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Rare events in particle systems and conservative
stochastic PDE

We will introduce some fundamental concepts from probability theory, including central limit fluctuations, large
deviation principles, and Brownian motion, beginning with the flip of a coin. We will then introduce interacting
particle systems like the symmetric simple exclusion and zero range particle processes. Our goal will be to under-
stand and quantify the probability of rare events in such systems, which will lead us to the study of certain energy
critical PDEs and conservative SPDEs. These connections fall broadly under the scope of non-equilibrium statis-
tical mechanics, and specifically fluctuating hydrodynamics and macroscopic fluctuation theory. Until recently,
however, they have lacked a precise mathematical meaning for several reasons. We will briefly discuss how these
challenges were overcome, and how they were used to characterize the stochastic dynamics of the SPDEs and to
obtain a complete characterization of the large deviations of the zero range particle process.
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