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Topological defects (TDs) are ubiquitous in phases reached via continuous symmetry breaking phase
transitions. Physics of TDs exhibits several universal phenomena because their origin is driven by
topology which is independent of systems’ microscopic details. For example, the first theory on
coarsening dynamics of TDs following a quenched phase transition was developed in cosmology in order
to study evolution of TDs in the early universe®. Furthermore, pioneering studies of stable (i.e.
Abrikosov) lattices? of TDs were carried out in type-11 superconductors. Latter, these phenomena have
been studied (coarsening dynamics#, lattices>® of TDs) also in various liquid crystal (LC) phases.

In our contribution we study impact of nanoparticles on stability of various lattices of TDs in smectic A
LCs stressing universal phenomena. We consider lattices of screw!” and edge!® dislocations using
Landau-de Gennes-Ginzburg — type phenomenological approacht®. Type | and type Il smectics are
analyzed for 1%t order and 2™ order nematic-smectic A phase transitions. In studying edge dislocations
we consider a herringbonel® pattern of smectic layers, where we vary the angle characterizing the
bend-type smectic distortion. In studying screw dislocations we consider twist-grain-boundary SmA
(TGBA) phase. For both cases we determine critical conditions for which lattices of TDs are stabilized.
Furthermore, we analyze impact of appropriate trapped nanoparticles on stability of these patterns,
emphasizing the role of the Defect Core Replacement (DCR) mechanism[”! and LC elastic properties.
The former mechanism describes the reduction of relatively costly condensation free energy penalty by
partially replacing the defect core with the nonsingular volume of a trapped nanoparticle. This
mechanism is efficient if NPs do not significantly disrupt the defect core structure. We show that in case
of screw dislocation the so called saddle-splay elasticity also plays significant role.
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