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* = DW calculation (Mason et 
a1 7 979) 

-- - - 7 5-state R-Matrix 
(Keenan et a / ,  7 996) 



Highly-charged heavy ions present in the solar wind, and their abundance relative to the 
total oxygen-ion abundance (taken as unity) (adapted from Schwadron & Cravens, 2000). 
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FIG. 1. Details of the charge- 
exchange beamline. The defini- 
tions are A, input HCI beam- 
defining apertures; RA, retarding- 
field apertures; S, secondary- 
electron shield; FC, Faraday cup; 
R, support rods; LN,, liquid nitro- 
gen. 

where Vo is the source voltage. Thus, it is possible to reflect 
the primary ion beam while charge-exchanged ions are trans- 
mitted. By raising this reflecting potential, ion currents from 
single and multiple charge exchanges are measured. This 
electric field is produced by a series of four apertures, the 
center two are held at the required reflecting potential, the 
end two at ground potential. The apertures have a large di- 
ameter and are widely spaced to give field lines that are 
almost parallel near the beam axis. They are also placed 
close to the Faraday cup to ensure that all transmitted ions 
are collected. 

The pressure of gas in the cell is held low so that only 
about 1% of the ion beam charge exchanges, ensuring single- 
collision conditions. The cross section for the charge ex- 
change is determined from the relationship 

currents 1 4 - j  are measured in the same Faraday cup using 
the same electrometer and scale. Hence any systematic error 
in the absolute current measurement is eliminated in the 
above formula. This is an advantage over the use of channel- 
type multipliers, for which a linear response to ion current 
must be assumed. Electrometer and capacitance manometer 
zero offset and drift are taken into account when making 
measurements. 

Errors in the measurements mainly arise from the pressure 
measurement and instability of the ion beam. As I,-,  and Iq 
cannot be measured simultaneously, a drift in ion beam cur- 
rent is unwelcome. In practice I q d j  and Iq are measured 
alternately multiple times, and the measurements of a,,,-, 
are averaged. The standard deviation of these results is used 
to determine the random error due to the variability of the 
ion beam. 

A 2-mm aperture in the cell wall allows x-rays to escape. 
A high-purity Ge solid state EG&G IGLET-X detector [43] 
with a high detection efficiency and moderate resolution is 
located at right angles to the beam axis. A 7.5-pm-thick Be 
window isolating the detector from the vacuum chamber in- 
troduces a transmission factor dependent on the energy of the 
v rn.." Thn rlntnntr\.. fin.. ha tmmnlntnrl ;no ; r ln  n F l n " : h l ~  h a 1  
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FIG. 4. X-ray spectra from collisions of ~ e " +  in He, H2, C 0 2 ,  
and H20, uncorrected for transmission of the Be window on the Ge 
x-ray detector (given as a dashed line). The underlying curves are 
the Ly transitions np  + 1 s. 
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Ion-Current Variation with target gas pressure for 84 keV 56Fe 12+ in He 
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Radiative life times 
(z = 54 7 ms) in the 
M 7 transition 2s22p2 
IS, - 3P1 at 232.7 7 
nm (Smith et a/, PRA, 
to be submitted). 
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