white dwarfs, which have more pronounced
surface oscillations, that asteroseismologists
have had any definite success at all; they’ve
documented subtle brightness changes (Sci-
ence, 13 September, p. 1207).

The new technique, developed by Danish
astronomer Hans Kjeldsen, may change
that frustrating record by providing astrono-
mers with an easier way to record the
millikelvin temperature variations produced
by a star’s sound waves. The key is the effect
temperature changes have on hydrogen. Hy-
drogen atoms absorb specific wavelengths of
light, which astronomers can easily see as
thick absorption lines in the spectra of stars.

The hotter the star, the more light gets ab-

sorbed by these atoms. Timothy Bedding, a
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co-author of the paper who is now at the
University of Sydney in Australia, explains
that temperature variations can therefore be
determined by changes in the relative
strength of these hydrogen absorption lines
(indicated by their width in a spectrum)
compared to the rest of the star’s light. And
these changes appear to be much easier to
spot than the subtle Doppler shifts or varia-
tions in brightness.

In April, Kjeldsen, Bedding, and their col-
leagues put the new approach to the test and,
over six nights, used a 2.5-meter telescope in
the Canary Islands to study Eta Bootis, 38
light-years away and one of the brighter sun-
like stars in the sky. They teased 13 appar-
ently distinct frequencies out of the data. “We

think we’ve detected oscillations,” says Bed-
ding, although he notes that others, using
the older methods, have made similar claims
that have not been confirmed. But their con-
fidence in the new technique is boosted, he
adds, because the frequencies agree with theo-
retical predictions for oscillations in this star.
Bedding and his colleagues already have
booked more observing time next April to
look for oscillations in Alpha Centauri, the
nearest sunlike star. Other asteroseismolo-
gists like Brown are considering their own
plans to test the new approach. With the
new technique, astronomers hope they now
have the tool to put the asteroseismology of

distant stars on a sound footing.
—John Travis

Getting Comfortable in Four Dimensions

Physicists often borrow their tools for de-
scribing the laws of nature from mathemati-
cians. But sometimes they invent their own
mathematical tools—and then they get to
return the favor. That was the case last
month when two physicists trying to describe
the behavior of subatomic particles ended up
giving mathematicians a new technique that
may have revolutionized an even more ab-
stract pursuit: the study of geometry in di-
mensions higher than our familiar three.

The implications of the physics ad-
vance—a step toward understanding the baf-
fling behavior of fundamental particles
called quarks—are just starting to sink in.
But mathematicians needed little prodding
torecognize that along the way, Edward Wit-
ten of the Institute for Advanced Study in
Princeton, New Jersey, and Nathan Seiberg
of Rutgers University had streamlined some
important basic math needed for working
with higher dimensional spaces. “It’s great,”
says mathematician Clifford Taubes of Har-
vard University. “I haven’t had so much fun
since—I can’t remember when.”

Witten and Seiberg were working on one
of the most intractable problems in theoreti-
cal physics: the description of the force hold-
ing together the particles called quarks and
gluons, which make up the protons and neu-
trons in the atomic nucleus. Experiments in
accelerators show that this “strong” force is
very strange indeed: Unlike gravity or mag-
netism, the attraction between two quarks
gets stronger as they are pulled farther apart.
And the force also seems to forbid quarks
from existing alone—they are only observed
“confined” in groups of other quarks.

The problem for physicists is that the
theory they rely on to describe quarks can
predict very little of this behavior, at least in
practice. As Witten puts it, “The equations
governing quarks and gluons are too hard.”
So unwieldy is the math that even the world’s
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most powerful computers can only calculate
a tiny fraction of the observed behavior.
Witten and Seiberg simplified the physics
problem by choosing a special case—one
that assumes among other things that a still-
unproven theory of fundamental particles
and forces, called supersymmetry, holds true.
In this “practice version,” as Seiberg calls it,
they were for the first time able to calculate

“l haven’t had so much

fun since—I can’t

remember when.”
—Clifford Taubes

the strange inverse attraction of quarks. Be-
cause of the assumptions, Witten says, he
and Seiberg can’t claim that they have
solved the problem once and for all, but they
have discovered “new life in this area that
has been too difficult in the past.”

The excitement spread to the mathemat-
ics community in mid-November, when
Taubes went to hear Witten talk about his
work. During his lecture the physicist sug-
gested that the reformulated math might ap-
ply to Taubes’ field of higher dimensional
geometry. Taubes took Witten at his word
and spread the news to others in his field,
including Peter Kronheimer of Oxford Uni-
versity and Tom Mrowka of Caltech. Within
days they found that the new technique solves
some of the toughest problems that crop up
when mathematicians describe the shapes
made by folding “surfaces” of many dimen-
sions into spaces of even higher dimensions.

The process is analogous to folding two-
dimensional surfaces into three-dimensional
shapes, such as spheres or doughnuts, says
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Taubes. These shapes, or “manifolds,” are
classified by the number of holes they have—
a pancake is essentially the same as a sphere
and a washer is the same as a doughnut. Simi-
larly, mathematicians want to classify the
ways a four-dimensional surface can fold into
five-dimensional space, or 27-dimensional
surfaces can fold into 28-dimensional space.

Oddly, says John Morgan of Columbia
University, the toughest manifolds to de-
scribe exist not in 15 dimensions, or 28, but
in a mere four. Yet four-dimensional mani-
folds have a special importance because gen-
eral relativity, Einstein’s theory of gravity,
operates in four dimensions. Mathemati-
cians’ best strategy for coping with them has
been a classification scheme known as Don-
aldson theory, devised 10 years ago by Simon
Donaldson of Oxford. But applying Donald-
son theory to four-dimensional shapes was
no picnic, says Taubes. “We worked like
dogs to get information out of Donaldson
theory,” he says. Witten and Seiberg’s new
technique makes the theory much more user-
friendly, says Taubes.

When Taubes shared this reformulation
of Donaldson theory with his colleagues, the
computer networks started buzzing. “It
turned out this new equation had all of the
information of the old one, but it’s probably
1000 times easier to get-all the information
out,” he says. Several mathematicians have
already used the technique to reclassify their
vast collection of four-dimensional shapes.

But whether mathematicians will be able
to repay their debt to physics by coming up
with new insights into the four-dimensional
space-time postulated by Einstein isn’t clear
yet, says Morgan. “We don’t know if one of
the [manifolds] we describe corresponds to
reality.” The tools of mathematics and phys-
ics may be the same, but their aims are some-
what different, explains Taubes. “Physics is
the study of the world, while mathematics is
the study of all possible worlds.”

—Faye Flam





