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We study the transport properties of disordered Kondo insulators. The compound,(&8;Bi,Pt; is
taken as a paradigmatic example to study the properties of these systems. The metal-nonmetal transition is
analyzed as a function of the impurity concentrationThe system is described by a periodic Anderson
Hamiltonian. The many-body effects are treated by diagonalizing the site Hamiltonian and embedding this
solution into the lattice, using a cumulant expansion calculated in the chain approximation. The disorder is
treated through a numerical simulation. We calculate the position of the Fermi level and the mobility edges as
a function of concentration, temperature, and the external applied potential. We propose a scenario where the
metal-insulator transition, driven by the impurity concentratioroccurs when the Fermi level is inside the
conduction band. The results are discussed under the light of several experimental results.
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[. INTRODUCTION pears as a function of the doping concentration when the
system is still in the Kondo regime, in which case the metal-
Highly correlated electrons are present in a variety of dif-lic phase is a heavy-fermion phase. This scenario is capable
ferent systems as is the case of superconductors, ferromagf explaining various experimental results.
nets and antiferromagnets, metals, Kondo insulators, and The point of view that sustains that the metal-insulator
Fermi and non-Fermi liquids. A great effort has been devotedransition is associated with the Kondo effect was developed
to the understanding of the metal-nonmetal transition thatising several formalisms such as slave-bdssecond-order
occurs in these materials as a function of external pressur@erturbation in the Coulomb repulsidh® or exactly diago-
composition, doping, temperature, and external magnetifalized embedded cluster approximatidh&or the case of
field. Among a large number of highly correlated systems(ce, _,La,);Bi,Pt;, some of these studies have concluded
some rare-earth and actinide compounds, the so-callegyat the incorporation of the La Kondo hole to the Kondo
Kondo insulators, have a small gap at the Fermi level, alsemiconductor induces a bound state in the gap. The spectral
though they are expected to be metallic from tieseries \\ejght of this bound state results in being spatially localized

analogs* . . o ; : A
. . e at the immediate vicinity of the impurity. From this point of
Some studies emphasize the hybridization character of th\e; ! 1ate vicinity Impurty. 'S POl

small gap. This point of view has been developed using dif. iew a finite concentration of impurities creates an impurity

. . . Lo ? and inside the energy gap at the Fermi level that controls
ferent techniques to diagonalize the Hamiltonian. Function he properties of the svstelThis scenario provides a satis-
integral and the equation of motion methods were used t prop y ) P

calculate the one-particle propagdtorand to describe actory explanation for the heavy-fermion behavior of these

temperature-driven aspects of the metal-nonmetal transitiorfYStMs reflected by the abrupt increase offiimear con-
These theoretical approaches require, as established by bafigpution to the specific heaty) as a function ok. However,
theory, an even number of valence electrons per unit cell an@ Very small concentration of impuritiesx<0.005) is

the same center for tHeands bands to obtain a temperature- €nough to produce the metal-insulator transifibrt;’ sug-
dependent gap at the Fermi level. This seems to be a Ve.gesting that the metal-insulator transition does not take place
restrictive condition to be realistic for a variety of possible within the impurity band, which would require much larger
situations. concentrations to reach the quantum percolai'ti‘on.

Other approaches sustain that the properties of these ma- The experimental results are consistent with the assump-
terials are derived from the low-energy excitations producedion that the La impurity, in this Kondo insulator, generates a
by the Kondo effect. The insulating character of these com- level that hybridizes significantly with the Ce states creating,
pounds is supposed to be driven by the hybridization ofthe even for a small concentration of impurities, a delocalized
band with the Abrikosov-SuhlAS) resonancé,which, due level inside the conduction band, where the Fermi level is
to its location at the vicinity of the Fermi level, generates ashifted due to dopind®
small insulating gap. In this case the metal-insulator transi- The dynamical mean-field approach has also been applied
tion produced by increasing the temperature of the system i® these systems emphasizing the non-Fermi-liquid character
a consequence of the disappearance of the AS resonanoEsome Kondo alloy$? It is a powerful self-consistent for-
when the temperature is above the Kondo temperalyre malism, developed to treat infinite-dimensional systems. Al-
Adopting this point of view, the system becomes metallicthough a local self-energy can be satisfactorily used to study
when it loses its heavy-fermion character. However, it is wellthree-dimensional3D) systems-? its application in the case
known that, when the compound is doped by a small amountf an alloy is a very difficult task because the dynamical
of a non-Kondo elemenfthe Kondo holg the gap disap- mean-field approach requires a self-consistent calculation for
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each site of the lattice, as they are all different due to Il. MODEL
disorder.

