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Abstract: 
 
 Spin models are of traditional interest in their ability to model complex systems. Here I 
will address the question of how spin models can represent Coulomb gases. In the first of two 
talks I shall confront the general question of how short-range interacting spin models can map 
to long-range interacting Coulomb gases, emphasising how this can be understood in terms of 
the properties of lattice electric fields. I shall concentrate on two examples: the well-known 2D-
XY model, which maps to a two-dimensional Coulomb gas, and the spin ice model, which maps 
to a three dimensional Coulomb gas. In both cases I shall expose how an understanding of 
these models in terms of lattice electric fields affords a new unified perspective and new insights 
into these systems, highlighting such properties as "topological sector fluctuations" of the 
harmonic field components. In the case of spin ice the addition of dipole-dipole interactions to 
the model is shown to generate an accurate description of real magnetic materials, a 
comprehensive analogy with water ice, and "magnetic monopole" defects that interact 
Coulombically via real magnetostatic fields. In the second talk I shall go on to describe how spin 
ice affords an "emergent chemical kinetics" and acts as a model system for the study of charge 
generation from a vacuum. In this context I shall draw analogies of charge generation 
processes from diverse areas of physics and show a close agreement between theory and 
experiment for the time-dependent generation of magnetic monopoles from their associated 
"vacuum".  

 


