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High Field Magnetization in FePS3
Wildes, A.R. (ILL, France) and Lançon, D. (EPFL, Switzerland and ILL, France)
__________________________________________________________________________________________
Introduction

FePS3 is an example of a two-dimensional Ising antiferromagnet with a honeycomb lattice.  The spin-2 Fe2+ ions lie in the ab planes, and their moments order normal to the planes below TN ~125K.  It is an excellent system to test predictions for tricritical points and quantum phase transitions in Ising systems in transverse magnetic fields [1].  Preliminary calculations using the exchange parameters and anisotropy [2] suggested that FePS3 might have a tricritical point at around 53 Tesla.  We requested 65 Tesla magnet time to measure the magnetization as a function of the field applied along different crystallographic directions to search for the tricritical point.
Experimental 

The experiment was conducted using a 65 Tesla pulsed magnet at the Los Alamos High Field Facility, using a magnetization probe supplied by the laboratory.  The extraction technique was used to determine the magnetization as a function of field, H. Measurements were initially performed with H parallel to the ordered moment direction.  Further to our experiments in February (P13633-E001-PF), we conducted measurements with the sample at 4 K in liquid and gaseous helium.  We then performed with H along the nominal b axis.
Results and Discussion


When the sample was immersed in liquid helium, measurements with H parallel to the moment direction gave results that were consistent with our experiments in February, showing one very sharp and hysteretic transition (Fig. 1).  Measurements at the same temperature in gaseous helium showed two transitions in a manner consistent with published data [3].  The data suggest that adiabaticity is an issue in the experiments. 


Measurements with H parallel to b were consistent with our results in February, with a smooth transition with increasing field and a sharp transition with decreasing field.  Measurements in liquid and gaseous helium are qualitatively the same, albeit with quantitative differences in the critical fields.  Increasing the temperature caused the sharp transition to reduce in magnitude and move to higher field, before it vanishes at around 12 K (Fig 2).
Conclusions

The data suggest that a tricritical point is present, although the experiment was not measured under adiabatic conditions.  There is a heat exchange between the sample and the bath which affects the data.  The sharp transition is likely to be first-order, occurring at low internal energy, while a critical or continuous transition occurs at higher internal energy.  Measurements of a third crystallographic direction are required to complete the data set, and methods for measuring magnetocaloric data are being explored for future experiments.
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Fig.1 Magnetization vs. H at 4 K in liquid and gaseous helium for H parallel to the moment direction





Fig.2 Magnetization vs. H at 4K in liquid helium for H along b.  The smooth transition is observed for increasing field.









