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ABSTRACT
The goal of the Argonne Positive Ion Injector project is to replace

the ATLAS tandem injector with a facility which will increase the
beam currents presently available by a factor of 100 and to make
available at ATLAS essentially all beams including uranium. The
beam quality expected from the facility will be at least as good as that
of the tandem based ATLAS. The project combines two relatively new
technologies - the electron cyclotron resonance ion source, which
provides high charge state ions at microampere currents, and RF
superconductivity which has been shown to be capable of generating
accelerating fields as high as 10 MV/m, resulting in an essentially new
method of acceleration for low-energy heavy ions.
INTRODUCTION

The existing ATLAS facility provides beams of heavy-ions through
approximately mass 130. Available energies range from over 20
MeV/A for lighter ions down to approximately 5 MeV/A for mass 130.
In discussions with our user group concerning future program needs,
two major areas of focus emerged. The fust was a desire to increase
the beam intensity for all ion species available by a factor of ten to
one hundred over what is possible from our present negative-ion source
and tandem injector. The second was to obtain beams of 7 to 10
MeV/A energy for all possible masses through uranium. These features
were desired without compromising the present qualities of the ATLAS
facility: good beam quality, ease of operation, and continuous wave
(cw) operation. .

The Argonne Positive Ion Injector (PII) project ' J will address
these goals by replacing the negative-ion injector and FN tandem with
an electron cyclotron resonance (ECR) positive-ion source and a
superconducting linac of a new design which makes use of the high
field gradients possible from superconducting structures. The total
effective accelerating voltage for the completed Positive Ion Injector will
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be approximately 12MV. The beams from this new injector accelerator
will then be further accelerated in the existing ATLAS superconducting
linac. A schematic representation of the completed facility is shown in
Figure 1. Figure 2 is an enlargement showing the Positive Ion Injector
in more detail.

The positive ion injector project will progress in three phases. In
the first phase, which is underway, the ECR source system, a 3MV
prototype linac, and a building addition to the present accelerator area
is being constructed. Even this small injector willfprovide sufficient
energies and beam currents to exceed the tandem'performance in some
ways. Phase II will increase the total voltage of the PII to 8MV.
Finally, the complete uranium capability of the machine will be realized
in Phase III with the enlargement of the PII to a total voltage of
12MV.

The activities required to complete Phase I of the project include
most of the developmental goals required in the project. The ECR
source system is nearly operational, including the high voltage platform.
The prototypes of all new resonator designs are well along with three
resonators tested at this time. The building addition design is
complete. Construction will begin in the Fall, 1987 and occupancy is
expected in early spring of 1988. The first test beams from the Phase
I PII project is anticipated at the end of 1988 or very early in 1989.
In the remainder of this report, a more detailed description of the
project status will be presented.
THE ECR POSITIVE ION SOURCE

The electron cyclotron resonance (ECR) positive-ion source has
been demonstrated to be an exciting new technological development in
the production o'i extremely high currents of high charge-state heavy
ions. Much of the early ECR development has come from the efforts
of Geller'l The beam properties of the ECR source which make it an
attractive option for this application are:

1) high charge state heavy ions,
2) small energy spread (apparently less than 5Q ev),
3) good transverse emittance (7/Je = 0.2-0.6* mm-mr),
4) high operational reliability, and
5) large beam currents in comparison to a negative-ion source.



For the PII project, the ECR positive-ion source is mounted on a
high-voltage platform providing up to 350-kv potential for pre-
acceleration of the ions. This will produce, for example, 2S8U20+ of 7
MeV with a velocity of .008c. The ions will be bunched in a two
stage bunching system providing a pulsed beam, with a time width of
the order of 0.3ns for injection into the linac.

The design was driven by a desire to have a source with the
good charge state and current characteristics of the large ECR sources
presently operating and with the additional requirements of:

1. low total power consumption,
2. production of ions from solid materials,
3. good transverse emittance,
4. low total energy spread, and
5. low material consumption modes of operation.
The relevant source parameters are listed in Table 1. The

detailed issues of the design of the PIIECR has been discussed
elsewhere '.

