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Certain embeddings of the low energy SU(3),. x SU(Z), x U(l), gauge group within the higher dimensional symmetry lead 

to exotic chiral generations in addition to a number of standard generations. An example is studied, leading to an anomaly free 

chiral exotic generation consisting of quarks with electric charge + :, and - ,:, the corresponding antiquarks and additional 

integer charged leptons. The most striking prediction from such a compactification would be the existence of stable half-integer 

charged hadrons with a mass of the order of the Fermi scale. Detection of such particles would be an impressive hint for the 

existence of more than four dimensions. 

Higher dimensions are an attractive theoretical idea [l] - but possible experimental tests are disappointingly 
missing. This is due to the high degree of consistency of the standard low energy SU(3)C X SU(2), X U( 1) y theory 
plus the wide gap between the Fermi scale and the Planck scale. If we assume that the only particles with mass 
considerably smaller than the compactification scaleMe (typically of order 1017-1018 GeV) are the SU(3)C X 
SU(2)L X U(l)y gauge bosons, a certain number of standard chiral fermion generations and one light Higgs dou- 
blet, the only implications of higher dimensions for these particles are predictions of the parameters of the stan- 
dard model plus nonrenormalizable interactions suppressed by inverse powers of Me. Although it is true that 
higher dimensions modify [2] the standard SU(5) predictions on proton decay and the weak mixing angle and gen- 
erally lead to nonvanishing neutrino masses through gravitational interactions [3], these phenomena also occur 
in four-dimensional unified theories and can hardly be used as a characteristic test of higher dimensions. Higher 
dimensions lead to rare decays like p -+ 3e, but the rate is much too small to be observable. There are in principle 
very interesting gravitational effects - the four-dimensional principle of equivalence is perturbed [4], different 
particles fall with different speed and do in general not move on geodesics. Unfortunately these effects are very 
likely much too small to be detected in precision measurements like the equality of gravitational and inertial mass 
etc. (Such effects may, however, play an important role in early cosmology [4,5] .) In addition, there may be 
superheavy stable particles (pyrgons [6]) or topological configurations left over from the big bang. Again, mono- 
poles or strings are not a very characteristic signature for higher dimensions. Also today’s number of density for 
such remnants may well be below experimentally detectable levels. 

We have depicted a scenario very boring for experimentalists. Unfortunately, such a scenario is consistent and 
it is not unlikely that it is realized. In this case the idea of higher dimensions could only be tested by possible pre- 
dictions on the fermion mass matrices [7] (including neutrino mass matrices), the Higgs mass and the gauge cou- 
plings or by early cosmology. Even if we release our strong assumptions and allow for intermediate scales or low 
energy supersymmetry, it is not easy to find effects characteristic for higher dimensions. 

In this letter we explore another possible scenario, namely that the low energy theory derived from a higher di- 
mensional model leads to additional light fermions with exotic quantum numbers. Large masses for these exotics 
are forbidden by chirality with respect to SU(3)C X SU(2)L X U( l)y. Th e restrictions from anomaly cancellation 
for chiral fermions are automatically fulfilled if we start with anomaly free higher dimensional models. We find 
that certain embeddings of SU(3)C X SU(2), X U(l)y within the higher dimensional symmetry group lead to one 
or several exotic generations in addition to a certain number of standard generations. In our example. an exotic 
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