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We present an improved laboratory test of Lorentz invariance in electrodynamics by testing the
isotropy of the speed of light. Our measurement compares the resonance frequencies of two or-
thogonal optical resonators that are implemented in a single block of fused silica and are rotated
continuously on a precision air bearing turntable. An analysis of data recorded over the course of
one year sets a limit on an anisotropy of the speed of light of ∆c/c ∼ 1 × 10−17. This constitutes
the most accurate laboratory test of the isotropy of c to date and allows to constrain parameters of
a Lorentz violating extension of the standard model of particle physics down to a level of 10−17.

The theory of special relativity formulated in 1905 [2]
revealed Lorentz invariance as the universal symmetry of
local space-time, rather than a symmetry of Maxwell’s
equations in electrodynamics alone. This striking insight
was drawn from two postulates: (i) the speed of light
in vacuum is the same for all observers independent of
their state of motion, and (ii) the laws of physics are the
same in any inertial reference frame. Today, local Lorentz
invariance constitutes an integral part of the standard
model of particle physics, as well as the standard theory
of gravity, general relativity. Still, there have been claims
that a violation of Lorentz invariance might arise within
a yet to be formulated theory of quantum gravity [3–8].
Given a lack of quantitative predictions, the hope is to
reveal a tiny signature of such a violation by pushing test
experiments for Lorentz invariance across the board. An
overview of recent such experiments can be found in [9].

Previous measurements testing the isotropy of the
speed of light, often referred to as modern Michelson-
Morley experiments [10], have compared the resonance
frequencies of optical [11–14] or microwave [1, 15] cav-
ities, which were either actively rotated on a turntable
or relied solely on Earth’s rotation. The most precise of
these have tested the isotropy of c at an accuracy of a
few parts in 1016 limited by relative resonator frequency
stability.

The experiment presented here improves on this by one
order of magnitude, based on an optimized cavity design
and rotation on a precision turntable that allows to mini-
mize systematic effects. The basic principle is depicted in
Figure 1. At the core of the experiment are two crossed
optical Fabry-Pérot resonators. We compare their res-
onance frequencies by stabilizing two Nd:YAG lasers to
these cavities and taking a beat note measurement. The
resonance frequency ν of a linear Fabry-Pérot cavity de-
pends on the speed of light c along its optical axes as
given by

ν = mc/2L (1)

where m is an integer number and L is the length of the
resonator. Thus, to detect an anisotropy of the speed of
light ∆c = cx − cy we continuously rotate the setup and
look for a modulation of the beat frequency ∆ν. Since
the light in the cavities travels in both directions and

c refers to the two-way speed of light, such an isotropy
violation indicating modulation would occur at twice the
rotation rate.
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FIG. 1: Left: High-finesse fused silica resonators used in this
experiment. Right: Basic principle of the experiment. The
frequencies of two lasers, each stabilized to one of two or-
thogonal cavities, are compared during active rotation of the
setup. (Photograph by E. Fesseler)

I. THE EXPERIMENT

The experiment applies a pair of crossed optical high-
finesse resonators implemented in a single block of fused
silica (Figure 1). This spacer block is a 55mm× 55mm×
35mm cuboid with centered perpendicular bore holes of
10mm diameter along each axis. Four fused silica mir-
ror substrates coated with a high-reflectivity dielectric
coating at λ = 1064 nm are optically contacted to ei-
ther side. The length of these two crossed optical res-
onators is matched to better than 2µm. The finesse of
each resonator (TEM00 mode) is 380 000, resulting in a
linewidth of 7 kHz. Two Nd:YAG lasers at λ = 1064 nm
are stabilized to these resonators using a modified Pound-
Drever-Hall method [16]. Tuning and modulation of the
laser frequency is achieved with piezo electric actuators
attached to the laser crystal. Mechanical resonances of
the piezo-electric actuators at fm = 444 kHz and 687 kHz
respectively are used for modulation of the laser frequen-
cies. The light reflected from the cavities is detected and
demodulated at 3fm to generate an error signal. Ther-
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