This paper is dedicated to the study of the metal—nonmeta}l1g
transition taking place in Kondo insulator alloys as a func-
tion of the concentration of the non-Kondo element. We
study the conductivity of a disordered system, emphasizing H :Ei Hi+Hy, (1)
the crucial role played by fluctuations and localization on the
transport properties. We determine the mobility edges as whereH; is the Hamiltonian that corresponds to sitgiven
function of the concentration of the doping element. We treaby
the spin-spin correlations among the localized and conduct-
ing electrons by diagonalizing the Hamiltonian of a site ina =" [en’ +eon_+ Vgif(ci'ro_fio__i_c.c.)]_i_Uanianifl.
numerical exact way, including theandf wave functions. o
This procedure incorporates all the local contributions to the 2
Kondo effect®}’~2%\We use the chain approximatidrf? to

embed the renormalized site into the lattice. This approxima- The Hamiltonian includes the-e interaction and is rep-
. . : - IS app resented on a Hilbert space of two localized wave functions,
tion, although very simple, provides a qualitatively correct

o : the s and f orbitals. The supraindex in the parametefs
description of the many-body properties. It has the advantage, . and U* takes into account that at each site, with

i i i - : i €f 1 Vet
of _mtroducmg very simple real-space self energies fromC rtain probability, the alloy is composed of two different
which we calculate the dressed propagator on the disordere . 7 - :
lattice, without requiring a self-consistent calculation forC emical elements. The kinetic contribution to the Hamil-

o req 9 ; tonian considers the hopping among different nearest-
each configuration that would require a much greater nuheighbor sites
merical effort. Due to its simplicity, it permits one to incor- ’
porate the complexity introduced by the disorder and, in par- :
ticular, the localization effects that are crucial in the study of Hﬁ%(%g CioCjo - ()

the transport properties. The system is defined on a Bethe

lattice since this hierarquical lattice permitS oneto use a Very The direct hybridization term among the localizbtas
efficient numerical algorithm to simulate disorder. Although not been included in the Hamiltonian because the width of
with low connectivity, this is the simplest lattice which pre- the f band is much smaller than the conduction band. Al-
serves the interference effects that give rise to localization, agough these matrix elements have some effect on the value
was emphasized decades &g@here is nothing essential in of the insulating gap of the compoutifor the sake of
this choice, adopted because of numerical convenience. simplicity, we have neglected them.

We concentrate our attention on the transport properties, The above Hamiltonian is studied by calculating various
in particular on the dependence of the insulating and mobilGreen functions and their derived properties. The propaga-
ity gaps on the impurity concentration. The conductivity istors are obtained by exactly diagonalizing a cluster of atoms
obtained using the Kubo formula because as the extern&ind embedding it into a lattice of equivalent clusters through
applied potential is supposed to be infinitesimal it is possible Perturbation series. The simplest possible starting point for
to use linear response theory. a perturbation theory includes the one-site cluster, which is

Undoubtedly these are very interesting materials where t§Xactly diagonalized as the unperturbed Hamiltonian and
study the metal-nonmetal transition in the presence of disoitN€ kinetic energy as the perturbation. This procedure gives
der and correlation. This problem has been extensively iniS€ [0 @ cumulant diagrammatic expansion that, for the sake

vestigated, for instance, in the case of Si doped witd P. of simplicity, has been restricted to the so-called chain

However, the Kondo insulator seems to be to some extent %pproximatiorﬁz It cansists of tz_aking high_—orde_r self-energy
) o . T cumulants as a sum of all possible ways in which they can be
different situation as the Fermi energy region is, in this cas

e ;
: ) . : tlecoupled as a product of two-operator cumulants. This ap-
associated with an Abrikosov-Suhl resonance with no uppe[5roximation is equivalent to the imposition of the Wick theo-
and lower Hubbard bands.

