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GRIFFITHS PHASES IN THE STRONGLYDISORDERED KONDO NECKLACE� ��T.G. Rappoport, B. Boehat, M.A. ContinentinoDepartamento de Físia, Universidade Federal FluminenseAv. Litorânea s/n, Niterói, 24210-340, RJ, Braziland A. SaguiaCentro Brasileiro de Pesquisas FísiasRua Dr. Xavier Sigaud 150, Ura, Rio de Janeiro, 22290-180, RJ, Brazil(Reeived July 10, 2002)We study the e�et of strong disorder on the one-dimensional Kondoneklae model using a perturbative real-spae renormalization group ap-proah. The phase diagram of the model presents a random quantumritial point separating two phases; the random singlet phase of a quan-tum disordered XY hain and the random Kondo phase. We also onsideran anisotropi version of the model whih for strong disorder maps on therandom transverse �eld Ising model. These results provide a mirosopibasis for non-Fermi liquid behavior in disordered heavy fermions assoiatedwith the existene of Gri�ths phases.PACS numbers: 75.10.Hk, 64.60.Ak, 64.60.Cn1. IntrodutionUnderstanding the e�ets of randomness on the quantum ritial point(QCP) of the d = 1 Kondo neklae (KN) model [1℄ is relevant for the studyof disordered heavy fermions systems with non-Fermi liquid behavior [2�4℄.Reently we presented a non-perturbative real spae renormalization group(RG) showing that weak disorder is an irrelevant perturbation near the QCPof a d = 1, anisotropi, pure KN model [5℄. This result is in agreement withthe generalized Harris riterion [6, 7℄ for irrelevane of disorder, � > 2=d,where � = 2:24 is the value obtained for the orrelation length exponent of� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.�� Supported by Brazilian agenies FAPERJ, CNPq and CAPES.(355)



356 T.G. Rappoport et al.the QCP of the pure anisotropi system [5℄. On the other hand di�erentapproahes have been proposed to desribe the non-Fermi liquid behavior ofdisordered heavy fermions that rely on the relevane of disorder [2, 3℄. Herewe investigate the one-dimensional KN model in the ase of strong disorderusing a generalization of a perturbative real spae RG approah [8�12℄.The one-dimensional KN model is de�ned by the Hamiltonian,H = L�1Xi=1 Wi(�xi�xi+1 + �yi�yi+1) + L�1Xi=1 Ji~Si:~�i ; (1)where �� and S�, � = x; y; z are spin-1/2 Pauli matries denoting the on-dution eletrons and the spins of the loal moments, respetively. The sitesi and i+1 are nearest-neighbors on a hain of L sites. The loal Kondo inter-ations, Ji > 0 and the hopping energies Wi > 0 are unorrelated quenhedrandom variables with probability distributions, PJ (Ji) and PW (Wi). In theanisotropi version of the model, (X-KN), the band of ondution eletronsis represented just by an Ising term, PL�1i=1 Wi�xi�xi+1. The full isotropiKN model in Eq. (1) will be referred from now on as the XY-KN to avoidonfusion. For the X-KN there is an unstable �xed point at a �nite valueof (J=W ) separating an antiferromagneti phase from a spin ompensated,Kondo-like phase [5℄. For the XY-KN, any interation J > 0 gives rise to adense Kondo state.In order to implement the perturbative RG method for the KN models,we onsider the ondution eletrons �i and the loal moments Si arrangedin a hain as shown in Fig. 1. Next we hoose the largest interation in thehain, 
 = maxfWi; Jig : (2)If the strongest interation is a Kondo oupling (bond) between a loal mo-ment and a ondution eletron, for example, 
I = J2, the loal momentS2 and the ondution eletron �2 are deimated out yielding an e�etivehopping ~W between the ondution eletrons �1 and �3 at neighboring siteswhih is obtained in seond order perturbation theory (see Fig. 1).If the strongest interation is a hopping term, say, 
I = W2, the fourspins �2, S2, �3 and S3 are onsidered as a luster. This is replaed by ane�etive two-spin luster onsisting of renormalized, loal moment ~S andondution eletron ~� oupled by a new e�etive loal Kondo interation,~J (see Fig. 1). Thus, after deimating a strong interation, Wi or Ji, wehave an e�etive Hamiltonian with two less spin degrees of freedom and allouplings < 
I.
