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Light-front !LF" quantization in the light-cone !LC" gauge is used to construct a renormalizable theory of the
standard model. The framework derived earlier for QCD is extended to the Glashow-Weinberg-Salam !GWS"
model of electroweak interaction theory. The Lorentz condition is automatically satisfied in LF-quantized QCD
in the LC gauge for the free massless gauge field. In the GWS model, with the spontaneous symmetry breaking
present, we find that the ’t Hooft condition accompanies the LC gauge condition corresponding to the massive
vector boson. The two transverse polarization vectors for the massive vector boson may be chosen to be the
same as found in QCD. The nontransverse and linearly independent third polarization vector is found to be
parallel to the gauge direction. The corresponding sum over polarizations in the standard model, indicated by
K#$(k), has several simplifying properties similar to the polarization sum D#$(k) in QCD. The framework is
unitary and ghost free !except for the ghosts at k!"0 associated with the light-cone gauge prescription". The
massive gauge field propagator has well-behaved asymptotic behavior. The interaction Hamiltonian of elec-
troweak theory can be expressed in a form resembling that of covariant theory, plus additional instantaneous
interactions which can be treated systematically. The LF formulation also provides a transparent discussion of
the Goldstone boson !or electroweak" equivalence theorem, as the illustrations show.
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I. INTRODUCTION

The quantization of relativistic field theory at fixed light-
front time %"(t#z/c)/!2, which was proposed by Dirac
&1', has found important applications &2–5' in gauge field
theory, string theory &6', and M theory &7', and it has become
a useful alternative tool for the analysis of nonperturbative
problems in quantum chromodynamics &8'. Light-front quan-
tization has been employed in the non-Abelian bosonization
&9' of the field theory of N free Majorana fermions. The
!non-perturbative" degenerate vacuum structures, the
(-vacua in the Schwinger model and their absence in the
chiral Schwinger model, were shown &10,11' to follow trans-
parently in the front form theory, along with the natural
emergence in the former case of their continuum normaliza-
tion. Also the requirement of the microcausality &12' implies
that the LF framework is more appropriate for quantizing
&13' the self-dual !chiral boson" scalar field.
LF quantization is especially useful for quantum chromo-

dynamics, since it provides a rigorous extension of many-
body quantum mechanics to relativistic bound states: the
quark, and gluon momenta and spin correlations of a hadron
become encoded in the form of universal process-
independent, Lorentz-invariant wave functions &2'. The LF
quantization of QCD in its Hamiltonian form thus provides
an alternative to lattice gauge theory for the computation of
nonperturbative quantities such as the spectrum as well as

the LF Fock state wave functions of relativistic bound states
&3'.
We have recently presented a systematic study &14' of

light-cone !LC" gauge LF-quantized QCD theory following
the Dirac method &15,16' and constructed the Dyson-Wick
S-matrix expansion based on LF-time-ordered products. In
our analysis &14' one imposes the light-cone gauge condition
as a linear constraint using a Lagrange multiplier, rather than
a quadratic form. We then find that the LF-quantized free
gauge theory simultaneously satisfies the covariant gauge
condition )•A"0 as an operator condition as well as the LC
gauge condition. The resulting Feynman rule for the gauge
field propagator in the LC gauge is doubly transverse

*0!T„Aa
#!x "Ab

$!0 "…!0+"
i,ab

!2-"4" d4ke#ik•x D#$!k "

k2!i.
!1"

where

D#$!k ""#g#$!
n#k$!n$k#

!n•k "
#

k2

!n•k "2
n#n$ ,

n#D#$"k#D#$"0,

and n# is the null four-vector, gauge direction. Thus only
physical degrees of freedom propagate.
The remarkable properties of !the projector" D$# provide

much simplification in the computations of loop amplitudes.
In the case of tree graphs, the term proportional to n#n$
cancels against the instantaneous gluon exchange term. In
our previous paper &14', we showed how the double-pole
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