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TABLE I: Estimates on photonic SME parameters obtained
from this work (one sigma errors). For comparison the limits
obtained by Stanwix et al. [1] are also given. All values are
×10−17. β⊕ = v⊕/c = 10−4 accounts for Earth’s orbital
boost.

this work Stanwix et al. [1]

κXY
e− -0.31 ± 0.73 29 ± 23

κXZ
e− 0.54 ± 0.70 -69 ± 22

κY Z
e− -0.97 ± 0.74 21 ± 21

κXX
e− − κY Y

e− 0.80 ± 1.27 -50 ± 47

κZZ
e− -0.04 ± 1.73 1430 ± 1790

β⊕κ
XY
o+ -0.14 ± 0.78 -9 ± 26

β⊕κ
XZ
o+ -0.45 ± 0.62 -44 ± 25

β⊕κ
Y Z
o+ -0.34 ± 0.61 - 32 ± 23

B. Analysis in the Mansouri-Sexl framework

We also analyze the data according to the kinematic
test theory of R. Mansouri and R.U. Sexl [23], which
builds on earlier work by H.P Robertson [24]. In this
test theory a preferred frame is assumed in which the
speed of light c is isotropic, usually taken to be the cosmic
microwave background. General, linear transformations,
using three free parameters α, β, δ, transform from this
preferred frame to a frame moving at a velocity v. In the
moving frame an anisotropy of the propagation of light
then takes the form ∆c/c = (β+ δ− 1

2 )v
2/c2 sin2 θ where

θ is the angle between the direction of the propagation
of light and the direction of v. For α = 1

2 , β = 1
2 , δ = 0,

the generalized transformations reduce to Lorentz trans-
formations and no anisotropy of c is observed.
A derivation of the signal amplitudes of equations (6)

and (7) in the Mansouri-Sexl framework has been given
in [13]. The resulting expressions are given in Table III.

Therein we take the velocity of the laboratory relative
to the CMB as the superposition of the solar system’s
velocity vc = 370 km/s, pointing towards ψ = 100◦ right
ascension and φ = −7◦ declination and the annual mod-
ulation due to Earth’s orbit with v⊕ = 30 km/s.
Simultaneously fitting these expressions to our data

yields a value of (β + δ − 1
2 ) = (4± 8)× 10−12. This is a

factor of 10 more stringent as compared to the value of
(9.4± 8.1)× 10−11 given by Stanwix et al. [1].

III. CONCLUSION

In conclusion, we have set a limit on an anisotropy of
the speed of light at a level of ∆c/c ∼ 1 × 10−17, which
allows us to confirm the validity of Lorentz invariance in
electrodynamics at the 10−17 level. This accuracy has
been obtained with optical resonators that feature a rel-
ative frequency stability of ∆ν/ν0 ∼ 1×10−15 in 1 s. The
final precision could be reached by integrating over more
than 130 000 rotations relying on a careful suppression of
systematic effects caused by the turntable rotation.
Finally, we note that comparable results from a similar
experiment [25] have been reported after submission of
this manuscript.
The relative frequency stability is currently limited by

thermal noise of the cavity mirrors. Thus, in the longer
term it should be possible to improve the relative fre-
quency stability by using cryogenic resonators [11, 26].
Together with a reasonable improvement in the suppres-
sion of systematic effects, this would ultimately allow one
to test for potential violations of Lorentz invariance in
electrodynamics in the ∆c/c ∼ 10−20 regime.
We thank G. Ertl for his support and H. Müller for

valuable discussions. S. H. acknowledges support from
the Studienstiftung des deutschen Volkes.
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[4] J. Alfaro, H.A. Morales-Técotl, and L.F. Urrutia, Phys.

Rev. D 65, 103509, (2002).
[5] R. Gambini and J. Pullin, Phys. Rev. D 59, 124021,

(1999).
[6] R. Gambini and J. Pullin, Gen. Rel. Grav. 31, 1631 -

1637, (1999).
[7] J. Ellis, N.E. Mavromatos, and D.V. Nanopoulos, Gen.

Rel. Grav. 31, 1257 - 1262, (1999).
[8] S.M. Carroll, J.A. Harvey, V.A. Kostelecký, C.D. Lane,
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