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Fig. 1. The deimation proesses in the ase the strongest interation 
 is either(a) a bond or (b) a hopping .The RG transformation gives, in the ase the strongest interation is abond, an e�etive hopping, ~W = W1 W2�
 (3)and in the ase it is a hopping we obtain,~J = J2 J3�
 : (4)The new Hamiltonian has exatly the same form as the original one, butnow the system is formed by spin lusters and e�etive bonds. Note thatthe resulting �ow equations, Eqs. (3) and (4), present a duality between Wand J . We �nd that for the X-KN model the parameter � = 1, so that thereursion relations for this model map exatly into those of the RTIM [10℄.For the XY-KN model, we get � = 4=p6 � 1:63.2. ResultsThe method is implemented numerially on samples of sizes up to L = 218and averages over 102 on�gurations [13℄. We use retangular distributionsfor the loal bonds and hopping terms. Periodi boundary onditions areapplied. The relevant parameter is the ratio (J0=W0) of the ut-o�s of theoriginal distributions. Furthermore we take W0 = 1 suh that J0 is taken asthe ontrol parameter. The dual nature of the reursion relations allows toloate the random QCP at J0 = 1 for any �. We measure the distane tothe random QCP by the variableÆ = hlnJi � hlnW ivar(lnJ) + var(lnW ) ; (5)



358 T.G. Rappoport et al.where h�i means average over quenhed disorder and var(x) denotes thevariane. Of ourse Æ = 0 for J0 = 1. For the anisotropi KN model, theQCP at J0 = 1 separates a disordered antiferromagneti phase (J0 < 1) froma dense Kondo ompensated phase (J0 > 1). Above and below, but lose toritiality, the reursion relations in Eqs. (3) and (4), give rise to Gri�thsphases with a range 0 < jÆj < ÆG. In eah side of the QCP suh phasesare dominated by rare, very large lusters of the opposite phase. They arealso haraterized by power law behavior of the probabilities distributionswith exponents whih depend on the distane Æ to the QCP. For J0 > 1, inthe strongly disordered regime above the Gri�ths phase, we �nd a randomKondo phase whih onsists of a olletion of isolated singlets with randomexitation energies. It is natural to desribe suh a phase by a model with adistribution of Kondo temperatures [2℄. The suseptibility however does notdiverge at low temperatures in the RKP. We observe a diverging susepti-bility in the ase of lower unbound distributions where the Gri�ths phaseextends all over the disordered region. Consequently our results indiatethat a diverging �(T ) is due to a Gri�ths phase. Our approah shows thatdi�erently from the ase of weak disorder [5℄, strong disorder is a relevantperturbation and gives rise to Gri�ths phases whih for distributions witha gap extend over �nite regions of the phase diagram, above and below theQCP. REFERENCES[1℄ S. Doniah, Physia B91, 231 (1977); R. Jullien, J.N. Fields, S. Doniah,Phys. Rev. B16, 4889 (1977).[2℄ E. Miranda, V. Dobrosavljevi, G. Kotliar, Phys. Rev. Lett. 78, 290 (1997).[3℄ Chia-Ying Liu, et al., Phys. Rev. B61, 432 (2000); A.H. Castro Neto,B.A. Jones, Phys. Rev. B62, 14975 (2000).[4℄ M.C. Aronson et al., Phys. Rev. Lett. 75, 725 (1995).[5℄ T.G. Rappoport, A. Saguia, B. Boehat, M.A. Continentino, Phys. Rev. B64,140402(R) (2001).[6℄ A.B. Harris, J. Phys. C7, 1671 (1974).[7℄ J.T. Chayes et al., Phys. Rev. Lett. 57, 299 (1986).[8℄ S.K. Ma, C. Dasgupta, C.-K. Hu, Phys. Rev. Lett. 43, 1434 (1979).[9℄ D.S. Fisher, Phys. Rev. B50, 3799 (1994).[10℄ D.S. Fisher, Phys. Rev. B51, 6411 (1995).[11℄ F. Iglói, R. Juhász, H. Rieger, Phys. Rev. B59, 11308 (1999).[12℄ F. Iglói, R. Juhász, P. Lajkó, Phys. Rev. Lett. 86, 1343 (2001).[13℄ T.G. Rappoport, B. Boehat, A. Saguia, M.A. Continentino, submitted.


