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have massive Goldstone particles in general. Our censtruction of gauge-
invariant gauge-boson proper self-energies and fermion vertices in an NAGT with
Higgs breaking automatically leads to a possible Green's function structure for
the same theory with DSB and no elementary Higgs particles, simply by
replacement of Riggs-generated masses with running masses. It would take us
too far afield to explore the {somewhat complicated) SD equations which would
determine these running masses, but these will be free of the difficulties
discussed in the last paragraph.

The theory we consider here is a slightly modified version of the Georgl-
Glashow aonmw.u This particular model has the advantage of being simple to
deal with, displaying at the same time all the general features we want to
study. The gauge group is SU(2} with one fermion doublet in the fundamental
and one scalar triplet in the adjoint. The model is vector-like and in
addition to the standard gauge couplings we allow Yukawa couplings between
fermions and scalars. The gauge symmetry is spontanecusly broken via the
usual Higgs mechanism giving rise to two massive and one massless gauge bosons
and lifting the original mass degeneracy of the fermions. The application of
the pinch technique is more complicated than in QCD, mainly because of
residual terms proporticnal to the fermion mass differences, which must be
shown to cancel against analogous contributions coming from graphs involving
Geldstone bosons. Furthermore, the resulting gauge independent self-energiea
must be appropriately modified to become transverse--proportional to the usual
projection operator Qt< - MMMK wlnmza a similar task must be accemplished
for the vertices--they will satisfy QED-like Ward identities, The reasons for
such a reformulation will become clear in what follows. Here it should
suffice to say that it assures the renormalizability of the respective SD

equations. Throughout this paper we consider one-loop contributions only.

Our treatment is therefore purely perturbative but it is very plausible that
the particular formulation of the theory in terms of gauge independent and
conserved quantities holds true to all orders and can serve as a guidance
towards the discovery of the correct set of SD equationa.

Although the main motivation of this work is to set up the stage for the
non-perturbative treatment of an as-yet undiscovered theory, some of our
findings have immediate applications. Indeed, even withim the context of the
perturbative S§tandard Model, several problems occur due to the annoying
dependence of certain guantities on the gauge choice. It has been known for
example, ever since spontaneously broken gauge thecries were introduced, that

fermion form factors are gauge independent only when the momentum transfer nm

equals Nmno.w.w

Of course, as long as one is only interested in guantities
like fermion charges or anomalous magnetic moments, the situation is quite
satisfactory. The complications begin when one attempts to relate the off-
shell form factor to physical quantities. Such has been the case with the
electromagnetic form factor of the neutrino, Bardeen, Gastmans and rwﬁnﬂnvuo
suggested the possibility of relating the neutrino mean square charge radius
to the first derivative of the form factor with respect to am. only to realize
how difficult it was to isolate a physically sensible, e.g. gauge-independent
and finite, answer. Various attempts have been made towards this end and
although significant progress has been made--especially in a recent work by
Degrassi, Sirlin and Zmnnwm30upulnwm issue is still not settled. As we will
show, the application of the pinch technique in the Standard Model leads us
naturally and unambiguously to a gauge independent and finite answer.

The paper is organized as follows: In Section 2 we define the pinch

technique and briefly review its application to a gauge theory without symmetry

breaking. Section 3 is devoted to the application of the pinch technique in
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