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DISORDER INDUCED CHANGES OF d-WAVE PAIRINGAMPLITUDE IN THE BOSON FERMION MODEL�T. Doma«skia;b, J. Ranningera, K.I. Wysoki«skibaCentre de Reherhes sur les Très Basses Températures CNRS38-042 Grenoble Cedex 9, Franeb Maria Curie Skªodowska University, 20-031 Lublin, Poland(Reeived July 10, 2002)We investigate a system omposed of the itinerant eletrons oexistingwith the loalized pairs (hard-ore bosons) whose energies are assumedto be site dependent. The randomness of boson energies indues in turn�utuations of the e�etive pairing potential between fermions. We analyzean e�et of suh randomness on the anisotropi d-wave superondutingphase of this model. In partiular, we determine transition temperatureT and the amplitude of the order parameter parameter �ij = hi#j"i asfuntions of the boson energies �utuations.PACS numbers: 74.20.�z, 74.25.�q, 71.10.�wThe boson fermion model [1℄ has been reently proposed for a desriptionof the superonduting opper oxide materials [2�5℄. It has been argued thatin these materials there exists a mixture of loal immobile objets of bosoniharater oupled to the mobile ondution eletrons (fermions). Due to thegauge invariant form of their interation both subsystems simultaneouslyundergo a transition to super�uid/superonduting phase.The order parameter of the high temperature superondutors is knownto have d-wave symmetry. This requires an appropriate modi�ation of theoriginal isotropi boson fermion model. It has also to be taken into aountthat these materials are quite disordered. Impurities are introdued eitherin the doping proess, like Sr in La2�xSrxCuO, or is some other way. Theyare expeted to be e�etive pair breakers for d-wave superondutor. It isthe purpose of this work to study how the nonmagneti impurities a�et theproperties of the d-wave superonduting phase of ondution eletrons.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(493)



494 T. Doma«ski, J. Ranninger, K.I. Wysoki«skiWe assume here that the impurities enter mainly through the randomenergy levels of the loalized bosons. We thus onsider the boson fermionmodel [1, 2, 4℄ desribed by the HamiltonianHBF = Xi;j;�(tij � Æi;j�)yi�j� +Xi ��B + Æ�iB � 2�� byibi+ 12Xi;j vij �byii#j" + biyi"yj#� ; (1)with the anisotropi interation potential vij [5, 6℄ and the random bosonenergies �B + Æ�iB . We use standard notation for fermion (y)i;� and bosonb(y)i operators. tij is the hopping integral of fermions, and � stands forthe ommon hemial potential. It is worth mentioning that this bosonfermion Hamiltonian with anisotropi (inter-site) exhange oupling vij hasbeen reently derived from the resonating valene bond state of the t � Jmodel [7℄.We onsider two dimensional square lattie with a tight binding disper-sion "k = 2t (os kxa+ os kya) and assume the interation potential to benon-zero only between the nearest neighbor sites suh that vij = +v if ~ri�~rj jj x̂ and vij = +v if ~ri�~rj jj x̂. If this interation is small we an applythe Hartree�Fok�Bogolubov deoupling byi i#j" ' hbii� i#j" + byi hi#j"iwhih leads to deomposition of the Hamiltonian into fermion and bosonparts H = HF +HB. Boson part is given byHB = Xi hEibyi bi + xi byi + x�i bii ; (2)where Ei = �B + Æ�iB � 2� and xi = 1=2Phji vij hi#j"i, the summationgoes here only over hji whih are the nearest neighbor sites with respet toi. For a given random on�guration Æ�iB we an ompute the thermody-namially averaged quantities h: : :i = Trn: : : e��HBo =Trne��HBo usinga suitable anonial transformation [2, 4, 8℄. In partiular we obtainDbyi biE = 12 � Ei4i tanh� ikBT � ; (3)hbii = � xi2i tanh� ikBT � ; (4)where i =p(Ei=2)2 + jxij2.



Disorder Indued Changes of d-Wave Pairing . . . 495The fermion part is more di�ult to deal with. Formally the Hamiltonianhas the standard BCS-strutureHF = Xi;j;� (tij � Æij�) yi�i� +Xi;j ���iji#j" +�ijyj"yi#� ; (5)however, �ij = 12vji hbji are random quantities due to (4). This situa-tion orresponds to the random inter-site attrative interations betweenfermions. Introduing the Green's funtion G(i; j;!) = DD	i;	 yjEE! in theNambu representation 	 yi = (yi"; i#), 	i = (	yi )y we haveXl � (! + �)Æil � til ��il���il (! � �)Æil + til �G(l; j;!) = 1Æij : (6)As a �rst step we an replae random quantities �ij by their averaged value(over all the possible boson energy on�gurations) �ij ' �ij =P� P��(�)ijIn suh ase the fermion system beomes homogenous and an be easilysolved in the momentum spae[G(k;!)℄�1 = � ! � "k + � ��k���k ! + "k � � � ; (7)where �k = 12Xhji eik(ri�rj)vijhbji = hbiv (os kxa� os kya) : (8)We obtain the standard BCS relations [2, 4℄ for the number operatornF = 1 �Pk "k��Ek tanh� Ek2kBT � where Ek = q("k � �)2 +�2k and for theorder parameter h�k#k"i = � �k2Ek tanh� Ek2kBT �.For a brief illustration we onsider the symmetri boson fermion modelwith half-�lled boson and fermion subsystems (�B = 0, � = 0). We assumealso the symmetri random boson energy distribution in a bimodal form [9℄Æ�iB = �Æ�B with equal probabilities 12 . In this ase the value of Dbyi biE(3) and hbii (4) at site with Æ�iB = Æ�B are equal to that orresponding toÆ�iB = �Æ�B . For this partiular hoie of parameters the average gap �ijis idential with its atual value �ij = 12vji hbji at arbitrary site.Fig. 1 shows the transition temperature T alulated for v=8t = 0:1 andthe zero temperature amplitude of the order parameter both in a funtionof Æ�B . As an be seen superondutivity is strongly destroyed be the
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