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m Somesay it’s like a computer dropped
into the 19th century. No one can figure
out how it works because.thescience
behind it hasn’t yet been invented.

‘M’ Theory Stands for Maglc Matnx

One answer is: String theory strikes many
physicists as too beautiful not tobe true,

“I think it's the most fantastic set of *
interconnected rules which has ever been known,”
said Harvard physicist Andrew Strominger. “Nobody
in this field is clever enough to have invented
something like that.”

By K.C.COLE
TIMES sdr.nu-: WRITER

It doesn’t even havea proper name: The -

Mystery, Matrix or Membrane.

So why do physicists take it serlously" What
- makes it science rather than superstition or ldle

can dance on the head ofa pm"

he appeal of string theory among physxclsts ': -
isparticularly astenishing in light of the fact
that no one knows; as yet, exactly what ‘it’ is.

latest, most powerful, incarnation is cryptically called
“M” theory—where M can stand for Magnc, Mother,

philosophizing akin to figuring out how many ange]s sl

Since only nature is ingenious enough to devise
_* 4 such a théory, these physicists argue, it must be
* rooted in reality.
“The more eompelling answer is: It works. Over the
. last few years, string theory has produced a
i seemmg}y unending strmg of what physnclsts call
“‘string theory miracles:” = -
. “It'sasif some guys had set out to design a better
can opener and wound up with an interstellar space
- ship,"” said Harvard thsnexst Sidney Coleman, one
recent convert.

~

Since 1995, string theory has pulled of f a series of
- spectacular successes that made even its staunchest
.critics take a second Jook.

LOS ANGELES TIME s‘" '

Membrane

F‘or exdmple, one complex paradox revolved
around those empty pits of warped $pace-time known
as black holes. Strominger and his colleagues showed
that biack holes could be constructed out of strings,
Indeed, they showed that under the right conditions, -
black holes could transform into.elementary
particles, like water freezing intoice.

The result helped propel strinig theory to the
forefront. “If you have a theory that can come to
grips with a prob!em that's been around for 20 years,
it builds confidence,” said physicist David Gross,
director of the Institute for 'I‘heoretrcal Physrcs at. UC
Santa Barbara.

In a second major coup, strmg theory vastly
simplified mathematical tools for dealing with more -
traditional problems in four-dimensional space,’
including standard particle physics. Suddenty, the * -
ethereal world of strings had real applications to
problems involving known elementary particles,

“These were results other [non-string] physicists
could relate to,” said physicist Nathan Seiberg of the

~

A

'Mother or Mystery

-.; the 19th century. It does seemingly miraculous

.been invented.

gl of what may well be the Holy Grail of modern

i Institute for Advanced Studies. “It solved problems
they'd been bothered by.” °

In other words, physicists put faith in string theory ,
for the same reason the rest of us put faith in other '
things we don't understand, like jet planes and
computers: They get us places we want to go.

The difference is that at least somebody
understands the underlying science of planes and
compiiters, and no one as yet understands what
underlies string theory,

Columbia University physicist Brian Greene
' compares string theory to a computer dropped into

i thlng's., but no one can figure out how, for the simple
reason that the essential science behind it hasn’ tyet

Greene said: “Today’s physicists are in possession

‘science, but they can’t unleash its full predictive
power unti} they succeed in writing the full
i -instruction manual.”
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COLUMN ONE . ~

Time, Space:

Obsolete in
New View
of Universe

‘m Many physicists are
embracing a revolutionary,
still mysterious idea called
string theory. The concept
rejects several familiar
notions and includes the
existence of 11 dimensions.

By K.C. COLE _
TINES SCIENCE WRITER .

Ever since early astronomers
yaanked Earth from center stage in
the solar system some 500 years
ago, scientists have:been pulling
the rug out from under people’s
basic beliefs. '

“The history of physics,” says

Harvard physicist Andrew Strom-
..inger, “is the history of giving up
cherished ideas.”

No idea has been harder to give
up, however—for physicists and
laypeople alike—than everyday no-
tions of space and time, the funda-
_ mental “where” and “when” of the
universe and everythingin it

Einstein’s "unsettling insights
more than 80 years ago showed that

static' space and fixed time were - '

flimsy facades, thinly veiling‘a cos-
mos where seconds and meters ooze
like mud and the rubbery fabric of
space-time warps into an unseen-
fourth dimension. About the same
time, the new “guantum mechani-
cal” understanding of the atom re-
vealed that space and time are
inherentlyijittery and uncertain.