. . ) ) . rem to construct a diagrammatic expansion on the kinetic
The paper is organized as follows: Section Il describes theergy where the zero-order Green functions are obtained

model represented by a periodic Anderson Hamiltonian an¢qm ocal many-body Hamiltoniafi: This approach consid-
the calculation of the one-particle Green function using thesrs |gcal aspects of the Kondo effect in an exact way. A
chain approximation within the context of a diagrammaticsimilar formalism has been used with success to study the
cumulant expansion. In Sec. Ill the problem of a dopedproperties of Kondo systems described by the Anderson lat-
Kondo insulator is discussed, taking as an example the comice Hamiltoniart®'® and taking numerically diagonalized
pound (Ce_,La,)3Bi,Pt; and treating the disorder using a clusters of several atoms when studying the transport prop-
numerical simulation. This section is devoted to the study okrties of mesoscopic systems described by the impurity
the metal-nonmetal transition and the conductivity as a funcAnderson Hamiltonia® For these cases, this approximation
tion of temperature, frequency of the external applied volt-correctly introduces a shift to the Fermi level of part of the
age, and impurity concentration. Finally Sec. IV, includes adensity of states to create the Kondo peak. For the impurity
summary and some conclusions. problem the Friedel sum rule and the Fermi liquid properties

Heavy-fermion systems have been largely studied adopt-
the periodic Anderson Hamiltonian. It is written as
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of the system are automatically fulfilléd.For the problem different possible environments. This hypothesis is compat-
we are studying, the approximation provides, correctly ashle with the nature of the doping we are studying. In our
well, a gap at the Fermi level, which results from the cohercase the doping is performed directly in thsites, while the
ent interference of the Kondo peaks at each site. This deconduction lattice has a small, although important, change
scrib_es the esse_zntial physics of the Kondo systems, their insince the sizes of both atoni€e and La are approximately
sulating properties. the same. This permits us to neglect possible changes of the
To calculate the undressed atomic matrix Green funCtiorbarametentc, assuming it to be independent of site and en-
9"%(w) =((A;B)),,, where the operator& andB are taken \;ronment. In this case we have to solve a problem restricted
to be the creation and destruction operators forsldf 4 giagonal disordé¥ It is important to emphasize that the

atomic orbitals, we use the spectral representation of the r%’iagonal matrix elements of the conduction basfdof both

tarded propagator in a grand canonical ensemble such thatatoms are taken to be different. The adoption of a diagonal

1 , element valueeZ larger for the La than for Ce ion, required
9*%(w)= 7 > [exp—BEM) +exp— BEN)] to describe their different distribution of charges, is respon-
m.N.N’ sible for the strong hybridization of the La conduction dop-
(I,N|B|m,N")(m,N’|A[l,N) ing impurity state with the conduction band of B&,Pt;. As
x (4) is shown in Figs. 4 and 6, the Fermi level of the alloy enters

—(EN-EN ) . )
o= (E m) into the conduction band as soon as the content of La in-

whereZ is the partition function is the Boltzmann factor, creases. This point will be discussed in detail below.

N is the number of particles, and the energﬁ#éare defined The two kinds of rare-earth atoms play different roles.
by The La atom is nonmagnetic with ttieand d levels above
the Fermi energy and the Ce is a magnetic atom in the
EN=E,—uN, (5)  mixed-valence regime with ahlevel below the Fermi en-

ergy, but inside the conduction band of the compound. The
substitution of Ce by La gives rise to a missifigenter,

dvhich can be thought to be a Kondo hole. This is so because,
as the conduction electrons at that site are not spin polarized

where u is the Fermi level.

The eigenvalueg&, and the wave functiond,N) are ob-
tained by diagonalizing the atomic Hamiltonian represente
in a 16X 16 Hilbert space. This space is spanned bystaed .

f orbitals, the spin, and all possible occupation states of eaﬁ%l:;tgi;g?e??jgsgfsgléﬁf?%eé tth:?/ dgoe;gétconstltute the
atomic site N=0,1,2,3,4). ‘The nearest-neighbor hopping The disorder of a Kondo insulator alloy has been previ-

matrix between the clustel/; is defined by ously studied by us using a real-space renormalization
L 0 proceduré?® Although this technique is very accurate to

