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Magnetostrain in UPt2Si2
Süllow, S.; Schulze Grachtrup, D.; Steinki, N. (TU Braunschweig, Physics) and Jaime, M. (LANL, NHMFL)

Introduction

Recently, we have demonstrated that in the moderately mass enhanced uranium intermetallic UPt2Si2, an antiferromagnet with a transition temperature of TN = 32 K, there are various magnetic field induced phases in the field range of the order of 30T [1]. Based on high field magnetization and magnetotransport experiments, we have argued that these field-induced phases involve Lifshitz type transitions. Most notably, in the magnetotransport experiments for a field B || c axis a curious type of hysteresis was observed, which possibly reflects that some of the boundaries of the field-induced phases for this geometry are of a first order nature. This would be consistent with the notion that Lifshitz type transitions for interacting electron systems are inherently first order. Therefore, in order to test the validity of this concept in UPt2Si2, further studies at low temperatures and using experimental tools more directly testing the order of the phase transitions are required. Here, we do so by performing magnetostrain experiments on UPt2Si2 in pulsed fields up to 60T directed along the crystallographic a and c axis at temperatures down to 1.5K
Experimental


Magnetostrain experiments have been carried on both axes of tetragonal single crystalline UPt2Si2 using the 65T Multi shot magnet in the temperature range 1.5 to 40 K. Previously, the samples have been characterized extensively by various technqiues (see Ref. [1-3] for a review of those studies).
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Results, Discussion, Conclusion

Altogether, the magnetostrain experiments serve to characterize the magnetic phase diagram of UPt2Si2 in detail. As an example, in Fig. 1 we plot the experimental results for the field up to 60 T applied along the c axis. From the plot, the (multi-step) transitions into the various field induced phases are clearly visible. Similar results are obtained for the field aligned along the a axis (not shown). From the data, transition fields are derived and added to the previously established magnetic phase diagram. Here, we find good agreement with our earlier results and clarify open questions about the evolution of phase border lines (not shown). 

Moreover, we verify the unusual type of hysteresis detected in magnetotransport experiments || c axis. For this, we have carried out pulsed magnetostrain experiments up to different final fields. As an example, in the inset of Fig. 2 we plot an experiment with a final field of 27 T (that is, into phase III, as defined in Ref. [1]). Here, there is hardly is hardly any hysteresis between field-sweep- up and –down. In contrast, for a final field above 32 T (i.e., up into so-called phase V), pronounced hysteresis develops (Fig. 2). In consequence, the border line between phase III and V is of first order nature, consistent with being a Lifshitz type transition. 
Acknowledgements

A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by National Science Foundation Cooperative Agreement No. DMR-1157490 and the State of Florida.  

References

[1]
Schulze Grachtrup, D., et al., Phys. Rev. B 85, 054410/1-10 (2012).
[2] 
Schulze Grachtrup, D., et al., J. Low Temp. Phys. 159, 147-150 (2010).
[3] 
Bleckmann, M., et al., J. Magn. Magn. Mater. 322, 2447-2453 (2010).
Fig.1 Results of pulsed field magnetostrain experiments on UPt2Si2 for the field || c axis for different temperatures.





Fig. 2 History dependence of magnetostrain in UPt2Si2 for B || c axis; for details see text.
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