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High Magnetic Field Studies of Hidden Order and Magnetism in URu2Si2: (Si → P)
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Introduction: 


URu2Si2 is a well-known correlated electron metal that exhibits an unknown ordered state near T0 = 17.5 K (“hidden order”) and unconventional superconductivity below Tc = 1.4 K [1]. While prior work has led to partial understanding of this material, many puzzles presented by it remain unsolved. To gain new insight, we recently produced high quality single crystals of the previously inaccessible chemical substitution series                  URu2Si2-xPx using a novel molten metal flux growth technique [2]. In a simple picture, P substitution merely introduces electrons, providing a delicate tuning parameter that does not disrupt other important energy scales. That work revealed that Si → P substitution rapidly destroys hidden order and superconductivity, producing a broad region in x without an ordered state. Antiferromagnetism abruptly appears at even larger x, in contrast to most other tuning studies where hidden order and magnetism are intimately connected. In the current study, we report the high field magnetoresistance for these Si → P specimens, where we observe the x evolution of the hidden order in large fields and the emergence of an unexpected high field ordered state for samples that do not exhibit order for H = 0. This study reveals unexpectedly rich behavior and gives insight into how the hidden order and magnetism are connected in the T-x-H phase space.

Experimental: 


Electrical resistance was measured for high quality single crystal specimens of URu2Si2-xPx for temperatures 500 mK < T < 10 K, and magnetic fields H < 50 T applied parallel to the <001> direction using the long pulse magnet at the NHMFL-LANL. 
Results and Discussion: 


Results from magnetoresistance measurements for 0 < x < 0.095 at 500 mK for H // <001> are shown in     Fig. 1. We find that the strength of the initial increase in the resistance with increasing H decreases with increasing x, consistent with the introduction of disorder scattering that disrupts cyclotron motion. We unexpectedly find that the field at which hidden order is suppressed (H0) [3] systematically increases with increasing x. This is in contrast to the evolution of T0(x), which is monotonically suppressed with increasing x. Naively, it might be expected that these quantities would be proportional to each other. We additionally find that the intermediate high field ordered state, characterized by a flat topped hump in R(H) and the onset of the high field state also increase with increasing x. Most remarkably, we find that another flat topped region appears for           27 T < H < 41 T for x = 0.095, which is well inside the T-x region that does not exhibit an ordered state for H  = 0. This result possibly points towards a connection between the large x antiferromagnetism and the high field magnetism that is observed for the pure compound. [image: image2.emf]
Fig. 1. Electrical resistance R normalized to the room temperature value R(300K) vs. magnetic field H for single crystal specimens of URu2Si2-xPx for 0 < x < 0.095 at temperature T = 500 mK. Fields were applied for H // <001>. Electrical current was applied in the ab-plane. The individual curves are offset by constant values to simplify viewing the data.  
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