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Mapping the Fermi Surface of the Colossal Magnetoresistive Manganites
Brambleby, J.; Goddard, P.A. (Warwick U., Physics); Singleton, J. (LANL, NHMFL) and Bhattacharya, A. (ANL)
Introduction

      The rich temperature-doping phase diagram of the rare earth manganites shows a wide range of strongly-correlated properties and, in particular, the colossal magnetoresistance (CMR) exhibited by these samples has attracted extensive research interest. However, little is known about the Fermi surface in the low-temperature metallic phase. In this experiment, a proximity detector oscillator (PDO) technique is used to follow the skin depth [1] of Ln1-xSrxMnO3 (x = 0.28) in applied magnetic field, a technique susceptible to quantum oscillations [2]. In previous PDO work performed with the 60 T long-pulse magnet (LANL), oscillations were found for the same sample with frequencies of 258±6 T and 960±20 T.
Experimental


PDO measurements were recorded on a single-crystal rod-shaped sample for x = 0.28. A 4 turn Cu wire was wound around the sample and used as an inductive component of an LCR circuit, and the resonant frequency of the setup is monitored during a field pulse of a capacitor-driven short pulse magnet (NHMFL, LANL). The sample was mounted on a rotating sapphire platform such that the angle (ϴ) between the applied field direction and direction perpendicular to the rods’ long axis could be varied in the range -48 ≤ ϴ ≤ 76o.
Results and Discussion
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The background magnetoresistance of the sample above 30 T was modelled with a polynomial and subtracted from the data, and the resultant frequency change (Δf) was analysed by averaging multiple up and down sweeps to reveal repeatable oscillatory features of the data. The averaged form of Δf, is plotted as a function of inverse applied field for ϴ = -48o in Fig.1a. The data were smoothed with a 2 kT low-pass filter and indexing two sets of oscillations in the data reveals they are periodic in inverse applied field (Fig.1b), as expected for quantum oscillations, while the frequencies are close to those seen in the long-pulse magnet. The field dependence of the amplitude of these oscillations in the long and short pulse measurements are qualitatively similar. The slower set of oscillations are strong up to a cut-off field of approximately 45 T, whilst the 900 T series becomes prominent at higher applied fields. 

By examining the frequency of the oscillations as function of the angle of the applied magnetic field, a small but distinct variation in the fundamental frequencies is observed. This implies the Fermi surface of the x = 0.28 sample is has a weakly anisotropic nature.
Conclusions

Quantum oscillations were observed in the CMR manganite sample Ln1-xSrxMnO3 (x = 0.28). The fundamental frequencies are smaller than those found from positron annihilation measurements of the Fermi surface at 30 K for the x = 0.30 doping level [3, 4], indicating a Fermi surface reconstruction such that the low temperature measurement in this report is sensitive to small Fermi surface pockets.
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Fig.1(a) Δf vs. inverse applied field (x = 0.28, T = 0.5 K). (b) Peak Index vs. inverse applied field.








