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Self-Similarity of Ordering Process
in a System Containing Point-Type Topological Defects

Hiroyasu Toyoki
(Faculty of Liberal Arts and Education, Yamanashi University)

The growth process is studied for a two-component order-parameter field in two
dimensions after a quench from the disordered (high-temperature) phase to the ordered
(low-temperature) phase. This is considered as a model for liquid *He in normal-super
transition and liquid crystals in liquid-nematic transition. In the early stage after a
quench, point-type topological defects such as quantized vortices and disclinations are
formed. Then the macroscopic order grows through the pair annihilations of the defects.
We study the latter stage numerically and analytically.

Our model consists of unit defects with winding numbers 1. They are initially of the
same number and randomly distributed. The force acting on a defect is given by the sum
of pairwise forces inversely, proportional to the separation of a pair. A defect moves in
a purely dissipative manner. A pair of defects of opposite signs are annihilated when they
get near within a separation of the order of the core radius.

By performing a numerical experiment, we show that after a transient regime, the
number of defects decreases as ¢!, and the mean values of the separations d .. for defect-
pairs with the same sign and d ,_ for ones with opposite signs both increase as ¢¥2. This
behavior is consistent with the dimensional argument for the equation of motion for
defects. Therefore we suggest that the distribution of defects grows similarly. This is
shown to be a unique behavior by testing the same model for points with interactions of
other ranges. We find also that, in the power behavior regime, the ratio d ++/d +_ takes
a value 1.6 different from the initial value 1.0. This shows that the correlation between
oppositely signed defects arises.

Key words: Quenched system, topological defect, pair annihilation, self-similar growth.



