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One of the interesting properties of electrostatic ion beam traps is that they allow the non-

destructive measurement of the mass of the stored ions: The ions passing back and forth 

through a ring electrode produce image charges, which can be picked up as periodic voltage 

signals with a frequency characteristic of their mass. As single ions can usually not be 

detected, the measurement is performed on a coherently moving bunch of ions. The precision 

of this measurement is limited by the observation time. After its injection a bunch normally 

disperses within milliseconds due to the unavoidable spread of the ions’ orbital frequencies. 

In the so-called self-bunching mode, negative orbital frequency dispersion is introduced that 

combines with the Coulomb repulsion between the ions. This procedure counteracts the 

frequency spread and keeps the ion bunch coherent for an extended period of time [1].  

 

Using the extremely long ion storage times of several minutes afforded by the extreme 

vacuum of the Cryogenic Trap for Fast ion beams (CTF [2]) we have previously observed 

self-synchronized bunches to persist for up to 12 s [3]. In addition, we have found a 

correlation between the initial signal amplitude and the lifetime of the bunches. The time 

dependence of the pick-up signal obtained from a spectrum analyzer was well reproduced by 

a model assuming both a broadening of the longitudinal bunch dimension and a loss of ions 

into a continuous beam by collisions with other ions or residual gas. In a more extensive 

investigation of bunch decay, we have explored its dependence on various parameters of both 

the ions and the trap. Most notably, we have found that the bunch lifetime does not surpass a 

certain limit, even if the bunch charge is increased further. Within our earlier model, this is 

attributed to intra-beam scattering. The rate of this loss increases quadratically with the 

number of ions, so that all particles above a certain threshold number are removed from the 

bunch on a time scale much shorter than the bunch lifetime. After this initial rapid loss, all 

bunches above the threshold continue with very similar ion numbers and hence exhibit similar 

decays. We have also explored the relation between the maximum bunch lifetime and the ion 

mass, where we have found that the former scales only with the ion’s orbital period, i.e. that 

bunches persists for a maximum number of orbits that is independent of the particle mass. 
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