'.

In the case of smalll’ and varying the
correlation parameter U the mobility bands
behave like the density of states bands for
P-0 (cf./27 28/ ) The density of states for
the case I'#0 has marked tails /37/ and
therefore is no longer directly related to
the metal-nonmetal transition in the Mott-
Hubbard sense’/2” The onset of such a transi-
tion will now be dependent on the positipnrof
the Fermi levelEy in relation to the mobility
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Fig. 4. Dependence of the mobility bands for
the Hubbard model treated in alloy analogy
upon the disorder parameters a) U(——1=0 ,
_____ ['=0.4, ——— T=0.8) and b) I' (——U=3,-.. 119,
——=U=12. It 1is Vo>0,a=-1,Z=6, and s=0.
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bands. Because of asymmetric change of the
density of states in our model of amorphous
systems,Ey changes the position with increa-
sing I' also in the case n=1so that the cri-
tical value of the parameter U cannot be
determined simply by the value at which the
mobility gap disappears. With increasing T
in both subbands an Anderson transition takes
place and for a certain value of I' only one
mobility band remains.

Let us assume that U/V; and the width of
the V., distribution will be lowered if
pressure is applied on amorphous nonmetallic
systems. Then we may meet the possibility of
realization of nonmetal-metal transition.
This transition is a mixed type of Mott and
Anderson transition whereas the dominant
mechanism is due to electron correlation
(cf./Qa/). In the connection with our re-
marks on the dynamical effects in the Hubbard
model the found transition cannot be very
sharp, although observable in real amorphous
systems.
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