A Perfect Match

by WILLIAM OREM

FQXi Collaboration:

Wen you work in one of the most

complicated fields in modern science, it’s
good to be concise. “We met when we
were both in Russia in the same insti-
tute,” Andrei Linde says of his wife and
fellow researcher, Renata Kallosh. “After
a while we married, and for more than
thirty years we live together and some-
times collaborate.”
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That’s the story in a nutshell. In the
details, however, things become more
complex.

Both Linde and Kallosh are professors
of physics at Stanford University, Cali-
fornia. She works on such heady topics
as supergravity and superstrings. He,
meanwhile, is one of the fathers of infla-
tionary theory, and among the biggest
names in modern cosmology.

There was a time when the worlds of
string theory and cosmology were as
separate as events outside each other’s
light-cones (or night and day, depending
on your background). Recently, though,
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these disparate research areas have
started to come together. Like masses in
an unstable orbit, their approach has
been tentative, then rapid, and finally
explosive.

Chaotic Beginnings

A prolific author and thinker, whose
work has been discussed in Time, Wired
and The New Yorker, Andrei Linde’s
name is most strongly associated with
one grand idea: eternal chaotic inflation,
or ECI.

The roots of ECl came about after
considering a mystery raised by the big
bang model and the fact, discovered by
Einstein, that nothing can travel faster
than the speed of light.
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The mystery was that the universe,
overall, looks pretty much the same in
every direction—but nobody could ex-
plain how this came to be. To under-
stand why the homogeneous nature of
the universe was such a conundrum,
imagine a room full of people all singing
“happy birthday.” At first, everyone
starts on a different key, and at slightly
different times. Before the verse ends,
though, all the voices come together.
Such homogeneity can only emerge if
everyone in the room has had enough
time to listen to his or her neighbors
and adjust accordingly.

Similarly, a simple 180° pivot of the
telescope brings into view galaxies on
opposite sides of our homogeneous
universe, and by the same argument
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used for the singers at the birthday par-
ty, these regions must have communi-
cated information about their state.

However, the speed of any such
communication is limited by the finite
speed of light. The puzzle that cosmolo-
gists faced was that the universe has not
existed long enough for the required
information to have been communicated
between such far away regions in this
way. How, then, could the overall pic-
ture be homogeneous?

A brilliant solution to this puzzle was
proposed in 1980 by Alan Guth, now the
Weisskopf professor of physics at M.I.T.,
and expanded on by Linde and others:
inflation.
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According to inflationary theory, the
region of space-time that we call the
universe originated from a small patch in
which all the parts were in close enough
contact to share information. Early in
the universe’s history, a burst of faster-
than-light expansion, or inflation, oc-
curred in this patch, rapidly hurling
neighboring parts to far flung reaches.
This was the equivalent of instantly
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transporting each “happy birthday” sing-
er thousands of miles away while they
were still finishing their last note, creat-
ing homogeneity over a vast expanse.

Over the years, the inflationary model
has itself been expanding. Under the
attention of Linde and others, it has
continued to undergo mind-bending
modifications. The latest view from the
mountaintop is staggering, both in its
weirdness and its beauty.

Bubbling Multiverse
If the discovery of inflation was the
opening theme, eternal chaotic inflation
is the first movement of the symphony.
In ECI, the big bang was not the begin-
ning. Rather, it was a beginning—only
one of many. “We no longer can say
there was one single moment for the
whole universe when this happened,”
says Linde. “It could be that different
places were created at different times.”
ECI views our universe, then, not as a
unique phenomenon, but as one particu-
lar universe among many, each of which
has its own laws of physics. The image
commonly invoked here is foam on a
head of beer: a roiling mass of inflation
in all directions. Such a picture is some-
times called the “multiverse” to desig-
nate an unending series of bubble un-
iverses, each one undergoing its own
cycle of birth, expansion, and potential
collapse. The bang has become the
bangs.
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The process has no limit; each universe
creates the space-time it occupies as it
goes along. And it has no end in time—
inflation is eternal. So how can cosmolo-
gists tie down the physics underlying this
sprawling, chaotic multiverse?
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Answer: with string. And in particular,
by collaboration with string theorists.

Superpartners

“| started learning cosmology from And-
rei Linde, so | was really lucky that he
was around,” says Renata Kallosh. “I
know better issues in this formal, ma-
thematical field of string theory, but to
bring string theory to the real world you
have to know cosmology. For me, this
collaboration was invaluable.”

Kallosh, like Linde, earned her docto-
rate at the Lebedev Physical Institute in
Moscow, in what was then the Soviet
Union, before becoming a scientific as-
sociate at CERN, in Geneva, Switzer-
land, and now a professor at Stanford.

Through most of this time, the focus
of her attention has been on the rarified
world of superstrings—those subatomic
somethings whose vibrations are hy-

To bring string
the ory to the
real world you
have to know
cosmology.
- Renata Kallosh
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