Wi':( ¢ ) _ (6) study thermodynamic properties derived from the mean-

1o o i value DOS of the system, it destroys the information derived

from localization produced by disordrThis is an essential
We propose a diagrammatic expansion taking the Hamilproperty to be preserved in order to study the flowing of
tonian Hy, which connects the sites among themselves, asarriers in an alloy.
the perturbation. The simplest infinite family of diagrams To treat the disorder we use a numerical simulation algo-
possible to be summed up gives rise to what is called theithm, which is extremely efficient from the numerical point
chain approximatiod>?> The dressed propagator is given of view when applied to hierarquical latticEsIn order to
within this approximation by the Dyson equation benefit from it, we assume that the Kondo insulator is de-
fined on a Bethe lattice. Although the Bethe lattice has less
connectivity than a Bravais lattice, it preserves the interfer-
ence effects that give rise to localizatithThis algorithm
R consists in generating randomli sites corresponding to
with g(w) given by isolated La or Ce and their many-body dressed Green func-
tions, with a probability that depends upon their concentra-
9°%(w) QCf(w)) tion in the alloy. These Green functions are dressed ran-
9"%(w) g"(w))’

® domly, connecting these sites with other randomly generated
N sites, according to the topology of a Bethe lattice of coor-

where, for simplicity, we have neglected the spin index  dination numbee. This process is continued times, creat-
The density of statesDOS), the electronic transport, and ing in this way a lattice off (z—1)M—1]N/(z—2) sites,
other derived thermodynamic Aproperties can be obtaineghich tends very rapidly to the thermodynamic limit s
from the dressed Green functi@®); (w). increases. The Green functioggg(w) of the lastN sites

The site parameters., €;', Vo, andU® of the Hamil-  obtained afterM iterations, 0>i>N, correspond to the
tonian (2) are binary random variables. Their two possiblepropagators o different realizations of a semi-Bethe lat-
values, which depend upon the atom sitting at $jtare  tice. Combining them in all possible ways to obt&A real-
represented by the supraindex The binary character of the izations of the Bethe lattice we obtain the configurational
variables neglects the local parameter variation produced bgverage of the local Green function given by

éij(w)zé(w)5ij+é(w)2| W; Gy (), (7)

é(w)=(
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A Gil(wo) = Ghi(wo).
<Gll(w0)>:ijE:l Gii(wo), (9) 22(wo) =Gl (wo)

13(@0) = g w0)tcG33( wo), (16)
where the subindex 1 ¢fG;(wg)) refers to an arbitrary site . o o
of the lattice and the sum is over all spatial configurations ofVhere f(e) is the Fermi-Dirac distributions. For zero tem-
the alloy we have numerically created. The propagatoP€rature and in the static limibo—0, Eq.(14) reduces to
"1(wg) is given by

N
. ) : . — -1 (i) )
Gil(wo) = b o) 1~ gk wo) gLyl we)] %, (10) ool En)=, 2, 2eth ™ pli(Epl(Er)

[ P . . B
where gsb(wo) corresponds _to the_propagato_r c_)f the semi Xll—tgg(s'g(Ef)ggg(Ef)l 2 (17)
Bethe lattice at the border siteTo find the variation of the
Fermi levelu with the impurity concentration it is necessary where the DOS of thé realization of the semi-Bethe lattice

to solve the self-consistent equation is obtained from the expressigr)(E;) =Im[g{)(Ef)]. To
obtain the conductance, we need to take the spatial average
n:J“ QA w)do, (11) over all possible configurations of the alloy. The average
— implied in Eq.(17) permits us to find the values of the Fermi

energy for which the conductance is finite and the mobility
edges, where it becomes zero. In general terms, the support
-1 of the conductance obtained from Ed7) is included within
Qw)=— 2, IM(GIM w)) (12)  the larger support of the DOS defining the regiomimvithin
Tom which, althoughQ(w)#0, all states are localized. If the
is the average DOS of the system and we have written ex=ermi level happens to be in this region, the system is an
plicitly the supraindexmin the Green function to identify the Anderson insulator. However, in the case of an ordered
different bandgconduction and bands. Kondo insulator, as the gap is due to correlation, the insula-
From the mean value of the one-particle Green functiorfor is of the Mott type.

