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LOW-FREQUENCY NOISE AND CHARGEFLUCTUATIONS IN SmB6�V. Glushkov, N. Sluhanko, M. Ignatov, S. DemishevGeneral Physis Institute of RAS, 38 Vavilov str., Mosow, 119991, RussiaS. Safonov, A. SavhenkoPhysis Department, University of Exeter, Stoker Road, Exeter EX4 4QL, UKV. Fillipov, Yu. PadernoInstitute for Problems of Materials Siene, UA-252680, Kiev, Ukraineand S. KuniiDepartment of Physis, Tohoku University, Sendai 980, Japan(Reeived July 10, 2002)Following to the omprehensive study of the low temperature transportproperties of SmB6 the noise harateristis of high quality single rystalshave been investigated in this arhetypal intermediate valene ompound.The measurements along di�erent rystallographi diretions revealed theanisotropi strong enhanement of the low-frequeny resistane noise attemperatures below 15K. The anomalies observed in this ubi ompoundare disussed in terms of a many-body states formation resulting from fastvalene �utuations on Sm-sites.PACS numbers: 71.27.+a, 71.28.+dDuring last four deades the unusual low-temperature physial propertiesof lassi intermediate valene ompound SmB6 were intensively disussedin more than 100 theoretial and experimental papers (see, e.g., [1�6℄). Theommonly used treatment is based on the suggestion that a small insulating� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1097)



1098 V. Glushkov et al.gap whih is opened in samarium hexaboride below liquid nitrogen temper-ature arises from a strong many-body interation due to oherent Kondosattering [1℄. However, some onvining arguments against the applia-bility of the �Kondo-insulator� model [3�5℄ gave evidene in favor of theexiton-polaroni desription of this system with fast on-site valene �utu-ations [6℄. In present study new results of transport and noise measurementsin SmB6 are obtained and disussed in the framework of the model whihseems to be very fruitful for understanding the nature of ground state inthis extraordinary ompound.The omprehensive study of low temperature transport performed onsingle rystals of SmB6 in a wide range of temperature (1.6�300 K) and mag-neti �elds (up to 50 T) allowed to distinguish three spei� temperatureregions. An ativation above a small hybridization gap Eg � 20 meV deter-mines the intrinsi transport behavior in SmB6 below 70K (Fig. 1, region I).The derease of the onentration of temperature-exited arriers results ina transition to �extrinsi� regime with energy sale Ea � 3:5�5 meV at 14 K(Fig. 1, region II, see also [7℄). The measurements performed along di�erentrystallographi diretions allowed to distinguish between various ontribu-tions from (i) dispersion of bound energy of intra-gap states and (ii) arrierssattering e�ets in the matrix of samarium hexaboride. In this approah itis possible to explain the dispersion of the transport ativation energy valuesby onsidering this parameter as a sum of two ontributions from (i) �bare�
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Fig. 1. The reiproal temperature dependenies of resistivity � as well as Hall RHand normalized Seebek S oe�ients measured along [110℄ axis in SmB6. Linear�ts orrespond to ativation behavior with parameters Ea = 4:4 meV for � and RHand Ea = 2:9 meV for S.



Low-Frequeny Noise and Charge Flutuations in SmB6 1099exitoni omponent Eex � 3 meV and (ii) strongly asymmetri �polaroniwell� Epol � 0:5�3 meV. Using the data, the �indued anisotropy� appearingin this ubi ompound at temperatures below 15 K an be interpreted interms of a short range (�4 Å) exiton�polaron omplexes' formation result-ing from fast harge �utuations in viinity of Sm-enters [7℄.The unusual saturation of resistivity and Hall oe�ient as well as thedrasti derease of normalized thermopower (Fig. 1, region III) has beendeteted when lowering the temperature below 6 K. The data obtained givean experimental evidene in favor of an eletron-type phase transition inSmB6 whih results to a oherent state formation in the system of stronglyinterated exiton�polaron omplexes.To obtain an additional information about the nature of the ground statein SmB6 the low-frequeny (up to 200 Hz) noise harateristis have beeninvestigated in a temperature range 4.2�40 K. It was found that the noisevoltage temperature dependenies Unoise(T ) are haraterized by an anoma-lous maximum at T � 11 K (Fig. 2). Additionally, the strong dependene ofthe �utuation amplitude from the sample orientation has been establishedin the ross-orrelation noise measurements arried out along various rys-tallographi diretions (inset in Fig. 1). It is worth to note that this anomaly
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Fig. 2. The resistane noise voltage Unoise and Hall mobility � temperature depen-denies measured along di�erent rystallographi diretions in SmB6. Inset showsthe amplitude of voltage �utuation as integrated from orrelation spetra (seetext).



1100 V. Glushkov et al.is very similar to the maximum of the Hall mobility temperature dependene� = RH=� (Fig. 2) whih is also haraterized by a pronouned anisotropyin the temperature range 5 K<T<15 K [8℄. In our opinion, this observationmay serve as an additional argument in favor of unique approah in whih theexiton�polaron omplexes are formed below 15 K and determine the low-temperature properties of SmB6 in the regime of fast harge �utuations.However, the peak of linear expansion oe�ient �(T ) at T = 11:5 K [9℄ andthe maximum of thermal ondutivity �(T ) at T = 13 K [10℄ require an ade-quate onsideration of thermal e�ets in the analysis of the low-temperaturenoise harateristis of SmB6. Detailed investigation of these orrelations inthermal, noise and transport properties is in progress now.This work was supported by the INTAS program 00-807, RFBR grants01-02-16601, 02-02-06720 and Young Sientist projet 16 of Russian Aademyof Sienes. One of us (V.G.) aknowledges the �nanial support from IN-TAS fellowship YSF 00-112. REFERENCES[1℄ V.C. Nikerson et al., Phys. Rev. B3, 2030 (1971).[2℄ G. Aeppli, Z. Fisk, Comments Condens. Matter Phys. 16, 155 (1992).[3℄ C. Cooley et al., Phys. Rev. Lett. 74, 1629 (1995).[4℄ N. Sluhanko et al., JETP 88, 533 (1999).[5℄ N. Sluhanko et al., Phys. Rev. B61, 9906 (2000).[6℄ K. Kikoin, A. Mishhenko, J. Phys.: Cond. Matt. 7, 307 (1995).[7℄ N. Sluhanko et al., Phys. Rev. B64, 153103 (2001).[8℄ N. Sluhanko et al., Physia B 312-313C, 331 (2002).[9℄ D. Mandrus et al., Phys. Rev. B49, 16809 (1994).[10℄ M. Sera et al., Phys. Rev. B54, R5207 (1996).


