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Abstract

The observation of dark matter and the matter-antimatter asymmetry in our
universe comprise a challenge to the Standard Model of particle physics, which
does not provide satisfying explanations for these observations. Furthermore,
the Standard Model defies so far all tests for new physics by our laboratory
experiments, so that we need to increase the sensitivity of our search methods
and find new ways to uncover the nature of these phenomena.

In my presentation, I will focus on exploring the nature of dark matter and
symmetry violations in high-precision measurements on antiparticle probes
and summarize the recent antiproton measurements by the BASE collabora-
tion at CERN [1-3], which provide a factor of 3000 improved sensitivity to
new physics in the baryon sector. To reach an improved sensitivity to beyond
Standard Model physics in the next generation of precision measurements with
antiprotons, we are presently implementing several new experimental tech-
niques. For example, we have recently achieved the first sympathetic cooling
of a single proton with separately trapped laser-cooled beryllium ions by im-
age current coupling, following ideas by Heinzen and Wineland [4]. This new
cooling technique overcomes limitations in spin-state fidelity and temperature-
dependent uncertainties in our recent measurements. Further, we are develop-
ing a transportable trap for antiprotons in the scope of the ERC-funded project
STEP to be able to fully exploit the phase-sensitive cyclotron frequency meas-
urement methods beyond the limitations imposed by the magnetic field noise
in the antiproton decelerator facility of CERN [5].
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