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ABSTRACT

ATLAS 1is a heavy-ion accelerator system
consisting of a 9-MV tandem electrostatic injector
coupled to a superconducting linac. A project now
well advanced will upgrade the capabilities of ATLAS
immensely by replacing the tandem and its negative-
ion source with a positive-ion injector that
consists of an electron-cyclotrou resonance (ECR)

I. INTRODUCTION

In its_present form, ATLAS is a heavy-ion

accelerator® consisting of a small (9-MV) tandem

electrostatic accelerator and a 40-MV

superconducting linac with 42 independently. phased
split-ring accelerating structures. The layout of
this system is shown in Fig. 1. The linac, during
its gradual evolution, has been used as a research

tool for more than ten years and has by now provided
about 35,000 hours of beam time to users,
substantially more beam time than any other
superconducting accelerator of ions.

ion source and a 12-MV superconducting injector
linac of novel design. This project will increase
the beam intensity 100 fold and will extend the
projectile-mass range up to uranium. Phase T of the
work, which is nearing completion in late 1988, will
provide an injector comprising the ECR source and
its 350-kV voltage platform, beam analysis and
bunching systems, beam lines, and a prototype 3-MV
linac. The ECR source and its voltage platform are users want and (2) it can only accelerate
operational, development of the new class of low- projectiles in the lower half of the periodic
frequency interdigital superconducting resonators table. Both of these limitations result from the
required for the injector linac has been completed, characteristics of the tandem and especially from
and assembly of the whole system is in progress. the difficulty of stripping heavy-ion beams in the
Test runs and then routine use of the Phase 1 tandem terminal. Consequently, when in 1984 we
injector system are planned for early 1989, and the examined the question of how the performance of
final 12-MV injector linac will be commissioned in ATLAS could be upgraded, we concluded that the

ATLAS 1is an excellent machine for many areas of
nuclear-physics research, but it has two important
drawbacks: (1) {ts beam current is less than some

1990. present tandem and its negative—ion source should be
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Fig. 1 Layout of ATLAS. The new positive—ion injector is on the extreme left and new
experimental area (upper right) is labelled Area 1IV.
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Fig. 2

Schematic of the positive-ion injector
for ATLAS.

replaced with a positive-ion injector. The
objective of this upgrade was: (1) to extend the
mass range of projectiles up to uranium ions, (2) to
increase beam intensity by a factor of 100 for all
ions, and (3) at the same time, to preserve the good
qualities of the tandem. That is, we still need to
have CW operation, easy energy variability, and good
beam quality. A small longitudinal beam emittance
AEAt is particularly important because our users
need very short beam pulses delivered to their
targets.

After considering several possibilities, we
concluded that the optimum positive—ion injector for
us is the concept2 outlined by Fig. 2. The ion
source is an electron cyclotron resonance (ECR)
source on a 350-kV platform. The slow-moving ions
from this dc system are bunched and injected into a
superconducting injector linac. Since the linac
must be capable of accepting ions with R as low as
0.008 and must increase their velocity to 8 = 0.045,
the linac is formed from an array of four kinds of
short, independently-phased accelerating
structures. Also, in order to optimize longitudinal
beam quality and to maximize the accelerating
potential per structure, we wanted the rf frequency
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Fig. 3 Comparison of performance of ATLAS for the
several phases of PII.

to be as low as possible and still have a structure
that is rigid enough to permit rf-phase control. We
chose the value f=48.5 MHz, which is half the base
frequency of the present ATLAS resonators. The
defocussing action of the accelerating structures is
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counterbalances by means of superconducting
solenoids at appropriate intervals.

We are often asked why we chose to build a
superconducting drift-tube linac rather than an
RFQ. At the time (1984), there were various
practical reasons (such as the need for CW
operation) for the choice. However, the fundamental
reason was and is that the beam out of an RFQ does
not have a small enough longitudinal emittance for
our needs because of the non-linear character of its
acceleration process. In contrast, realistic
calculations™ show that our linac can provide the
required acceleration without a serious degradation
of the high-quality beam from the ion source, 1f the
incident beam is well bunched.

