
E
ver since the fabled apple fell be-

fore Isaac Newton, gravity has

posed enigmas. Along with elec-

tromagnetism and the strong and

weak forces that bind atomic nu-

clei together, it is one of the four funda-

mental forces of physics. Gravity behaves

idiosyncratically. While other forces can-

cel each other out (positive and negative

charges, for example), gravity just keeps

adding up: the bigger the mass, the more

its gravitational attraction. “Gravity is

definitely the weirdest of all these

forces,” says professor of physics Nima

Arkani-Hamed. “It was the first force

discovered, and it’s still the most 

mysterious.”

In physics, deep problems often arise

from simple questions, like this one: Why

is gravity so weak? Consider that a refrig-

erator magnet easily picks up a paper clip

from the kitchen tabletop; its magnetic

force defeats the gravitational power of

the entire Earth, a ball 8,000 miles in di-

ameter. Even at the subatomic level, the

electrical forces binding two protons to-

gether are 1040 times stronger than the

gravitational attraction between them.

fact, “This paper started out with my ask-

ing why no one had done this,” Coval

says. As with any mathematical discovery,

adds Cohen, “If it doesn’t eventually seem

obvious, then it probably isn’t quite

right.” What’s less obvious is that, ac-

cording to the researchers, investors who

followed their system from April 1977 to

December 2000 would have made as

much as 1 percent per year more than

they would have by consulting track

records alone.

The three scholars present their find-

ings in an as-yet-unpublished paper

(available on-line at http://ssrn.com/ab-

stract_id=353620). Meanwhile, they are

working on making their system available

to the public. Pástor, for example, has

given a presentation to Morningstar Inc.,

which rates mutual funds on its website.

Like the researchers, Morningstar judges

funds against others with comparable in-

vestment profiles, but unlike them, Morn-

ingstar would not assign a higher rating

to a fund that had been outperformed by

others of its type, however closely that

fund’s current holdings matched those of

the top-ranked fund.

The ranks of successful fund managers

include both innovators and copycats. In

some cases, it doesn’t matter whether the

manager leads or follows. For cases where

an assessment of a manager’s true skill

matters, however, the researchers devel-

oped a formula based on trading transac-

tions that rates managers on the timing of

their purchases and sales as well as on the

list of stocks they hold. Most mutual

funds publicly disclose their transactions

quarterly, so if a manager picked a good

stock before it was disclosed that other

high-performing managers bought it, he

gets credit for the decision.

If this new method emphasizes cur-

rent holdings and recent transactions,

downplaying the fund’s performance

history, could a fortunate winning

streak sway the ratings? The researchers

say that the new method actually uses

more data points than the traditional

one. Suppose a fund has been operating

for five years. With the traditional rating

method, there are essentially five data

points. “You’d need hundreds of years of

history to get a very accurate evalua-

tion,” Cohen points out. But when you

analyze every transaction completed in

those five years, your measure is much

more precise. “When you look at the 

decisions that are being made, rather

than the returns that are earned,” says

Coval, “you filter out luck.”
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Theoretical physicist Arkani-Hamed

explores scenarios that take place beyond

the “standard model” of particle physics.

That model has remained intact for the

past 30 years, consistently validated by

experimental results. “There are no

chinks in the armor—the standard model

describes nature very well, from astro-

nomical scales down to a distance that is

¹⁄₁₀₀ the diameter of a proton, or 10-16 cen-

timeters,” says Arkani-Hamed. “But there

are strong reasons, rooted in quantum

theory, to think that there is something

deeply wrong with it—not some detail,

but a big piece of the picture missing.

And we know the distance scale—the

‘electroweak’ scale—where the ‘normal’

relationship of mass and gravity should

break down: 10-17 centimeters, or ¹⁄₁₀₀₀ of a

proton’s diameter.” (For comparison, the

well-known nanoscale is a relatively gi-

gantic 10-8 centimeters.)

