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Electrostatic multi-reflection ion traps (MR-ITs) are a recent development for the 

storage of fast (i.e. keV) ion bunches [1,2]. They provide confinement for charged 

particles of defined kinetic energies, independent of their masses. In contrast to most ion 

storage rings, MR-ITs are only of table-top size while providing similar conditions for 

atomic-physics and mass-spectrometry applications. They consist of two electrostatic 

ion mirrors facing one another to reflect the particles back and forth between them. 

Axial and transversal confinement is achieved by optimized mirror potentials.  

An example of such a device is the multi-reflection time-of-flight mass separator (MR-

ToF MS) at the ISOLTRAP mass spectrometer at ISOLDE/CERN. It provides a high 

mass resolving power R=m/∆m in excess of 10
5
 for isobaric purification of radioactive 

ion beams in shortest time [3,4]. To advance the MR-IT as an efficient high-resolution 

mass separator, the number of ions to be injected per cycle has to be as high as possible. 

However, space-charge effects can hinder the separation of the different ion species [5] 

and the counterintuitive “self-bunching” effect [6] may lead to increased ion densities in 

spite of the repulsing Coulomb interactions. 

An MR-ToF MS has been set up at the University of Greifswald, which allows one to 

study these effects. Recent measurements show that when two isobaric ion species are 

stored simultaneously, they may experience significant changes in their axial kinetic 

energy, which depend on the number of trapped ions. The presentation will include 

these measurements as well as many-ion simulations with a modified particle-particle 

algorithm for the Coulomb interaction suited for graphics processing units [7].   
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