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The TRIUMF KAON Factory proposal has nude consi-
derable progress on both technical and political fronts
over the last year. A racetrack-shaped lattice is now
being considered in conjunction with a three-element
slow extraction system In an effort to reduce losses to
Che 0.1Ï level. 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 collaboration with LAMPF. The H~
extraction system for the cyclotron has been tested
successfully with 66 uA pulsed and 10 uA average beams.
On the political side, British Columbia has agreed to
fund the buildings and tunnels (Cdn $67M) and is making
the KAON Factory it6 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 significant
contributions to the cost. Approval of $11 million In
nre-construction R&D funds is expected imminently,
permitting formal negotiations to start abroad, with
final approval for construction coming in 1989.

Introduction

The TRIUMF Kaon-Antiproton-Otherhadron-Neutrino
Factory is fully described in the original proposal1

and outlined in various papers2 »3. The primary aim
is to provide a 100 M A beam of protons at 30 GeV —
about a hundred times more than available at present.
The TRIUMF H~ cyclotron, which routinely delivers
150 uA beams at 500 MeV, would provide a ready-made and
reliable injector. It would be followed by two fast-
cycling synchrotrons, Interleaved with 3 storage rings,
as follows:

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 214 m

C Collector: collects 5 Booster pulses and
manipulates longitudinal emittance

D Driver: main 10 Hz synchrotron; accelerates
beam to 30 GeV; circumference 1072 m

E Extender: 30 GeV stretcher ring for slow extrac-
tion for coincidence experiments

It can be seen from the energy-tine plot (Fig. I)
that this arrangement allows the cyclotron output to be
accepted without a break, and the B and D rings to run
continuous acceleration cycles without wasting time on
flat bottoms or flat tops; as a result the full 100 wA
froo the cyclotron can be accelerated to 30 GeV for
either fast or alow extraction.

The use of fast-cycling synchrotrons restricts the
proton charge per pulse Ne to 2 yC (Booster) and 10 uC
(Driver), levels at which the space-charge tune shift
at Injection is tolerable (&Q<0.2). Since AQ «
N/e*(Bt2)inj the use of a Booster permits a
smaller normalized emittance e* and hence reduces the
aperture and cost of the Driver magnets. The Booster
energy Is chosen to Minimize the total cost of the
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Fig. 1 Energy-time plot showing the progress of the
beam through the five TRIUMF KAON Factory rings.

project. Since this depends mainly on magnet costs,
the minimum is found to occur when the emittances set
by the space charge tune shift formula are the same for
both machinée3>^.

The use of a Booster also simplifies the rf design
by separating the requirements for large frequency
swing and high voltage (33£ and 600 kV respectively for
the Booster, and 3Z and 2400 kV for the Driver). These
high rf votages are associated with the high cycling
rates; the use of an asymmetric magnet cycle with a
rise time 3 times greater than the fall (Fig. 1)
reduces the voltage required by one-third, and the
number of cavities in proportion.

Figure 2 shows a proposed site layout together
with cross-sections through the tunnels, with the
Accumulator above the Booster in the small tunnel, and
the Collector and Extender rings above and below the
Driver In the main tunnel. Identical lattices and
tunes are used for the rings in each tunnel. This is a
natural choice providing structural simplicity, similar
magnet apertures and straightforward matching for beam
transfer.

Separated function magnet lattices are used with a
F0D0 quadrupole arrangement. In the A and B rings
missing dipoles are arranged to give superperiodiclty
S-6. This automatically provides space for rf and beam
transfer equipment. It also modulates the dispersion
function nx and drives Its mean value <ng> towards
zero, enabling transition to be driven above top
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Fig. 2. Possible site layout with a racetrack lattice



energy. In the absence of zero-dlsperslon straights,
nearby aynchro-betatron resonances are suppressed by
placing the rf cavities symmetrically with the nagnet
•uperperlodiclty•

For the C,D and E rings a racetrack lattice is now
being considered in place of the originally-proposed
S"12 lattice. As explained below, this provides the
long straights required for a super-efficient slow
extraction and collimatlon system in the E ring, while
keeping fc above top energy.

Injection into the Accumulator is achieved by
stripping the H~ beam from the cyclotron (see below)
enabling many turns to be injected into the same area
of phase space. The small emittance beam from the
injector is in fact painted over the auch larger three-
dimensional acceptance of the Accumulator to limit the
space charge tune shift. Fainting also enables the
optimum density profile to be obtained and the number
of passages through the stripping foil to be limited.

