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ABSTRACT

The proposed KAON Factory consists of a chain of 5 accelerator and storage
rings which will accelerate a 100 /JA beam of protons injected from the TRIUMF H~
cyclotron to a final energy of 30 GeV. This beam will be available either as a slow
extracted beam with 80-90% duty factor or as a fast extracted beam with a 3 /JS
pulse every 100 ms. The status of an 11MS preconstruction design study scheduled
for completion in February 1990 will be described. Prototypes of various accelerator

„» components are being fabricated and tested and the design of the conventional facilities,
buildings, tunnels and services is being finalized.

1. Introduction

The TRIUMF KAON Factory accelerators have been described in the original
\ proposal [1] and the evolution of the design has been outlined in recent papers [2,3].
fl The basic aim is to accelerate a 100 /iA beam of protons to 30 GeV, roughly 100
ll times more than is available at present from the CERN PS or Brookhaven AGS. The

,' i | TRIUMF H~ cyclotron, which routinely delivers 150 fik extracted proton beams at
| 500 MeV, is used as the injector by installing a new extraction system capable of
'-. extracting a 450 MeV cw H~ beam. To match the time structure of this beam to
':'• the fast-cycling synchrotrons and provide acceleration to 30 GeV a series of 5 rings is
;?' proposed:

A Accumulator: accumulates cw 450 MeV beam from the cyclotron
over 20 ms periods

B Booster: 50 Hz synchrotron; accelerates beam to 3 GeV
circumference 216 m

C Collector: collects 5 Booster pulses and manipulates
longitudinal emittance

D Driver: main 10 Hz synchrotron; accelerates beam to 30 GeV
circumference 1078 m

E Extender: 30 GeV stretcher ring for slow extraction for
coincidence experiments
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Fig. 1. Proposed KAON factory site layout - October 1989

Figure 1 shows the proposed site layout of the five rings and the arrangement of
the rings in the two tunnels.

The design of this facility ha? been developed in more detail over the past year
during an 11M$ pre-construction Engineering Design and Impact Study funded jointly
by the governments of C&nada and British Columbia. In addition to the accelerator
design work, this study enables prototypes of the major components to be built, the
civil design to be carried out, the cost estimates to be updated, the science program-
mine and international contributions to be better defined and various impact studies
to be carried out.

As a result of this work some details of the design and layout of the facility have
changed from the original proposal. These changes are summarized below:

1. The main ring and experimental hall are in a new location. This arrangement
allows for future expansion of the experimental hall and provides more space for
service buildings.

2. A racetrack lattice has been chosen for the C, D and E rings. This provides
space for an efficient slow extraction system from the E ring and for the possible
insertion of Siberian snakes for the acceleration of polarized beam in the Driver
synchrotron.

3. The E ring is separated horizontally from the C and D rings although it still
remains in the same tunnel. This provides space for shielding between the rings
at the extraction point and it allows the heavier Driver synchrotron magnets to
be on the bottom.

4. The Booster magnet excitation has been changed to a plain sinusoid at 50 Hz
although the Driver magnet excitation remains dual frequency. Only 20% more rf



voltage is required in the case of the Booster, making it cost effective to eliminate
the dual frequency.

5. The reference design of the Booster rf cavity is the perpendicular-biased (Los
Alamos) design as this arrangement has the advantage of higher voltage capability
reducing the number of cavities required.

6. To allow space for and reduce the requirements on the kicker magnets the transfer
from the A ring to the B ring covers 60° azimuth from one straight section to
the next.
More details of the accelerator and major component design is given in the next

sections.

2. Accelerator design

The most critical problem in the design of a high-intensity accelerator is the
control and minimization of beam loss. Existing proton synchrotrons with beam losses
of several to tens of per cent during injection, capture, acceleration and extraction
are close to the limit in terms of radiation damage to accelerator components and the
ability to carry out hands-on maintenance. Acceleration of 100 times more current
means a corresponding reduction in beam losses is necessary unless radiation-hard
components and remote-handling techniques are utilized. For the KAON factory a
number of design features are incorporated to minimize beam loss and, in those areas
where beam loss is anticipated, shielding and remote-handling techniques are planned.