Now, some physicists are taking '

this revolutionary line of thinking
one-step further: If their theories
are right, in the words of Edward
Witten of the Institute for Ad-

OF SPACE, TIME
AND STRINGS ...

Rocking the foundmionsl of ph jsi('s
~mFirstinaseries '

vancéd Study in Princéton,.space
. and time may be “doomed.” .

»Concurs physicist Nathan Sei-
berg, also: of-the Institute: “I am
almost certaln that space and time
are illusions. These are primitive
notions that will be replaced by
something more sophisticated.”

* That conclusion may not affect
anyone’s morning commute. But it
is rocking the foundations of phys-
ics-~as well as causing metaphysi-
cal reverberations that inevitably
follow major changes in our funda-
mental understanding of how the
universe works.

:The impetus behind this tumult

is an idea that has become increas-
ingly dominant in modern physics:
string theory. According to string
theory, the most basic ingredients
in the universe are no longer point-
like partictes, the familiar electrons
and quarks. Instead, they are un-
imaginably small vibrating strings
of some tnknown fundamental
stuff. ' ;

_String theory suggests that dif-

_ferent configurations of strings pro-

duce different harmonic chords—
just as a piano produces a sotind
different from that of a flute. The

.~ Pleasesee THEORY, A22

" Continued from A1

vibrating string gives rise to the
particles, and the way the string
vibrates determines each particle’s
properties. This all takes place in a
convoluted landscape of 11-dimen-
sional space.

It is a concept so strange that-

even theoretical physicists struggle
to understand it. String theory
offers a universe bizarre beyond
imagining: Under powerful enough
magnification, every known parti-
cle in the universe would resemble
a complex origam; folded out of
sheets or strings of.the three fa-
miliar spatial dimensions, plus one
dimension of time, plus seven extra
dimensions of space.

While string theory is far from
proven, or even well formulated, its
consequences would be enormous.
Among other things, it would:

@ Reshape fundamental notions
of space and time, energy and
matter, expanding the number of
dimensions to 11. .

o Give the first comprehensive
list of all the ingredients that make
up the universe.

o Reveal that every tick of a
clock, every barking dog, every
dying star, can be described by one
master mathematical equation.

Being Involvedin a | _

‘Scientific Revolution’

: Which practical fruits will flow
~ from the new view of the universe

remain unknown. But in the past,
fundamental revolutions in physics
have—against everyone’s wildest ex-
pectations-~flowered into everything
from cell phones to brain scans.

“I've been‘in physics for 35 years,
and this s the first time I've felt I'm
involved in a scientific revolution,”
said Stanford physicist Leonard
Susskind. “In the last five or six
years, I really have the feeling
we're doing something as crazy, as
interesting, as new as the revolu-
tion that Einstein wrought.”

Perhaps most revolutionary of
all, it appears that space and time
aren’t essential ingredients of a
universe ruled by strings.

To grasp the extent of the cur-

.rent upheaval in physics, consider

what has happened to our basic
understanding of space and time
over the past hundred years.

Until the early 20th century,
scientists, like laypeople, assumed
that space and time were fixed—
like huge, metaphysical clocks and
rulers in the firmament. Objects
that moved in this unchanging
background could be pinned down
to definite positions.

“Everything was where it was
when it was supposed to be, and
that was all there was to it,” said
Strominger. “Space-time was out
there. You could count on it.”

Then, Einstein revealed that space
and time were woven into a single
fabric that deforms like so much
Silly Putty: indeed, it is the warping
of the fabric of space-time by mas-
sive objects that produces the force
of gravity. We perceive gravity as a
“force” only because we can't di-
rectly perceive the fourth dimension.

Becauyse gravity affects every-
thing, everything gets warped by
its pervasive influence—including
the clocks and rulers we use to
measure time and space.

Even more unsettling, Einstein's
now well-proven ‘theories showed
that the fabric of space-time, with
its three dimensions of space and '
one of time, is not a passive back-
drop for the events and objects in
the universe. Space-time also cre-
ates objects and events.

Imagine the universe as a per-
formance on a stage. The stage of
space-time cloes not act like 2 static
floor. It also pulls and pushes the
actors around.

