The long-
distance
thinker

Martin Bojowald is ona
jeurney back in time to
see what happened
during the Big Bang.
Quiirin Schiermeier tags
along for the ride.

he journey southwest from Berlin to

Golm, a small village near Potsdam, is

a 90-minute train trip to the end of
the world, Or that 1s how it seemed on 2
misty December morning. Ourside Potsdam
the only view from the window is farmland
stretching fo the horizen, wmil an ultra-
modern glass building looms.our af the fog.

Thisthink-tank inthe middle of nowhere
15 the Max Plarck Institute for Gravitational
Plysics, often called the Albert Einstein [nsti-
tute. Asmightbeexpected, itis home to theo-
rists who are struggling with physics” despest
questions, How did the Universebegin? What
will be its fate? And what happens to fime,
space and matter arthese extrermes?

The forlorn landscape outside rather suits
Martin ‘Bojowald, a 31-yearold German
theorist, who admits he spends most of his
nme staring into space. Except when writing
papers ore-mails, he hardly uses a computer
— and hedoes maost of his deep thinking =t
home; where he feels less self-conscious
about his apparentlack ofactivity.

Boiowald is d disciple of logp quantum
gravity, a theery of gravity avthe smallest of
scales, which physicists can use to look inside
black holes orback to the first few moments
of the Universe.

Loopquantum gravityisawayto reconcile
general relativity — Binstein’s theory of how
gravity shapes the cosmos — with our quan-
tum picture of the atemic world. Gravity,
alone among the four andamental forces of
nature, seems nat to'respect the rulgs of quian-
tum physics. Loop quantum gravity tries to
address [his directly, by rewriting Einstein's
equiafions within a quantum framework. A
popularalternative routeto'quantum gravity'
is provided by string theory, which has s
roats in' particle physics, and postulates that
everything in the Universe is made of unob-
servablevibrating strings.

Any decent theory that claims 1o unite
general relatvity: with: quantum -theory
should be ableto fix some of the cosmologi-
cal puzzles unsolved by general relativity.
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Martin Bojowald, whose idol is Einstein, hopes
 that his ideas on the Big Bang will gainsome
support from NASA's LISA mission (below).

One enduring mystery is figuring out what
happened during the Big Bang — the cosmic
event that about 15 billion years ago gave
birth'toa hot, dense freball and sventually,
stars, galaxies and humans: Although Ein-
stein’s equations ean describe much of the

Uritverse's history, they break down the
closerwe get to this mementof creation,

Off with a bang

Conventional wisdom says: that the Big
Bung was the start of everything, including
lime, so quéstions dbour the Big Bing itself,
or whar.came befores, don’l make sense, Or
so we're told. But the breakdown i the laws
of physics — the singularity problem —
limits what we kngw about the starting con-
ditions of the Universe. So it leads 1o arbi-
trary disumitions, such as an eatly period
of rapid expansion (inflation), to get the
Universe to where it is now.

Itis in part thanks to Boiowald that & cos-
mology based on Joop guarntun gravify has
become a respected, albeit controversial,
notion. "Martin has opened the door tothe
possibility of caleulating the predictions of
loop theory for sosmology, and determining
whether they can be tasted against abserva-
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tions;” says Roy Maartens, eosmologist at
the Univefsity of Partsmouth, UK.

In the loop quanturhuniverse everything
is quantized, or discrete, including time,
Space can be chopped up into discrete
‘elbes; just 10 ™ cm’, Oné cubewould equal
thesmallestunit of space, butitisnot'enipty’
spaces each cube incorporates space, time
wnd matterin the formof intersecting laops’

“This has few consequences fui ‘our

understanding of ithe real world)" says.

Bojowald. These loops operaté on'scales far
outsidesur experience. " Dutthe discreteneys
of loop theory makes it much easier mathe-
matically and conceptually to come th ferms
with thezarly Universe, hesays,

in thelocp

Although the loop language is complex, the
maths behind the theary is elegant, Bojowald
His created a framework in which physical
Iasvs do not break dbwn'at the Big Bang §if-
gularity (M. Bojowald Phys. Rev. Lett, 86,
5227-5230; 2001). His results suggest that at
extrernely small scales, quantum gravitation
can be repulsive; which prevents the collapse
of space-time info a singularity, This effect,
which! would contradict general relativity,
might be aconssquence of the quantization
of Einstein's equations, Bojowald says,

Freed from the singidarity, Bojowald cin
nowlook bucktoa time‘before’ the Big Bang,
He finds an inverted universe on the other
side —d'mirror-image of ours —expariding
outwardsastimeruns backwards,

Bojowald’s maodel also provides tantaliz-
g insight into how inflation occuns
(M, Bojowald Phys. Rey. Letr. 89, 261301,
2002). A gravitational repulsion not only
prevents the collepie of = contracting uni-
verse; hie believes, but also pulls apart an
expanding one: Maartens cautions that this
idea has seme way to go before it is fully
convincing, But that long road doesn't
intimidate Bojowald. who is a long-distance
runner both inreallife and inscjence.

“In the beginning, there wasa lot of eriri-
cism,” Bojowald says. "Bur things have
changed, and meanwhile many cosmologists
liave gotyeryiriterested inlogp equations.”

Bojowald hopes that data from the Eures
pean Space Agenty’s 2007 Planck mission will
provide indirect backing for his ideas, This
satellite will resttheories of thesarly Universe
byilonking at the radiation left over from the
Big Banig. After 2011, data from INASA’s Laser
Interferometer Space Antenng could reveal a
quantum gravityeffectfrom thecarly Universe
Initsobservations of ripples in space-time,

in the medntime; says Sean Carroll, a
theoretical cosmologistat the University of
Chicago, Ilinois, siring theory remains the
morepopulartheory, given that it hassolved
many problems related to quantum gravity,
"But,” he adds, "any alternative concen| is
weleomeand needstobe rakenseriousiy” @
Guirin Schiermeler is Nolure's Gurman correspondent

NATURE 1 VOL433 |6 JANUARY 2005 |wawwibtde doin/matire

|

TR FG

Lh SOHIER

(RERTITY FIERYAY



