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GROUND-STATE PROPERTIES OF THEMODIFIED PERIODIC ANDERSON MODELIN INFINITE DIMENSIONS �Yoshiki Imai and Norio KawakamiDepartment of Applied Physis, Osaka University, Suita, Osaka 565-0871, Japan(Reeived July 10, 2002)Ground-state properties of the periodi Anderson model with a dis-persion of f -eletrons are investigated at half-�lling in in�nite dimensions.We determine the magneti phase diagram by using dynamial mean �eldtheory ombined with a perturbative treatment of the f -f Coulomb inter-ation. Nonmonotoni behavior is found in the phase boundary when adispersion of f -eletrons is hanged, the origin of whih is disussed in thelight of formation of renormalized quasi-partiles.PACS numbers: 71.10.�w, 71.27.+a, 75.10.Lp1. IntrodutionThere has been muh interest in heavy fermion systems, whih exhibita variety of remarkable phenomena [1℄. The periodi Anderson model is asimpli�ed model, whih may desribe essential physis of heavy fermions.This model has been intensively studied by various analytial and numerialmethods. Among others, dynamial mean �eld theory (DMFT) [2℄, whihis justi�ed in in�nite dimensions [3, 4℄, allows systematial studies of ther-modynami as well as dynamial properties [5�7℄.In this paper, we investigate a modi�ed version of the periodi Andersonmodel with a f -eletron dispersion. By ombining DMFT with a pertur-bation method, we determine the magneti phase diagram at half-�lling.In partiular, we disuss how a dispersion of f -eletrons a�ets a magnetiphase transition by alulating the density of states (DOS) for f -eletrons.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(779)



780 Y. Imai, N. Kawakami2. Model and methodThe Hamiltonian we study here is a modi�ed version of the periodiAnderson model,H = Xk;� �kyk�k� +Xk;� �fkf yk�fk� + VXk;� (yk�fk� +H::)+ UN Xk;k0;q f yk+q"fk"f yk0�q#fk0# ; (1)where k� (fk�) is the annihilation operator of a ondution- (f)-eletronwith momentum k and spin �("; #). Here, V is the hybridization betweentwo bands, U the f�f Coulomb interation, and N the number of totallattie sites. We fous on the e�ets of a f -eletron dispersion,�fk = ��k ; (2)by hanging the ratio � ontinuously.In DMFT [2℄, eletron orrelations are treated by mapping the lattiesystem to an e�etive impurity one, whih is further supplemented by self-onsistent proedures to reprodue the original lattie system. We ombineDMFT with an iterated perturbation theory [2℄, in whih the f�f inter-ation U is treated via a self-onsistent seond-order perturbation. Fur-thermore, in order to deal with a ommensurate magneti order, we on-sider an antiferromagneti state with the two-sublattie struture [2, 7, 8℄.For simpliity, we employ the semiellipti DOS for ondution eletrons,D(�) = 2pD2 � �2=�D2 with the bandwidth D.3. Numerial resultsWe numerially iterate the self-onsistent proedure in DMFT until thealulated quantities onverge within desired auray. In the following dis-ussions, the bandwidth D is taken to be unity and we shall deal with theommensurate magnetization at half-�lling and absolute zero temperature.In Fig. 1, we show the magneti phase diagram obtained. Note thatour results for � = 0 are onsistent with those of Rosenberg [7℄. Letus now observe what happens for a quantum phase transition, when � ishanged. In the small U region, a paramagneti insulator (PI) is realized for� = 0. As inreasing �, the hybridization gap disappears, and onsequentlya paramagneti metal (PM) emerges. Note that the phase boundary be-tween PI and PM hardly depends on the strength of U . On the other hand,as U inreases, an antiferromagneti insulator (AFI) is stabilized. In all the



Ground-State Properties of the Modi�ed Periodi. . . 781results shown in the inset, the phase boundary exhibits nonmonotoni be-havior as a funtion of �: as � inreases, the phase boundary goes down andthen inreases again. For su�iently large �, the system favors PM state,whih is aused by an itinerant harater of f -eletrons. To see the origin
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Fig. 1. � � U phase diagram for V = 0:3. The inset shows phase diagram forseveral hoies of V . The phase boundary between the paramagneti phase (para)and AFI exhibits nonmonotoni behavior. In order to refrain from omplexity, wedo not show the phase boundary between PI and PM in the inset.
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Fig. 2. DOS for f -eletrons in the paramagneti regime for V = 0:3 and U = 0:6.The inset shows the DOS at the Fermi level (! = 0) as a funtion of �.of this nonmonotoni behavior learly, we show the DOS for f -eletrons inFig. 2. Note that a paramagneti solution is stable regardless of � in theseparameters. For � = 0, where the Kondo insulator is realized, the spetrumhas a renormalized hybridization gap around the Fermi level (! = 0). As



782 Y. Imai, N. Kawakami� inreases, the hybridization gap disappears and then heavy quasipartilesappear. The inset in Fig. 2 shows the DOS at the Fermi level, where itsmaximum is loated around � � 0:15. This value roughly orresponds toan in�etion point of the phase boundary for V = 0:3 (Fig. 1). We an thussay that the introdution of a f -eletron dispersion drives the system fromthe insulator to a metalli phase with the enhaned DOS at the Fermi level,and therefore the system beomes somewhat unstable against an antiferro-magneti order. However, further inrease in � dereases the DOS at theFermi level, making the system more stable against suh a magneti insta-bility. This gives rise to the nonmonotoni behavior observed in the phaseboundary. Therefore, the dispersion of f -eletrons is expeted to play a rolefor the magnetism when the f -eletron dispersion is omparable to the gapin the spetral funtion. 4. SummaryWe have investigated the periodi Anderson model with a dispersion off -eletrons. By using dynamial mean �eld theory ombined with a self-onsistent perturbation method, we have disussed how the phase diagramis a�eted by the itineray of f -eletrons. It has been shown that whenthe dispersion of f -eletrons is introdued, the paramagneti phase beomesone unstable, but further inrease in � again favors a paramagneti phase.This nonmonotoni behavior has been shown to be related to formation ofrenormalized quasi-partiles.This work is partly supported by a Grant-in-Aid from the Ministry ofEduation, Siene, Sports, and Culture of Japan. Parts of the numerialomputations were done by the superomputer enter at Institute for SolidState Physis, The University of Tokyo.REFERENCES[1℄ A. C. Hewson: The Kondo Problem to Heavy Fermions, Cambridge Univ. Press,Cambridge 1993.[2℄ A. Georges, G. Kotliar, W. Krauth, M.J. Rozenberg, Rev. Mod. Phys. 68, 13(1996) .[3℄ W. Metzner, D. Vollhardt, Phys. Rev. Lett. 62, 324 (1989).[4℄ E. Müller-Hartmann, Z. Phys. B74, 507 (1989).[5℄ M. Jarrell, H. Akhlaghpour, Th. Prushke, Phys. Rev. Lett. 70, 1670 (1993).[6℄ T. Mutou, D.S. Hirashima, J. Phys. So. Jpn. 63, 4475 (1994).[7℄ M.J. Rosenberg, Phys. Rev. B52, 7369 (1995).[8℄ R. Chitra, G. Kotliar, Phys. Rev. Lett. 83, 2386 (1999).


