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SYSTEMATIC EVOLUTIONOF THE KONDO PEAK IN YbCu5�xAgx�T. Okanea, S.-I. Fujimoria, K. Mamiyaa, J. OkamotoaA. Fujimoria;b, N. Tsujii and K. YoshimuradaSynhrotron Radiation Researh CenterJapan Atomi Energy Researh Institute, Mikazuki, Hyogo 679-5148, JapanbDepartment of Complexity Siene and Engineering, University of TokyoBunkyo-ku, Tokyo 113-0033, JapanNational Institute for Materials Siene, Tsukuba, Ibaraki 305-0047, JapandDepartment of Chemistry, Kyoto University, Kyoto 606-8502, Japan(Reeived July 10, 2002)The eletroni struture of the YbCu5�xAgx system, whih belongs toa series of dense Kondo ompounds, is studied by high-resolution photoe-mission spetrosopy. A sharp Yb 4f-related peak, whih is regarded as theKondo peak, was observed just below the Fermi level for eah ompounds.As x dereases, the intensity of the Kondo peak dereases and its energyposition is shifted towards the Fermi level.PACS numbers: 71.27.+a, 75.30.Mb, 79.60.�iA Series of YbCu4M ompounds (M = Ag, Au, Pd, In, et.) rystallizein the ubi AuBe5-type struture and show rih variety of low-temperatureproperties assoiated with the valene instability of Yb [1℄. YbCu4Ag showsa typial dense Kondo behavior and has a moderately large eletroni spei�heat oe�ient of  �= 245 mJ/mol K2 [1, 2℄. Its solid solution systemYbCu5�xAgx rystallizes in the ubi AuBe5-type struture in the rangeof 0:125 � x � 1 and belongs to a series of dense Kondo ompounds [3℄.It was experimentally on�rmed that the harateristi temperature, whihis proportional to the Kondo temperature and was determined with themagneti suseptibility measurement, varies as 181.0, 121.3, 102.0, 86.2Kfor x = 1:0, 0.7, 0.5, 0.25, respetively [3℄. The spei� heat oe�ient inreases from 210 to 440 mJ/mol K2 in going from x = 1:0 to 0.25 [3℄.� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1019)



1020 T. Okane et al.The eletroni strutures of Yb Kondo systems have been extensivelyinvestigated by photoemission spetrosopy (PES) [4℄. The behavior of theobserved 4f signal has been suessfully explained with the single impurityAnderson model (SIAM) using non-rossing approximation (NCA), whihpredits the existene of a sharp many-body resonane, so-alled Kondopeak, loated at � kBTK (TK Kondo temperature) below the Fermi level EFwith the width of � kBTK, whih loses its spetral weight as the temperaturerises [5℄. A PES experiment on YbCu4Ag was performed to study the tem-perature dependene of the Kondo peak by hanging the sample temperatureand observed the behavior onsistent with the NCA alulation [6℄. How-ever, another group objeted the Kondo saling for Yb-based Kondo systemsbased on the quantitative inonsisteny in the Kondo temperature depen-dene of YbCu4Ag and YbCu4Au, pointing out the importane of thermalbroadening of the Fermi edge and the sharp peak to interpret experimentaldata [7℄.In this study, we have investigated the alloy system YbCu5�xAgx(x = 1:0, 0.7, 0.5, 0.25) by high-resolution PES. The variation of the Kondopeak orresponding to the di�erene of the Kondo temperature has beenobserved. Sine the measurements were made under a �xed temperature of14K, the observed variation was not disturbed by the thermal broadeningof the Fermi edge and the peak signal.Polyrystalline samples of YbCu5�xAgx were prepared from 99.9% pureYb, 99.999% pure Ag and Cu metals by argon ar melting. Details of thesample preparation are desribed in Ref. [3℄. The PES spetra were measuredwith two exitation energies: He I radiation (h� = 21.2 eV) produed by aHe disharge lamp and synhrotron radiation (h� = 700 eV) produed atthe beam line BL23SU of SPring-8. The energy resolution for the He I andsynhrotron radiation measurements were 5 meV and 200 meV, respetively.Clean surfaes were obtained by sraping in situ with a diamond �le. Detailsof the PES measurements are the same as desribed in