The positive-ion injector (PII) system2’3
outlined above was approved in 1986 and is being
constructed in three distinct steps. Phase I, to be
completed in late 1988 or early 1989, provides the
ECR source, voltage platform, beam transport,
bunching system, and a 3-MV injector linac, the
smallest system that we consider useful as an
injector for ATLAS. Then, in Phases II and III, the
linac is enlarged step-wise to 12-MV, which can
bring U-238 ions up to the velocity required for
acceleration by the ATLAS linac.

Some performance objectives of the planned PIL
are given by Fig. 3 and 4. Even the tiny Phase I
injector will be superior to the tandem for ions
with A > 50, and the Phase III system will provide
beam energies that are well above the Coulomb
barrier (~5 MeV/u) for all ions.

The layout of PII relative
accelerator is shown by Fig. 1.
end of the facility, the target
enlarged in order to have space in which to locate
the experimental apparatus that is needed to exploit
the new research capabilities that will be provided
by the upgraded accelerator.

to the present
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Fig. 4 Performance of ATLAS for the final

12-MV positive-ion injector.

ATLAS is continuing to be operated steadily as
a research tool while PII is being built.
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II. STATUS OF THE POSITIVE-ION INJECTOR

In general terms, all developmental work for
PII has been completed and the Phase I system is in
the final stages of assembly. The various
subsystems are being tested as they are completed,
in preparation for beam tests in late 1988 or early
1989.

The ECR Ton Source

The ECR ion source’ was completed in 1987 and
has been in operation since then to provide ifon
beams for research in atomic physics. The main
attraction of the source for this research is that
the 350-kV platform of the system allows the
energies of highly-stripped ions to be varied over a
range of considerable interest. This combination of
an ECR source on a high-voltage platform is not
avallable elsewhere at this time.

The ECR source itself is a conventional source
in the sense that it incorporates many features that
had proven successful in other sources designed for
highly-stripped ions. The operating frequency of
the plasma is 10 GHz. A main requirement of the
system is that it must provide ions over the full
range of the periodic table for a variety of feed
materials, especially metals. Efforts to develop
this capability are now in progress.

In order to design PII and project its
performance capabilities, it was necessary to know
the performance of the planned ion source with
respect to charge state and beam intensity. For
this purpose, we collected? the best data in the
literature in 1985 and plotted the results in the
form shown in Fig. 5. The performance of the new
source is turning out to be consistent with the
curves in the figure except that, for some heavier
materials, the performance is substantially better
than implied by the curve for an ion current of 0.1
pA. Similar results are now belng reported for
other ECR sources.
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Fig. 5 Summary of ion beams available from

ECR sources in 1985.
The main requirements of the voltage platform5
of the FCR source are that it should be able to
operate at 350 kV with a stability of AV/V < 1074
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and should be able to support a power load of
140 kW. The present source is not expected to
require more than 65 kW, but it seemed wise to
provide additional power capability for possible
future developments.

The main difficulty with the source system has
been voltage breakdown in the isolation transformers
used to provide power to the platform. These units
have been rebuilt twice and at this writing are
performing well at 250 kV. For the time being, we
are limiting the voltage to this value even though
the manufacturer has tested the rebuilt transformers
at 375 kv.

Mass Analysis and Beam Bunching

The charge-to—mass ratio of the beam from the
source is analyzed’ in two steps. First, a 90°
magnet on the voltage platform analyzes the beam
with a resolution of about 100, thus limiting the
beam current accelerated to ground potential. Then,
after acceleration, the beam is analyzed by a magnet
with a nominal resolving power of 400.

The beam is also bunched6 in two stages. On
the voltage platform, the beam extracted from the
source is bunched by a gridded 1.5-mm accelerating
gap that is driven by a saw-tooth-like voltage wave
form generated by 4 harmonics. Initially, this
structure will bunch at 12.125 MHz and, if the
experimenters want it, a 24.25-MHz capability will
be added later.

After acceleration to ground potential, the
beam is bunched again by a room-temperature spiral-
loaded resonator operating at 24.25 MHz. This 2-gap
accelerating structure, which is located about 1.5 m
upstream from the injector linac, provides ~50 kV of
acceleration for a power dissipation of 400 watts.