(Goow)) we obtain the properties associated to the DOS, as
it could be the case of the specific heat, etc. . RESULTS

For the case of the transport properties it is necessary to : .
calculate other mathematical objects. According to linear re- To study the physics proposed above we take the paradig

sponse theory, the current circulating along two adjacent arr_nauc example of the Kondo alloy ¢BisPt; when doped

bitrary sitesn,n+1, due to the application of an external with La. The one-body parameters of the tight-binding
Itrary ' ' pp Hamiltonian are obtained by comparing, at the vicinity of the
bias, can be calculated from the Kubo formula

Fermi level, the DOS ob) =0 with the result that provides a
P, simplified density functional calculatiofl. The Ce com-
lnns1=2eth™ 1> f [(Gpari(W)—(G, 1 ,(Ww))]dw,  pound is modeled with the Hamiltonian parametegs
c T (13 =W/y4(z—1) (wherez is the coordination of the Bethe
lattice and W is the half-width bany e5°=0, €f°
where the two adjacent sites are connected through the ma-—0.7 W, V§?=0.09 W, andU®e=1.4 W. We take for La
trix elementt, and(G, ., ;(w)) is the configurational aver- the same, as for Ce ands=0.2 W. The correlation pa-
age of the out-of-equilibrium Keldysh Green function thatrameterU has been estimated from the size of fhandd
determines the probability of an electron of enevgyo hop  states of Ce and La, respectively. However, the results ob-
from siten+1 to siten. Assuming, as discussed above, thattained are weakly dependent @h if the condition U e,
the many-body effects can be obtained by diagonalizing the- ¢, is satisfied. It is important to emphasize that the diago-
Hamiltonian corresponding to a site and that the externahg| element of thes band for La is greater than for Cel?
applied potential is !nﬂmtgsmal and depends upon the fre~, ege_ This can be understood in the following way. The Ce
quency wo, the configurational average of the conductanceqp in the compound (Ge,La,)sBi,Pt possesses a Xe core
can be written as of four positive charges and two electrons at tHeahid 6
. orbitals, while the La ion has a Xe core of three positive
(e wg KT _ 1)f del i,j(eiwo)f(e) charges and oneséelectron. As the 4 state does not_ screen
— completely the extra charge of the Xe core belonging to Ce,
the s electron of Ce is more strongly bounded than its
equivalent of La. The fact that the conduction electrons of La
. o o - are less bounded than that of Ce is very important to deter-
, _ 42 i, 1,] )
1" (€, 00) =tc[2G3(e+hwo) Giz(€) — Gyi(€e+hwo) mine the physical properties of the alloys. As discussed be-
X Ghi(e)— Gl e+ hawn) Gl , 15 low, it is. responsible for the shift of the Fermi Ievel. i_nto the
22(€) ~ Gz e+ hwo)Gra(e)] @9 conduction band, where the metal-nonmetal transition takes
where 1 and 2 are two arbitrary first neighbor sites of theplace when the concentration of La is increased.
lattice and The DOS of the pure material presents the known features

where

N
2me?

T —
g (wO) i1 hwo

X[1—f(e+hwg)], (14)
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FIG. 3. The same as Fig. 2 for=0.1.

-1.0 -0.5 0.0 0.5 1.0

oW quencyw and the static conductance as a function of possible

values of the Fermi enerdy; taken to bev=E;. The DOS

FIG. 1. The DOS of the compound ¢Ri,Pt; for Ce. The inset  for a very low concentrationx= 0.005) is depicted in Fig. 2.
shows the gap produced by the Kondo resondscdid lines € The presence of La originates an impurity band within the
band and dashed linesf (band]. insulating gap, where the Fermi energy is localized, which is

displaced towards the edge of the conduction band because

of a Kondo insulator. The coherent hybridization creates twdhes electron of La is less bounded than that of the Ce. This
gaps: one of no physical importance at low energies near thinpurity band is formed mainly by states localized at the La
energy of thef state and the other at the Fermi level thatsites surrounded by essentially Ce atoms adopting different
results from the hybridization of the Kondo resonance withconfigurations. These states are not extended and accordingly
the conduction band. The DOS of this heavy-fermion matetheir conductance is zero, as shown in the figure. The states
rial has two very important and well-known properties. It is alocalized at the neighborhood of an atom of La, with energy
semiconductor with a very narrow gap of very high edgesn the gap region, do not connect other atoms of La. They do
due to the Abrikosov-Suhl resonance split by hybridization anot create a percolating path involving the whole system. As
the borders of the valence and conduction bands. This ishown in the inset of Fig. 2, when the La atoms are incorpo-
shown in Fig. 1. In the inset, we show the different contri-rated, the Fermi level is displaced from the middle of the gap
butions in the vicinity of the Fermi level. It is clear from the into the impurity band formed by localized states. From the
figure that the Kondo peak is mainly éfnature, while its  figure, we can conclude that the localized states are restricted
existence is reflected in the conduction band by the creatioto the impurity band, as the edges of the DOS and the con-
of the insulating gap. ductance inside the valence and conduction bands is almost

In Figs. 2—-5 we show, for different values of the impurity coincident. Although for this concentration of impurities the
concentration of the alloy, the DOS as a function of fre-system is an insulator, the liner temperature contribution to
the specific heat is finite because the Fermi level is located at
the localized impurity band.

