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Figure 6.2 The scale factor of the universe over time, showing
that cosmic expansion slowed down until about 7 bzllzon years
ago, when it began to speed up.
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Figure 6.3 There are infinitely many wave shapes in any volume
and hence infinitely many distinct quantum jitters. This yields

the problematic result of an infinite energy contribution.
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Figure 6.4 Thq string landscapican be visualized schematically
as a mountainous terrain i which different valleys represent dif-
ferent forms for the extra dimensions, and altitude represents the

cosmological constant’s value.
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Figure 6.5 An example of a field’s energy curve that has two
values—two troughs or valleys—where the field naturally comes
to rest. A universe suffused with the higher-energy field value can
quantum tunnel to the lower value. The process involves a small

randomly located region of space in the original universe acquir-
ing the lower field value; the region then expands, converting an

ever-wider domain from the higher to the lower energy.



Figure 6.6 (a) A quantum tunneling event, within the string
landscape. (b) The tunneling creates a small region of space—
represented by the smaller and darker bubble—within which the
form of the extra dimensions has changed.
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Figure 6.7 The tunneling process can repeat, yielding a vast
nested sequence of expanding bubble universes, each with a dif-
ferent form for the extra dimensions.
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Is This Science?

In this chapter we've turned a logical corner. Until now, we’ve been
exploring the implications for reality, writ large, of various develop-
ments in fundamental physics and cosmology research. I delight in
the possibility that copies of the earth exist in the far reaches of
space, or that our universe is one of many bubbles in an inflating
cosmos, or that we live on one of many braneworlds constituting a
giant cosmic loaf. These are undeniably provocative and alluring
ideas.

But with the Landscape Multiversep we’ve invoked parallel uni-
verses in a different way. In the approgch we’ve just followed, the
Landscape Multiverse is not merely broadening our view of what
might be out there. Instead, an array of parallel universes, worlds
that may be beyond our ability to visit or see or test or influence,
now and perhaps always, are directly invoked to provide insight into
observations we make here, in this universe.

Which raises an essential question: Is this science?



