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Chikara, S.; Singleton, J. (NHMFL-PFF); Choi, H.Y.; Lee, N.; Choi, Y.J. (Yonsei University, South Korea) and Zapf, V. (NHMFL-PFF)
Introduction

In type II multiferroics magnetism induces ferroelectricity by breaking spatial-inversion symmetry.  In the double perovskite Lu2MnCoO6 (Lu2CoMnO6), an unusual coupled magnetic and electric hysteresis is observed. The microscopic magnetic order appears to evolve around the magnetic hysteresis loop, as opposed to simply showing hysteresis due to domain flipping. Since the electric polarization along the crystalline b-axis is a consequence spatial inversion symmetry breaking created by magnetic order, the electric polarization exhibits magnetic hysteresis along with the magnetization, creating coupled electric and magnetic hysteresis [1-3]. We previously established that the enhanced sensitivity of measurements in millisecond pulsed magnetic fields allow us to resolve electric polarization along the b-axis of single crystals, which is suppressed by magnetic fields along the c-axis [4] (also confirmed by second harmonic generation in optical reflectivity.) A remaining question is why magnetic order onsets below 50 K while electric polarization onsets below 35 K, which is where magnetic hysteresis onsets. Here we resolve this question by exploring the difference between dielectric susceptibility and remnant electric polarization.

Experimental 

Electric polarization change (P) was measured as a function of magnetic field H on single crystals at the NHMFL-PFF in capacitor-driven pulsed magnets at NHMFL-PFF by recording the change in surface charge of the sample as a function of H, and integrating in time to determine P [5]. 
Results and Discussion


Fig. 1(a) and (b) show Pi(H) and Pr(H) measured in pulsed fields. We define Pi(H) to be the dielectric response with a constant electric field applied during the measurement (100 V), while Pr(H) is the remnant polarization left after previously applying 100 V while cooling through TN = 50 K, and then removing the voltage before the field pulse. Fig. 1c shows a phase diagram constructed from the midpoint of the suppression of Pi and [image: image2.png]g0 e
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Pr with H. 
Conclusions

In conclusion a dielectric response onsets below 50 K while remnant electric polarization onsets below 35 K. We construct a phase diagram comparing electric order and electric hysteresis, which corresponds well with the previously determined regions of magnetic order and magnetic hysteresis. [1-4] Thus we confirm that magnetic order creates a dielectric response and magnetic hysteresis creates a hysteretic dielectric response.
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Fig. 1a) Change in polarization Pi with field H with 100 V applied (b) Change in polarization Pr with field H with 0 V applied during the field pulse but 100 V applied previously when cooling in H = 0 through TN = 50 K. c) Phase diagram constructed from the center of the jump where Pi and Pr are suppressed with H.
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