0 E, | As the impurity concentration is increased several pro-
o] cesses take place. The Kondo holes destroy the translational
) i
54;10" sexio* . eoxio® :‘2‘ _"=°-°°71§ [ ——
I R
= T —
-}
s
3 7
£
=
| £
Y e
x=0.005 1} m &
-2x10° -1x10° 0 1x10° 2x10°
o/W
FIG. 2. DOS(solid line) as a function frequenaoy and the static 0 — S e
.. . . . 1.0x10 1.1x10 1.1x10 1.2x10 1.2x10
conductivity (dashed lingas a function of the Fermi levé; (E; oW
=w) at the gap vicinity forx=0.005. The inset shows the localized
states at the gap. FIG. 4. The same as Fig. 3 for various valuesxof
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invariance of the lattice and, as a consequence, the coherenH: 0.00 oot
hybridization responsible for the existence of the gap. The ©0.0L 1 1 1 1 1

top and bottom of the valence and conduction bands, respec-
tively, are modified as shown in Fig. 3. The impurity band X

increases its width and weight withand forx~0.1 some of FIG. 6. (a) DOS at the Fermi level vs. (b) Fermi level vsx.

its states are delocalized, as reflected by the finite conductiryg jnset shows a zoom of this figure for 0.4. (c) Conductivity

ity inside it. However, for this concentration, the Fermi level, ys x. The inset shows a zoom in the region of the metal-nonmetal
which is displaced towards the conduction band when theransition.

impurity content increases, has already entered into it. The

SVS‘?T" Is already a meta] as Fhe Ferf“' level has passed t@?ates, although above the percolation threshold, have some
mobility edge and is localized in a region where the Conduclocal character

fcanc_e is finite. This process has a more Qetailed presentation In Figs. Gb) and 6c) we represent the conductivity and
in Fig. 4, where the DOS and conductivity at the neighbor-germ; jevel as a function of concentration. As is clear from
hood of the conduction band are depicted for various valuege pehavior of the conductivity, a very small concentration
of La concentration. Fox~0.0071, the system is at the of Kondo holes gives rise to a metal-nonmetal transition,
threshold of being a metal because the Fermi level, inside thghove which the conductivity is different from zero. Because
conduction band, is below, although very near, the mobilitythe Ce atoms attract the conduction electron more strongly
edge. For greater values gfthe system is conducting. Ac- than the La ones, a small concentration of impurities is
cording to the experimental resdfts?a very small concen- enough to displace the Fermi level into the conduction band.
tration of impurities §<0.01) is enough for the system to However, it depends slowly ox for x<0.4. This is a con-
undergo a metal-nonmetal transition. Our results confirm thasequence of the fact that up to that concentration the system
the concentration of impurities capable of delocalizing thebehaves as a heavy fermion with a large DOS in the neigh-
states inside the impurity bana- 0.1) is much greater than borhood of the Fermi level. In agreement with the experi-
this experimental value. Moreover, we show that the Fermimental resultsfor x>0.4, the DOS reduces drastically with
level is not pinned but displaced from the middle of the gapx as shown in Fig. &), the heavy-fermionic behavior disap-
to the interior of the conduction band due to the presence gfears and the Fermi level shifts rapidly to compensate the
the impurities. These two results give support to the scenariweaker attraction of the La atom.
according to which the metal-nonmetal transition takes place In Fig. 7 we present the dependence of the conductivity in
within the conduction band and not inside the impurity band a logarithm scale, as a function of temperature for various
as the La concentration is increased. From this point of viewalues of the concentration For the pure Ce compound, as
the metallic side of the transition is controlled by electronsthe system is an insulator the resistance has, at low tempera-
that contribute to the conductivity inside the Kondo reso-tures (T<T\), an activation behavior. This permits to obtain
nance; the system is a heavy-fermion and very much influfrom the curve the gap value. At higher temperatures as the
enced by disorder. gap disappears for>T,, the system behaves as a metal.
We show in Fig. 5 the DOS and conductivity for large For finite values ofx, although still very smallX>0.007),
values of the concentratiox= 0.5 in a region of energy in- the figure shows that the resistance has an activation behav-
side the gap of the pure material. Although the Fermi energyor for small values ofT, but as the temperature is reduced
is already inside the conduction band for this valuexois even further, it saturates and diminishes reaching a finite
shown in Fig. 6, it is interesting to realize that for this con-value atT=0. This last behavior reflects the fact that the
centration there is still a pseudogap in the conductivity. Thissystem is already a conductor. At very low temperature, it is
gives rise to a rapid oscillating DOS, showing that thesepossible to expand the conductivity at the Fermi level in
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FIG. 7. Resistivity vs temperature for various valuescofrom . - . .
top to bottomx=0.005,0.01,0.07,0.1,0.2,0.3. The inset shows the ' |C- 8 The optical conductivity of GBi,P as a function of
second derivative of the conductivity at the Fermi levelkvs Wo, for various values of temperature.

