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TIGHT-BINDING MODEL FOR HEAVY FERMIONCOMPOUNDS: CONSTRUCTION OF f�p MODEL�Takahiro Maehiraa, Takashi Hottaa, Tetsuya TakimotoaKazuo Uedaa;b and Akira HasegawaaAdvaned Siene Researh Center, Japan Atomi Energy Researh Institute2-4 Shirakata Shirane, Tokai, Ibaraki 319-1195, JapanbInstitute for Solid State Physis, University of Tokyo5-1-5 Kashiwa-no-ha, Kashiwa, Chiba 277-8581, JapanNiigata University, Niigata, Niigata 950-2181, Japan(Reeived July 10, 2002)We disuss eletroni properties of CeIrIn5 based on the relativistiband-struture alulation. The obtained energy band-struture is reana-lyzed by using a tight-binding f�p model, whih is found to be a realistiand pratial Hamiltonian for CeTIn5 (T= Ir, Rh, and Co).PACS numbers: 71.27.+a, 71.18.+y, 71.15.�mReently Ce-based heavy fermion superondutors CeTIn5 (T= Ir, Rh,and Co) have attrated muh attentions in the researh �eld of stronglyorrelated eletron systems [1℄. The so-alled Ce-115 ompound has theHoCoGa5-type tetragonal rystal struture with alternating layers of CeIn3and TIn2 staked along the [0 0 1℄ diretion, as shown in Fig. 1(a), indiat-ing that two-dimensionality is strong in this material. In fat, the angulardependene of major experimental de Haas�van Alphen frequeny branhesis well explained by quasi two-dimensional Fermi surfaes [2℄.Due to the simple two-dimensionality of the Fermi surfaes and magnetiproperty, CeIrIn5 is an ideal example for fundamental study of superondu-tivity and magnetism in rare earth ompounds. However, when we attemptto promote suh an investigation for CeTIn5 from a mirosopi viewpoint,we enounter a problem of absene of an appropriate Hamiltonian for thef eletron systems. Thus, we will try to onstrut a mirosopi model byombining the band alulation and the tight-binding method.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1023)
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Fig. 1. (a) Crystal struture of CeTIn5. (b) Energy band struture alulated forCeIrIn5 with the RLAPW method.In this paper we �rst disuss eletroni properties of CeIrIn5 from theband alulation within the loal density approximation (LDA). Seond wereanalyze the energy band struture in omparison with a tight-bindingmodel inluding Ce 4f and In 5p states. The overall framework of theband struture around the Fermi energy EF is determined by the broad pband and f�p hybridization, while the �ne struture in the viinity of EF issensitive to the narrow f bands and rystalline eletri �eld (CEF) e�ets.Let us brie�y disuss the energy band struture alulated by using therelativisti linear augmented plane wave (RLAPW) method with the ex-hange and orrelation potential in the LDA. The mu�n-tin approximationis adopted for the spatial shape of one-eletron potential and self-onsistentalulations are arried out for experimental lattie onstants. In the al-ulated energy band struture for CeIrIn5, as shown in Fig. 1(b), four har-ateristi features are observed: (i) EF = 0:416 Ryd. in the present unitand 13th�16th bands onstrut the Fermi surfaes. (ii) Around EF, hy-bridization between Ce 4f and In 5p states ours. (iii) Above EF near theM point, �at 4f bands split into two groups, spei�ed by j = 5=2 for lowerand 7=2 for upper bands, respetively (j is the total angular momentum).(iv) The magnitude of the splitting in 4f states orresponds to the spin-orbitoupling, estimated as 0.4 eV.As suggested in the point (iii) above, energy bands around EF are om-posed of j = 5=2 states. Thus, we take into aount only the j = 5=2 sextetto onstrut an e�etive model for low-energy exitations. Moreover, sinethe Fermi surfaes exhibit two-dimensionality both in experiments and in theband alulation, we onsider the tight-binding model within the j = 5=2sextet on the two-dimensional lattie shown in Fig. 2(a).
