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I n The Hitchhiker’s Guide to the Galaxy,
writer Douglas Adams proposed a novel
solution to the classic science fiction
problem of the interspecies language
barrier: a babel fish. Stick this wriggly
yellow fish in your ear and you can un-
derstand any language in the universe,
instantly.

Sadly, there is no such thing as a babel
fish (and even if there were, we don’t
have any interplanetary aliens to try it
out on). But Harvard physicist Subir
Sachdev and his colleagues have tapped
into a different kind of translator: An
object that effortlessly translates from
the language of very small things, like
photons and quarks, to the language of
big things like, well, people. It’s not little,
yellow and wriggly, and you definitely
shouldn’t stick one in your ear. Itis a
black hole.

Sachdev never set out to study black
holes. “The last time | studied gravity
was in grad school,” he laughs. “I have to
relearn all these things!”

Instead, Sachdev’s work for the past
two decades has focused on quantum
phase transitions. We're all familiar with
classical phase transitions, like ice melt-
ing to form water or water boiling to
create steam. In these examples, heat
prods the atoms into motion and brings
about a change of phase. Sachdev inves-
tigates the quantum cousins of these
transitions.

Quantum Magic Wand
According to quantum mechanics, atoms
are never completely still. Heisenberg’s
uncertainty principle tells us that we can
never know a particle’s position and
momentum at the same time. If the posi-
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tion of an atom is pinned down to a
small region of space, quantum uncer-
tainty means that it must have some
momentum, keeping the atom buzzing.
It’s the subtle action of quantum uncer-
tainty that nudges atoms between phas-
es, just as heat can change water to
steam, says Sachdev.

The last time | studied
gravity was in grad
school. | have to relearn
all these things!

- Subir Sachdev

Quantum phase transitions are at the
heart of many of the most bizarre—and
potentially useful—materials being
tested in labs today. The Fairy God-
mothers of materials science, these tran-
sitions can turn ordinary materials into
virtual Cinderellas. There are ceramic
compounds of copper and oxygen,
which snap from an insulating state to a
superconducting one with a flick of the
magic wand (or, more precisely, with a
cool dip in liquid nitrogen); there’s gra-
phene, an ultrathin, crystalline version of
the stuff in pencil lead, which has opened
up to experiment a whole new class of
one-atom-thick materials and could one
day replace silicon in a new generation
of ultrafast computers. The exotic menu
of materials goes on.

Sachdev, however, has always been
most interested in these materials’ more
esoteric properties. He’s fascinated by
the point at which the material is “deli-
cately balanced in between” phases. If an
insulator is black and a superconductor
is white, Sachdev studies the fleeting
gray in between.

In most systems, Sachdev explains,
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quantum effects disappear on all but
the tiniest scales, and the behavior of
the system can be described using
classical physics alone. But things are
not so clear cut when quantum
phase transitions come into play.
Near the quantum critical point at
which these transitions occur, the
classical description fails. It is at this
tipping point that Sachdev believes
physicists can access the peculiar
boundary that separates the micro-
scopic world of quantum physics
from the macroscopic world with
which we are all familiar.

Okay, but where do the black
holes come in? “So far no connec-
tion to the cosmos,” Sachdev quips.

But, in fact, it turns out that the
only known mathematical descrip-
tion that works for both the quan-
tum and classical scales comes out of
a gravity theory used to describe
black holes.

Black Holes and Holograms
To understand the whole picture,
we have go back to 1997, when
black holes weren’t even a glimmer
in Sachdev’s eye. In that year, theo-
retical physicist Juan Maldacena, now
at Princeton University, published a
startling—if obscure—theoretical
insight. He showed that if you take
our universe, slap on an extra spatial
dimension, and fashion it with a neg-
ative curvature, it’s identical (ma-
thematically speaking) to a universe
with three spatial dimensions and no
gravity, suffused with quantum fields.

It might sound like a
theoretical physicist®

bad joke.
- Jan Zaanen

That sounds a little arcane, but for
physicists, the implication was some-
thing we can all understand: It made
their work easier. Problems that
were difficult in one domain were
(relatively) simple in the other, and
vice versa. For Sachdev, who can
routinely ignore the
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