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1o+ Electron capture by trapped Ne at very low energies 
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Abstract. An electrostatic ion trap has been used to trap Neq+ 

(1 i q i 10) ions created by a fast xenon beam passing through neon 

gas. Exponential decay in time of the Ne1
Q+ fraction due to 

electron capture from neon gas was observed and the decay rates 

measured. For mean kinetic energies between 7-45 eV, the total 

electron capture cross section (o ) is found to be velocity e.c 
independent. For this energy range we obtain a (Ne1o+) = e.c 

-15 2 2.4 x 10 em , with an imated uncertainty of 30 percent. 

Tni s manuscript was printed from originals provided by the author, 
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27+ Pulsed 3.5 MeV/u Xe beams from the LBL Super-HILAC were 

collimated to .25 em diameter and passed through an ultra-high 

-6 vacuum target chamber isolated from the -10 Torr vacuum of the 

beam line by thin carbon foils. The base chamber pressure was 

typically 1 x 10-8 Torr. The mean charge state of the foil 

+38 transmitted beam in the target chamber was ~xe •. The ion beam 

was collected in a deep~ well-shielded Faraday cup several meters 

downstream of the chamber. The collected charge was used for data 

normalization, and a beam arrival pulse was generated for timing 
6 synchronization. An electrostatic ion trap was constructed as 

shown schematically in Fig. 1. It consists of a -IS em diameter 

copper cylinder -18 em in length coaxially mounted with an 

electrically isolated thin tungsten wire (dia ~ 0.08 mm). A 

potential difference (~V) maintained between these elements produced 

a nearly logarithmic potential well in which slow positive ions were 

radially confined. Isolated end caps held at an appropriate 

potential with respect to the central wire restricted ion motion 

parallel to the axis so that a three-dimensional trapping 

configuration could achieved without seriously disturbing the 

logarithmic potential near trap center. The ion trap was mou in 

the target chamber so that the projectile beam was transmitted 

axially through the trap parallel with the central wire at a 

separation 1.25 em. 
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low for ioniz ion of neutrals except through electron capture. and 

for the trap geometry chosen very few elastic collisions can lead to 

loss of the ions from the trap (only those which reduce the ion 

angular momentum to essentially zero). Therefore, decay of a 

population through interactions with neutral target gas is due 

primarily to electron capture collisions. 

The bare ion decay rate was measured by emptying the ion 

tr at progressive delay times after detection of the projectile 

beam pulse and by storing the number of Ne1 ions released into 

the detection system as a function of time. Ions were dumped from 

the trap by switching the central wire potential from its negative 

trapping value to the positive potential of the outer cylinder. A 

geometric fraction of the released ions passed through a 

grid~covered hole in the trap outer cylinder. Transmitted ions were 

filtered according to their mass~to-charge ratio (m/q) by a 

commercial quadrupole residual gas analyzer (RGA) and detected by a 

channel electron multiplier, as shown in Fig. 1. Isotopically pure 
22 Ne target gas was used in these experiments. The RGA resolution 

is sufficient to separate all charge states 22Neq+ and in 

particular to fully resolve m/q ~ 2.20 (22 Ne1o+) ions from 
. + m/q = 2.00 1ons (e.g., H2). The RGA can be remotely scanned at 

fixed decay times to provide m/q spectra for calibration and 

ensure negligible background signal from other gases. To 1ude 

the possibility of substantial levels of contaminants being 
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provide <av>, the capture collision rate constant averaged over the 

Nelo+ velocities at each trap potential. The extrapolated decay 
10+ . rate for Ne 1ons at zero neon density was approximately 

3 sec , consistent with ion loss due to electron capture from the 

N
2 

and H
2
0 dominated background density of about 6 x 108 

em 

By switching the trap in a time significantly shorter 

than a trapped ion 11 0rbital 11 period (>several J.!Sec), the Ne1o+ 

are released unperturbed. This ~~ t dump 11 technique was employed 

in time-of~flight (TOF) and retardation measurements (using the 

accel/decel grids shown in Fig. 1) to study the velocity 

distribution of Ne10+ ions in the trap. The results are 

consistent with ion motion calculated in a model assuming a purely 

logarithmic radial potential; not unexpected, as the ions observed 

are restricted to those near mid-length the trap. TOF data was 

acquired at several trapping times in an attempt to observe any time 

evolution of the velocity and spatial distributions of the bound 

ions. No significant variation was observed, which is strong 

evidence that loss Ne10+ by mechanisms other than electron 

capture is negligible. 

The virial theorem applied to ion motion in the plane 

perpendicular to the ap axis near trap mi length shows that the 

rms ion velocity vrms is independent of initial conditions and 

depends only on the trapping potential as vrms = C(q~V) 112 • 
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C = 7.6 x 104 cm/sec-(eV) 112 is determined by the geometry 
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sufficiently close so that electron transfer is classically 

possible. Studies conducted at GSI in Darmstadt8 are in good 

agreement with the predicted states. A further prediction of the 

model is that the cross sections are velocity independent. This is 

in accord with our observations. Moreover, our value for the total 

cross section is in reasonable agreement with the simple 

semiclassical model for one-electron capture. 
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Table 1. Vari ion of capture 

trap potential ~v. 

(Vol 
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10.0 

2.02 

1.53 

1.09 

0.76 
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3.6 :t 0.3 

2.8 :t 0.1 

1.7 :t 0.1 



12 

ions 

Fi L ic ion A ~ al wire, 

B acce 1/ ~ c 1e m/q anal er, 

D ~ annel multiplier, E ~ vacuum isol ion 

ns~ !:: am axis. • 

Fi 2. tr ial o7 V 

v ious neon E curve has 

t "" 0, corres aili beam 

lse. in die i ical ies 

a. 

i 3. r as a ion 

tr ia1s Sl give <crv> elec 

c from neon. 

Fi 4. constant <aV > seal by (AVfl/2 versus 

) 1 I 2. of ica 1 horizontal axes are 

1 I 
/2 v112. res ively. 

bars indic on istical errors in 

ares fi 



1111 
e-g 6 I 
I 6 I § 

==== IIIU 

II II 

13 



14 

1 . 

1 

1 1 
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Fig. 3 XBL 809-11946 
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