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Field-induced Magnetic Phase Transitions and Metastable States in Tb3Ni
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Introduction 

The rare-earth (R) transition metal (M) intermetallic compounds have been subject for theoretical and experimental studies for many years because of plenty physical properties arising from interplay between localized 4f electrons and itinerant 3d electrons. Among the others rare-earth intermetallics, the R3M (M= Co, Ni) compounds possess a highest content of rare-earth metal within the binary R-M systems and exhibit a rich variety of physical properties: unconventional superconductivity, charge density wave, giant magnetoresistance effect, field-induced magnetic phase transitions and giant magnetocaloric effect [1]. Tb3Ni is of particular interest, since it exhibits several magnetic structure transformations on cooling below the Neel temperature TN=61 K [2]. Due to the complex non-coplanar magnetic structures existing at low temperature, the magnetization process reveals a rich variety of the field-induced magnetic phase transitions that may substantially affect an anomalous behavior of the electrical resistivity.
Experimental 

The measurements of the magnetoresistance in external magnetic fields up to 18 T in temperature range from 2 K up to 150 K have been performed for the first time on the single crystalline samples of the intermetallic compound Tb3Ni using superconductive magnet SCM2 at the NHMFL DC Field Facility in Tallahassee, FL. 
Results and Discussion


The measurements in the different field-current geometries have revealed the phase transitions in magnetic fields applied along the main crystallographic directions. It has been found that the phase transitions are accompanied by giant changes in the resistivity (up to ~ -50%) and considerable hysteresis at low temperatures (see Fig. 1). 
Conclusions

The giant magnetoresistance apparently originates from the disappearance of superzones and the energy gap opening on superzone boundaries upon the transformation of the initial antiferromagnetic (AFM) structure to the field-induced ferromagnetic (F) state. An application of the magnetic field along the c-axis below 4 K leads to the appearance of a metastable F state, as was observed in some other R3M compounds (Dy3Co, Ho3Co). The formation of a metastable F-state in Tb3Ni was also found after application of a magnetic field applied along the b-axis. All these data together with the results of the magnetization measurements allow us to determine the field-temperature regions where different magnetic states can be realized and to build the magnetic phase diagrams.
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Fig. 1. Magnetoresistance curves measured in a geometry with the current along c crystallographic direction and magnetic field along a axis at different temperatures: (a) T=1.5 K, (b) T=20 K, (c) T=40, 60 and 80 K. (d) Schematic visualization of the magnetic phase diagram plotted using temperature dependence of critical fields obtained from the magnetoresistance data.








