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GRIFFITHS PHASES IN THE STRONGLYDISORDERED KONDO NECKLACE� ��T.G. Rappoport, B. Boe
hat, M.A. ContinentinoDepartamento de Físi
a, Universidade Federal FluminenseAv. Litorânea s/n, Niterói, 24210-340, RJ, Braziland A. SaguiaCentro Brasileiro de Pesquisas Físi
asRua Dr. Xavier Sigaud 150, Ur
a, Rio de Janeiro, 22290-180, RJ, Brazil(Re
eived July 10, 2002)We study the e�e
t of strong disorder on the one-dimensional Kondone
kla
e model using a perturbative real-spa
e renormalization group ap-proa
h. The phase diagram of the model presents a random quantum
riti
al 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 whi
h for strong disorder maps on therandom transverse �eld Ising model. These results provide a mi
ros
opi
basis for non-Fermi liquid behavior in disordered heavy fermions asso
iatedwith the existen
e of Gri�ths phases.PACS numbers: 75.10.Hk, 64.60.Ak, 64.60.Cn1. Introdu
tionUnderstanding the e�e
ts of randomness on the quantum 
riti
al point(QCP) of the d = 1 Kondo ne
kla
e (KN) model [1℄ is relevant for the studyof disordered heavy fermions systems with non-Fermi liquid behavior [2�4℄.Re
ently we presented a non-perturbative real spa
e 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 irrelevan
e of disorder, � > 2=d,where � = 2:24 is the value obtained for the 
orrelation length exponent of� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.�� Supported by Brazilian agen
ies FAPERJ, CNPq and CAPES.(355)



356 T.G. Rappoport et al.the QCP of the pure anisotropi
 system [5℄. On the other hand di�erentapproa
hes have been proposed to des
ribe the non-Fermi liquid behavior ofdisordered heavy fermions that rely on the relevan
e of disorder [2, 3℄. Herewe investigate the one-dimensional KN model in the 
ase of strong disorderusing a generalization of a perturbative real spa
e RG approa
h [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 matri
es denoting the 
on-du
tion ele
trons and the spins of the lo
al moments, respe
tively. The sitesi and i+1 are nearest-neighbors on a 
hain of L sites. The lo
al Kondo inter-a
tions, Ji > 0 and the hopping energies Wi > 0 are un
orrelated quen
hedrandom variables with probability distributions, PJ (Ji) and PW (Wi). In theanisotropi
 version of the model, (X-KN), the band of 
ondu
tion ele
tronsis represented just by an Ising term, PL�1i=1 Wi�xi�xi+1. The full isotropi
KN model in Eq. (1) will be referred from now on as the XY-KN to avoid
onfusion. 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 intera
tion J > 0 gives rise to adense Kondo state.In order to implement the perturbative RG method for the KN models,we 
onsider the 
ondu
tion ele
trons �i and the lo
al moments Si arrangedin a 
hain as shown in Fig. 1. Next we 
hoose the largest intera
tion in the
hain, 
 = maxfWi; Jig : (2)If the strongest intera
tion is a Kondo 
oupling (bond) between a lo
al mo-ment and a 
ondu
tion ele
tron, for example, 
I = J2, the lo
al momentS2 and the 
ondu
tion ele
tron �2 are de
imated out yielding an e�e
tivehopping ~W between the 
ondu
tion ele
trons �1 and �3 at neighboring siteswhi
h is obtained in se
ond order perturbation theory (see Fig. 1).If the strongest intera
tion is a hopping term, say, 
I = W2, the fourspins �2, S2, �3 and S3 are 
onsidered as a 
luster. This is repla
ed by ane�e
tive two-spin 
luster 
onsisting of renormalized, lo
al moment ~S and
ondu
tion ele
tron ~� 
oupled by a new e�e
tive lo
al Kondo intera
tion,~J (see Fig. 1). Thus, after de
imating a strong intera
tion, Wi or Ji, wehave an e�e
tive Hamiltonian with two less spin degrees of freedom and all
ouplings < 
I.
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Fig. 1. The de
imation pro
esses in the 
ase the strongest intera
tion 
 is either(a) a bond or (b) a hopping .The RG transformation gives, in the 
ase the strongest intera
tion is abond, an e�e
tive hopping, ~W = W1 W2�
 (3)and in the 
ase it is a hopping we obtain,~J = J2 J3�
 : (4)The new Hamiltonian has exa
tly the same form as the original one, butnow the system is formed by spin 
lusters and e�e
tive 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 there
ursion relations for this model map exa
tly into those of the RTIM [10℄.For the XY-KN model, we get � = 4=p6 � 1:63.2. ResultsThe method is implemented numeri
ally on samples of sizes up to L = 218and averages over 102 
on�gurations [13℄. We use re
tangular distributionsfor the lo
al 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 su
h that J0 is taken asthe 
ontrol parameter. The dual nature of the re
ursion relations allows tolo
ate the random QCP at J0 = 1 for any �. We measure the distan
e 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 quen
hed disorder and var(x) denotes thevarian
e. 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 to
riti
ality, the re
ursion relations in Eqs. (3) and (4), give rise to Gri�thsphases with a range 0 < jÆj < ÆG. In ea
h side of the QCP su
h phasesare dominated by rare, very large 
lusters of the opposite phase. They arealso 
hara
terized by power law behavior of the probabilities distributionswith exponents whi
h depend on the distan
e Æ to the QCP. For J0 > 1, inthe strongly disordered regime above the Gri�ths phase, we �nd a randomKondo phase whi
h 
onsists of a 
olle
tion of isolated singlets with randomex
itation energies. It is natural to des
ribe su
h a phase by a model with adistribution of Kondo temperatures [2℄. The sus
eptibility however does notdiverge at low temperatures in the RKP. We observe a diverging sus
epti-bility in the 
ase of lower unbound distributions where the Gri�ths phaseextends all over the disordered region. Consequently our results indi
atethat a diverging �(T ) is due to a Gri�ths phase. Our approa
h shows thatdi�erently from the 
ase of weak disorder [5℄, strong disorder is a relevantperturbation and gives rise to Gri�ths phases whi
h for distributions witha gap extend over �nite regions of the phase diagram, above and below theQCP. REFERENCES[1℄ S. Donia
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