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Artificial Spin Ices (ASIs) are metamaterials consisting of arrays of dipolar-coupled nanomagnets 

arranged in complex frustrated geometries [1]. They are of significant interest because of various intriguing 

phenomena that can be investigated at accessible temperatures and with microscopy methods. Recently, 

various research groups found ways to create ASIs patterns where the nanomagnets are thermally active at 

accessible temperatures and where an actual thermal annealing protocol can be implemented [2]. The 

thermal behavior of extended ASIs composed by hundreds of nanomagnets can be simulated by means of 

Monte Carlo methods, which usually rely on mean-field models for the evaluation of the dipolar interactions 

between nanomagnets treated as point-like dipoles [3]. Furthermore, kinetic Monte Carlo (kMC) methods 

allow for the prediction of the time evolution of the system in terms of an actual time-scale and not just 

simulation steps. However, the lack of a proper evaluation of the energy barrier to be overcome in order to 

have the magnetization of a nanomagnet reversed makes a correct evaluation of the time-scale impossible. 

The energy barriers can be estimated by considering the shape anisotropy proper to each nanomagnet 

composing the ASIs, but the effect of interactions and temperature is usually neglected in literature [4]. 

In this framework, we have micromagnetically modelled the thermally-induced magnetization reversal 

in the nanomagnets composing a square ASI (see Fig. 1a). To this end, we used MuMax3 [5] in order to take 

into account the thermal fluctuations in the magnetization of a target nanomagnet and the magnetization 

state of the neighbouring nanomagnets. We considered square ASIs because they represent an interesting 

model system, since, by varying the height difference between horizontal and vertical lines, it is possible to 

obtain the same degree of degeneracy present in 3D Spin Ice systems [6]. Moreover, micromagnetic 

simulations have allowed us to extract a properly defined energy barrier, which can be input to a tailored 

kMC algorithm so capable of predicting the actual time-scale of the evolution induced by a thermal 

annealing protocol. 

 
Fig. 1: (a) Square Artificial Spin Ice decomposed in two building blocks. (b) A kinetic Monte Carlo algorithm describes 

the time evolution of the whole lattice of interacting nanomagnets, whereas (c) finite-temperature micromagnetic 

simulations on a reduced number of elements allow for a proper evaluation of the reversal energy barrier. 
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