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Field-Induced Lifshitz Transition in the Intermediate Valence State of -YbAlB4
Shimura, Y.; Nakatsuji, S. (Institute for Solid State Physics, University of Tokyo), Zeng, B.; Zhang, Q. and Balicas, L. (NHMFL, FSU)

Introduction

-YbAlB4 has a strongly intermediate valence state between Yb2+ and Yb3+ below Tv ~ 200 K.  In the typical intermediate valence system, the Fermi liquid ground state becomes stable and no instability is expected below Tv. By contrast, -YbAlB4 exhibits a different characteristic temperature dependence which implies the formation of a heavy fermion state between 30 - 40 K and again at 8 K, even below Tv [1,2]. The quantum phase transition corresponding to these anomalies is also expected from the field dependence at low temperatures.
Experimental 

Single crystals of -YbAlB4 were synthesized by an Al self-flux method. The initial ratio of the starting material is Yb:B:Al = 1:4:30 - 600. Magnetoresisitance ( (B)) was measured with temperatures down to 0.36 K and in applied magnetic fields of up to 45 T at the Hybrid magnet facilities. The field direction is mainly parallel to c-axis which is the Ising easy axis. 
Results and Discussion
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Figure 1 shows the Shubnikov de-Haas oscillation components of the magnetoresistance (SdH) above 25 T. The lower panels indicate the results of the Fast Fourier Transform for SdH for a window of 25 - 33 T (left) and larger field window of 35 - 45 T (right). Evidently, the oscillation with F ~ 900 T is observed only below BM ~ 34 T, suggesting the emergence of the field-induced Lifshitz transition/crossover associated with a change of the Fermi surface. This is only observed for the Ising easy c-axis. In the field BM, the field derivative of Hall resistivity dxy/dB exhibits a minimum, implying the carrier density change.  Normally, while magnetization shows a distinct metamagnetic behavior at BM, the metamagnetic anomaly in -YbAlB4 is very small (less visible) when compared with typical metamagnetic heavy Fermion compounds like YbCu4Ag and CeRu2Si2. Strong valence fluctuation with the higher energy scale Tv ~ 200 K (Bv = 60 T) may smear this crossover.

Conclusions

Magnetoresistance in -YbAlB4 was measured in applied magnetic fields of up to 45 T. We detected a Fermi surface crossover with disappearance of the moderately large Fermi surface at 34 T in the intermediate valence state.
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Fig.1 Field dependence of the SdH oscillation osc above B = 25 T (1/B = 0.04 T-1). The lower panels shows FFT results for osc.








