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INTRODUCTION D E S 5 0 0 2 7 4 0

The Argonne Tandem-Linac Accelerator system has been used to produce
beams of 0.375 MeV/A 160 8+ and 0.386 MeV/A 28Si 13+ and 28Si 14+ as a test of
using the superconducting linac de-acceleration mode to provide highly
stripped high charge state heavy-ion beams for use in atomic physics
experimental programs. Such beams have been developed in the past at
installations containing dual tandem electrostatic accelerators (1,2), and the
U. of Heidelberg tandem-linac facility (3). The beams in the tests reported
in this communication were transmitted through the linac with an efficiency of
30-50% and can be delivered to a target location with a transmission
efficiency of approximately 7%. These tests required the use of only 50-7
of the present linac. Energies down to 0.135 MeV/A should be possible us
the entire linac but these lower energies will be accompanied by sign!fie
additional losses in transmission efficiency due to longitudinal and
transverse emittance growth.

ACCELERATOR CONFIGURATION

Beams of 36.0 MeV L60 5 + and 76.5 MeV 28Si 8+ were delivered by the
Argonne FN tandem accelerator. These beams were further stripped to charge
states 8+ for oxygen and either 13+ or 14+ for silicon and injected into the
superconducting linac. The stripped beams were then deaccelerated by the
linac which was tuned to deaccelerate using a phase-focusing angle of 165.0
degrees.

The linac consists of 24 superconducting three-gap resonators of the
split ring design. The resonators are divided into two classes characterized
by the velocity of particles which receive the maximum acceleration from the
resonators. The first eleven resonators have a matched velocity of 6% the
velocity of light (.06c), and the remaining thirteen have a matched velocity
of 0.1c. The effective field an ion experiences in traversing such a
resonator is given by the product of the actual r.f. field and a 'transit
time1 factor: Ef - Efi*TTF(v). The transit time factor (TTF) for these two
classes of resonators- is shown in figure 1.

The deacceleration process does not differ materially from that of
acceleration until velocities significantly below the matched velocity of the
resonator are reached. The first zero point for the Argonne low-beta (0.06c)
resonators in the transit time factor occurs at a velocity of approximately
0.033c. In these tests, the first zero in the TTF of the low beta resonators
was never reached and therefore deacceleration in these resonators was
completely 'normal*. Deacceleration with the high beta resonators began with
a particle velocity between .037c and .040c which placed the particles near



the peak of the second lobe of the high beta resonator TTF. As the particles
continued to deaccelerate, the bunches approached the crossing point of the
second lobe. The spectrum shown in figure 2 indicates the results of such a
crossing for the 28Si 13+ ions. The beam has been split into two groups due
to the finite emittance of the beam; one with an energy of 10.8 HeV and the
other with an energy of 21.4 MeV. This rather dramatic effect can be
understood when one notes that the energy spread of the beam at these low
energies is around 10% of the central value. This large energy spread and low
velocity produces large time spreads in the beam bunch. These large time
spreads produce non-linear acceleration. These effects are further
exacerbated by the rapid variation of the TTF in the velocity regime near a
zero. These effects also couple to the transverse emittance and cause
effective emittance growth due to the non-linear defocusing of the resonators.

It is possible to avoid an exact match with a zero in the TTF by
judicious choices of energy into a resonator and resonator amplitude. The
transit time factors shown in figure 1 are calculated assuming constant
particle velocity. When the change in particle velocity is included, the TTF
zero shifts somewhat. This effect is most pronounced at low velocities. For
example, the zero occuring at .029c shifts to approximately .028c for
Ea - I MV/m and **0®

+. That is to say the exact zero point in the TTF can be
shifted by changing the resonator amplitude. This effect allows one some
freedom in negotiating the region near zeroes in the TTF.

These tests show that a linear accelerator can serve quite well in a
deacceleration mode. The results point to some improvements which may be
desirable in a facility designed for deacceleration as well as acceleration.
The velocity at which the particles reach a zero in the TTF occurs physically
at approximately the same physical resonator position for a wide variety of
particles. By interspersing low-beta and high-beta resonators in this region,
it may be possible to maintain beam quality to lower velocities than would
otherwise be possible without significantly compromising the design of the
machine as an accelerator.
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FIGURE CAPTIONS

Figure 1. Transit time factors for the Argonne split ring low beta (.06c)
and high beta (,105c) resonators in the low velocity regime.

Figure 2. Energy spectrum of particles after deacceleration where the
incident energy exactly matched a zero in the TTF of a high beta
resonator.
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