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Figure.1  The side view of the Kingdon ion trap from the 
ion beam axis. 
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ions are detected by a micro channel plate (MCP). 
The output pulse signals from the MCP are 
counted by a fast multichannel scaler. In the earlier 
study using the Kingdon ion trap, D. A. Church et 
al. reported that no product ions with lower 
charge state were stored after the charge-exchange 
collisions between Arq+ and Ar [11]. However, our 
study showed that the ions produced by the 
charge-exchange collisions between Arq+ and H2 
were still trapped. Thus, we introduced the TOF 
measurement system in order to determine the 
trapping lifetime of HCIs. The data acquisitions 
were repeated 103 - 104 cycles depending on the 
ion beam current and storage time. 
 
3. Results and Discussion 
 

 Figure.2 shows the decay of trapped Arq+ (q = 5, 
6) ions as a function of the storage time in H2 gas 
at a pressure of 1.24 × 10-5 Pa. The decay rates of 
Ar5+ and Ar6+ were determined be 28(6) s-1, 67(6) 
s-1, respectively. In order to determine the 
charge-exchange cross sections from the decay 
rates, we need to know the average velocities of 
Arq+  ions. For this purpose, we have performed 
extensive numerical simulations of ion trajectories 
trapped in the realistic Kingdon trap using the 
commercial software (SIMION8.0) and the 
average velocities  of Ar5+ and Ar6+ were 
determined to be 1.8(0.3) × 104 m/s and 2.0(0.4) × 
104 m/s, respectively. On the other hand, the 
number density of H2 was determined by the 
ionization pressure gauge. Finally, the 
charge-exchange cross sections for the Ar5+-H2 and 
Ar6+-H2 systems were determined to be 5.2(2.6) × 
10-15 cm-3 and 1.1(0.5) × 10-14 cm-3, respectively. 
Note that the cross section of the Ar5+-H2 system at 
the low energy was determined for the first time. 
These cross section data are consistent with the 
values estimated by the scaling formula and 
previous experimental data [12,13]. 
 As a first step of the x-ray observation from the 
metastable O6+, we started the trapping experiment. 
Figure.3 shows a decay curve of the trapped O6+ 
ions as a function of the storage time in H2 gas at 
the pressure of 4.4 × 10-7 Pa. The trapping lifetime 
of O6+ is determined to be 280(15) ms. Since the 
lifetime of the forbidden transition in O6+ (1s2s - 
1s2 transition) is approximately 1 ms [14], the 
trapping lifetime is long enough to measure the 
forbidden transition. 
 The details of the discussions and the progress of 
the x-ray observation will be presented at the oral 
presentation and the master thesis. 
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Figure.2  A plot of the extracted Ar5+ and Ar6+ as a 
function of storage time. The data are well fitted by single 
exponential function. 
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Figure.3  A plot of the extracted O6+ as a function of 
storage time. This data is well fitted by single exponential 
function. 
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