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Thesis Summary

Impurities in media cause complex behavior of heat diffusion and electrical flow. In the study of random
media, one considers that impurities are mixed at randomly and studies such behavior. At the
macroscopic scale or coarse aspect, one may see that the behavior becomes simple. This phenomenon
is called a homogenization. There are two types of results for homogenization in random media: an
annealed result and a quenched result. Roughly speaking, the former is a homogenization for an
averaged media. On the other hand, the latter is a homogenization for each fixed media. The latter is
stronger than the former since a quenched result implies an annealed result.

In this thesis, we study a homogenization for reflecting diffusions in a continuum percolation cluster.
Continuum percolation is an analogy of site percolation. In the 1990s, Tanemura showed the annealed
invariance principle and Osada-Saitoh also studied an invariance principle. However, the quenched
invariance principle is open for 30 years. Recently, the study of a quenched homogenization is
developed and the author proved the quenched invariance principle and the local central limit theorem.

A quenched invariance principle is a limit theorem for a Markov process in random media. To obtain the
quenched invariance principle, we use a harmonic embedding. This is a basic tool to show the
invariance principle. A key ingredient of this approach is the corrector, which is the solution of a
Poisson-type equation. Using the corrector, the Markov process is decomposed into a martingale term
and an error term. An invariance principle for the martingale part can be easily shown by standard
arguments. Thus, to obtain the quenched invariance principle for the process, it suffices to show that the
error part converges to zero. This follows from the sublinearity of the corrector.

A local central limit theorem is a limit theorem for the transition density of the process, which shows the
convergence of the density uniformly and locally in time-space. A key tool of the proof is the parabolic
Harnack inequality. Thanks to this inequality, one can show the Holder continuity of the density. It follows
from this and the quenched invariance principle, we can prove the local central limit theorem.

Throughout the proof, we mainly follow the argument that appeared in Chiarini and Deuschel (2015,
2016). They showed the quenched invariance principle and the local central limit theorem for diffusion
processes in degenerate and unbounded stationary and ergodic media. In their paper, they used an
analytical approach. Different from their papers, we need to consider the boundary effect. Assuming
geometric conditions, we deduced a Sobolev and a Poincare inequality and proved the results as in
Chiarini and Deuschel (2015, 2016).






