
Vol. 34 (2003) ACTA PHYSICA POLONICA B No 2
A STRONG EFFECT OF DISORDER ON MOTTTRANSITION: HUBBARD-LLOYD MODEL�J. SpaªekMarian Smolu
howski Institute of Physi
s, Jagellonian UniversityReymonta 4, 30-059 Kraków, Polandand W. Wój
ikInstitute of Physi
s, Tadeusz Ko±
iuszko Te
hni
al UniversityPod
hor¡»y
h 1, 30-084 Kraków, Poland(Re
eived July 10, 2002)We in
lude atomi
 disorder in 
orrelated narrow-band systems by as-suming that the atomi
 level position �u
tuates a

ording to the Lorentziandistribution. We use the Lloyd exa
t form of the averaged single-parti
leGreen fun
tion when the ele
troni
 
orrelations are absent or treated in thesaddle-point slave-boson (or Gutzwiller) approximation. The weak disorderredu
es drasti
ally the threshold for the Mott�Hubbard lo
alization.PACS numbers: 71.27.+a, 71.30.+h, 71.23.�kThe e�e
t of atomi
 and thermal disorder on ele
troni
 properties of 
or-related ele
troni
 systems is of great interest, parti
ularly 
lose to a quantum
riti
al point, where a non-Fermi liquid behavior or the Mott�Hubbard lo-
alization are observed. The disorder is so in�uential in the 
riti
al regimebe
ause the system is at a threshold of an instability and therefore, a weakperturbation produ
es a disproportionate e�e
t by 
hanging the nature ofthe quantum ma
ro state.We propose a physi
al model, whi
h allows for a simple (and partly exa
t)analysis of the atomi
-disorder role on the physi
al properties of almostlo
alized systems. Namely, we 
onsider �rst the mean-�eld (saddle-pointGutzwiller) pi
ture of quasiparti
le states and then determine the drasti
in�uen
e on them of a weak disorder treated exa
tly.We start with a half-�lled narrow-band system of 
orrelated ele
trons
hara
terized by the quasiparti
le energies Ek = q"k, where "k is the bareband energy and q is the band narrowing fa
tor [1℄. Expli
itly, for a half-�lledband 
on�guration (n = 1) q = 8d2(1 � 2d2), where d2 is the probability of� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(399)
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ikhaving a double o

upan
y on a single atomi
 site. We introdu
e the atomi
disorder in the system by assuming that the atomi
 level position �u
tuatesaround the mean value "0 = 0. In result, the starting e�e
tive Hamiltonianfor N sites in real spa
e takes the formH =Xi� "ini� + qXij� 0tijayi�aj� + Ud2N ; (1)where tij is the hopping integral and U is the magnitude of intraatomi
 inter-a
tion i. In this manner, we assume that the disorder is weak and therefore,the mean-�eld-like quasiparti
le states with energies q"k are formed �rst [2℄.Furthermore, we assume that the disorder is represented by the Lorentziandistribution of the atomi
-level portion " = f"ig, i.e.P (") = "1� 1("� "0)2 + "21 ; (2)where "1 is the distribution width. Under these 
ir
umstan
es, the Hamilto-nian (1) is exa
tly soluble and the expression for the single-parti
le Greenfun
tion takes a very simple form [3℄Gk(E) = 1E � q"k � �"+ i"1 � 1E � ("k � �)�� ; (3)where �" = "0+�, and � is the 
hemi
al potential. The disorder introdu
es thequasiparti
le lifetime ~="1, whereas the 
orrelations renormalize the parti
lemass m0 ! m� � m0=q [1℄. This is be
ause the selfenergy in (3) is �(E) =�(1� q)E � i"1. The spe
tral density fun
tion Ak(E) is then given byAk(E) � � 1� ImGk(E) = 1� "1(E � �"� q"k)2 + "21 : (4)Thus, the spe
tral density fun
tion is also of Lorentzian form. The densityof states (per one spin dire
tion) for this system is, in turn, determined fromthe relation �(E) = "1� W=2Z�W=2 d" �0(")(E � �"� q")2 + "21 ; (5)where �0(") is the density of states in the bare band. For the modelingpurposes, we take a 
onstant density of states (�0(") = 1=W , for �W=2 �" � W=2), as Eq. (5) involves an integration and thus should not depend
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h on the detailed band shape (within a numeri
al fa
tor). In result, thedensity of states at the Fermi level (E = �" = 0) is�(0) = 2�qW ar
tan�Wq2"1 � ' 2�qW ( qW"1 for qW2"1 � 1�2 � 2"1qW for qW2"1 � 1 : (6)The upper limiting situation 
orresponds to the strong-disorder 
ase, whereasthe lower will represent the weak-disorder limit.Taking the density of states (6) we 
an 
al
ulate the ground state energyEG. Using the 
ondition �EG=�q = 0, we obtain the equation for q (or d2)in the 
losed form:�2"1W � q ar
tan�qW2"1 ��p1� q + UU
 qW2 = 0 ; (7)where U
 = 2W is the lo
alization threshold when the disorder is absent.The expli
it form (4) of the spe
tral density fun
tion allows us also to
al
ulate statisti
al distribution fun
tion at T = 0, whi
h is�nk� = �Z�1 dEAk(E) = 12 � 1� ar
tan�q"k � �"1 � : (8)This is a general formula, with the band shape "k. Only in the 
ase "1 = 0do we re
over the Fermi�Dira
 distribution �nk� = �(� � q"k). Therefore,in this respe
t our system is 
ertainly a non-Landau (non-Fermi) liquid, asthe Im�(E) does not vanish for E = � and thus for Ek ! �, qj"kj � "1,even though "1=W � 1.To illustrate our results, we have plotted in Fig. 1 the lo
alization thresh-old (for whi
h d2 = 0), whi
h is strongly redu
ed for relatively small value
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Fig. 1. Criti
al intera
tion U=U
 for the lo
alization threshold vs "1=W .
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ikof "1=W . The density of states determines dire
tly the ele
troni
 spe
i�
heat 
oe�
ient 
. The stati
 paramagneti
 sus
eptibility �(0) has the formprovided earlier [4℄. Therefore, one 
an determine the dimensionless valueof the Wilson ratio R = (�=�0)=(
=
0), where 
0 and �0 are the values forthe un
orrelated pure systems.In Fig. 2 we have plotted this ratio as a fun
tion of the relative intera
tionstrength. In the pure system ("1 = 0) the ratio evolves from unity at U = 0to the value R = 4 at U = U
 [4℄. The disorder washes out systemati
allythat dependen
e and makes the system look like less 
orrelated, even thoughthe density of states is strongly enhan
ed.
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Fig. 2. The Wilson parameter vs U=U
 for several values of "1=W .In summary, we have devised a simple physi
al model des
ribing a non-Fermi liquid behavior indu
ed by the atomi
 disorder in almost lo
alizedsystems. A weak disorder sharply redu
es the lo
alization threshold and theWilson ratio in the 
orrelated state.The work was supported by the Polish State Committee for S
ienti�
Resear
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