powers of the temperature, following the traditional Som-Which the electrons are excited to the conduction band in a
merfeld expansion of the Fermi distributions, such that ~ More continuous way. In fact the linear contribution to the
specific heat, experimentally observed for the real
material***? gives support to this interpretation.
T2
E=E IV. SUMMARY

7_[_2 2
U:Uo(Ef)JFE(EUo(E)

The second derivative of the conductivity controls the be- We have studied the metal-insulator transition in disor-
havior of the resistivity at very low temperature. Its depen-dered Kondo compounds, using a periodic Anderson Hamil-
dence upon the concentratiagris shown in the inset of Fig. tonian. The Green functions that describe the system were
7. As x is increased, the derivative, which is positive for obtained diagonalizing the site Hamiltonian, which contains
<0.007, has an abrupt change into a large negative quanti@gll the many-body interactions, and by taking as the per-
and reduces its modulus as the concentration is increaseiirbed Hamiltonian the intersite matrix elements. The pertur-
The value of the impurity concentration at which this quan-bation expansion is calculated in the chain approximattton.
tity changes sign can be considered to be an upper limit foAlthough the many-body problem is treated in a simple way,
the metal-nonmetal transition concentration because, whewhich could restrict the validity of the results obtained, we
the resistivity increases with temperature, it has to be finite apelieve it provides the essential physics that could be ex-
T=0. The behavior of the resistivity with temperature andpected from more sophisticated approaches. We are referring
impurity concentration, depicted in Fig. 7, coincides qualita-to the appearance of a gap at the Fermi level, its behavior
tively and semiquantitatively with the experimental with temperature, and the heavy-fermion properties obtained.
results'! giving further basis for the scenario we propose The relative simplicity of the many-body treatment permitted
for the metal-nonmetal transition. to use a numerical algorithm that considers disorder in an

Finally, we study the optical conductivity(w,) given in  exact way. Although not essential, with the purpose of reduc-
Eq. (14), measured for the pure compoutidfor different  ing the numerical effort, we have supposed that the system is
temperatures as a function of frequenay. The results are defined on a Bethe lattice.
shown in Fig. 8. They are in qualitative and semiquantitative It was studied in particular the DOS and the conductivity
agreement with the experiments. For high temperatures th@ependence upon the concentration of impurities for the al-
conductivity shows a low dependence @p. For lower tem- 1oy [(Ce—,La,)3BisPt]. The simultaneous study of these
peratures the conductivity exhibits a strong dependence fdwo quantities permitted us to find the mobility edges and to
low frequencies, a typical behavior of a system with a gapéestablish that the metal-nonmetal transition is a result of the
This manifestation is clearer as the temperature is reducedterplay of correlation and disorder when the Fermi level is
The theoretical result shows an abrupt discontinuity of thénside the conduction band. We have compared the transport
conductivity for a value ofw, of the order of the gap that Properties obtained with various available experiments.
tends to disappear by increasing the temperature. It reflects
the abrupt increase of the conductivity when the incident ACKNOWLEDGMENT
light has enough energy to excite electron from the valence
to the conduction band. We believe that this abrupt change is This work was partially supported by the Brazilian Agen-
not reflected in the experimental result because the real sysies, FAPERJ, CNPQ, and the collaboration project CIAM,
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