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Abstract. Grand Unified strings may provide us with the
primordial density fluctuations needed for galaxy formation. The
properties and the cosmological evolution of such strings are discussed.
A Grand Unified Theory with strings is constructed.

Grand Unified Theories (GUTs) of strong weak and
electromagnetic interactions (Georgi and Glashow 1974) predict that
the universe, as it cools down after the big bang, undergoes a series
of phase transformations during which the original unifying gauge
symmetry is reduced in stages down to the zero temperature symmetry
SU(3)  x U(l) . During some of these transitions topological objects
may be produced(Klbble 1980). These objects may be points, lines or
surfaces where the higher temperature phase is preserved by a
topological conservation law. They are called magnetic monopoles, strings
or domain walls respectively.

We will concentrate on the strings because, as suggested by
Zel'dovich (1980), they may be of great cosmological importance. They
have the right properties needed to produce the primordial density
fluctuations that lead to galaxy formation. Consider a gauge group G
which breaks down to H by the vacuum expectation value (VEV) of a
scalar field ¢ (for GUTs, M " I015GeV, and g is the gauge coupling),

G <p>vM/g)y 4 '

To decide whether this breaking leads to string production, we must

look at the topology of the vacuum manifold V=G/H. Strings are produced
iff the fundamental group Tr(G/H) is non-trivial, i.e., iff there exist
loops in G/H that cannot be contlnuously deformed down to a point.

Such loops are called homotopically non-trivial. A string is a tube of
thickness dNM‘Lh10"29cm. Outside this tube <¢>¢ G/H. As one describes
a loop around the string, <¢> describes a non-trivial loop in G/H. This
guarantees the topological stability of the string. On the string axis,
<¢>=0 and the sgmmetry G is unbroken. The string carries an energy per

unit length 0MZ/0nv1020gm/cm(o=g2/4m).
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At a cosmic time tVv1035 sec or at a critical temperature
TCNM/g%lolsceV, G breaks down to H and a network of superheavy strings
is produced. Initially, the scale of this network(i.e., the mean
distance between two neighbouring strings) is v M™~. 1It, then, grows
very rapidly and soon becomes of the order of the particle horizon t
and remains so thereafter (Kibble 1980). We, thus, essentially have
one string piece per horizon volume ~t3.  This produces a density
fluctuation 8p/p ps/pf, where p. is the radiation energy density and
p. the energy density due to strings. This fluctuation has the right
magnitude v 103 for galaxy formation. &p/p remains constant until
decoupling at td’\Jlol2 sec; only the scale of the fluctuation grows as t.
After matter domination and decoupling 8p/p grows as t2/3, becomes V1
at tV1016 sec, and galaxies are formed.

A very simple and elegant example (Kibble, Lazarides and Shafi
1982) of a string producing theory is based on the gauge group Spin(10).
The symmetry breaking goes as follows:

M M

Spin(10) —1—22—> SU(5)x 2, %, [SU(3)_ x SU(2)] ® U(L)
MW

XZ)— % ) SUB3), ®@U), x Z,.

At the first stage of symmetry breaking the unbroken group contains a
distrete factor Zj; = (1,-1)contained in the centre of SEin(lo) which
is a Z4 subgroup generated by iI'©. Here ro=i3rir2, . . ri0 js the
"chirality operator'" and I''’s are the generalized Dirac Matrices in

10 dimensions. One can show that my (Spin(10)/SU(5) x Z9) = Z,. Thus
a superheavy string network is produced during this phase transition.
The strings remain unaffected down to T=0 since the Z) never breaks.
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Discussion

Contopoulos: 1) What is the relation between your strings and the
superclusters we discussed here? 2) Can the monopoles
you are considering be of galactic size?

Lazarides: 1) Since the strings act as seeds for galaxy formation,

there may be a relation between these gauge theory strings
and the linear structures in the universe. This deserves further inves-
tigation. 2) No, the monopoles are actually of microscopic size. Their
core has a radius of order 1029 cm.

Segal : Why is iyg representative of an element of Spin (10)?

Lazarides: The center of Spin (10) is a four-element group generated
by h = exp(i /2 o13) " -exp(in/2 o9 10) € Spin (10), where
i3 = 1/2i(ri, TJ). 1t is trivial to show that his equal to ir%, where
r%= 15r1...110 in the "chirality" operator in ten dimensions. It is
also easy to see that [h, Gij] = 0.

Bownd: Are the strings absolutely stable, and if so, how would
they interact with matter?

Lazarides: Strings are absolutely stable against any local distur-
bance. This is seen by the topological argument in my

talk.
Strings have a negative tension whose magnitude is equal

to the string mass per unit length. Because of this, their gravitational
field has the following '"peculiar' properties: It does not affect slowly
moving nonrelativistic particles, but it does cause deviation of light

rays.

Hogan: What are the most realistic observational tests of this
picture?

Lazarides: Strings produce deviation of light rays. Tests based on

this are the most realistic.
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