In Figure 3, the charge state of ions expected from an ECR
source across the periodic table are plotted on three curves representing
three different levels of electrical beam current. The curves shown
represent a smoothed, by eye, fit of published information for DC
operation of heavy-ion ECR sources as of early 1986.

A most important requirement for our application of ECR source
technology is the need to obtain ions from solid materials. ECR
sources have historically operated only with gases. In the last three
years, a number of laboratories have begun to use solid material feeds
to the sources. The experience from these laboratories is quite
encouraging and for many solid materials which have been attempted,
one sees that the results fit quite nicely on the curve of Figure 3.
Use of solid material as the primary feed material for the ECR source
is an extremely high priority for this project. Therefore, a significant
effort has been expended in order to make the source design as flexible
as possible for accepting solids.

A photograph of the system as it is being constructed now is
shown in Figure 4. The source, platform, and analyzing beamline on



the platform are nearly complete. We are presently awaiting the final
installation of the RF transmitter. Magnetic field maps of the solenoid
fields, hexapole fields, and the 90 degree analyzing magnet have been
made. The hexapole fields are weaker than had been anticipated due
to an error in the procurement specifications. This error may be
corrected later in the project. Early test operation of the transmitter
uncovered a number of problems with the delivered system. First
operation of the source will occur in October, 1987.

The beams of high charge-state ions, with energies up to 350*Q
keV, expected from the source system may be unique in the world.
These beams have generated a significant demand for their use in the
atomic physics group at Argonne and elsewhere. A temporary
beamline has been constructed in the room housing the ECR source
system. This beamline will be used to perform experiments in atomic
physics with beams from the ECR source system during the next year.
The beamline will be moved next summer into the extension to the
accelerator hall which is now being constructed.
THE LINEAR ACCELERATOR

The linac design adopted is a superconducting linac of
independently-phased resonators. The first stages of acceleration will
consist of short resonator structures followed by superconducting
solenoids to refocus the beam. The initial cell length can be short
because of the use of superconductivity for both the RF resonators and
transverse focusing solenoids. The choice of radially focusing solenoids
and the separation of these focusing elements from the acceleration
region is quite important in minimizing the coupling between the radial
and longitudinal phase space.

In Phase I, the first of eventually three cryostats will be
constructed and installed. Cryostat one will hold five resonators and
three solenoids and will provide a total of 3MV of accelerating voltage.
A picture of the low velocity region of the positive-ion injector for the
Phase I PII is shown in Figure 2. The cryostat design is nearly
complete and construction is expected to begin this Fall. Delivery of
the first cryostat is anticipated in March, 1988.

A total of four types of resonators will be necessary in order to
efficiently couple to the beam as the particles rapidly gain velocity.



These types are characterized by the velocity at which the particles
experience maximum accelerating voltage. For the PII linac resonators
with matched velocities of p~ 0.009, 0.015, 0.025, and 0.037 are
needed. The sequence of resonant cavities shown in Figure 2 for Phase
I will be modified as the PII is expanded in Phase II and Phase III.
Additional resonators of the £=0.015, yJ=0.028, and /J= 0.037 classes
will be required for acceleration of the heaviest ions.
LOW-VELOCITY ACCELERATING STRUCTURES

The requirements for accelerating low velocity ions constrain the
possible resonator designs1'. The coaxial quarter-wave superconducting
resonator has been selected5' as the resonant structure. Each cavity
will have four accelerating gaps formed from three drift tubes. In
order to minimize the bunching requirements it is desirable for the
resonator frequency to be as low as practicable. The low resonant
frequency is also necessary in order that the transit time factor for
these low- velocity (.008c) particles be large but at the same time
maintain as long an accelerating structure as possible. Therefore the
design frequency of 48.5 Mhz, one half the 97 Mhz frequency for the
ATLAS low-beta (0.06c) and high-beta (0.105c) split-ring structures, has
been chosen for these structures. The superconducting material is
niobium and the fabrication techniques rely heavily on the experience of
the ATLAS project.

