
A. Basic theory

The standard model of particle physics is believed to be
the low-energy limit of a fundamental theory that includes all
the forces in nature. The natural scale of this fundamental
theory is likely to be determined by the Planck mass. The
possibility that Lorentz- and CPT-violating signals from this
theory may be observable at energies attainable today led to
the development of the standard-model extension !4", which
is a general theory based on the standard model but allowing
for violations of Lorentz and CPT symmetry !5". The addi-
tional terms must be small because the usual standard model
agrees well with experiment. They may originate from spon-
taneous symmetry breaking in the fundamental theory !6".
The standard-model extension can be defined as the usual

standard-model Lagrangian plus all possible additional
Lorentz- and CPT-violating terms involving standard-model
fields that maintain invariance under Lorentz transformations
of the observer’s inertial frame. This invariance ensures that
the physics is independent of the choice of coordinates. The
Lorentz violation is associated with rotations and boosts of
particles or localized field configurations in a fixed observer
inertial frame.
Many of the detailed investigations of the standard-model

extension have been performed under the simplifying as-
sumption that the additional Lorentz- and CPT-violating
terms preserve the SU(3)!SU(2)!U(1) local gauge sym-
metry of the usual standard model. Another widely adopted
simplifying assumption is that the coefficients for Lorentz
violation are independent of position. This implies the viola-
tion is restricted to the Lorentz symmetry instead of the full
Poincaré symmetry and has several useful consequences for
experiment, including the conservation of energy and mo-
mentum. It is also often convenient to restrict attention to the
renormalizable sector of the theory, since this is expected to
dominate the physics at low energies. However, nonrenor-
malizable terms are known to play an important role at
higher energies !21".
Extracting terms involving the photon fields from the

standard-model extension yields a Lorentz- and
CPT-violating extension of QED !4". The fermion sector of
this theory has been widely studied. Here, we focus attention
on the pure-photon sector and limit attention to the renormal-
izable terms, which involve operators of mass dimension
four or less. The relevant Lagrangian is !4"
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where F#$*+#A$#+$A# . This theory maintains the usual
U%1& gauge invariance under the transformations qA#
→qA#$+#, . The Lagrangian contains the standard Max-
well term and two additional Lorentz-violating terms. The
first of these extra terms is CPT odd, and its coefficient
(kAF)' has dimensions of mass. The other is CPT even. Its
coefficient (kF)')#$ is dimensionless and has the symmetries

of the Riemann tensor and a vanishing double trace, which
implies a total of 19 independent components.
The CPT-odd term has received much attention in the

literature !22". This term provides negative contributions to
the canonical energy and therefore is a potential source of
instability. One solution is to set the coefficient to zero,
(kAF)'"0. This is theoretically consistent with radiative
corrections in the standard-model extension and is well sup-
ported experimentally: stringent constraints on kAF have
been set by studying the polarization of radiation from dis-
tant radio galaxies !14".
In contrast, much less is known about the CPT-even co-

efficient kF . Theoretical studies show that it provides posi-
tive contributions to the canonical energy and that it is radia-
tively induced from the fermion sector in the standard-model
extension !4,23". Constraints on some components have re-
cently been obtained from optical spectropolarimetry of cos-
mologically distant sources !15". In the present work, we
focus on the experimental implications of this CPT-even
term. The coefficient (kAF)' is set to zero for the analysis.
The equations of motion from Lagrangian %1& are
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These are modified source-free inhomogeneous Maxwell
equations. The homogeneous Maxwell equations,
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remain unchanged.
Although it lies beyond our present scope, the techniques

presented here and the results obtained can be generalized to
the nonrenormalizable sector. The nonrenormalizable terms
can be classified according to their mass dimension. The di-
mensions of the corresponding coefficients are inverse pow-
ers of mass, and it is plausible that these coefficients are
suppressed by corresponding powers of the Planck scale.
Terms of this type appear in various special Lorentz-
violating theories, including noncommutative field theories
incorporating QED !24". Indeed, any coordinate-independent
theory with a photon sector containing nonrenormalizable
Lorentz-violating terms must be a subset of the standard-
model extension. It would be interesting to provide a detailed
study of the nonrenormalizable terms in the Lorentz-
violating electrodynamics and their experimental signals.

B. Analogy and definitions

A useful analogy exists between the Lorentz-violating
electrodynamics in vacuo and the conventional situation in
homogeneous anisotropic media !4". The idea is to define
fields D! and H! by the six-dimensional matrix equation

! D!
H!
" "! 1$'DE 'DB

'HE 1$'HB
" ! E!
B!
" , %4&

V. ALAN KOSTELECKÝ AND MATTHEW MEWES PHYSICAL REVIEW D 66, 056005 %2002&

056005-2