Quantum mechanics introcuced
even more uncertainty. In the sub-
atomic realm. the entire concept of
fixed particles in lime and space
fuzzes out into an ever-shifting.
haze of probabilities. Trying to pin
down a subatomic particle’s loca-
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tion or motion is like trying to put

your ‘finger ‘on a snowflake: the |

very act of measurement destroys
the thing being measured,

“That means . . . space-time is an
uncertain concept, so vou've lost
Your firm footing,” said Strominger.
“And thal is a deep conceptual jssue
we have not yet come to grips with.”
* Now string theory appears to be

propelling this evolution one dras- -

tic, perrhaps inevitable, step further.
Certain approaches to string
theory dispense with the notion of
space-time completely. Vet, they
seem to produce the same set of
results as string theories with nor-
mal space and time.
To some theorists, this strongly
. Suggests that space and time are
superfluous. (Space and time as
fundamental concepts may be
about to disappear altogether—lite-
rally pulling the floor out from
undey physics, - - ‘

“The notion of space-time ig
something we've cherished for
thousands of years, and it's clearly
something we're gning to have to
give tip,” said Strominger.

Even before string theery enjoyed
its recent successes, physicists knew

“"they wouid have to- grapple again
with the inadequacy of our under-

~standing of space and time, The .

reason js a glaring ‘mismatch be-

- tween gravity, which. rules large-

“'scale events in the COSMos, and

quantum mechanics, which rules -

» Small-scale happenings. .

Both gravity and quantum theory

are well understood and have sur-

vived decades of experitnental tests, .

Quantum 'mechanics gave ' rise to

lasers. and computers; Einstein's

theory of gravity predicted every-

- thing from biaclk holes to the bend-
ing of light by stars, ins&gh’..s:sinqe B

proved by observations.
The problem is, the two theories
are mutually exclusive. The space

and time of quantum theory don't -

mesh with ‘the space and time of

Einstein's theory of gravity, or Gen-

eral Refutivity. In the language of
gravity, the quantum- mechanical

aspects of the wniverse turn into

gobbledygook. Andyice versa,

“We can describe the world that

-We see and experience complete Y,
"said’ UC "Santa  Barbara physicist
- Sean Carroll, “but the explanations
_are internaily inconsistent."”

Some Things Don’t
- Affect Everyday Life

Until recentiy, physicists found it .
easy to sweep thig unpleasantness
. under the- rug—in part’ because
they didn’t know how to deal with
it, in part because it doesn’ niake a
difference in our everyday lives,

' _H‘};hé‘inherent!y uncertain behav-
ior of subatomic particles affects
onty thirgs as small as atome, not

everyday objecis. like chairs: the
warping of space and time shapes

; the orbits of planets, but is too.
| diluted to'make itself felt on the

scale of our own backyards.

Where the iarge-scale fabric of
space-time gets tangled in the inner
lives of atoms, however, chaos
erupts; space and time fail to make

- semse. And increasingly, physicists
find themselves face to face with

. situations where guantum mechan-

“ics and the extreme warping of
space-tinie collide. -

F'or exampie, physicists won't be

- able to understand either the in-
nards of black holes or the origins
of the universe until they come to

" grips with how gravity behaves at
extremely small scales. Indeed, the
ultimate laboratory for studying
the cojlision of these two opnosing
realms is the infinitely compressed
doliop of space-time that gave rise
to the Big Bing,

That cataclysmic speck;, physicists
believe, contained everything now in
our universe, so it would have
packed @ huge gravitational wallop,
Al the same time, it would have beap
smal! eroiigh to behave according to

- quantum mechanical laws,

Because physicists can't surdy

the Big Bang directly, they wind

back thesciock with equations and
thought experiments—imagining

. What might happen, for example, if

time really reversec, :

The results are disturbing: As the
universe gets smaller and smaller,
the' warping of space-time gets
stronger and quantum uncertain-
ties get progressively larger, Fi-

" nally, the uncertainty becomes

* larger than any time interval that
could possibly be measured. Mei-
suremerit becomes meaningless,

Time at the first moment dis-
solves into nonsense,

- "Ifyou ask questions about what
happened at very early times," sajid
Harvard physicist Sidney Colemar,

- "and you compute the answer, the
[real] answer is: Time doesn’t mean
" anything.” -
Or consider what happens insicle
¢ & black hole—a region where grav-
ity is so strong that space-time
ceurls in on itself, in effect, shutting
out the rest of the universe, Black
holes are swirling pits of piire
. Space-time. And according to Eig-
stein's theory. their enormous grav-
ity causes them to collapse to an
© infinite point of zero size—what
physicists cull singularity. Is there
such a nonsensicai thing as infinite
density packed into zero size?

