
ESD 2013 Contributed Poster No 7 C 7 
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In the multi-reflection traps the ions are confined between a pair of electrostatic mirrors, 

making multiple reflections in each mirror successively. In case that the paraxial transfer 

matrix has only unimodular eigenvalues at an oscillation, the ion motion is absolutely stable 

[1] and the travel length may reach several kilometers being only restricted by the residual gas 

collisions. The electrostatic multi-reflection traps may also be optimized to acquire 

isochronous properties, so that the ion oscillation period is practically independent of the ion’s 

full energy and other parameters but the mass-to-charge ratio only [2]. Isochronous ion traps 

offer a lot of opportunities for the time-of-flight mass spectrometry (ToF MS), with the mass 

resolving power approaching that of the Fourier transform mass spectrometric (FT MS) 

methods, but winning in the analysis time and sensitivity. 

 

One of the simplest ion traps of this type comprises two identical axisymmetric ion mirrors 

facing each other and leaving a field-free region in-between. Each mirror contains four 

cylindrical electrodes whose geometries and voltages guarantee the stability criterion and 

eliminate most critical time-of-flight aberrations. As a result, the ion oscillation period is 

practically independent of energy in a wide range  , the error being as small as )( 4O . 

The second-order position/angular aberrations also vanish. 

 

The ions, after preliminarily storing and cooling in a RF quadrupole trap, are ejected by an 

accelerating electric field, strong enough to suppress the turn-around temporal spread. A 

system of deflectors steers the ion bunch into the multi-reflection trap. Upon multiple 

oscillations, the mass-separated ion bunch is deflected out of the trap to impinge a time-

resolving MCP detector. The mass resolving power of 79,000 is achieved at 100 oscillations. 

 

Our experiments show significant deterioration of the mass-resolving performance by the 

space charge, which restricts the maximum number of ions capable of being analyzed in one 

run. The theory and computer simulations reveal that the most critical space-charge 

interactions have the resonant nature and occur between ions of the same sort or between 

those with close masses, e.g. different isotope states. The experimental and simulation 

analysis of the self-bunching and coalescence effects in the trapped ion bunches is presented 

and discussed.  
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