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We report on an experiment towards a test of time dilation for the theory of Special
Relativity (SR). To this end, metastable 7Li+ ions with a velocity (w) of 34 % of the
speed of light (c) were stored in the Experimental Storage Ring at the Gesellschaft für
Schwerionenforschung Darmstadt. This ion species offers a strong dipole transition in the
optical regime (λ0 = 548.5 nm) and a level scheme where spectroscopy with sub-Doppler
linewidths is possible. In the experiment, lasers are aligned parallel- and antiparallel with
respect to the ions’ motion and fulfill the resonance conditions with the transitions for
Λ-type spectroscopy. For the moving ion, the excitation frequencies νp,a in the laboratory
reference frame are shifted with respect to the rest frequencies ν1,2 by νp,a = ν1,2 ·γ ·(1±β)
where β = w/c. Multiplication of the two equations leads to ν1 · ν2 = νa · νp, if SR holds
(i.e. γ = (1−β2)−(1/2)). In kinematic test theories [1],[2] deviations of SR are described by
velocity-dependent test functions that can be expanded in powers of β2. These lead i.a. to
a slightly modified time dilation factor of γ = γSR·(1+2·δα·β2+(δα+2·δα2)·β4+...) where
δα, δα2 are test parameters that allow to quantify the deviations [3]. Previous experiments
were either restricted to comparably low velocities (e.g. the precursor storage ring tests
[4]) and thus limited to first-order deviations described by δα; or, if the particle velocity
allows for higher-order tests, the experiments suffered from poor frequency resolution [5].
We present a first step towards high precision experiments at high velocity and find time
dilation to be consistent with the theory of SR to an upper bound of |δα2| < 9× 10−6 for
deviations to the order β4. This means an improvement by a factor of 30 compared to [5].
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