The two-stage bunching system ogutlined above is
similar in most respects to the one’ now used to
bunch the beam from the tandem injector of ATLAS.
The primary difference is that in PII there is no
stripper between the two bunchers. Consequently,
the first buncher does not need to form a time waist
at any fixed location. It only needs to form a
pulse that is narrow enough to fit within the linear
region of the 24.25-MHz second-stage buncher, say,
< 4 ns (FWHM). Thus, by adjusting the relative
amplitudes of the two bunchers, one can vary the
ratio AE/At of the phase ellipse transmitted to the
injector linac and in this way achieve optimum
longitudinal wmatching.

The Superconducting Injector Linac

The SC injector linac8’9 is formed of the four
kinds of independently-phased interdigital
accelerating structures shown in Fig. 6. 1In each of
these 4-gap structures, the two outer drift tubes
are driven by a quarter-wave line, and the inner
drift tube is grounded to the outer housing.
Prototypes of all four types of intervdigital
structures have been built and successfully tested,9
and all operate stably at accelerating fields that
are twice as great as the design value of 3 MV/m.
Also, the B = 0.025 unit has been tested with all of
its auxiliary equipment (tuners, etc.) attached. It
ran stably for several hours with complete phase
control at a field of 4.2 MV/m and a power
dissipation of only 4.5 W. Thus, the interdigital
resonators are now ready for use.

239



Proceedings of the 1988 Linear Accelerator Conference, Williamsburg, Virginia, USA

RESONATORS FOR POSITIVE-ION INJECTOR
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Fig. 6 The four types of interdigital
superconducting accelerating
structures used in PII.

The full injector linac will have 18 of the
interdigital accelerating structures: 1 with 8 =
0.009, 2 with g = 0.016, 5 with g = 0.025, and 10
with B = 0.037. Strong radial focussing is provided
by superconducting solenoids similar to thosell now
used in ATLAS. 1In most of the linac, a solenoid
lens is located after each pailr of accelerating
structures, but near the front end of the machine,
where the resonators cause strong defocussing,”“*” a
solenoid follows each resonator. This array of
accelerating structures and solenoids will be
mounted in three cryostats, each having a vacuum box
124 in. long, 32. in. wide, and 72 in. high.

The Phase I linac consists of the four
prototype resonators and one additional unit with
B = 0.025. These 5 resonators provide at least 3 MV
of accelerating potential and, for ions with
Q/A 2 0.20, span the full velocity range from
g8 = 0.008 at the input up to 8 = 0.05 for injection
into the ATLAS linac. All components of the Phase 1
linac (resonators and their associated auxiliary
components, focussing solenoids, and cryogenic
features) are now being installed in their cryostat
in preparation for cold tests.

The interdigital accelerating structures in PII
are cooled by gravity flow of liquid helium into the
hollow quarter-wave line and by thermal conduction
of heat in the resonator housing made from
explosively~bonded niobium and copper.

Installation of the 100-W helium refrigeration and
distribution system required to cool the Phase I
linac has been completed.

The rf controls for operation of the PII
resonators are similar to those used for the ATLAS
linac. However, all aspects of this system have
been improved. In particular, the resonator fast
tuner, which is a voltage-control reactance
operating at liquid-nitrogen temperature, has been
completely redesigned*” and now has a tuning
capacity equivalent to a 20-kW rf amplifier evea
though the rf power dissipation is only 50 W. All
of the rf equipment for Phase T is on hand and is
being installed.
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II1. NEAR-TERM PLANS

Work on all parts of PIL is proceeding with the
ailm of accelerating a beam through the injector and
on through ATLAS in February 1989. At the ECR
source, the emphasis now is on the development of
beams that are sultable for the Phase I injector,
namely those with A < 100. The beam line from
source to linac and the bunching system will be
completed and tested in early December, 1988.

The linac will undergo its first cool down in
November 1988, with liquid helium provided by the
completed helium—-distribution system. Then, after
the installation and testing of the rf-control
equipment, beam tests with the whole injector will
start in late December or early January. Perhaps
the main challenge in these tests will be to achieve
the good beam quality that we expect. These tests
will not interfer with the operation of ATLAS in its
present form.

When the operation of PII is judged to be
satisfactory, its beam will be injected into the
ATLAS linac and accelerated through the whole
system. Thereafter, until the Phase II injector
linac is installed in late 1989, the positive—ion
injector and the tandem injector will be used
alternately, depending on the quality of operation
of PII and on user needs.
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