FORCulator: a micromagnetic tool for simulating first-order reversal curve diagrams
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Summary Non-interacting particles with cubic anisotropy (111 easy axes) Chains of particles: effect of chain collapse
1. We describe a method for simulating first-order reversal curve (FORC) diagrams of interacting 1. Non-interacting cubic particles share some of the FORC characteristics of non-interacting uniaxial 1. Chains created using a constrained, self-avoiding random walk.
single-domain particles. particles:
2. Collapse factor c¢ varies continuously from O (straight chains) to 1 (collapsed chains).
2. Magnetostatic interactions are calculated in real space, allowing simulations to be performed for I. Aridge of intensity close to the By = 0 axis (‘1).
particle ensembles with arbitrary geometry. li. Positive and negative background signals for B, <0 (2’ and ‘3’) 3. Uniaxial easy axes are tangential to the chain axis.
lii. No signal for B, > 0.
3. The equilibrium magnetization is calculated using an approximate iterated solution to the 4. Qverall coercivity of chains is a strong function of collapse factor.
Landau-Lifshitz-Gilbert equation. Multithreading is employed to allow multiple curves to be 2. Some key distinguishing features are present, however:
computed simultaneously, enabling FORC diagrams to be simulated in reasonable time using a 5. ‘Wings’ develop and increase in intesnity with collapse factor.
standard desktop computer. I. The peak of the FORC distribution is displaced slightly (< 0.5 mT) to negative B, values. 0T L pewm
i. Anew negative signal (‘4’) appears above the remanence diagonal. 6. Collapsed chain # Random Cluster! N S o
4. Statistical averaging and post processing lead to simulated FORC diagrams that are lii. A small region of weak, but statistically significant, positive signal (‘5’) appears. - % = 0 100
comparable to their experimental counterparts. 401 AR o
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5. The method is applied to several geometries of relevance to rock and environmental @p=10 ©) p =10 " B (T) » B (T)
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6. The method forms the basis of FORCulator, a freely available software tool with graphical user € o =TSRRI & e -] = 20 o 207 ”
interface that will enable FORC simulations to become a routine part of rock magnetic studies. : o | : " 7 7
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4. Vertical profiles show a systematic broadening with packing fraction. w0 A more than 5 times the particle diameter.
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2. Simulation Type: Quasi-static Stoner-Wohlfarth approach (uniaxial only) or LLG. LLG uses an non-interacting PSD. A good analogue* 0.00 ooy 22
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approximate iterated solution to the Landau-Lifshitz-Gilbert equation to obtain the equilibrium € E o5, E € 0-
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