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Angle Dependence of Shubnikov-de Haas Effect of Filled Skutterudite Compounds CeOs4Sb12 and NdOs4Sb12 
Ho, P.-C. (CSU-Fresno, Physics); Singleton, J.; Balakirev, F.F. (NHMFL/LANL); Maple, M.B. (UCSD, Physics) and Yanagisawa, T. (Hokkaido U, Physics)
Introduction

Intriguingly the three filled skutterudite compounds CeOs4Sb12, PrOs4Sb12, and NdOs4Sb12 span the range from a Kondo insulator with a 1K antiferromagnetic (AFM) order [1], an unconventional superconductor (SC) with transition temperature at 1.85K, to a 1K ferromagnet (FM) [2], indicating that they reside near quantum critical points of AFM and FM with unconventional SC induced within this regime.  Furthermore, CeOs4Sb12 is also suggested to be a topological insulator [3]. Therefore, understanding the Fermi surfaces of NdOs4Sb12 and CeOs4Sb12 becomes crucial in elucidating the quantum critical behavior and the superconducting pairing mechanism in PrOs4Sb12.  
Experimental


Single crystals of the filled skutterudite compounds NdOs4Sb12 and CeOs4Sb12 were prepared by the molten metal flux method at UCSD.  The angle dependence of the MHz skin-depth measurements of single crystals of NdOs4Sb12 and CeOs4Sb12 were measured for temperatures down to ~ 1.3 K and magnetic fields up to 65 tesla in the Pulsed Field Facility at NHMFL/LANL.
Results and Discussion

Displayed in Fig. 1 (a) and (b) are the angle dependences of the frequencies of the Shubnikov-de Haas (SdH) effect of CeOs4Sb12 and NdOs4Sb12, respectively. The magnetic field H needs to rotate about two crystalline axes [010] and [1-10] in order to complete the detection of Fermi surfaces of the Th symmetry of a filled skutterudite compound.  When H near [001] one dominate SdH oscillation (os) frequency of 1600 ( 70 (() tesla is detected for CeOs4Sb12 and three major SdHos frequencies 2580(210 ((), 1070(88 ((), and 710(170 (() tesla are detected for NdOs4Sb12.  Besides the three major quantum oscillation frequencies, some other frequencies also appear as weaker SdH peaks when H in other directions to give further structure in Fig. 1(b).
Conclusions
Three branches of the Fermi surfaces (FS) ((, (, and () detected in the angle dependence of the SdHos experiments in NdOs4Sb12 are comparable to those of PrOs4Sb12 and LaOs4Sb12 [4]. However, CeOs4Sb12 has quite a quite isotropic FS similar to the FS of CeRu4Sb12 [5] and quite different than those of PrOs4Sb12 and NdOs4Sb12.
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Figure 1 Shubnikov-de Haas frequencies as a function of the direction of magnetic field H rotating about the crystalline orientations [010] and [1-10] for CeOs4Sb12 and for NdOs4Sb12, respectively.