The use of the 5 rings, each with a dedicated mission, is one of these features
with the dc rings used for matching the time structure to the following synchrotron
and the synchrotrons fast-cycling to reduce the beam charge per pulse and therefore
potential instabilities. Separated-function magnet lattices are used with the dispersion
modulated to drive its mean value towards zero, enabling transition to be kept above
the top energy in all rings. Injection into the accumulator is achieved by stripping the
H~ beam from the cyclotron and by painting the small emittance injected beam over
the much larger three-dimensional acceptance of the Accumulator to reduce the number
of stripper foil travel sals and to limit the space charge tune shift. This process could
lead to beam losses at the 1% level but at 450 MeV where scrapers and collimators
can be used to localize the loss to shielded areas. Bucket-to-bucket transfers are made
between all rings using fast risetime (~50 ns) kickers which operate in a gap created
by removing 5 pulses prior to injection into the Accumulator. The 1 MHz chopper
being developed to do this is described later in this report.

The slow extraction process at 30 GeV has received special attention as it is
recognized as one area where beam losses could cause difficulty. A racetrack lattice
with long 150 m straight sections permits the use of an additional short pre-septum
upstream of the conventional electrostatic and magnetic septa and fallowed by colli-
mators downstream. Figure 2 shows the lattice parameters and septa location at high
P (100 m) points (4]. With the use of a short (0.5-1 m) preseptum consisting of 33-
50 n carbon or beryllium wires and a gradient of 25 kV/cm the beam losses can be
kept below 0.1%. Figure 3 shows a REVMOC calculation [5] of the extraction process
using a 1/3 integer resonance to drive the beam across the septum. Even though the
calculations indicate low losses, provision is being made for shielding this region with
vertical access to the extraction components for servicing.

Other design features to minimize beam losses are careful attention to vacuum and
impedance requirements in the beam pipe and structures, generous magnet and kicker
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apertures, and fast feedback and feedforward control of the rf systems to compensate
for the high beam loading.

3. Technical prototype studies

A number of prototypes of components mainly in the Accumulator and Booster
systems are being built during this pre-construction study. These prototypes have been
selected for a variety of reasons: the design has a significant effect on the layout of
the accelerator, e.g. the Booster rf cavity and H~ extraction from the cyclotron; the
technology is available at other laboratories but new to TRIUMF, e.g. kicker magnets,
dual frequency magnet powering and ceramic vacuum chambers; the fabrication is
used to assess Canadian industrial capability, e.g. laminated synchrotron magnets;
extensions of present technology, e.g. high power targets and computer control systems.
This prototype work has been described in detail elsewhere so this report will present
only a brief status report as of October 1989.

RF cavity development: The single-gap Los Alamos style booster cavity, frequency
swing 46-61 MHz, voltage 70-80 kV, has been redesigned for testing the perpendic-
ularly biased microwave ferrite under ac bias at 50 Hz [6]. The coil and laminated
magnet are being assembled. The magnet will be field mapped in November and rf
tests should begin in December.

Magnet development: Prototype Booster dipole and quadrupole magnets have been
designed [7] and are being fabricated by Canadian industry. The die for the dipole
lamination has been built and test laminations have been punched. Stacking will start
in November with the steel core delivery by January. Several of the pancake coils have
been wound. Figure 4 shows the design and specifications of this dipole.

Magnet power supplies: A high-power test stand has achieved dc-biased dual frequency
magnet excitation at 33 Hz and 100 Hz [8]. Four magnets from the decommissioned
NINA synchrotron are used, one as the load and three in series as the dc bypass choke
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Fig. 4. Booster dipole prototypte magnet design



in resonance with 1000 /iF and 125 fiF capacitor banks which are switched to change
the resonant frequency. This setup will be used to power the Booster dipole for ac
field mapping. Design work on optimizing the capacitor and choke transformer costs
is being carried out in collaboration with industry.

