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Liquid crystals are viscoelastic anisotropic fluids known for the diversity and versatility of the
orientational order of their molecules. When the orientational order is constrained or frustrated,
one can use an external stimulus to reorient the molecules and localized topological structures
with particular properties may appear, see Figure 1 below. [1] Our goal here is to create and
control the morphogenesis of numerous self-organized topological structures that can be
viewed as “colloidal-like” particles. Then, we will be able to investigate interactions and dy-
namics of a new out-of-equilibrium system made of collections of objects of various nature.
With that aim, we actually want to exploit the light-matter interaction using all light field prop-
erties: polarization, phase and amplitude.

Our team showed recently that the angular momentum of the light allows to impart a chiral
character to liquid crystal topological structures by twisting the medium (Figure 1). This results
from momentum conservation principle with a transfer of angular momentum from the light to
the liquid crystal medium. Recalling that the mechanical effect of the angular momentum is
independent on its nature, we are exploring the influence of both spin angular momentum -
related to light polarization- and orbital angular momentum - related to phase field distribution
(associated with optical vortices) - on the liquid crystal reorientation. Phase distribution is re-
lated to spatial degree of freedom, and so is the amplitude field distribution of an extended light
beam. Hence, we also want to explore our ability to sculpt orientational structures by patterning
the illumination of a photo-active electro-optical device, so called “liquid crystal valve”.

In this project, you will perform parametric investigations (influence of the illumination size,
distribution, power, the boundary conditions...) to generate localized topological structures
with controlled chirality by varying the nature of the light-matter interaction.

Figure 1: Optical microscopy images between crossed linear polarizers. Dark areas show no reorientation of the liquid crys-
tal molecules. (1) left-handed topological structure (2) right handed topological structure.
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