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UNIAXIAL PRESSURE EFFECT ON THE SdHOSCILLATIONS IN HEAVY-FERMION SEMIMETALCeRu4Sb12�S.R. Sahay, M. Kobayashi, H. Sugawara, T. Namiki, K. AbeY. Aoki, and H. SatoDepartment of Physis, Tokyo Metropolitan University, Minami-Ohsawa 1-1,Hahioji, Tokyo 192-0397, Japan(Reeived July 10, 2002)We report the �rst suessful Shubnikov�de Haas (SdH) experiment un-der uniaxial pressure in the anomalous heavy-fermion semimetal CeRu4Sb12.The nature of the quantum osillations in the magnetoresistane is foundto be signi�antly sensitive to uniaxial pressure. The results reveal that thenearly spherial Fermi surfae elongates along the diretion of the uniaxialpressure.PACS numbers: 75.20.Hr, 71.24.+a, 74.62.Fj1. IntrodutionThe �lled-skutterudite ompounds (RETr4Pn12: RE= rare earth, Tr=Fe, Ru, Os, and Pn=pnitogen) have attrated muh attention from theview points of both novel physial properties and their thermoeletri appli-ations [1,2℄. CeRu4Sb12 exhibits metalli ondutivity in ontrast to otherCe-skutterudites whih show semionduting behavior. Non Fermi liquid(NFL) behavior has been reported for the eletrial resistivity (�) belowa few Kelvin, though no lear explanation has been made [1℄. We havesueeded to observe both the SdH and the de Haas�van Alphen (dHvA)osillations in this ompound [2,3℄. In these studies, the ompound has beenrevealed to be a heavy fermion with a small semi-metalli Fermi surfae (FS)made of highly orrelated eletrons. The harateristi rystal struture ofthe �lled skutterudite would be one reason of the anomalous behavior inCeRu4Sb12. The uniaxial pressure (Pu) lowers the symmetry of the rystal� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.y e-mail: saha�omp.metro-u.a.jp (1137)



1138 S.R. Saha et al.and thereby is expeted to ontrol the properties assoiated with the groundstate. Study of the SdH e�et under Pu would be helpful in understandingthe eletroni struture and the anomalous behavior. Here we report pre-liminary results of the �rst suessful study of the SdH e�et under Pu inCeRu4Sb12. 2. ExperimentSingle rystals of CeRu4Sb12 were grown by Sb-self-�ux method [4℄. Asingle rystal of basially the same quality with that used in Refs. [2,3℄ wasused for the present experiment. Eletrial resistivity was measured by thestandard d four-probe method using a top-loading 3He ryostat equippedwith a 16T superonduting magnet. The eletrial ontats of Ag urrentleads were a�xed to the sample by indium soldering. Au wires of 80-�m�were spotwelded to the sample as voltage leads. The uniaxial pressure wasgenerated by using a piston ylinder type CuBe pressure ell, newly designedand onstruted [5℄. The uniaxial pressure was determined by measuring thesuperonduting transition temperature of Sn plaed below the sample byan indution method. 3. Results and disussionsFigure 1 shows the magneti �eld (H) dependene of the transverse mag-netoresistane (MR) at 0.3 K in CeRu4Sb12. At ambient pressure, the Hdependene of � below 4T is anomalous; there is a faint peak near 2T fol-lowed by a minimum, whih might be a signature of the NFL behavior. TheFL behavior reovers from NFL, i.e., temperature dependene of � hangesfrom � T 1:6 at H = 0 to T 2, aross the �eld range 2�4T [2℄. Above 4T, �inreases gradually with H and exhibits osillatory variation with inreas-ing H above 6T. The osillations, growing more prominent at higher H, areperiodi with 1=H [see the inset of Fig. 1℄ and hene are identi�ed as SdHosillations. This behavior is onsistent with that in Ref. [2℄.Under the uniaxial pressure, the overall features of MR remain similar tothat at ambient pressure, however, the SdH osillations are found sensitiveto Pu. For H applied parallel to Pu (Pu k H), the faint peak near 2T tends tobe suppressed and the amplitude of the SdH osillations is redued. On theother hand, when H is applied perpendiular to Pu (Pu ? H), the absolutevalue of MR inreases, the faint peak near 2T tends to be enhaned andthe amplitude of the SdH osillations is suppressed ompared to those forPu k H.
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Fig. 1. Magneti �eld dependene of transverse magnetoresistane in CeRu4Sb12at ambient and uniaxial pressure. The inset shows the resistivity as a funtion of1/H in the high magneti �eld region.
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-0.1Fig. 2. Fourier spetra of the quantum osillations in magnetoresistane (SdHe�et) in CeRu4Sb12Figure 2 shows the fast Fourier transform (FFT) spetra of the SdH os-illations. At ambient pressure, there exists only a single frequeny branh� with frequeny F ' 7:04� 102T. 2� is the 2nd harmoni of the �-branh.Using the frequeny, the extremal ross-setional area Aext of the FS per-pendiular to H is estimated by Aext = (2�e=~)F . This gives the volume



1140 S.R. Saha et al.of the FS ' 2:11% of the Brillouin zone (' 0:0422 holes/f.u.) assuminga spherial FS. Under Pu k H, no new branh appears and the frequenyof the � branh dereases as F ' 6:96 � 102T. On the other hand, underPu ? H the frequeny inreases as F ' 7:18 � 102T. Therefore, this in-rease (derease) of the frequeny under H applied perpendiular (parallel)to Pu suggests that the FS is elongated along the diretion of Pu. From thetemperature dependene of the amplitudes of the �-branh (not shown), thee�etive masses (m�) are estimated. At ambient pressure, m� ' 4:8�0:2m0,re�eting highly orrelated eletron states. m� dereases as 3:8� 0:1m0 and3:6 � 0:1m0 for Pu k H and Pu ? H, respetively.Using the elasti onstants and the Poisson ratio at 4.2 K reported in[6℄, the hange of the lattie onstant (9.273 Å at ambient pressure [1℄)under Pu ' 0:6 kbar is estimated as 9.2694 Å along Pu, while 9.2765 Åperpendiular to Pu. These modi�ed lattie onstants and the frequeniesunder Pu reasonably explain the elongation of the FS along Pu: In Pu ' 0:6kbar, the volume of the FS ' 2:17% of the Brillouin zone size (' 0:0424holes/f.u.) simply assuming an ellipsoidal FS, whih is almost the same asthat at ambient pressure.One of us (S.R.S.) aknowledges the support of a fellowship from theJapan Soiety for the Promotion of Siene. The work has been partlysupported by a Grant-in-Aid for Sienti� Researh from the Ministry ofEduation, Culture, Siene, Sports, and Tehnology of Japan.REFERENCES[1℄ N. Takeda, M. Ishikawa, J. Phys. So. Jpn. 69, 868 (2000); & J. Phys. Cond.Matter 13, 5971 (2001)and referenes therein.[2℄ K. Abe, T. D. Matsuda, H. Sugawara, T. Namiki, Y. Aoki, H. Sato, Physia B312�313, 256 (2002) and referenes therein.[3℄ H. Sugawara et al., Physia B 312-313, 264 (2002).[4℄ D.J. Braun, W. Jeitshko, J. Less-Common Met. 72, 147 (1980).[5℄ S. R. Saha et al., Phys. Rev. B65, 214429 (2002); S.R. Saha, Ph. D. thesis,Tokyo Metropolitan University, 2001.[6℄ Y. Nakanishi et al., J. Phys. So. Jpn. 71, 249 (2002), supplement.


