It's the most radical retelling of our cosmic origins for 25 years
- that the Big Bang was caused by the collision of our space

with an unseen companion universe. Stuart Clark reports

AcCORDING TO THE Bic BANG THEORY,
everything in our vast Universe sprang
from a searing fireball 14 billion years
ago. Find that hard to swallow? How
about a new version that relegates it to
just one of many big bangs, stretching
back into the past for trillions or even
an infinite number of years? That's
the extraordinary conclusion reached
by Neil Turok of the University of
Cambridge and Paul Steinhardt of
Princeton University. They claim that
their revolutionary ‘ekpyrotic’ theory
explains the formation of the Universe
in the way that is most consistent

with modern physics.

Not everyone agrees. Andrei Linde, a
Moscow-born cosmologist at Stanford
University, California, is reported to
have called it more wishful thinking
than a theory. But what is the ekpyrotic
theory, how does it tie in with the Big

Bang and why is it so controversial?
Named after the Greek word for
conflagration (large, destructive fire),
the ekpyrotic theory is the most radical
retelling of the Big Bang for a quarter
of a century. It's a huge gamble. All
those who have invested their careers
in the previous version, known as
‘inflation theory’, risk their work being
sidelined if the new idea catches on.

Early years

Evidence for the Big Bang has been
accumulating since the early 2oth
century. Einstein's 1915 theory of
general relativity predicted that the
Universe could.expand or contract,
but even the great man himself did
not take this seriously until 14 years
later, when astronomer Edwin Hubble
measured that the galaxies were
indeed racing away from each other.
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Braneworld physics
Extension of string
theory in which the
Universe is a three-
dimensional object

Bulk
A higher dimensional
space containing branes

Ekpyrotic universe
A cosmological
theory in which the
Big Bang is caused
by colliding branes
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Energy field causing
Universe’s expansion
to accelerate

Big Bang

The moment all the
matter and radiation in
space was created
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Cosmology

If everything is moving apart

now, that means it must have been

closer together in the past. But how
| close? Could it compact itself into a
single, tiny point? Sure enough, when
physicists dug into general relativity
they found a black hole-like object
known as a ‘singularity’ waiting for
them at the beginning of the Universe.
The conclusion seemed inescapable:
the entire Universe had burst forth
| somehow from this singularity in

an unimaginably large explosion —

the Big Bang.

Looking for clues
But what triggered the Big Bang?
General relativity cannot help because
it cannot explain singularities, only
| show where they might occur. Some
physicists have searched quantum
theory for clues, but the question is
almost impossible to answer because
it is assumed that time, along with
everything else, began in the Big Bang.
However, what if time has always
existed and the Big Bang was an event
| in cosmic history, not the beginning
of history? Turok and Steinhardt
realised that a modern theory called
‘braneworld physics’ might allow them
to propose a triggering mechanism.
According to braneworld physics,
our three-dimensional Universe
! is contained on a ‘brane’ inside a
higher dimensional space known as a
‘bulk’ (see ‘What is a brane?’, below).
Imagine a sheet of paper inside an

WHAT ARE BRANES?

A brane is any multi-dimensional
object that exists in a higher
dimensional space. An example of this
is a two-dimensional piece of paper in
a three-dimensional office.

Branes can be extremely large.
Our entire Universe can be thought
of as sitting on a brane and there
can be other branes, holding other
universes that we can’t perceive,
separated from us by a tiny gap in yet
another dimension. It is a bit like two
sheets of paper sitting on top of each
other. Both of the sheets of paper are
‘ separated from each other by a tiny

gap in the third dimension.

Multidimensional objects ranging from the subatomic
particle world right up to the cosmic

An impression of what our
early Solar System could
have looked like in the
aftermath of the Big Bang

The spectacular sight
of two colliding galaxies

Physicists have burned the
ght oil searching for clues

As well as being unimaginably
large, like universes, branes can also
be incredibly small.

Braneworld physics emanates
from string theory. In string theory,
physicists believe that instead of
particles, the Universe is made up
of tiny wiggling pieces of ‘string’. Now
instead of string, imagine wiggling
tubes and you have a type of 2D
brane, known as a membrane.

For braneworld physics to be
consistent with quantum theory,
there have to be at least ten
dimensions, giving plenty of room for
both particles and other universes.
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