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Kaluza-Klein theories and Supergravity Predict that the Universe
May have Eleven Dimensions

In relativity theory, it is customary to combine time with the three
dimensions of ordinary space, resulting in a four-dimensional
combination called space-time. In 1919, a then virtually unknown
mathematician. Theodor Franz Eduard Kaluza, proposed that the four
dimensions of space-time should be supplemented with a fifth
dimension. Kaluza’'s aim in introducing a fifth dimension was to give
a unified geometric description of the only known forces of nature,
thus, gravity and electromagnetism. Kaluza had discovered that
many of the effects of both these forces could be fully described as
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the curvature of five-dimensional space-time, just as Einstein had
proved that the effects of gravity alone are manifested in the
curvature of four-dimensional space-t me.

Kaluza's hypothetical fifth dimension exists at every point in ordinary
space but, like a very tiny loop, is curled up so tightly that it is not
directly observable. A particle always follows the straightest possible
path in five dimensions but when viewed in the three dimensions of
ordinary space, the path appears curved, exactly as if the particle it
had been deflected by gravitational and electromagnetic forces.

In 1926, the Swedish physicist Oskar Klein expanded upon Kaluza's
five-dimensional theory to make it compatible with quantum
mechanics. In doing so, Klein discovered that particles could be
identified with particular vibrations of the compact loop of the fifth
dimension. Today, any quantum mechanical theory that uses more
than four dimensions in an attempt to produce a unified description of
the forces of nature is called a Kaluza-Klein theory.

Today we know of four physical forces, so modern Kaluza-Klein
theories must have even more than five dimensions. The best
agreement between theory and experiment is in fact obtained if
space-time has eleven dimensions. In other words, at every point in
ordinary space and at every moment of time there must be a very
compact seven-dimensional structure far too tiny for us to detect.
Particles travel along the straightest possible paths in this eleven-
dimensional space, but their paths in ordinary three-dimensional
space appear curved, as if the particles were being deflected by the
four forces.

The choice of eleven dimensions is supported by a supergrand
unified theory called supergravity, which treats different kinds of
particles on an equal footing.. Edward Witten at Princeton has proven
that at least seven hidden dimensions must be added to ordinary
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space-time to account for the four-forces. But if more than eleven
dimensions are used, the partnership between the various types of
particles breaks down. Thus, the choice of eleven dimensions
appears to be unique.

A surprising prediction of supergravity theories is that every type of
ordinary particte has a “supersymmetric partner,” meaning that there
may be many particles scattered throughout the universe that have
never been detected. These hypothetical particles are named as
indicated in Table 1. Some of these supersymmetric particles might
be quite massive. They may be the WIMPs? that were proposed to
account for the observed underabundance of neutrinos from the Sun.
Or they could be the material of the “missing mass” that pervades the
universe and holds clusters of galaxies together. Nevertheless, most
scientists are cautiously skeptical about these recent theoretical
developments. These speculative multidimensional theories could
well have absolutely nothing to do with reality.

Table 1: Some Particles and their Supersymmetric Partners

Ordinary Supersymmetric
particle partner
Basic particles of matter Electrons Selectrons
Quarks Squarks
: Neutrinos Sneutrinos a
Particles that mediate forces Gravitons Gravitinos
Photons Photinos
Gluons Gluinos
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