“I remember puzziing about that
when [ was a kid” said Gary
Horowitz of the Institute for Theo-
retieal Physics at UC Santa - Bar-

“"bara. “I thought when weni te

coliege I would find out the answer
« + . I'm still waiting.”

in the pinched-off centers of
black holes, space-time appears te
simply stop. “The singularity acts
like an edge,” said Horowitz, “You
run into it, anc it’s the end, There's
no time after that; there's no space
after that. But we don’t think
physics should end [therel. That's
why we're trying to” find new Jaws
of physics, which will describe what
happens beyond that edge,

Black holes, said- Princeton
physicist John Archibald Wheeler,
“[teach] us that space can be
crunipled like a piece of paper into
an infinitesimal dot, that time can
be extinguished like a blown-qut
flame, and that the laws of physics
that we regard as ‘sacred,’ as immuy-
table, are anything but.”

Space, Time May Be
Doomed as Concepts

String theory has emerged as the
only viable candidaie to recgncile
the differenices between gravity
and quantum mechanics. It does so
by eliminating the notion of infi-
nitely smaili particles. The loop of
string is the smallest allowable size,

“You never get to the point where
the disasters happen,” sajd Seiberg
of the Institute for Advanced Study.
“String theory prevents it.”

But rather than rescuing’ space
and time, string theory only seeme to
make their deom as fundamental
concepts more imminent,

When they are i ncorporated into
string theory, “space and time get
confused,” said Seiberg. “It's tell-
ing us that the traditional under-
standing of space and time wil
evaporate and there will be a more
interesting and subtie resit.”

Some string theorists beliove
that space and time someho
emerged i the early wniverse ot
of the disorganized, 11-dimensional
strings. The sirings are “shards” of
space and time, said physicist Rrian
Greene of Columbia University,

Imagine grains of sane on the
surface of a drum. If you tap the
surface over and over at the same
place, the sand faiis into patterns-—
like iron filings around a magnet,

Did space and time emerge in the
same way, as resonant patlerns of
vibrating strings? '

Trying to make sense of such an
idea is a struggle even for theoriste,

“String theory has been giving
us a lot of clues,” said Strominger,

=
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THEORY: Bizarre

Concept Could
Explain Universe

- ,—;k,;}
" If string theory is right, each movemen of your,

.. finger ravels'not only: through the familiar three’ ;
. dimensiohs of'space-and one of time: ]
0 1 rl - .

C_urled-up
Space-time plus dimensions
seven dimensions

Space (three £\ &
dimensions), plus ‘ : Space-time plus
time (one <§» i two dimensions
dimension) ot .curled into a

Source: The Elegant Unhverse
by Brian Greene: Researched by
NONA YATES, Los Angeles Times

REBECCA PERRY / Los Angeles Times

“but we haven’t been able to puy
them together into a unified pic-
ture,” " -

Even philosophically, the chal-.
lenge of replacing space and time is
daunting. What does it mean to
inhabit a spaceless, timeless uni-

“verse? Clocks and rulers not only

measure hours and inches; they tell
us where we've been and where
we're going.

“When we talk about space and
time, we think there is something
there, and we live in it,” said David
Gross, direcior of the Institute for
Theoretical Physics. The idea that
space and time might be illusions,
he said, “is very disturbing. Where
are we? When are we?”

The almost unfathomable sce-
nario of a universe without space
and time in turn calls into question
the very connection between cause
and effect. If time can break down,
how can one event be placed clearly
“before” or “after” another?

Hypothetically, if there is no
clear difference between now and
the instant after, how can we say
whether the gunshot caused
death—or death caused the gun-
shot?

“We normally think of causality
as a basic property,” said Horowitz.
"Something effects something else.
But when you're getting rid of
space and time. . . are we sure that
causality is going to be preserved?”

New views of time could lead to
even more bizarre consequences—
for instance, more than two dimen-
sions of time, a theory being:
worked on by USC physicist Itzhak
Bars, among others. - '

Whatever the outcome of these
efforts, it's clear, said Greene, that
“space is undergoing a drastic re-
arrangement of its basic pieces; we
will not understand string theory
unti! we make a major break-

- through in notions of space and

time.”

If Greene and his colleagues are
right, expanding the universe into
11 dimensions and looping it into
strings are only the beginning. On
the horizon looms a new kind of
physics, where space and time melt
down completely.

