Theorists and Experimenters Seek to
Why Gravity Is So Weak

t the recent Marcel Grossmann
eeting on General Relativity in

Rome, Jens Gundlach of the Universi-
ty of Washington’s Eot-Wash laborate-
ry reported a provisional result from
ths group’s examination of gravity at
submillimeier distances. At distances
as small as 0.2 mm, he gaid, the group’s
gpecially deaignad torsion balance has
not, a& yet, revealed any departure
from Newionian 1/r* gravity

Just a few ysars ago, this result
might have elicited little more than
yawns. Why, after all, should one
doubt that Newtonian gravity holds
at such macroscopic distances?
Admittedly, Cavendish-type experi-
ments had not been able to test the
gravitational foree al separatione
smaller than a millimeter. But surely
that was only the concern of special-
ists obsessed with checking things
that most of us take for granted.

Nowadays. however, it's all differ-
ent. In the pasl two vears, testing
gravity at submillimster distances
has become a cottage industry. The
Eot-Wash group (whose name is a
play on that of Baron Roland von
Ebtvis, who tesied the eguivalence
prineiple with a torsion balance a cen-
tury age) is but one of perhaps a dozen
groups that have recently set out to
look for departures from Newtonian
gravity at these small but macrozcop-
ic distances. Their results arc eagerly
awaited,

The bhierarchy problem

Why all the fuss? The principal frope-
tus was a 1988 paper entitied “The
Hierarchy Probiera and New Dimern-
sions at a Millimeter™ by particle the-
orists Nima Arksni-Hamed, Savas
Dimopoulos (both then at Stanford),
and Gia Dvali (then at Trieste. now at
New York University). The hierarchy
problem, simply stated. is the nagring
guestion: Why is gravity so many
arders of magnitude weaker than the
other fundamental forces? The
provocative answer suggested by
Arkani-Hamed, Dimopoulos, and
Dwvali {ADD} supposes the existence of
two or more as yet undetecled spatial

if pravity leaks out into macro-
scopic extra dimensions, we may
soon find departures from the inverse-
square law at millimater separations,

dimensions, in addition to the four
dimensiens of ordinary spacetime.

Etring theorists have long since
inured us to the notion of half 5 dozan
extra dimensions, unseen because they
are presumed to be curled up “eom-
pactified,” as they say) into loops ahowut
10 cm in diameter. That's the so-
called Planck length L, the distance at
which, in standard particle theory,
gravity finally becomes equal to the
strengths of the other forces. Examin-
ing such absurdly tiny disiances would
require probe energies of order 10
GeV, the “Planck mass™ M, =4/L ¢, {ar
beyund the capabilities of any conceiv-
able accelerator, (Specifically, M, is the
mase at which a particle’s Compton
wavelenigth hecormes equal to its
Sehwarzechild radius.)

But ADD were enticing experi-
menters with much more accessible
prospects, They argusd that the sxtra
dimensions might be curled up on &
seale as large as a few millimeters,
making it possible to detect depar-
tures from Newtonian gravity with a
new generaiion of sensitive tabletop
experiments., Furthermore, they
pointed out, the Large Hadron Collid-
er {LHC), which will be providing
experimeniers with 10 TeV (101 GeaV)
protons by mid-decade, should also
exhibit manifestations of these sur-
prisingly large extra dimensions.

Why should one believe in extra
dimensions 32 erders of magnitude
larger than the Planck length? If
there are n extra dimensions curlsd
up with diameters R, anyoae looking
on scales smaller than X would see a
straightforwsrdly generalized New-
tonian potential ensrgy
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between test masses m, and m,,
where GG’ is the appropriate gravita-
ticnal constant for n extra dimen-
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gions. Gravity, beeauss of iis intimate
relation to the fabric of spacetime,
must spread outin all the dimensicns.
And the ezira dimensions make the
gravitational force grow faster with
decreasing separation. But if you're
only looking at scales larger than K,
you wonld see a Newton-like potential
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Long before the Planck scale
In natural units {f = ¢ = 1), Newtorn's
constant & is essentially L2, or equiv-
slently, 1/MZ The central point made
by ADD iz that a real 4 + n dimen-
sional gravity would become squal to
the other fundamental forces long
kefore the remote Planck scale. "This
unifieation, they suggest, cccurs at
the =ame imodest length gesle
L, =10 em at which electromag-
netism is unified with the weak
nuclear force (and the strong nuclear
force is not far off). In other words,
the impleusible, yawning chasm
between eloctrowsak unification and
the Planck scale is abolished. The
electroweak distance scale, correspor-
ding to a mass M__ of about 1 TeV,
becomes the only wnification scale,
and the hierarchy problem is gone.
What does this tell us about the
size R of the compactified exirz
dimensions necessary to maks the
trick werk? If there are n extra dimen-
sions and the fundamental unification
scale of gravity is L., then the true
coupling constant G in equation 1 is
(again in natural units) L2 So equa-
tion 2 tells us that the familiar Mew-
ton's constant G we've been meosur-
myg at separations larger than R is
really G./R"= L3 (L_/RY. In effect,
gravity is intrinsically comparable to
the electrowsak forces. Only its leak-
age into the extra dimensions makes
it appear so much weaker to us. And
the compactifieation size of the n
curled-up dimensions is given by
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