Gravity, so feeble in the larger world,

might be an important force at such close

quarters. Recall that gravity diminishes

as the inverse square of distance. How

small would that distance have to be be-

fore gravity “catches up” and becomes,

well, a force to be reckoned with? New-

tonian physics predicts this would not

happen until reaching the minuscule

Planck scale, 10-33 centimeters—far, far

smaller than the electroweak scale and

well beyond the reach of even the largest
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particle accelerators, such as those at

Fermilab in Batavia, Illinois, and CERN

(founded by the Conseil Européen pour

la Recherche Nucléaire) in Geneva. How-

ever, the Planck scale convergence is

purely hypothetical, since gravity has

never been measured at distances

smaller than one millimeter, a vast 1032

times larger than the Planck scale. In the

past few years, Arkani-Hamed and his

colleagues have taken a new theoretical

tack on the gravity conundrum in publi-

cations ranging from physics journals to

Scientific American. They propose that

gravity may reach parity with the other

forces not at the Planck scale, but at the

electroweak scale of 10-17 centimeters. 

Particle accelerators to date have ex-

plored energy at scales as small as 10-16

centimeters. The electroweak scale

should be within reach soon. The Large

Hadron Collider at CERN, a new parti-

cle accelerator capable of investigating

the electroweak scale and even smaller

scales of 10-18 centimeters and beyond, is

expected to come online in 2008. “For

the first time in 30 years, we’ll have really

new data,” says Arkani-Hamed. “It’s

such an exciting field right now.”

Arkani-Hamed and other theoretical

physicists (including professor of

physics Lisa Randall) have been investi-

gating the remarkable possibility that

what could come into play at these tiny

scales—or even at the scale of a millime-

ter—are extra dimensions of space. Per-

haps “Gravity is actually way stronger

than observed,” he says. “But it looks
weak at the distances where we have

measured it.” He postulates that grav-

ity’s strength may actually reside in

other dimensions—fifth and sixth di-

mensions, say—that don’t show up in

our three- and four-dimensional models

and measurements: “Gravity only looks

weak because it is spread out in other di-

mensions. Only gravity goes into these

dimensions; the other forces are stuck to

a three-dimensional subworld of this

higher-dimensional universe.”

Drawing an analogy to Edwin A. Ab-

bott’s famous 1884 book Flatland, about a

two-dimensional world,

Arkani-Hamed says,

“From far away, a straw

looks like a line, but

nearby it has diameter.”

In other words, at

di≠erent distances,

di≠erent dimensions be-

come observable. “It may

be that the fifth and

sixth dimensions only

appear at certain scales,”

he says.

Radical as it sounds,

the theory has a Copernican quality of

recasting our world as a sliver within

something much larger. It opens up

paradoxical possibilities like parallel

universes. “Our three-dimensional

world is floating in a higher-dimen-

sional space,” Arkani-Hamed says. “In

fact, maybe the dimensions, and even

space itself, are not fundamental con-

cepts. We don’t expect the idea of space

to survive in any deeper description of

reality. Space almost certainly emerges

from something more fundamental. I

strongly suspect that even time is an

emergent thing.”
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S
everal high-profile lawsuits

filed recently in this country are

seeking redress for slavery and

other racial wrongs, focusing na-

tional attention on the re-emerging

question of reparations. Climenko pro-

fessor of law Charles Ogletree Jr. leads a

team suing Tulsa, Oklahoma, for the

racial violence of 1921 that killed 300 and

destroyed the African-American commu-

nity of Greenwood. And lawyers who

won multibillion-dollar awards from Eu-

ropean companies for Holocaust victims

have filed class-action suits against sev-

eral large corporations

on behalf of descendents

of American slaves.

The reparations issue

is an old one. On Janu-

ary 16, 1865, U.S. Army

General William

Tecumseh Sherman

granted the now leg-

endary “40 acres and a

mule” to 40,000 freed slaves along the

Atlantic coast. In March, a month before

the Confederate surrender, Congress au-

thorized giving Southern blacks 40 acres

to farm for three years. But after Lin-

coln’s assassination, Andrew Johnson

overturned both these acts.

Since then, Americans have repeatedly
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