“The reai change that's around
the corner [is] in the way we think

" about space and time,” said Grogs.

“We haven't come to grips with
what Einsteiri taught us, But that's -
coming- And that will make the-
world around us seem much stranger
than any of us can imagine.”

Next:'Caitech's savlor of string theory



How Faith in the Fringe

__

Paid Off for One Scientist

. W Research: When others bailed out, Caltech professor
* stuck by string theory, now firmly in mainstream of physics.

By K.C.COLE
TIMES SCIENCE WRITER k

- 1t's not every day that a revolu- -

tion in physies is announced by a
ranting and raving guy who gets
carried off by two men in white
coats. Yel that's more or less what
happened to Caltech physicist John
Schwarz in the summer of 1984.

" To be fair, the ravings were a
prearranged part of a physics

“cabaret” put on as pure entertain-.

ment al the Aspen Center for
Physics in Colorade. But Schwarz
used the.opportunity to announce a
newly discovered mathematical
“miracle” that set off a revolution
in string theory—sparking a renais-
sance that continues to this day.
"Within weeks [string theorists]
went from an intellectual bock-
-water to the mainstream of theo-
retical physics,” sald Schwarz.

Certainly, string theory—which

- views everything in the universe as

OF SPACE, TIME
AND STRINGS

Rocking the foundations of physics
u Second in a series

- the combined harmonies of strings
vibrating in 11 dimensions—has
not been proved. At best, it's far
from complete. :

But teday it's considered a pro-
foundly important work in progress
that is almost sure to play a major

~ Please see STRING, A22
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STRING:.
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Persistence

Pays Off

_.C“o;‘-llijmled from A1
- rolefn revamping physics.

This current matter-of-fact ac-
ceptance is amazing to Schwarz,

- who labored for years on the theory

in nedr obscurity, sometimes facing

“outright hostility. He takes special

satisfaction in clisplaying an edito-

il that appeared in the Los An-

geles Times in 1988, taking sides
with an eminent critic who pon-
dered - whether string theocrists
should even be "paid by universi-
ties dnd be permitted to pervert

impressionable students.”

The theory's newfound accept-
ance “has come as a shock to me,”
Schwarz sail in his office at Caltech,
where he very belatedly attained the
rank of professar in 1985—13 years
aftef he signed on as a researcher.

Before his 1984 discovery,
Schwarz did give occasional talks
on hig work at scientific meetings.
However, they didn't have much
impact on the leaders of the theo-

- retical physics community. “I sus-

pect most of them don't remember
Fwas there,” he said.

. Problems Seemed

Overwhelming

String theory, after all, did not
look very promising at the start.
After an initial burst of enthusiasm
for the new idea in the early 1970s,
the problems seemed overwhelm-
ing.

For one thing, the theory pre-
dicted the existence of a particle
that traveled faster than light—an
impossibility. For another, it did
not include particles of matter, but
only particles that transmit forces.

.77 And it didn't help that the theory

at first seemed to require 26 dimen-
sions. “For all these reasons, it
looked a little crazy,” Schwarz said.
Besides, string theory was dis-
covered by accident during efforts
to understand how nuclear particles
bind together inside atoms.
Physicists stumbled upon the
equations almest by chance. They

" didn't know what the theory meant

or what it was good for. In the
mid-1970s, a far simpler theory

-came along that selved the particle

problem without getting tangled in
26-dimensional strings,

. ‘Most physicists left the field of

string theory. “They stopped for
goo( reasons,” Schwarz said. But “1

-+ felf [that] such a beautiful math-

ematical structure had to lead some-
place.” So he persisted.

" “John Schwarz led the effort to
keep string theory alive," said Co-
lumbia physicist Brian Greene re-

- tently during a leeture at Caltech.

* Bven in the theory's “dark ages”

~ Sehwarz made big strides, working

first with French physicists Ancre

- Neveu and Joel Scherk, and later

with - English physicist Michael
Gréén. They figured, out how to
Incbrporate the matter particles into
the theory, got rid of the faster-than-
iighf: particle and brought the num-
bet of dimensions down to 10.

j-But they stil faced a major
pioljlem. The theory predicted the
existénce of another strange par-
ficle’ that didn't make any sense.

_Iryras they might, they couldn't

ket rili of it.

