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QUANTUM CRITICAL BEHAVIOUR IN CuGeO3�S.V. Demishev, A.A. Pronin, N.E. SluhankoN.A. Samarin, V.V. GlushkovGeneral Physis Institute, 38, Vavilov street, 119991 Mosow, RussiaY. Inagaki, H. Ohta, S. Okubo, Y. OshimaKobe University, 1-1 Rokkodai, Nada, Kobe 657-8501, Japanand M.M. MarkinaMosow State University, 119899 Mosow, Russia(Reeived July 10, 2002)From high frequeny (up to 450 GHz) ESR and low temperature spei�heat measurements we �nd that insertion of 1% Fe and 2% Co in CuGeO3matrix smears both spin-Peierls and Néel transitions. For T < 30 K wedisovered an onset of the power asymptotis of magneti suseptibility andspei� heat harateristi to a quantum ritial behaviour.PACS numbers: 76.30.�v, 75.40.�s, 75.50.Lk1. IntrodutionIt is known, that disorder in antiferromagnetially interating spin sys-tem an destroy magneti ordering and give rise to a quantum ritial (QC)behaviour [1�3℄. For 1D S = 1=2 spin hains the ground state beomesgapless and the density of states diverges at � = 0 : �(�) / j�j�� [1℄. As aonsequene the temperature dependenes of magneti suseptibility � andmagneti ontribution to spei� heat Cm aquire the forms� / T�� ; m / T 1�� ; (1)where � < 1. From the theoretial point of view the non-Curie asymptotibehaviour of � and a power law for Cm re�ets the onset of the Gri�ths� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(729)



730 S.V. Demishev et al.phase whih thermodynami properties are ontrolled by relatively rare spinlusters orrelated more strongly than average [2, 3℄.The possibility of the QC regime in CuGeO3 was onsidered in [3℄. Theaim of the present work onsists in providing experimental evidene thatdoping CuGeO3 with magneti impurities Co and Fe may ause QC be-haviour. Details onerning sample preparation and experimental tehniquean be found elsewhere [4℄.2. Experimental resultsThe key problem in magneti suseptibility measurements onsists inseparation of the ontribution from disordered Cu2+ hains from paramag-netism aused by impurities in CuGeO3 matrix. This di�ulty overomesin ESR experiment, where magneti impurity in CuGeO3 matrix and Cu2+hains modi�ed by impurity give rise to a di�erent absorption lines [5℄.Experimental result for the sample ontaining 2% of Co is shown inFig. 1. ESR spetrum is formed by two lines whih beomes resolved for
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T  (K)Fig. 1. (a) ESR spetrum for Co-doped sample in geometry B k a. Arrow markreferene spetrum for DPPH. (b) �(T) data for Cu2+ hains and Co2+ impurity.1- power law (1) with �=0.69, 2- Curie�Weiss law.



Quantum Critial Behaviour in CuGeO3 731frequeny �>100GHz (Fig. 1(a)). The analysis of the g-fator values to-gether with the frequeny and temperature dependenes of the linewidthhave allowed to assoiate high-�eld resonane with g � 2:15 and low-�eldresonane with g � 4:7 with Cu2+ hains and Co2+ impurity respetively.Data at various temperatures, analogues to presented in Fig. 1(a) was usedto alulate �(T ) for Cu2+ and Co2+ subsystems (Fig. 1(b)). Suseptibil-ity of the Co-doped spin-Peierls hains for T < 30 K follows Eq. (1) with� = 0:69� 0:04 (Fig. 1(b) urve 1). At the same time �(T ) for Co impurityin CuGeO3 matrix is better desribed by Curie�Weiss law, � � 1=(T ��),with � = �2:8 K (Fig. 1(b) urve 2).
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T  (K)Fig. 2. The same as Fig. 1 for Fe-doped sample. 1- power law (1) with � = 0:35.Results of the similar experiment for the sample ontaining 1% of Fe aregiven in Fig. 2. Note that only absorption orresponding to Cu2+ hains isobserved. As for Co-doped sample the low temperature asymptoti of � isgiven by Eq. (1), but the index value is onsiderably lower: �=0.35�0.03(Fig. 2(b) urve 1). In addition for the Fe-doped sample we �nd [4℄ that mag-neti ontribution m obeys power law with the index �=0.37�0.03 whihoinide within experimental error with the value obtained from magnetisuseptibility.



732 S.V. Demishev et al.3. DisussionData in Fig. 1(b) and Fig. 2(b) suggests that in the samples studiedspin-Peierls transition is already damped. Spei� heat data for CuGeO3:Fealso show no spin-Peierls transition [4℄. It is also possible to exlude Neelordering expeted for doped CuGeO3 [1℄ as long as �(T ) have no kinks andno magnetoabsorption modes orresponding to antiferromagneti resonanehave been observed. At the same time the presene of the disorder in mag-neti subsystem follows from the strong broadening of the ESR line withrespet to the pure rystal (Figs 1,2 and [4℄). In this situation an observa-tion of the power asymptotis for Cu2+ hains agrees with the QC behaviour.In this model the index � in Eq. (1) is not universal and depends on thedistribution funtion of the spin lusters [2,3℄ that may explain di�erene be-tween Fe and Co-doped rystals. Considering the formation of the Gri�thsphase at low temperatures it is possible to estimate the value of harateris-ti temperature TG = 30 K at whih transition from paramagneti to (P) toa Gri�ths (G) phase is expeted (Figs 1,2). However a further experimentsat very low temperatures required to hek proposed explanation base onQC regime.Authors aknowledge support from the projet INTAS 00-807, program�Physis of Nanostutures� of Russian Aademy of Sienes, program�Integration� of Russian Ministry of Eduation and Venture BusinessLaboratory of Kobe University.REFERENCES[1℄ M. Mostovoy et al., Phys. Rev. B58, 8190 (1998).[2℄ A. Rosh, in Abstrats of LT22, Helsinki 1999, p. 389.[3℄ H. Fabrizio, R. Mellin, Phys. Rev. Lett. 78, 3382 (1997).[4℄ S.V. Demishev et al., ond-mat/0110177.[5℄ V.N. Glazkov et al., J. Phys.: Condes. Matter 10, 7879 (1998).


