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High Field Magnetization in FePS3
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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 as a consistency check against previous results [3].  Further measurements were performed with H along the nominal b axis as a function of temperature and of maximum applied field.  Five days were allocated for the experiment, however it was cut short with a magnet rupture around midday on Thursday.
Results and Discussion


Previous results suggested that FePS3 at 4 K has two transitions when H is parallel to the moments: one at ~ 30 Tesla and a second at ~ 40 Tesla [3].  The transitions were hysteretic.  Our results on the sample 4 K in liquid helium (Fig. 1) show only one very sharp hysteretic transition. We planned to measure a second sample in this orientation at the end of the time to check the results, however the magnet rupture prevented us from doing so.

Measurements in liquid helium with H along b showed a smooth transition with increasing field and an abrupt transition at ~20 Tesla with decreasing field (Fig. 2).  The value and amplitude of the abrupt transition varied with the maximum applied field, disappearing when the maximum field was less than 50 Tesla.  The nature of the transitions also depended on whether the sample was in liquid or gaseous helium.
Conclusions

The data suggest that a tricritical point is present, with the smooth variation indicating a critical phase transition while the abrupt change indicates a first-order transition.  The major conclusion was that the transitions are affected by their thermal connection to the sample environment, with the sample in liquid helium being less adiabatic than the sample in gaseous helium.
Acknowledgements

This work was performed at the National High Field Laboratory, Los Alamos.  As first-time users, we benefited from some financial support for local expenses.  We were supported by the Institut Laue-Langevin, France. 
References

[1]
O. Canko et al., J. Magn. Magn. Mater. 294 63-71 (2005).
[2]
D. Lançon et al., Phys. Rev. B 94 214407 (2016).

[3]  K. Okuda et al., High Field Magnetism ed. M. Date, North Holland, 55-58 (1983)
[image: image1.jpg]


         [image: image2.jpg]x107°

[s1un -qJe] uonesnaube

20 30 40 50 60
Applied Field [T]

10





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





Fig.1 Magnetization vs. H at 4 K in liquid helium for H parallel to the moment direction