! -“Eventually, we decided to stop
tyitig to get rid of the thing and
lake it seriously,” Schwarz said. Tn a
classic case of looking at what
everyone else had seen, but thinking
wiat ’no one else tiad thought, he
récognized the problem particle as a
‘ggavjthonua “particle” of gravity.

Suddenly, string theory wasn't
just an illfitting theory of sub-
nuclear interactions. Once it .in-
cluded gravity, it had the potential
to become a theory of all the forces
and particles in the universe.

If string theory is right, Schwarz
will have gone Newton one better,
While Newton discovered the laws
of gravity, and Einstein discoverec
how gravity works, string theory
tells us why gravity exists at all.
Gravity appears from the equations
of string theory as naturally as
chickens hatch from eggs.

Still, few physicists paid much
attention. “The plus was [that]
there was ne competition,” said
Schwarz. “The minus was that
nobody was interested in what we
were doing.”
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changed all that, (Although far too

technical to be understood by lay- x " g \
people, the mathematical discovery : - Ny f/f’;flﬂ B -
‘was considered a major advance by ; ‘ W & i// 5’

string theorists.)

From then on, he had a lot of ‘
company (and - competition) from 1
many top physicists, attracted by
string theory’s newfound potential.

Still, he remains a leader in the
field. By 1987, he’d won not only a
professorship, but a MacArthur Fel-

- lowship. And his work had set off
what became known as the First.
Superstring Revolution. ~

Schwarz, 57, seems surprisingly
normal compared to the theory
that's driven much of his profes-
sional life. He likes to ride his bike,
and hike; hig office is clean and
unciuttered.

After getting his bachelor’s degree -
in math from Harvard, he received
his doctorate from Berkeley in 19686,
but watched- the politics“irom the -
sideliries, He spent the;next.several !
years at”Princeton ‘as:an ass:stant 1
professorbut never got tenure. - ?

“T.would like to say they made a’
mistake,” he said. "But if you look at’,
who they chose instead of me, they :
did pretty well,” he said, naming
several top physicists in the field.

* Every summer for 30 years,:
Schwarz has gone to Aspen, hiking :
in the "‘mountains, talkmg strings. "
“Theoretical physws is a very port- ¢
able activity, which is nice,” he said. i

In contrast to alf this seemmge
predictability, Schwarz’s " wife, Pa-
stricia, who received a PhD in physics | :
from Caltech last year, is a self-de-"
setribed activist. She combines femi-
nism and physics in a lively Web site

' fwww.superstringtheory.com) de-
voted to string theory, its history
and the sefence behind it. e

The site “was an act of love,” she F# %
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Physicists Brian Greene, Edward Witten and John Schwarz, from left, discuss some scientific models.
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said. “Theres nothing more revo-

PR £
. . " E
o f
lutionary you can do than to get : =2 5 L8 K
- people to love physics.” 8% -1 it
The two don't talk physics much % 5 3 E‘B‘{. 5
. at home, she said. She’s interested Esg gﬁ z
in geometrical approaches to space-’ S&e = 8. g
and time; and"he thinks algebrai- 5 & & g% ; E
cally. "When he starts ‘taiking 2 o84 g
about [exotic kinds of] algebras I R s f—§ i
just think, Yuuuccckk'" : g'g 255 -
5 Qr 22988
A Lot of It's. D igz=g
= o
‘Guesswork’ @ Szt &
| g5hssg
Today, Schwarz works much as o= = EEESR;
he always did, A lot of it, he says, is - = »% =32 % :
simply inspired fooling around. "A p— gg’%‘ 55
ot of it's guesswork,” he said,’ w5 22wy
laughing. “Of course, we never say - D 3H S €
‘guesswork.” We say ‘conjectures.” - dea %‘ E’ 5 5, s
That approach fits string theory | .'5 EE8%8 | w
well, because unlike other areas of - BE 2 g 5
physics, it doesn’t begin with a well E BSES %
formulated theory that can be =eFexg




mathematically explored. More-
over, strings are much too small to
see directly, and “string theorists
haven't yet figured out ‘ways to
detect their: presence indirectly in
experiments. - " -
That's a problem for theorists,
. because experiments can't provide
the essential reality check of their
work. “Usually, there’s a back and
forth between theory and experi-
ment,” Schwarz ‘saic. “But [string
theory is] so far removed, we have
to sort of go it on our own.”
This year Schwarz has some high-
level company at Caltech. Edward

Witten of the Institute for Advanced.