Ref. [8℄.Fig. 1 shows the valene band spetra of YbCu5�xAgx for h� = 700 eV.The sample temperature was �xed at T = 14K. The two peaks at bindingenergies EB of about 0.1 and 1.4 eV are the spin-orbit-doublet of the 4f137=2and 4f135=2 �nal states of Yb2+. The ompliated peak strutures in therange from 5 to 11 eV are the 4f12 multiplet struture of Yb3+, and arewell desribed by the alulated atomi multiplet lines [9℄. The features inthe range from 2 to 5 eV are dominated by the Cu 3d band. In the rangefrom 5 to 7eV, the Ag 4d band struture, whih is not learly observed inthe �gure, overlaps the Yb3+4f signal. Small humps around 1.0 and 2.3 eVare the surfae omponent of the spin-orbit-doublet of the Yb2+ 4f signal.The spetra in Fig. 1 have been normalized to the height of the Cu 3d
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   Yb2+Fig. 1. Valene-band spetra of YbCu5�xAgx (x = 1:0, 0.7, 0.5, 0.25). The photonenergy is 700 eV. Bakground due to inelastially sattered eletrons has been sub-trated from eah spetrum. The bar diagrams are from the multiplet alulationin Ref. [9℄.struture around 3 eV, multiplied by a fator of 5 � x. As x dereases, theintensity of the Yb2+ signal dereases and the intensity of the Yb3+ signalespeially at around 7.9 and 10.6 eV inreases, while the intensities of thepeak strutures in the range from 5 to 7 eV show a ompliated behavior dueto the mixture of an inrease in the Yb3+ signal and a derease in the Ag4d signal. Thus, the intensity ratio Yb3+/Yb2+ inreases with dereasing x,meaning an inrease in the Yb 4f hole number and thus an inrease in theYb valene. This tendeny is onsistent with the inrease in the  valuewith dereasing x. One an also notie that the peak positions of the Yb3+4f multiplet struture shift towards EF as x dereases. This indiates a riseof the 4f energy level with dereasing x, whih leads to the stabilization ofthe Yb3+ on�guration ompared to Yb2+.The near-EF region measured with a high energy resolution is shown inFig 2. The observed peak struture in eah spetrum is regarded as theKondo peak whose energy position, intensity, and width an be related tothe Kondo temperature of the ompounds. As x dereases, the intensityof the Kondo peak dereases and its energy position shifts from 20meV to14meV in going from x = 1:0 to 0.25. This behavior an be interpreted asre�eting the drop of the Kondo temperature with dereasing x, based onthe Kondo saling senario of SIAM with NCA [5℄. To make a quantitativedisussion, the data should be analyzed with NCA alulations, whih willbe presented elsewhere.
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Fig. 2. High-resolution spetra of YbCu5�xAgx in the near-EF region reordedwith He I radiation. The spetra have been normalized to the area from 0.15 to0.40 eV.In onlusion, the PES experiment for YbCu5�xAgx has revealed aninrease in the valene, a rise of the Yb 4f energy level, an energy shiftand intensity variation of the Kondo peak with dereasing x, i.e., dereasingKondo temperature.We thank M. Shimizu for useful advie.REFERENCES[1℄ C. Rossel, K.N. Yang, M.B. Maple, Z. Fisk, E. Zirngiebl, J.D. Thompson, Phys.Rev. B35, 1914 (1987).[2℄ M.J. Besnus, P. Haen, K. Yoshimura, K. Kosuge, H. Mihor, K. Kreiner,G. Hilshner, Physia B 163, 571 (1990).[3℄ N. Tsujii, J. He, N. Hamdaoui, A. Herr, A. Meyer, Phys. Rev.B55, 1032 (1997).[4℄ D. Malterre, M. Grioni, Y. Baer, Adv. Phys. 45, 299 (1996).[5℄ N.E. Bikers, D.L. Cox, J.W. Wilkins, Phys. Rev. B36, 2036 (1987).[6℄ P. Weibel, M. Grioni, D. Malterre, B. Dardel, Y. Baer, M.L. Besnus, Z. Phys.B91, 337 (1993).[7℄ J.M. Lawrene, A.J. Arko, J.J. Joye, P.C. Can�eld, Z. Fisk, J.D. Thompson,R.J. Barlett, J. Magn. Magn. Mater. 108, 215 (1992).[8℄ T. Okane, S.-I. Fujimori, A. Ino, A. Fujimori, S.K. Dhar, C. Mitra, P. Man-frinetti, A. Palenzona, O. Sakai, Phys. Rev. B65, 125102 (2002).[9℄ F. Gerken, J. Phys. F 13, 703 (1983).


