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ABSTRACT

Over the last year considerable progress has been achieved on
both technical and political fronts. Hardware studies have continued
on both magnet power supplies and on rf cavities — the latter work
gaining an extra dimension from a recently-instituted formal collab-
oration with LAMPF. A racetrack-shaped lattice is being considered
in conjunction with a three-element slow extraction system in an
effort to reduce losses to the 0.1Z level. British Columbia has
agreed to fund the buildings and tunnels (Cdn $87M) and is making the
KAON Factory its top priority project with the Canadian federal
government. A joint federal-provincial delegation has traveled
abroad and found that a number of countries would consider signifi-
cant contributions to the cost. Government approval contingent upon
such contributions is anticipated later in 1988, together with pre-
constructlon R&D funds.

INTRODUCTION

Since the meeting of the International Workshop on Hadron
Facility Technology in Santa Fe a year ago the TRIUMF KAON Factory
has made good progress both technically and politically. The basic
design is described in detail in the Proceedings of that Workshop1

and has not changed significantly. I will therefore not repeat the
description given there but concentrate on more recent developments.
The primary aim remains to provide a 100 uA beam of protons at 30
GeV, using the TRIUMF cyclotron as injector. To do this requires a
5-ring complex — two fast-cycling synchrotrons (3 GeV Booster and 30
GeV Driver) and three storage rings (440 MeV Accumulator, 3 GeV
Collector and 30 GeV Extender).

A major development has been the institution last August of a
formal collaboration with LAMPF on accelerator studies. The first
areas for collaboration have been rf studies and beam commissioning
work on the PSR. The mutual benefits of this arrangement are already
apparent and we hope to extend it to magnet power supply studies and
vacuum pipe design.

TECHNICAL STUDIES

H~ Extraction. Higher voltages have now been achieved on both the
rf deflector (18 kV) and electrostatic deflector (50 kV), resulting
in transmission of 90Z of high intensity beam through the latter.
Fig. 1 shows the Integral and differential probe scans for 66 uA
macropulses at IX duty factor. The 10Z not transmitted is stripped
by a narrow foil shadowing the septum and protecting it from irradia-
tion; the resulting protons may be dumped or steered Into an experi-
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Fig. 1 Integral and differential probe scans in
the H~ extraction region of the TRIUMF cyclotron.

mental beam line. The differential scan in Fig. 1 illustrates the
intensity modulation and improved turn separation produced by the rf
deflector in conjunction with the vr-3/2 resonance. Design of the
4-segment magnetic channel which will steer the H" beam out of the
cyclotron is now almost complete. Detailed design of the front end
of the external beam line is under way.

Radio Frequency Systems. The reference design for the Booster
cavities is based on those used in the Fermi lab booster. A full
scale prototype cavity is almost complete and should be ready' for
tests with an air tuner later in the Spring (Enegren & Poirier2).
The collaboration with LAMPF has also enabled us to study the possi-
bility of using a version of the Los Alamos cavity using perpendicu-
larly-biased alcrowave ferrite. Under dc bias conditions this has
produced relatively high voltages (140 kV), thus reducing the number
of cavities required and, more importantly, the Impedance presented
to the beam and the likelihood of inducing coupled-bunch instabil-
ities. In September 1987 the TRIUMF group was able to make measure-
ments on the Los Alamos cavity and demonstrate its operation with
good Q-values down to and below the lowest frequencies (46 MHz)
required at TRIUMF (Fig. 2).

Enegren and Polrler* have calculated the transmission-line
cavity modes for the Los Alamos and Fermllab-style cavities and also
for a design proposed by G. Bees.1* The effect of damping is also
investigated. These studies indicate a further advantage of the Los
Alamos cavity, whose shortness reduces the number of modes in a given
frequency Interval.

With the Los Alamos group transferring their activities to the
development of a main ring cavity, we hope that their booster cavity
will be available on loan to TRIUMF in May 1988. He will then be in
a position to test the cavity under ac bias conditions — the crucial
remaining test of its viability. I



R. Burge3 and W. Roberts'* report on control of the rf systems
under high beam loading. Burge presents designs of feedback circuits
for phase and amplitude control. S. Koscielniakb has made an analy-
tical study of radial and phase control of the rf taking explicit
account of time delays. As part of its collaboration with LAMPF
TRIUMF will build the low-level control system and also a solid state
driver for the main ring cavity.
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Fig. 2. Permeability measurements on the Los Alamos booster
cavity showing good behaviour over the entire frequency range
required at TRIUMF.

