representation of S0(10). Thus GUT
theories force inter-relations between
the quantum numbers of quarks and lep
tons and explain nicely the different
charges for these excitations.
Supersymmetry: I have indicated al
ready how supersymmetry can serve to
stabilize the scalar sector of the stan
dard model. Inthe present context, how
ever, one can think of another role for
supersymmetry. Given a symmetry
group, the number and kind of gauge
bosons is fixed uniquely, since they
must transform according to the adjoint
representation of the group. If there was
a (1/2, 1) supersymmetry which associa
ted the matter fermions with the gauge
bosons then, given the forces, the mat
ter would be fixed ! However, things can
not be so simple since the adjoint
representation is real, so that the fer
mions will always turn out to be chirally
paired, in conflict with the chiral asym
metry needed for the weak interactions.
The idea that matter and forces are
unified via supersymmetry makes no
sense unless the above problem is
solved.
Compactification: Physical theories in
a spacetime of greater than four dimen
sions can give rise to sensible 4-dimensional theories if the extra dimensions
spontaneously compactify. In particular,
in spacetimes with 4n + 2 dimensions
one can have fermions which have both
reality properties and are chiral. Upon
compactification, it is possible that only
fermions of a certain chirality survive,
with their number in general being deter
mined by topological properties of the
compact space. This mechanism can
then be used to get rid of unwanted fer
mionic states.

These three ingredients are present in
superstring theories 2). These theories
as we have seen exist in ten dimensions,
are supersymmetric and have a fixed
gauge group which, for the most pro
mising case, is E8 x E8. Besides the fact
that superstrings may provide a realistic
quantum theory of gravity 1), the excite
ment surrounding them is connected to
the fact that they potentially can explain
rather naturally why we have the matter
and forces we observe. In the most
popular scenario 3) at a scale of O(MPI)
compactification is supposed to take
place reducing one of the E8 groups to a
subgroup of E6, which contains the
standard model. The emerging fermions
are chiral and appear in a number of
replicas (families) of the 27-dimensional
representation of E6. Further an overall
supersymmetry is preserved.
All these points are very nice. The
supersymmetry is useful for the hierar
chy problem. Quarks and leptons fit well
in the 27-dimensional representation of
E6and the strong and electroweak inter
action emerge naturally. Of course, de
pending on details of the evolution of the
theory below the compactification scale
some extra states and/or forces may ap
pear. But to know really whether this
happens, one must understand the pro
cess by which other scales besides MPI
are generated in these theories. It is
thought that phenomena tied to the
other E8 may trigger the breakdown of
supersymmetry, which in turn acts as a
seed to generate radiatively the break
down of SU(2) x U(1). However, no fully
convincing demonstration of this has
been given. Hence, even though Yukawa
couplings can be generated at the com
pactification scale, it is not clear whe-
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ther ΛF will ever emerge from these
theories! Here too experiment is needed
for illumination. Supersymmetry, al
though broken, remains a crucial ingre
dient of these theories. Thus, if this line
of speculation is correct, one should ex
pect to observe superpartners of both
quarks, leptons and gauge bosons, with
masses not much bigger than ΛF. Re
sults from the next generation of acce
lerators, probing the 100 GeV energy
range, are eagerly awaited.
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