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Aril - ArXVI produced in slow recoil collisions 

Harvey Gould 

Materials and Molecular Research Division, 71-259 
Lawrence Berkeley Laboratory, Berkeley, California 94720 

An atom in a gaseous target may be highly ionized in a single collision with a (very fast) 
very highly ionized projectile. A feature of the kinematics of the collision is that very little 
kinetic energy is imparted to the target atom. The ion is produced as a slow recoil. Typical 
recoil energies are 1 eV and change little with the degree of .'onizatioo produced ia the target. 
This has several very attractive features as a spectroscopic source. First, the spectra are free 
from Doppler shifts which depend upon the degree of ionization of the atom, and, second, all of 
the ionization states produced in the target have the same spatial distribution. This allows refer
ence lines from low ionization states to be reliably used to calibrate the spectra from high ioniza
tion states. 

Argon gas at pressures of 0.02 to 1.0 Torr was bombarded with a variety of projectiles ob
tained from the Lawrence Berkeley Laboratory's Super-HILAC. The projectiles had average ioni
zation states ranging from 16+ for argon projectiles to > 5 S + for uranium. Spectra were ob
served in the IS nm - 70 nm region using a 2.2 m grazing-incidence spectrograph (McPherson 
model 247) with a 300 grove/mm grating and a two-dimensional microchannel-plate tetector. In 
later experiments Kodak type 101-05 photographic plates were used in place of the microchannel-
plate detector. 

The microchannel-plate detector was used to compare the relative cross sections for produc
ing spectra by different projectiles and to determine initial values for the beam energy, target 
pressure, and minimum exposure time for photographic plates. Beams of Fe, Xe, and Au at ener
gies of 4.6 MeV/nucleon were then used for experiments with photographic plates. The experi
ment which produced spectra from the highest charge state of argon utilized a Au beam (average 
charge state of 53+). After a 40 hour exposure to a 1 torr Ar target bombarded by the Au beam 
(integrated beam current — 675 particle pA seconds), over 400 first- and second- order argon 
lines were observed in the 15 nm - 70 nm region of the plate. A preliminary analysis has 
identified lines from Aril - ArVIII, ArX - ArXTV, and the 2 2P3,2,i/i - 2 2St/1 doublet in ArXVL 
Comparison of the spectra with spectra produced by bombarding argon with Xe and Fe beams has 
so far failed to show any lines which arise from the projectiles. 
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