Computer Control System. A six-month study of the KAON Factory
control system has been completed with the help of two visitors from
CERK. A comprehensive review was carried out of both hardware and
software options and a weighty report is now available (Dawson et

b

Magnet Power Supplies. Dual-frequency magnet excitation is planned
for the KAON Factory synchrotrons, with a rise time three times
longer than the fall, in order to reduce the rf voltage requirements.
To test the performance of such a system a high-power test stand has
been set up (Fig. 3 — Reiniger7). Four magnets from the
decommissioned NINA synchrotron are used, one as the load and three
in series as the resonant 81 mH choke. A 1000 pF capacitor bank may
be switched in parallel with a 125 pF bank to change the resonant
frequency from 100 Hz to 33 Hz. This stand has been operating for a
few days now and successful tests have been carried out at fixed
frequencies.



Fig. 3. High-power test stand for dual-
frequency magnet excitation studies.

Magnet Lattice and Slow Extraction. Considerable thought has been
given to the possibility of reducing the losses at slow extraction to
0.1% rather than the IX typically obtainable with existing systems.
U. Wienands8 has suggested the use of a short additional pre-septum
to dilute the beam density at the main septum, demonstrating, in a
simulation, a loss of only 0.2Z. A third septum cannot easily be
accommodated in the superperiodicity-12 lattice of our main ring
reference design. Instead, R.V. Servranckx" has proposed a racetrack
lattice with two dispersionless 167 m long straight sections. Hori-
zontal 0 values of about 100 m are obtained near the focusing quadru-
poles, providing low density locations for the septa. The achromatic
180" arcs contain 24 cells, and are tuned to 5 x 2ir (~7SC per cell).
The tune of the straight sections may be adjusted to give a total
tune variation for the ring of ±1 in each plane Independently. Such
a racetrack lattice is convenient for the Driver synchrotron as well
as for the Extender, providing more flexibility either for the inser-
tion of Siberian snakes, or for tuning for low depolarization without
snakes, using high-periodicity arcs and spin-transparent straight
sections.10 A possible site layout with a racetrack lattice Is shown
in Fig. 4. Meanwhile the properties of the lattice remain to be
investigated in detail, particularly its sensitivity to betatron
resonances. The possibility of using a racetrack lattice for the
Booster synchrotron is also under consideration.
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Fig. 4. Possible site layout wil:h a racetrack lattice.

PROGRESS TOWARDS FUNDING

Good progress has been made this last year, a crucial factor
being the British Columbia provincial government's strong support for
the project as Its top priority among federal projects and the
centrepiece of its high-tech development strategy. In February 1987
the B.C. cabinet gave the project formal approval in principle; I.e.
agreement to fund the civil works ($87M Canadian) provided the
federal government funds the technical equipment. The province also
agreed to support an $11M one-year study on a cost-shared basis. In
September the Premier of British Colunbia launched a "public aware-
ness" campaign which has resulted in several thousand letters being
sent to senior federal politicians. A tangible symbol of the B.C.
government's commitment has been its commissioning of specially-
labelled "KAON Project" wine. I am happy to be able to present an
example to the chairman of this Workuhop to use for some suitable
purpose.

On the federal side the Minister of State for Science and
Technology, Mr. Frank Oberle, agreed to institute joint federal-
provincial studies of some remaining questions:
• additional university involvement
• economic benefits
• International contributions to the funding.

On the first issue the four founding universities of TRIUMF have
already been joined by the University of Manitoba and L'UniversiUJ
de Montreal as associate members, while the University of Toronto has
observer status at Board of Management Meetings. On the second item
a review is being carried out of the very favourable economic studies
published in 1986.



On the third item, Mr. Oberle himself, in a speech to the OECD
nations in Paris in October, stated "we are anxious to seek and
develop other joint ventures", giving us an example "...international
partnership in the construction of the Kaon Factory". A Canadian del-
egation was appointed to explore the potential for such partnership
and in November and December 1987 visited West Germany, Italy, Japan
and the U.S.A. Each country agreed to consider financial involvement
in construction, and indeed the possibility of support is being
explicitly allowed for in the planning scenarios of both Germany and
Italy. If negotiations are successful the external contributions will
amount to considerably more than the $75M recommended by the Kaon
Factory Review Committee. Besides the countries mentioned above,
Belgium, Britain, Israel and the People's Republic of China have all
expressed Interest in participating in experiments and in some cases
in accelerator design and construction.

With these favourable signs from abroad British Columbia is
pressing the Canadian federal government to approve the project in
principle, contingent on a suitable level of foreign financial
support, together with the federal share of the $11M pre-construction
R&D. The federal cabinet may consider the matter as early as April,
and with signs of increasing awareness and support for the project
from federal cabinet ministers we are optimistic of receiving federal
approval for the project In the near future.
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