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An investigation is performed of the Lorentz-violating electrodynamics extracted from the renormalizable
sector of the general Lorentz- and CPT-violating standard-model extension. Among the unconventional prop-
erties of radiation arising from Lorentz violation is birefringence of the vacuum. Limits on the dispersion of
light produced by galactic and extragalactic objects provide bounds of 3!10"16 on certain coefficients for
Lorentz violation in the photon sector. The comparative spectral polarimetry of light from cosmologically
distant sources yields stringent constraints of 2!10"32. All remaining coefficients in the photon sector are
measurable in high-sensitivity tests involving cavity-stabilized oscillators. Experimental configurations in
Earth- and space-based laboratories are considered that involve optical or microwave cavities and that could be
implemented using existing technology.
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I. INTRODUCTION

Lorentz symmetry underlies the theory of relativity and
all accepted theoretical descriptions of nature at the funda-
mental level. A crucial role in establishing both the rotation
and boost components of Lorentz symmetry has been played
by experimental studies of the properties of light. In the clas-
sic tests, rotation invariance is investigated in Michelson-
Morley experiments searching for anisotropy in the speed of
light, while boost invariance is studied via Kennedy-
Thorndike experiments seeking a variation of the speed of
light with the laboratory velocity #1–3$.
In this work, a theoretical study is performed of various

experiments testing Lorentz symmetry with light and other
electromagnetic radiation. The analysis is within the context
of the Lorentz- and CPT-violating standard-model extension
#4$, developed to allow for small general violations in Lor-
entz and CPT invariance #5$. The Lagrangian of this theory
includes all observer Lorentz scalars formed by combining
standard-model fields with coupling coefficients having Lor-
entz indices. At the level of quantum field theory, the viola-
tions can be regarded as remnants of Planck-scale physics
appearing at attainable energy scales. The coefficients for
Lorentz violation may be related to expectation values of
Lorentz tensors or vectors in an underlying theory #6$. To
date, experimental tests of the standard-model extension
have been performed with hadrons #7–10$, protons and neu-
trons #11$, electrons #12,13$, photons #14,15$, and muons
#16$.
In the present context of studies of electrodynamics, the

standard-model extension is of interest because it provides a
general field-theoretic framework for investigating the Lor-
entz properties of light. The theory contains as a subset a
general Lorentz-violating quantum electrodynamics !QED",
which includes a general Lorentz-violating extension of the
Maxwell equations. We study experiments that can measure
the coefficients for Lorentz violation in this generalized elec-
trodynamics. Our attention is restricted here to exceptionally
sensitive experiments that could be in a position to detect the
minuscule effects motivating the standard-model extension.
A basic feature of Lorentz-violating electrodynamics is

the birefringence of light propagating in vacuo. This results
in several potentially observable effects, including pulse dis-
persion and polarization changes. One goal of this work is to
consider the implications of these effects for the propagation
of radiation on astrophysical scales. We use available obser-
vations to constrain certain coefficients for Lorentz violation.
Another goal of this work is to analyze modern versions

of some classic tests of special relativity based on resonant-
cavity oscillators #17–19$, which have extreme sensitivity to
the properties of electromagnetic fields. These experiments
depend on the Earth’s sidereal and orbital motion. However,
the advent of the International Space Station !ISS" makes it
feasible to perform laboratory experiments in space, where
the orbital motion can yield different sensitivity to Lorentz-
violating effects #20$. We consider here both space- and
Earth-based laboratory experiments with resonant cavities.
The structural outline of this paper is as follows. Section

II presents some basic results and definitions for the general
Lorentz-violating electrodynamics and outlines the connec-
tion to some test models. We then consider birefringence
experiments, beginning in Sec. III A with some general is-
sues. Constraints stemming from the resulting effects on
pulse dispersion from astrophysical sources are addressed in
Sec. III B, while those from polarization changes over cos-
mological scales are treated in Sec. III C. A general analysis
for laboratory-based experiments on the Earth and in space is
presented in Sec. IV A. Sections IV B and IV C apply this
analysis to experiments with optical and microwave resonant
cavities. We summarize in Sec. V. Throughout this work, we
adopt the conventions of Ref. #4$.

II. LORENTZ-VIOLATING ELECTRODYNAMICS

This section provides some background and contextual
information about the general Lorentz-violating electrody-
namics. The basic formalism is presented, and some defini-
tions used in later sections are introduced. We also discuss
the connection between this theory and some test models for
Lorentz violation.
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