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Dependence of Magnetoresistance on Electron/Hole Doping in URu2Si2: (Si → P/Ga)
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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-xMx (M = Ga and P) using a novel molten metal flux growth technique [2]. In a simple picture, Ga and P substitution merely introduce holes and electrons, respectively, providing a delicate tuning parameter that does not disrupt other important energy scales. We report the magnetoresistance for these specimens, where Shubnikov de Haas oscillations are observed for the first time in any URu2Si2 substitution series. These measurements uncover the hole/electron doping evolution of the Fermi surface, effective electronic masses, upper critical fields, and g-factor anisotropies and thereby provide information about what factors are important for the correlated electron behavior, hidden order, and superconductivity in URu2Si2. 
Experimental: 


Electrical resistance was measured for high quality single crystal specimens of URu2Si2-xMx (M = P and Ga) at angles -20o < 110o for temperatures 20 mK < T < 1 K, and magnetic fields H < 18 T using the superconducting magnet SCM-1. Additional measurements were performed up to 35 T.  
Results and Discussion: 


Our measurements reveal the angle dependence of the upper critical field 0Hc2 for the pure compound, phosphorous concentrations x = 0.006, 0.01, and 0.02, and gallium concentration x = 0.05 (Fig. 1a). We find that while increasing P substitution monotonically enhances the 0Hc2 for field along the [100] direction, Ga substitution suppresses 0Hc2 for fields along both [100] and [001]. As previously reported for the pure compound [3], the angle dependence for these curves differs significantly from what would be expected for a Fermi liquid where geff =2. Instead, geff follows the expression g2eff = g2csin2() + g2acos2() (eqn. 1). Fits to the data show good agreement with this expression, where resulting fit parameters are summarized in Figs. 1b,c. Following this simple interpretation, we find that while P substitution suppresses both gc and ga and strongly enhances gc/ ga, Ga substitution weakly enhances gc,, ga and gc/ ga. Magnetoresistance measurements further revealed Shubnikov de-Haas oscillations for both P and Ga substitution for certain values of x, where the previously identified , and  branches are easily observed. These results will be presented later.
[image: image2.emf]Fig. 1. (a) Angle  dependence of the upper critical field 0Hc2 for pure URu2Si2, phosphorous concentrations x = 0.006, 0.01, and 0.02, and gallium concentration x = 0.05 determined from magnetoresistance measurements at temperature T = 20 mK.  = 0 refers to fields along the [100] direction. (b) Parameters gc and ga resulting from fits to the angle dependence of 0Hc2 using Eqn. 1. vs. the P or Ga concentration x. (c) The ratio gc/ ga vs. x.  
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