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Probing the Fermi surface and g-factor anisotropy in electron doped URu2Si2: Measurements to 45 Tesla at dilution refrigerator temperatures
Huang, K. and Graf, D. and Park, J.-H. (NHMFL); Chen, K.-W. and Lai, Y., and Baumbach, R. E (FSU, Physics)

Introduction

The hidden order (HO) state in URu2Si2 has been the focus of considerable research since its initial discovery over three decades ago, with a plethora of theoretical models proposed to describe it.[see Refs. in 1] These models are based upon the f-electrons behaving either as itinerant or localized electrons, but experimental evidence remains inconclusive. Quantum oscillation and ARPES experiments suggests a link between HO and the partial gapping of the U atoms 5f bands near the Fermi surface, suggesting the itinerant scenario.[2] However, a large g-factor anisotropy was also observed, reminiscent of localized electron behavior. [3]

To address this duality, we performed magnetoresistance measurements on the chemically substituted system URu2Si2-xPx, where increasing x suppresses HO, possibly through electron doping.[4], This study sheds light on the HO state in two ways: (1) Quantum oscillation measurements probe the Fermi surface (FS) and determine how it evolves as the system changes from the HO state to a no-ordered state with increasing x. (2) the angular dependence of the magnetoresistance allows us to indirectly track how the g-factor anisotropy evolves as the HO is suppressed with increasing x.
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Experimental 

Magnetoresistance measurements were performed using the Hybrid 45 T magnet, 32mm bore (cell 15), in a dilution refrigerator on oriented single crystals of URu2Si2-xPx, x = 0, 0.006, 0.01, 0.02, and 0.102, where x = 0.102 is in the region where HO was fully suppressed. The measurements went down to a base temperature of T = 70 mK with H // [001] ( = 0(), and at select angles up to  = 120( where  = 90( was H // [100] direction as well as up to T = 760 mK for  = 90( and 76(. 
Results and Discussion


Quantum oscillations are observed in all samples except for x = 0.102, with the most pronounced oscillations centered on  = 90(. From the angular dependence of the measurements, we find that the FS anisotropy is consistent throughout the HO region. We also find that the critical magnetic fields of the high-field magnetic ordered phases also share the same anisotropy, regardless of x.

From the temperature sweeps at  = 76( and 90(, the effective mass (meff) was determined in samples with x up to 0.2 from the amplitude of the FFT of the magnetoresistance. Interestingly, meff from the  branch displays a maximum at x = 0.01, similar to the entropy profile observed from specific heat in reported literature.[4]  
Conclusions

From magnetoresistance measurements we find that within the HO region the main FS features and the g-factor anisotropy is mostly independent of x, Interestingly, meff appears to peak at x = 0.01, possibly suggesting an electronic instability centered near this concentration. 
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Fig.1 (a) Magnetoresistance measurements in URu2Si2-xPx with quantum oscillations observed up to x  = 0.02. (b)-(e) FFT of the oscillations