- Study at- Princeton—perhaps the
mostly highly respected figure in

string theory-—is spending the year .

in the office adjoining Schwarz's, -
Meanwhile, Witten’s wife, physi-
cist Chiara Nappi, is teaching at
USC, It's all part of a master plan to
link' Caltech and USC in a new

Center- for Theoretical Physics,’

- UsC already has a strong group of
“stringy” physicists.

“Our goal is to turn Los Angeles -

into a center for theoretical phys-
ics—focusing on string theory,” said
USC string theorist Itzhak Bars.

Dismissed by Some
as Pretty Mathematics

Because many critics have dis-
missed string theory. as so rmuch
pretty mathematics, Schwarz and
his colleagues are anxious to prove

them wrong: by finding places
where the theory can solve real-

world physical problems.
“String theory has held out great
promise ever since it came on the

scene;” said Case Western Reserve

Jniversity physicist Lawrence
Krauss. “But it's not ‘at all clear
that it has absolutely anythmg"fd‘"
do with the real world.”

The problem at the top of almost
everyone's list is why empty space
seems .to be bubbling over with"
energy yet has little not!ceable
effect on the cosmos at large, -

String theory should have a good:

shot at finding a way out of the,
paradox, say Schwarz and others;
but so far it hasn't produced much,
“If 1 knew how [to solve that
paradox], 1 would do it,” Schwarz
said. “You just try to thmk of
whatever good ideas you can.” o
On the experimental front,
Schwarz and others believe that.
indirect evidence for string theory
might show up within a few years if
Please see STRING, A2}
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: Cbnlinued from A22

ainew family of particles is dis-
cdvered either at the Fermi National
Atcelerator Laboratory (known as -
Fermilab} outside Chicago or the
Large Hadron Collider, now under
cdnstructmn in Europe, :

IThe family——if it exists—consists
of the “supersymmetric” partners

.of regular particles. Known as

éparticles, they include squarks

 (which pair with quarks), selectrons .

{partners of electrons) and so forth.
{Since supersymmetry is an es-
sdntjal aspect of string theory, the
discovery of one or more “spar-
ticles” would be a major milestone.
iIn fact, Schwarz has said—only
s¢mewhat in jest-~that it would be
ore important than the discovery
of life on Mars,
{Meanwhﬂe, string theory contin-
ups'to grow‘and evolve, In 1995,
itten sparked the latest revolution, .
intreducing ‘vibrating ' sheets called
njembranes ‘and’ bringing ‘the total
njimber of néw dimensions' to 11,
nown as M theory, the new ap-
proach allows not - only strings and
embranes, * but_‘ also™ “blobg” of .
any dlmensions, and a whole zoo of
extra-elementary -objects—ineluding -
zero-dimensiongl * points known as
zéro branes. -
Before' M- theory: ‘came along,
there were at least five separate
string theories with different con-

figurations of dimensions, and each -

seemed to have little in common
with the others, M Theory showed

seles

that all five theorles were'part of a‘ :

grander scheme, In doing so, it tied
together string theory i ln away that
gave it credibility. ;
The situation i strikingly similar -
to the state of physics before the *
discovery of quantum theory— -
when light seemed.to be either -
waves or particles. Later, it was
shown that light—like matter—has

- characteristics of both waves and |
" particles, Both are different aspects

" of the same entity—just as vapor '
. and fce are aspects of water. ;

- -In the same: ‘way, all the different

" string theories ‘appear to be aspects
“of each other--the same theory

viewed through different lenses.
“Eventually, the subject won't be -

“called string theory anymore,”
_ Schwarz said. “We don't know, what
“the right name will be.” '

One name he hates, however, is
“the theory of everything” a term
some physicists and most journalists
use routinely.

" leading. Even if string theory turns

. was the first to discover this or

“That's a phrase I detest,” said
Schwarz, dismissing it as arrogant,
More important, he said, it's mis-

out“to be right, “it still' wouldn't
make us any wiser about all the
othier phenomena in the world.”

Roses and clouds and war will
remain immune to the explanatory
power of strings.

Still, he'd like to know where the
theory iz heading. Ultimately, that's
what drives him—the sense of going
“where no person has gone before.”
He says “person” quite deliberately.

“Other species in other solar
systems have undoubtedly done it
many times,” he said, without a
trace of irony.

“When people say, ‘So and so

that,’ I say, ‘Baloney! It's probably
been done millions of times."”

Next: The SoapBubble Unlverse (In
Thursday’s Science Flie, Page 82)
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