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Fig. 2. (a) Two-dimensional lattie omposed of Ce (open irles) and In (grayirles) ions. (b) Energy band strutures around EF for CeIrIn5. Solid and dashedurves indiate the results for f�pmodel and the RLAPW alulation, respetively.Cirled dots denote top and bottom of tight-binding bands. Pairs of irles, trian-gles, and squares indiate orrespondene between the RLAPW and tight-bindingbands. Fermi-surfae lines disussed here are () 13th band hole sheets, (d) 14thband hole sheets, and (e) 15th band eletron sheets.Due to the lak of spae, we skip detailed explanations for the tight-binding proedure, but here only the result is shown:H=Xk���[("fk��+�f��)f yk��fk��+("pk��+�p��)pyk��pk��+Vk��(f yk��pk��+h::)℄ ;where fk�� (pk��) is an annihilation operator for f (p) eletron with mo-mentum k and pseudo-spin � in the � orbital. Note here that fk�� is givenby the linear ombination of the states in the j = 5=2 sextet, while pk�� isomposed of the states in the j = 1=2 doublet and j = 3=2 quartet. Thedispersion energies for f and p eletrons are given by "fk�� and "pk�� , respe-tively, while Vk�� indiates f�p hybridization. E�ets of tetragonal CEF areinluded in �f�� and �p�� for f and p eletrons, respetively. Parameters inH are three Slater integrals [(fp�), (pp�), (fp�)℄ and several CEF parame-ters, whih are determined so as to be onsistent with the band alulationresults.In Fig. 2(b) we show a typial result for omparison between the RLAPWand the tight-binding energy bands. For a given value of (ff�), we determine(pp�) and (fp�) in a manner that energies at the top and bottom of tight-binding bands are just equal to those at the � point of the 25th band and attheM point of the 12th in the RLAPW result, respetively, sine those bands



1026 T. Maehiraoriginate from In 5p states. Then, we obtain (pp�) = 7010K and (fp�) =11280K for (ff�) = 2000K [3℄. CEF parameters have been determined inthe f�f model without p eletrons [4℄. Details of parameter �tting as wellas the derivation of H will be disussed elsewhere [5℄.Here we fous on the three Fermi surfaes onstruted from 13th, 14th,and 15th bands in the RLAPW result, sine f and p omponents in the16th-band Fermi surfae are quite small. The tight-biding model has severalbands rossing EF along the ��M and X�M ions, reproduing two largeylindrial sheets orresponding to the 14th- and 15th-band Fermi surfaesin the RLAPW result, as shown in Fig. 2 (d) and (e). We an also reproduea portion of the small 13th-band Fermi surfaes, as shown in Fig. 2(), whihould not be obtained in the f�f model [4℄. Thus, it is suggested that theFermi surfaes of the f�p model agree well with the RLAPW results.In summary, the energy band and Fermi surfae strutures of CeIrIn5have been disussed by ombining the band alulation and the tight-bindingf�p model. The Fermi surfae topology in the f�p model is onsistentwith the band alulation and experimental results. We believe that thef�p model may serve as a realisti Hamiltonian to disuss magnetism andsuperondutivity in CeTIn5 by further adding Coulomb interation terms.The authors thank Y. �Onuki, H. Harima and M. Higuhi for disussions.T.H. and K.U. are supported by the Grant-in-Aid for Sienti� Researhfrom Japan Soiety for the Promotion of Siene.REFERENCES[1℄ H. Hegger et al., Phys. Rev. Lett. 84, 4986 (2000); C. Petrovi et al., Europhys.Lett. 53, 354 (2001); C. Petrovi et al., J. Phys. Condens. Matter 13, L337(2001).[2℄ Y. Haga et al., Phys. Rev. B63, 060503(R) (2001); R. Settai et al., J. Phys.Condens. Matter 13, L627 (2001).[3℄ Although hopping amplitudes estimated from the band alulation are large,these should be redued by many-body e�ets whih are not fully inluded here.To improve the band theory for f -eletron ompounds on this point, a studybased on the optimized e�etive potential theory is in progress.[4℄ T. Maehira et al., J. Phys. So. Jpn. Suppl. to appear.[5℄ T. Maehira et al., preprint.


