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Quantum Limit in the Heavy Fermion Metal -YbAlB4
Shimura, y.; Nakatsuji, S. (Institute for Solid State Physics, University of Tokyo); Zeng, B.; Zhang, Q. and Balicas, L. (NHMFL, FSU) 
Introduction 

Yb-based compounds -YbAlB4, a structural isomer of the heavy fermion superconductor -YbAlB4, exhibits a heavy fermion behavior with a moderately large specific heat coefficient of  = 130 mJ/molK2 below T ~ 8 K. This heavy fermion state is found to be strongly suppressed by magnetic field from various bulk and transport properties for the magnetization easy axis (c axis) [1]. Recently, Shubnikov-de Haas (SdH) oscillation with the small frequency of F = 10 T was observed above ~ 3.5 T along the c axis [2]. Field-tuned heavy fermion state has been studied from the field-dependence of the SdH oscillation.
Experimental 

We synthesized the single crystal samples of -YbAlB4 with a needle-like shape by Al self-flux method in the typical box furnace at ISSP. We measured the magnetoresisitance (H) under the magnetic field for the c axis down to 0.36 K in the magnetic field up to 30 T in the Cell 9 facility.
Results and Discussion
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Figure 1 shows  (H) of -YbAlB4 up to ~ 1 K at 0.4 GPa. The distinct SdH oscillation with small Fermi surface of the frequency F = 10 T disappears above ~ 15 T. In addition, in the magnetic field of ~ 20 T, (H) saturates. These behaviors suggest that the small Fermi surface disappears by reaching quantum limit conduction electrons near the Fermi surface drop off the lowest Landau levels.
Generally, in order to observe the quantum limit for a normal metal, an extremely high-magnetic field of 100 - 10000 T is needed. However, semi-metallic system whose Fermi surface includes the band with light masses often reaches a quantum limit state by a weak field as observed in Graphite and Bismuth. It is normally hard to observe in a heavy Fermion metal. In the case of -YbAlB4, the temperature dependence of the magnetoresistance becomes weak with increasing field as shown in Fig.1, suggesting that the heavy fermion state in -YbAlB4 is suppressed by the application of magnetic field. This strong suppression may result in the quantum limit in the heavy fermion metal.

Conclusions

 We measured the magnetoresistance of the single crystal of -YbAlB4. The quantum oscillation with a small Fermi surface disappears in the field of 10 - 20 T. This suggests a quantum limit in the heavy fermion metal -YbAlB4.
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Fig.1 Field dependence of magnetoresistance  (H) for H // c below 1 K. 








