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Abstract

In this thesis we study the properties of nuclear matter in the massive [y, and generalized Oy
Skyrme models, and also the O-meson variant of the Skyrme model. A semi-analytic method is
developed to determine local minima of the static energy functional with respect to variations of
both the field and the period lattice of the crystal. In general, four distinct skyrmion crystals are
found. Two of these were already known — the cubic lattice of half-skyrmions and the O-particle
crystal — but two are new. In the Skyrme model with no vector mesons, these new solutions have
lower energy per baryon number and less symmetry, being periodic with respect to trigonal but [
cubic period lattices. Minimal energy crystals are also constructed under the constraint of constant
baryon density, and it is shown that the two new non-cubic crystals tend to chain and multi-wall
solutions at low densities.

Isospin asymmetric nuclear matter is investigated in the generalized [;15-Skyrme mode by
canonically quantizing the isospin collective degrees of freedom of the multi-wall crystal. We obtain,
for the first time, an equation of state from the Skyrme model which interpolates between infinite
isospin asymmetric nuclear matter and finite isospin symmetric atomic nuclei. This enables us to
describe neutron stars with crusts within the Skyrme framework. Furthermore, we observe that
the symmetry energy tends to a constant value at zero density, which can be identified with the
asymmetry coefficient in the semi-empirical mass formula for atomic nuclei. The symmetry energy
also reveals a cusp in its structure below the nuclear saturation point 0; at 0; 0 00;00. This cusp
density point 0, can be interpreted as the nuclear density whereby the infinite crystalline multi-wall
configuration undergoes a phase transition to a finite isolated multi-wall configuration. Both of
these observations are observed to be generic features of skyrmion crystals that tend asymptotically
to somewhat isolated skyrmion configurations in the zero density limit. We find that the resulting
neutron stars from our study agree quite well with recent NICER/LIGO observational data.

In the O-meson variant of the Skyrme model, the solitonic crystals are stable with respect to
variations of the Skyrme 0 and O-meson fields, and also the period lattice O of the crystal. In the
conventional massive Skyrme model the ground state is a multi-wall solution, whereas the ground
state in this theory is dependent upon the choice of free parameters. Further, we predict coefficients
in the Bethe—Weizsicker semi empirical mass formula using O-skyrmion crystals and the O-particle
approximation. Finally, we attempt to address the compression modulus problem and determine a
more acceptable value of the nuclear matter incompressibility coefficient.

Keywords: Topological Solitons, Skyrmion Crystals, Dense Nuclear Matter, Neutron Stars, Vector
Mesons.
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