extures and Cosmic Structure

article physics theories offer new clues to the origin of structure

in the universe. The authors propose that primordial field defects

known as textures seeded galaxies and galaxy clusters

nderstanding the form and ori-

gin of structure in the universe

is one of the grandest and most
exciting challenges facing science to-
day. New surveys reveal that galaxies
lie in huge bubbles and sheets stretch-
ing hundreds of millions of light-vears
across. Astronomers have recently dis
covered extremely old, distant galaxies
and quasars. Precision measurements
by the Cosmic Background Explorer
(COBE) satellite confirm that the sky is
suffused with a remarkably even mi
crowave glow, thought to date from the
early davs of the universe. To compre-
hend this array of phenomena, cosmolo-
gists have drawn on ideas derived from
particle physics. The most popular such
idea, called the inflationary universe sce
nario, successfully describes many as-
pects of cosmic structure. But inflation
cannot fully account for the very large
scale clumping of galaxies or for the
existence of the oldest quasars.

We have investigated an alternative
idea that seems to match the explana-
tory triumphs of inflation while recti-
fving its major failings. Our hypothesis
is built around the idea of symmetry
breaking, a process central to unified
theories of particle physics. Symmetry
breaking leads to the formation of cos-

DAVID N. SPERGEL and NEIL G. TUROK
have collaborated for the past two vears
on the texture theory of the origin
of cosmic structure. Spergel received a
Ph.D). in astronomy from Harvard Uni- |
versity in 1985, In 1987 he joined the |
staff of Princeton University, where he is
now assistant professor of astrophysical
sciences. He has concentrated his re
search on galactic structure and dark
matter. Turok earned his PhD. in theo
retical particle physics from Imperial
College, London, in 1983. In 1987 he
moved to Princeton University, where he
is now an associate professor of phys
ics. Turok's main interests are large-
scale structure, the origin of matter and
phase transitions in the early universe

52 SCIENTIFIC AMERICAN March 1992

by David N. Spergel and Neil G. Turok

mic defects called textures, which would
have appeared soon after the birth of
the universe. Textures could have seed-
ed aggregations of material that evolved
into galaxies and galaxy clusters. The
texture hypothesis vields a number of
predictions that will soon be put to ob-
servational test,

[rving to understand events that oc-
curred during the very first moments af-
ter the birth of the cosmos sounds like
monumental hubris. Yet the big bang
theory, the conceptual foundation of
modern cosmology, has grown increas-
ingly certain in recent years. It provides
a simple and highly successful descrip-
tion of the physical conditions of the
universe going almost all the way back
to the instant of its origin.

In the big bang theory the universe-
including all matter and all space—be-
gan as an infinitesimally small point
some 10 to 20 hillion vears ago and has
been expanding ever since. The prima-
rv evidence in favor of the big bang is
the present observed expansion of the
universe. Remote galaxies consistently
appear redder than nearby ones. This
pattern implies that the light they emit
has been stretched (reddened) as galax-
ies move away from one another. Trac-
ing this expansion back in time, one
finds that the universe began in an in
tensely hot, dense state. Today the uni-
verse is flooded with a pervasive back-
ground of microwave radiation left
over from these early times. COBE re-
cently found that the energy spectrum
of these microwaves perfectly matches
that predicted by the big bang theory,
dramatically confirming that the early
universe was extremely hot and dense.

Most remarkably, the big bang theory
accurately predicts the relative abun-
dances of the light elements (hydrogen,
deuterium, helium and lithium) in the
modern universe. Based on those pre-
dictions, cosmologists deduced that
there could be no more than four fami-
lies of elementary particles; recent ex-
periments have confirmed that only
three families exist.

These impressive achievements have
persuaded most physicists and astron-
omers that, to a first approximation at
least, the big bang theory is probably
correct. But the question of the origin
of structure remains unsolved. The sim-
plest explanation is that some event
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