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Enhancement of the Quadrupolar Quantum Critical Fluctuations by Pressure
Shimura, Y.; Nakatsuji, S.; Tsujimoto, M. (Institute for Solid State Physics, University of Tokyo); Zeng, B.; Zhang, Q. and Balicas, L. (NHMFL, FSU)

Introduction 
The cubic PrV2Al20 with the 3 non-magnetic doublet ground state having orbital (quadrupole) degrees of freedom exhibits an antiferro-quadrupole ordering below 0.6 K. Recent pressure measurements for PrTi2Al20 the Ferro-quadrupole ordering found at ambient pressure below ~ 2 K becomes unstable and instead superconductivity with heavy quasi-particles at P ~ 8 GPa were observed below 1 K. Most likely, the superconducting pairing mechanism is associated with the quantum critical fluctuations of the quadrupole moments in the 3 non-magnetic doublet ground state. From the transport/bulk properties, including the quantum oscillation [1], PrV2Al20 is found located near the quadrupolar quantum critical point, when compared with PrTi2Al20. Indeed, PrV2Al20 is a heavy fermion superconductor and even undergoes field-induced quantum criticality at ~ 11 T for H // [111] at ambient pressure [2,3].
Experimental 

We synthesized the single crystals for PrV2Al20 by an Al self-flux method, using a homemade vertical tube furnace. We measured magnetoresisitance  (H, T) for the magnetic field H // [111] under high pressure up to ~ 3 GPa by using piston cylinder type pressure cell at Cell 9 facility. 
Results and Discussion


Figure 1 shows the field dependence of the resistivity at various pressures between 0 and 2.9 GPa at 0.36 K. We confirmed the main peak at 11 T, the critical field of the quadrupolar order phase with TQ = 0.6 K at close to the ambient pressure. With increasing pressure, the resistivity increases, especially near the critical field of 11 T as shown in Fig. 2 (upper). This suggests an enhancement of the quadrupolar fluctuations by pressure. Note that, as shown in Fig. 2 (lower), the full width at half maximum (FWHM) of the peak increases very rapidly above ~ 1.5 GPa by pressure. This suggests that the enhancement of the quadrupolar fluctuations smear out the boundary between the ordered state and para-quadrupole (no-ordered) state. This indicates that PrV2Al20 is approaching a quadrupolar quantum critical point by increasing the pressure.
Conclusions

We measured the magnetoresistance of single crystalline PrV2Al20 under pressures of up to ~ 3 GPa and high magnetic fields up to 31 T. The width of the peak at 11 T is divergently enhanced with pressure. This is probably due to the development of the quadrupole fluctuation.
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Fig.2 The P-dep. of the resistivity value at peak position in (H) and zero field (upper panel) at 0.36 K. The lower panel shows a full width at half maximum (FWHM) of the peak 2 shown in Fig. 1





Fig.1 Field dependence of the resistivity (H) under various pressure up to 2.9 GPa at 0.36 K








