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TEN GIANT STEPS

And Beyond

WHAT’S BEYOND the visible universe? Galaxies and
more galaxies for a long way beyond the boundary of
what we can see. Measurements of the cosmic microwave
background by the WMAP satellite have enabled us to
survey accurately the visible universe. The results tell us
that a slice through the universe at the present epoch
appears flat, like a sheet of paper. Keep extending a flat
sheet of paper, and it forms an infinite flat plane. That
might suggest the universe is infinite, with an infinite
number of galaxies. Actually, it just means that the uni-
verse is much larger than the part we can see. Manhat-
tan looks flat but actually is part of the finite, but large,
curved surface of Earth. The universe could be almost
any shape, but if it is large enough, any piece of it will
look flat. All we really know for sure is that the true size
of the universe is much larger than 13.7 billion light-
years. Alan Guth’s theory of inflation predicts this, but
how much bigger is it?

Physicist Andrei Linde’s theory of chaotic inflation
suggests that our universe today may be 10" times
larger than the part we can see. Our universe forms in
a high-density inflationary sea of dark energy. This dark
energy has a very large negative pressure, and the repul-
sive gravitational effects of this pressure start a runaway
expansion. This sea doubles in size every 10*” seconds.
Such a sequence (1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024,
...) blows up quickly. Inflation in our region ends when
the dark energy converts into thermal radiation (the hot
big bang) and the explosive expansion starts to slow down.

In my (Gotts) theory of bubble universes we are just
one bubble in this expanding sea. Our bubble expands at
nearly the speed of light and grows to infinite size, eventu-
ally creating an infinite number of galaxies inside. Beyond

our own bubble universe is the inflating sea, which forms
an infinite number of other bubble universes—a multiverse.

But there’s more. Linde has shown that inflation-
ary regions can give birth to other inflationary regions
through quantum fluctuations, like branches growing off
a tree. Each branch grows up to be as big as the trunk and
sprouts branches of its own. The process, once started,
continues forever, producing an infinite fractal tree with
an infinite number of branches.

FYI According to Linde’s theory, it would take

over 1 OI O O O more pictures, each covering a

scale a thousand times larger than the one before,

to capture our universe in its full glory.

Our universe is just one of many on one of these
branches. We will never see these other branches, because
the space separating us from them is expanding so fast
that light can never cross it. Where did the trunk come
from? Perhaps it simply popped into existence by a process
called quantum tunneling, as proposed by Alex Vilenkin.
Or perhaps it formed from a time loop, as proposed by me
(Gott) and Li-Xin Li, when a branch looped back in time
to grow up to be the trunk. We simply don’t know. Super-
string theorists Paul Steinhardt and Neil Turok have sug-
gested that our universe is a three-dimensional membrane
floating in a ten-dimensional space and that the big bang
occurred when our membrane collided with another.

If our universe is a bubble, it is infinite in extent.
Beyond our universe, myriad other universes in the mul-
tiverse branch off in the distance, farther than the eye can

ever see.

‘The space-time diagram above shows the Gott-Li model
for the creation of multiple universes from a time loop.
Each funnel represents an inflating universe that is grow-
ing larger with time—we show one dimension of space (the
circumference of the funnel) and the dimension of time
(running upward out the funnel). We label four universes
1, 2, 3, and 4, from left to right. Universe 2 gives birth to
universes 1 and 3—they are its children. Universe 3 gives
birth to universe 4. So universe 4 is the grandchild of uni-
verse 2. Each branch grows to infinite size and sprouts
branches of its own. We live in one of the many branches.
Physicist Andrei Linde has shown that, once started, this
branching process will continue forever, creating an infi-
nite fractal tree of universes.

But where did the original trunk come from? Alex
Vilenkin, Stephen Hawking, and James Hartle suggest
it simply pops into existence. But Gott and Li have pro-
posed that universe 2 was its own mother, giving birth to
a branch that circled back in time and grew up to be the

original trunk.

The Gott-Li model represents just one of a number of specula-
tive possibilities being explored by physicists for the origin of our
inflating universe. Studies of the cosmic microwave background
suggest that inflation is likely, but details of how it got started
have yet to be worked out.
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