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Numerical simulation of He+ and Be+ in a linear Paul
trap for Ramsey-comb spectroscopy

Content
Bound state quantum electrodynamics is one of the most thoroughly tested theories in physics, but was re-
cently challenged bymeasurements done onmuonic atoms, where a discrepancy of >5σwas reported between
the nuclear charge radii extracted from spectroscopic measurements on muonic hydrogen and electronic hy-
drogen [1-4]. To gain new insights into the “proton radius puzzle” we aim to measure the 1S-2S transition in
He+ with kHz accuracy using Ramsey-Comb spectroscopy [5], and compare it to measurements of the 2S-2P
transition in muonic He+ performed by the CREMA collaboration. Wewill combine a 790 nm photon with one
at 32 nm (obtained by high-harmonic generation) to excite the transition. For this experiment a single helium
ion will be trapped in a linear Paul trap together with a beryllium ion. The latter is used to sympathetically
cool He+ and for reading out its quantum state to perform spectroscopy.

To explore the dynamics between the ions and to optimize cooling parameters we performed simulations.
Finite element calculations of the trap were carried out and fitted with a multipole expansion to estimate
higher-order field contributions. By including these field corrections in the molecular dynamics simulations
of the ions, the experimental cycle of loading the trap, cooling andmanipulation of both ions, and the dynamics
during spectroscopy is investigated.
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