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A STRONG EFFECT OF DISORDER ON MOTTTRANSITION: HUBBARD-LLOYD MODEL�J. SpaªekMarian Smoluhowski Institute of Physis, Jagellonian UniversityReymonta 4, 30-059 Kraków, Polandand W. WójikInstitute of Physis, Tadeusz Ko±iuszko Tehnial UniversityPodhor¡»yh 1, 30-084 Kraków, Poland(Reeived July 10, 2002)We inlude atomi disorder in orrelated narrow-band systems by as-suming that the atomi level position �utuates aording to the Lorentziandistribution. We use the Lloyd exat form of the averaged single-partileGreen funtion when the eletroni orrelations are absent or treated in thesaddle-point slave-boson (or Gutzwiller) approximation. The weak disorderredues drastially the threshold for the Mott�Hubbard loalization.PACS numbers: 71.27.+a, 71.30.+h, 71.23.�kThe e�et of atomi and thermal disorder on eletroni properties of or-related eletroni systems is of great interest, partiularly lose to a quantumritial point, where a non-Fermi liquid behavior or the Mott�Hubbard lo-alization are observed. The disorder is so in�uential in the ritial regimebeause the system is at a threshold of an instability and therefore, a weakperturbation produes a disproportionate e�et by hanging the nature ofthe quantum maro state.We propose a physial model, whih allows for a simple (and partly exat)analysis of the atomi-disorder role on the physial properties of almostloalized systems. Namely, we onsider �rst the mean-�eld (saddle-pointGutzwiller) piture of quasipartile states and then determine the drastiin�uene on them of a weak disorder treated exatly.We start with a half-�lled narrow-band system of orrelated eletronsharaterized by the quasipartile energies Ek = q"k, where "k is the bareband energy and q is the band narrowing fator [1℄. Expliitly, for a half-�lledband on�guration (n = 1) q = 8d2(1 � 2d2), where d2 is the probability of� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(399)



400 J. Spaªek, W. Wójikhaving a double oupany on a single atomi site. We introdue the atomidisorder in the system by assuming that the atomi level position �utuatesaround the mean value "0 = 0. In result, the starting e�etive Hamiltonianfor N sites in real spae takes the formH =Xi� "ini� + qXij� 0tijayi�aj� + Ud2N ; (1)where tij is the hopping integral and U is the magnitude of intraatomi inter-ation i. In this manner, we assume that the disorder is weak and therefore,the mean-�eld-like quasipartile 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 irumstanes, the Hamilto-nian (1) is exatly soluble and the expression for the single-partile Greenfuntion takes a very simple form [3℄Gk(E) = 1E � q"k � �"+ i"1 � 1E � ("k � �)�� ; (3)where �" = "0+�, and � is the hemial potential. The disorder introdues thequasipartile lifetime ~="1, whereas the orrelations renormalize the partilemass m0 ! m� � m0=q [1℄. This is beause the selfenergy in (3) is �(E) =�(1� q)E � i"1. The spetral density funtion Ak(E) is then given byAk(E) � � 1� ImGk(E) = 1� "1(E � �"� q"k)2 + "21 : (4)Thus, the spetral density funtion is also of Lorentzian form. The densityof states (per one spin diretion) 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



A Strong E�et of Disorder on Mott Transition . . . 401muh on the detailed band shape (within a numerial fator). In result, thedensity of states at the Fermi level (E = �" = 0) is�(0) = 2�qW artan�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 alulate 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 artan�qW2"1 ��p1� q + UU qW2 = 0 ; (7)where U = 2W is the loalization threshold when the disorder is absent.The expliit form (4) of the spetral density funtion allows us also toalulate statistial distribution funtion at T = 0, whih is�nk� = �Z�1 dEAk(E) = 12 � 1� artan�q"k � �"1 � : (8)This is a general formula, with the band shape "k. Only in the ase "1 = 0do we reover the Fermi�Dira distribution �nk� = �(� � q"k). Therefore,in this respet 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 loalization thresh-old (for whih d2 = 0), whih is strongly redued for relatively small value
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Fig. 1. Critial interation U=U for the loalization threshold vs "1=W .



402 J. Spaªek, W. Wójikof "1=W . The density of states determines diretly the eletroni spei�heat oe�ient . The stati paramagneti suseptibility �(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 unorrelated pure systems.In Fig. 2 we have plotted this ratio as a funtion of the relative interationstrength. 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 systematiallythat dependene and makes the system look like less orrelated, even thoughthe density of states is strongly enhaned.
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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 physial model desribing a non-Fermi liquid behavior indued by the atomi disorder in almost loalizedsystems. A weak disorder sharply redues the loalization threshold and theWilson ratio in the orrelated state.The work was supported by the Polish State Committee for Sienti�Researh (KBN), Grant No. 2 P03B 050 23.REFERENCES[1℄ J. Spaªek, A. Datta, J.M. Honig, Phys. Rev. Lett. 59, 728 (1987); J. Spaªek,W. Wójik, in Spetrosopy of Mott Insulators and Correlated Metals, Springer,Berlin 1995, pp.41-65.[2℄ In this manner, we neglet the orrelation e�ets between the atomi disorderand the quantum �utuations.[3℄ P. Lloyd, J. Phys. C2, 1717 (1969); M. Aquarone, D.K. Ray, J. Spaªek,J. Phys. C15, 959 (1982).[4℄ J. Spaªek, J. Solid State Chem. 88, 70 (1990).


