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1a Introduction

The main aim of this project was to investigate the lensing properties of
cosmic strings. However, it was also felt necessary to detour slightly from this
objective in some areas to give a broader perspective of the subject. To do justice
to the many and varied types of phenomena exhibited by strings would require a
whole book (and one is overdue, in our opinion). A brief overview of the properties
and significance of local strings sets the scene (section Ib).

A disproportionate amount of space (15 pages) is taken up by a short visual
investigation of some vibrational modes of loops of cosmic string (section 2a). It
should be stressed here that the amount of output displayed does mot at all reflect
the amount of effort needed to produce it. Much of the work involved in the
project concentrated in generating the output for the lensing produced by a
combined conventional gravitational mass and string. However, the results in section
2a were of sufficient interest that it was felt there would be no harm if they were
inciuded, although it was relatively trivial to produce them.

In section 2Zb there is a very short discussion of gravitational lensing by a
large mass in the weak-field limit, and the output of a program which illustrates
the effect on various sources. Then in section 2c some of the effects of straight
cosmic strings are derived and investigated. In section 2d the results of combining
the two gravitational lensing effects of string and mass are shown.

The type of string considered throughout the report iz “"plain vanmilla", that
is, local strings which emit gravitational radiation. Global strings which emit
Goldstone bosons and ocwurrent-carrying superconducting strings which emit
electromagnetic radiation are not discussed, mor are the more esoteric variations
such as cosmic springs.



b Cosmic Sirings: An Overview

Recently there has been considerable interest in the subject of cosmic strings
which might have formed in phase transitions in the early universe. Due to some of
the strange properties of these strings it has been suggested that they might have
been the seeds for galaxy formation, and that long straight strings may still remain
to the present day and cause observable gravitational lensing. The gravitational
lensing aspect of long straight strings is investigated in more detail later on, but
here the aim is to give a brief overview of the formation and properties of cosmic
strings.

So what exactly are cosmic strings, and why do theorists believe in the
possibility of their existence?

When the energy density of the universe was very high, very shortly after the
Big Bang, all four known forces (electromagnetism, gravity, strong and weak
nuclear) were indistinguishable and part of one "superforce”. However, as the
universe expanded and consequently cooled, the energy density dropped below a
certain critical threshold and the symmetry between the forces began to break. As
an analogy to spontaneous symmetry breaking (S5B) imagine a ball on the top of a
hill, where it is in unstable equilibrium. With the ball at the top there is rotational
symmetry about a vertical axis, but should the ball roll to the bottom of the hill
{as is likely in the real world), the symmetry is broken.
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Fig. 1b.1 The energy density of the early universe as a functlon of two Higgs fields.
The clrcular trough on the horizontal plane represents the equillbrium states of lowest
energy - the true vacuum states. Al the top of the hill the universe is In a false vacuum
state, a higher energy excited state of the vacuum with greater symmetry between the
forces of nature, The early universe randomly decays from the false vacuum state dus to
thermal fluctuations and drops Into a position somewhere In the trough. Different reglons
of the universe drop into different states on the trough, and thus the universe forms a

domain structure, much like a crystal.

In fig.lbl the energy density of the universe is represented in a
three-dimensional diagram as a function of two Higgs fields (members of a special
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