Kicker magnets: A pulse forming network obtained from CERN has been modified
to operate at 50 Hz repetition rate delivering 40 kV pulses, 200 to 700 ns long, with
rise and fall times ~30 ns into a 30 SI load. A 10-cell delay-line kicker module of this
impedance is being assembled which will have a magnetic field of 0.016 T across an
8 cm gap. An interesting new development is a 1 MHz chopper [9] which will remove 5
cyclotron pulses in the Accumulator injection line to create a beam gap for subsequent
kickers. The idea is to store two 40 kV pulses in an open-ended delay line terminated
at the open end by capacitive deflector plates and at the other end by switching tubes
to maintain the amplitude and risetime. A low-power test of this idea was successful
and & high-power prototype is being assembled. Figure 5 shows a schematic diagram
of the proposed arrangement.

to )
Fig. 5. Schematic drawing of 1 MHz chopper for the injection line

Beam pipe and vacuum: Two designs of rectangular ceramic beam pipe are being
fabricated which differ in the arrangement of an internal conducting shield to reduce
the impedance seen by the beam [10]. The RAL (UK) is building & 3.S m length
incorporating a separate wire cage, as used in ISIS, and SAIC (San Diego) is building
a chamber with thick film silver stripes painted on the inside walls.

Computer control system: An object-oriented methodology has been adopted to an-
alyze the requirements of the control system for the KAON factory, and to develop
an initial design and cost estimate [11]. This work is carried out using a computer
aided analysis and desigi. tool. Two specific technologies are under study. An artificial
intelligence/expert system is being prototyped to tune a beam line and to diagnose
faults in the beam line components and settings. A test bench is being assembled to
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investigate both the effectiveness of message based distributed control and to measure
the speed of conrol and data transmission using fibre optic technology (FDDI).

H" extraction from the cyclotron: To extract the circulating H" ions from the cy-
clotron a conventional extraction system is required, consisting of an if deflector to
excite a »/r=3/2 resonance, a 50 kV/cm electrostatic deflector and a series of magnetic
channels to steer the beam out of the cyclotron [12]. Tests of the first two items have
demonstrated 66 /iA equivalent extracted current at 1% duty factor. A prototype of
the first magnetic channel has been field mapped and agrees with calculations.

4. Systems integration
As the lattice design for each of the rings developed and preliminary designs

became available for the major components, work started on the integration of these
designs into a detailed layout of the rings. This work used CAD techniques with
component positions fed directly from the lattice program DIMAD and with magnet
sizes taken from MAGDES if more detailed designs were not available [13]. A number
of related problems were investigated: mechanical support of the magnets and other
components as in some areas three rings of components are to be installed one above
the other, installation procedures using a magnet transporter, servicing requirements
with cable arrangements to minimize costs and potential radiation damage and the
alignment techniques. The results of these studies were then used to specify tunnel
sizes, service building requirements and locations and the tunnel penetrations neces-
sary for alignment from a surface network of monuments. At the present time detailed
arrangements of the Accumulator and Booster rings exist except for the injection and
extraction regions. Figure 6 shows a cross section through the Main ring tunnel indi-
cating the methods for mounting and installing magnets.
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Fig. 6. Cross section of Main ring tunnel showing magnet locations and
servicing arrangement



5. Antiproton facility

As this workshop is addressing the physics at a KAON factory which can be
done with antiproton beams, it is perhaps worth while to indicate the status of present
considerations on an antiproton facility. 3. Beveridge at this workshop will be de-
Bcribing the proposed experimental areas and beam lines which include separated kaon
and antiproton beam lines from momenta of 500 MeV/c to 20 GeV/c although the p
flux falls below 1 MHz at 12 GeV/c. A fast extracted beam is available which could
feed an antiproton production target as part of a LEAR-type facility. However, this
facility is not part of the initial proposal and in fact is dependent on improvements in
the technology of collecting and cooling of antiproton beams before the full intensity
gain of the KAON factory could be realized [14]. The approach therefore is to moni-
tor the progress at CERN and concentrate on high quality separated high momentum
antiproton beams.

6. Conclusions

The present design study is scheduled for completion in February 1990. At this
time a- reference design for the entire facility will exist together with a revised cost
estimate. Not all of the preconstruction R&D will be completed at this time and it is
anticipated that further design work and prototype testing will continue while awaiting
construction approval later in 1990.
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