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Abstract

The supersymmetric extension of the standard model suffers from a problem of baryon-number
violation. Discrete (and global) symmetries introduced to protect the proton are unstable under
gravitational effects. We add a gauged U(1)x to the standard model gauge group Gsm and require
it to be anomaly-free. As new (chiral) superfields we only allow Gsm-singlets in order to maintain
the good unification predictions. We find the most general set of solutions for the rational singlet
charges. We embed our models in local supersymmetry and study the breaking of supersymmetry
and U(l)x to determine Mx. We determine the full non-renormalizable and gauge invariant
Lagrangian for the different solutions. We expect any effective theory to contain baryon- and
lepton-number violating terms of dimension four suppressed by powers of My/Mp. The power
is predicted by the U(1)x charges. We find consistency with the experimental bounds on the
proton lifetime and on the neutrino masses. We also expect all supersymmetric models to have an
unstable but longlived lightest supersymmetric particle. Consistency with underground experiments
on upward going muons leads to stricter constraints than the proton decay experiments. These are
barely satisfied.

1. Introduction

When incorporating supersymmetry into the Standard Model one immediately runs
into a problem. The Standard Model conserves baryon- (B) and lepton-number (L)
automatically and higher-dimensional AB, AL # 0 operators are suppressed by at least 4
powers of the scale of baryon- or lepton-number violation. However, in supersymmetry
[1] the most general interactions involving the Standard Model (super-) ficlds and
invariant under the Standard Model gauge group

Gsm =SU(3)c ® SU(2)L ® U(1)y, (1.1)
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Abstract

We discuss local R-symmetry as a potentially powerful new model building tool. We first review
and clarify that a U(1) R-symmetry can only be gauged in local and not in global supersymmetry.
We determine the anomaly-cancellation conditions for the gauged R-symmetry. For the standard
superpotential these equations have no solution, independently of how many Standard Model
singlets are added to the model. There is also no solution when we increase the number of families
and the number of pairs of Higgs doublets. When the Green-Schwarz mechanism is employed to
cancel the anomalies, solutions only exist for a large number of singlets. We find many anomaly-
free family-independent models with an extra SU(3). octet chiral superfield. We consider in detail
the conditions for an anomaly-free family-dependent U{ 1)z and find solutions with one, two, three
and four extra singlets. Only with three and four extra singlets do we naturally obtain sfermion
masses of the order of the weak scale. For these solutions we consider the spontaneous breaking of
supersymmetry and the R-symmetry in the context of local supersymmetry. In general the U( 1)z
gauge group is broken at or close to the Planck scale. We consider the effects of the R-symmetry
on baryon- and lepton-number violation in supersymmetry. There is no logical connection between
a conserved R-symmetry and a conserved R-parity. For conserved R-symmetry we have models
for all possibilities of conserved or broken R-parity. Most models predict dominant effects which
could be observed at HERA.

1. Introduction

Supersymmetry combines fields of different spin into supermultiplets. It includes
the special possibility of a symmetry which distinguishes between the fermionic and
the bosonic component of a N = | supersymmetric superfield. Such symmetries are
called R-symmetries and they are particular to supersymmetry. As such, they deserve
special attention when considering the implications of supersymmetry. R-parity can be
thought of as a discrete R-symmetry and has been widely discussed in the context of the
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