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Avalanches in Spin Cluster Systems
Chikara, S., Chern, G.W., Harrison, N., Singleton, J., Civale, L., Mitchell, J. and Zapf, V.S.
Introduction 
Ordinary magnetic exchange interactions are typically modeled as static parameters. However, when spins interact via relatively slowly propagating objects such as magnons or heat waves, then these interactions become time-dependent. Here we show that in such a system, magnetic field sweep rate can effectively tune the interaction strength and the existence of phase transitions. La1-xSrxCoO3 is a cluster magnet in which local ferromagnetic regions are created by Sr dopants that create magnetic Co4+ ions surrounded by magnetic Co3+ ions. These magnetic regions exist in an antiferromagnetic or non-magnetic background of Co3+. For x < 0.17, the system behaves like an insulating cluster glass, while for x > 0.17 a percolation to ferromagnetic metallic behavior takes place. [1,2] We find that we can tune magnetic avalanche behavior with field sweep rate, effectively inducing magnetic criticality for an intermediate regime of field sweep rate.
Experimental 

We perform additional magnetization measurements in 65 T pulsed magnetic fields to map out the avalanche region in greater detail. We vary the magnetic field sweep rate on the upsweep by varying the peak field dialed into the capacitor bank. A subset of the new data is shown below. 
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Results and Discussion
Conclusions

The data are in agreement with a theoretical work in progress demonstrating that the effective coupling between magnetic clusters, usually considered a constant of a magnetic system, can in fact be controlled by the magnetic field sweep rate. By allowing the magnetic field pulse speed to compete with the speed of heat and magnon pulses that connect different, otherwise isolated, magnetic clusters together, the system can be driven from an interacting avalanche system to a non-interacting system. 
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Figure 1: Magnetization change in a 65 T short-pulse magnet measured on the upsweep for a sample with 10% doping. Data is shown for different magnetic field sweep rates (left), for effectively DC data taken in an MPMS, and for different temperatures in 10 T pulsed fields (right). Random avalanche-like jumps are observed for certain temperatures and sweep rates.
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