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The recent development of four-stage accel~decel operation of the dual MP
tandem accelerators at Brookhaven National Laboratory has made it possible to
extend atomic collision experiments over an unprecedented range of high charge
states and low velocities.1-2 Briefly, this mode of operation uses the first MP
tandem conventionally for two stages of acceleration, then with a negative
terminal voltage the second MP tandem provides 3 third stage of acceleration to
high velocity, stripping to high charge state and a final stage of deceleration
to low velocity. Details of operation and recent upgrades of the facility were
reviewed earlier.3: An overview of present capabilities and the results of two
experimental studies using accel-decel beams will be presented here.
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and charge states can be found in the study of single-electron-capture (3EC).
Universal scaling laws such as those reported by Knudsen et al.5 are in
reasonable agreement with the data from various laboratories for many different
projectiles, charge states, and collision energies. Systematic discrepancies
are apparent, however, and varying uncertainties in the compiled data cause
non-statistical fluctuations which inhibit further theoretical progress. What
is needed are systematic measurements of SEC cross sections over extended ranges
of beam energy with a single-charge-state projectile.

The feasibility of using four-3stage accel-decel to produce
high - charge - state, low-velocity projectiles for SEC studies was recently
demonstrated. Total- and single - electron - capture cross sections were
measured for $10=16+ at 20 MeVv, for S12+ at 12 MeV, and for S13+ at 6, 8, and 10
MeV. The SEC results are plotted in Fig. 2 in terms of the semi-empirical model
of Knudsen et al.? The magnitude of the SI* + Ar and the trend of the Sd* + He
data are well represented by the model.

The study of quasimolecular or molecular-orbital (MO) x rays can also be
enhanced by employing accel-decel beams.? Primarily due to collision broadening
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at high velocities, previously observed MO K x-ray spectra exhibited a
structureless shape, essentially independent of impact parameter.8 Mererly
using slower projectiles to reduce collision broadening 1s not sufficient to

overcome this problem, because the probability to both form and fill a K-shell
vacaney would be too low to provide adequate coincidence counting rates. The
solution is to use a low=-velocity one-electron projectile, such as 0116+, with a
large probability of bringing a 18¢ vacancy into the collision., Under these
conditions, the K vacancy does not have to be formed, only filled; the decay
rate of 1so vacancies is 1ncreased due to the 1longer collision time; the
collision broadening is reduced; and the adiabaticity conditiond is better
fullfilled. In addition, since the 1so vacancy can decay either on the way in
or on the way out of the collision, inteference effects should be observable.

The impact-parameter dependence of MO K x-ray production in 116+ 4 ar
collisions has recently been measured at 20, 10 , and 5 MeV. Fig. 3 shows the
Xx-ray energy spectrum recorded at an impact parameter of 1200 fm for a collision
energy of 10 MeV.7 The peak near 8 keV 1is well reproduced by dynamical
calculations of Anholt.'0 The structure in the calculated curve arises from the
interference between the 1sc decay amplitudes in the incoming and outgoing parts
of the trajectory, These experiments, which have recently been extended to §
and 20 MeV, mark the first demonstration that quasimolecular x-ray spectroscopy
is possible, and reveal the po*tential for quantitative studies of transient

molecular orbitals formed during ion-atom collisions.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



