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We investigate experiments that are sensitive to the scalar and parity-odd coefficients for Lorentz
violation in the photon sector of the standard model extension (SME). We show that of the classic tests of
special relativity, Ives-Stilwell (IS) experiments are sensitive to the scalar coefficient, but at only parts in
105 for the state-of-the-art experiment. We then propose asymmetric Mach-Zehnder interferometers with
different electromagnetic properties in the two arms, including recycling techniques based on travelling
wave resonators to improve the sensitivity. With present technology we estimate that the scalar and parity-
odd coefficients may be measured with a sensitivity better than parts in 1011 and 1015 respectively.
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I. INTRODUCTION

The postulate of Lorentz invariance (LI) is at the heart of
special and general relativity and therefore one of the
cornerstones of modern physics. The central importance
of this postulate has motivated tremendous work to experi-
mentally test LI with ever increasing precision [1].
Additionally, many unification theories (e.g., string theory
or loop gravity) are expected to violate LI at some level,
[2–4] which further motivates experimental searches for
such violations.

Numerous test theories that allow the modelling and
interpretation of experiments that test LI have been devel-
oped. Kinematical frameworks [5,6] postulate a simple
parameterization of the Lorentz transformations with ex-
periments setting limits on the deviation of those parame-
ters from their values in special relativity. A more
fundamental approach is offered by theories that parame-
terize the coupling between gravitational and nongravita-
tional fields (e.g., TH!" formalisms [1,7]). Formalisms
based on string theory [2,3] have the advantage of being
well motivated by theories of physics that are at present
good candidates for a unification of gravity and the other
fundamental forces of nature. Fairly recently a general
Lorentz violating extension of the standard model of par-
ticle physics (standard model extension, SME) has been
developed [8–10] whose Lagrangian includes all parame-
terized Lorentz violating terms that can be formed from
known fields. Many of the theories mentioned above are
included as special cases of the SME [11,12]. In this paper
we restrict our attention to the photon sector of the SME.
Within this framework we analyze past experiments that
can be shown to set limits on SME parameters that have not
been determined previously, and propose new experiments
that could significantly improve those limits.

As shown in [11] the photon sector of the SME can be
expressed in the form of modified source free Maxwell

equations, which take their familiar form

r:D ! 0; (1a)

r:B ! 0; (1b)

r"E# @tB ! 0; (1c)

r"H$ @tD ! 0; (1d)

but with modified definitions of D and H
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Here #DE, #DB, #HE and #HB are all 3" 3 matrices,
which parameterize possible Lorentz violating terms as
described in [11]. If we suppose the medium of interest
has general magnetic or dielectric properties, then e!r and
e"r are also 3" 3 matrices. In vacuum e!r and e"r are
identity matrices. For experimental tests it is convenient
to further define linear combinations of the # coefficients

%e#e#&jk ! 1
2%#DE # #HB&jk;

%e#e$&jk ! 1
2%#DE $ #HB&jk $ 1

3$
jk%#DE&ll;

%e#o#&jk ! 1
2%#DB # #HE&jk;

%e#o$&jk ! 1
2%#DB $ #HE&jk; %e#tr& ! 1

3%#DE&ll:

(3)

The first four of these equations define traceless 3" 3
matrices, while the last defines a single coefficient. All e#
matrices are symmetric except e#o# which is antisymmetric
(odd parity). There are 19 independent coefficients of the #
tensors, which are generally used to quote and compare
experimental results [11–15].

The # tensors in (2) and (3) are frame dependent and
consequently vary as a function of the coordinate system
chosen to analyze a given experiment. In principle they*Electronic address: mike@physics.uwa.edu.au
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