Construction of the lowest matched velocity unit was completed in
October, 1985 and the unit has performed stably at fields of up to 10
MV/m. The matched velocity for the first cavity is .009c and is the
only resonator of this type which will be needed, even for uranium
acceleration. The vibrational levels measured for this resonator are low
enough that phase control with our present techniques can work well.
Based on these tests, we are now assuming that this resonator will be
able to operate online at accelerating fields of 4.5 MV/m.

The next two types of accelerating structures will have a matched
velocity of 0.015 and 0.025. The prototypes of these two classes of
resonator are complete and were tested at fields up to 6 MV/m. Our
accelerator designs assume these resonators will operate at 3 MV/m.



The last class of resonator needed will have a matched velocity of
/J=0.037. The prototype of this class is under construction. Test are
expected in early spring of 1988. The entire family of structures
planned for this lowest velocity section is shown in the magnification in
Figure 2.
PERFORMANCE

The expected energy performance of the Positive Ion Injector is
shown in Figure 5. The three phases of the project are compared to
that of our present 8.5MV tandem. Figure 6 shows the energy
performance of ATLAS during the various phases of this project while
Figure 7 emphasizes the beam current capabilities resulting from the
project at a representative energy. These results depend strongly on
the actual performance of the ECR source and assumes that the
/J=.OO9 resonator will operate at 4.5 MV/m and all other structures
will operate with field strengths of 3.0 MV/m.

These performance projections assume charge states and currents
taken from Figure 3. For heavier beams, one to two additional
stripping foils are also assumed to be used in these calculations. The
use of foil stripping and higher charge states from the ECR source are
the cause for the loss in beam intensity of heavier ions that is
indicated in Figure 7 for the earlier phases of the project. It is
apparent from figures 6 and 7, especially, that even the small 3MV
injector prototype of Phase I allows a new regime of current and
energy to be accessed that is unavailable with our tandem.
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Table I

Argonne PIIECR
Magnetic Field

Peak on Axis
Solenoid Magnet Power
Maximum Solenoid Current
Typical Solenoid Current
Mirror Ratio
Mirror Ratio Range
Length of Second Stage Mirror
Hexapole Material
Number of Poles
Hexapole field at chamber

RF System
Frequency
RF Power
Independent Control

Dimensions
Solenoid ID
Solenoid OD
Hexapole ID
Hexapole Length
Vacuum Chamber ID
Anode Aperture
Extraction Aperture
First Stage Aoerture

Ion Source Parameters

4.75 kG
35 kW
500 Amp
360 Amp
1.60
4-/- 0.2
47 cm.
Nd-Fe-B
12

3.8 kG

10.5 GHz
2.5 kW

both stages

21.6 cm.
64.8 cm.
12.0 cm.
49.5 cm.
10.8 cm.

o*U fflTTl-

10.0 mm.
12.0 mm.
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Figure Captions
Figure 1: Plan view of the ATLAS facility and the Positive Ion

Injector project.
Figure 2: Detailed view of the Positive Ion Injector. The magnified

region shows the ECR source and the family of low velocity
resonators which are planned for the PII project.

Figure 3: Charge state distribution from ECR sources. Data for this
figure were taken from a wide variety of published and
unpublished literature. The smooth curves for three
different current intensities are used in calculation of the
expected performance of the PII and ATLAS.

Figure 4: A photograph of the ECR ion source on its high voltage
platform.

Figure 5: Expected beam energy from the Positive Ion Injector as a
function of mass for the three project phases. Termination
of the tandem curve at mass 120 reflects the inability of
the tandem to transmit adequately heavier beams.

Figure 6: The beam energies expected from ATLAS with different
injector assumptions but with an assumed beam intensity of
3 pnA.

Figure 7: Beam current from ATLAS versus mass number for the
various possible injector types at a fixed energy of
5MeV/A. The beam currents shown reflect the choice of
charge states required from the source for a given total
accelerating voltage and the need to perform additional
stripping to higher charge states for the various
configurations.
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