Theoretical and experimental work on the design
has continued since the proposal was issued in 1985.
The following section describes Borne recent develop-
ments. More details will be found In the more special-
ized accounts3'5. 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 commis-
sioning work on the Los Alamos Proton Storage Ring.
The mutual benefits of this arrangement are already
apparent and it is hoped to extend it to magnet power
supply studies and vacuum pipe design.

Technical 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. Wienands5 has suggested the use of a short addi-
tional pre-septum to dilute the beam density at the
main septum, demonstrating, in a simulation, a loss of
only 0.2%. A third septum could not easily be accom-
modated in the superperiodicity-12 lattice of our main
ring reference design. Instead, R.V. Servranckx6 has
proposed a racetrack lattice (Fig. 2) with two disper-
sionless 167 m long straight sections. Horizontal 6
values of about 100 m are obtained near the focusing
quadrupoles, providing low density locations for the
septa. The achromatic 180° arcs contain 24 cells, and
are tuned to 5 < 2i (~75° per cell). The tune of the
straight sections nay be adjusted to give a total tune
variation for the ring of ±1 In each plane indepen-
dently. A half-Integer resonance may be used for
extraction, to simplify the collimation process. Such
a racetrack lattice is convenient for the Driver synch-
rotron as well as for the Extender, providing more
flexibility either for the insertion of Siberian
snakes7, or for tuning for low depolarization without
snakes, using high-periodicity arc* and spin-trans-
parent straight sections. Meanwhile the properties of
the lattice remain to be investigated in detail; first
indications are that it is no sore sensitive to
betatron resonances than the reference design.

H~ Extraction fro* the Cyclotron. To extract H~ ions
(instead of stripping them to protons as In normal
operation) a conventional extraction aysten is being
developed. Laxdal et al.8 report that with 18 kV on
the rf deflector and 50 kV on the electrostatic
deflector 902 of the bean (66 uA ucropulses at IX duty
factor) is transmitted through the latter (Fig. 3). The
102 not transmitted is stripped by a narrow foil
shadowing the septum and protecting It fi'OB irvadlt-
tlon; the resulting protons Bay be dumped or iteereu
Into an experimental beaa line. The differential scan
In Fig. 3 Illustrates the intensity modulation and
improved turn separation produced by the rf deflector
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Fig. 3. Integral and differential probe scans in
the H~ extraction region of the TRIUMF cyclotron.

In conjunction with the Qr«3/2 resonance. In recent
tests the average beam current was successfully raised
to 10 uA. 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 Fermilab
booster. A full scale prototype cavity is almost
complete and should be ready for tests with an air
tuner soon (Poirier et al. 9). The collaboration with
LAMPF has also enabled us to study the possibility of
using a version of the Los Alamos cavity which employs
perpendicularly-biased microwave ferrlte. 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 instabilities. In September 1987 the TRIUMF
group was able to make measurements 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. 4).
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Fig. 4. Permeability measurements on the Los Alamos
booster cavity showing good behaviour over the entire
frequency range required at TRIUMF.

Enegren and Poirier10 have calculated the
transaisslon-llne cavity modes for the Los Alamos and
Ferallab-style cavities. The effect of damping Is also
Investigated. These studies indicate a further advan-
tage of the Los Alamos cavity, whose shortness reduces
the nusber of modes in a given frequency interval.

With the Los Alamos group transferring their
activities to the development of a main ring cavity,



their booster cavity is expected to be available for
loan to TRIUMF soon. It will then be possible to test
the cavity under ac bias conditions — the crucial
remaining test of its viability.

R. Burge1' and W. Roberts12 report on control of
the rf systems under high beam loading. Burge presents
designs of feedback circuits for phase and amplitude
control. S. Koscielnlak1^ has made an analytical study
of radial and phase control of the rf taking explicit
account of time delays. Local pickups appear to be
preferable to shared ones and the radial loop control
signal should drive the master oscillator rather than a
phase adjuster upstream. 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. Kwiatkowski et al.'1* describe the design of
the power amplifier for the Booster cavities.

Computer Control System. A six-month study of the KAON
Factory control system has been completed with the help
of two visitors from CERN. A comprehensive review was
carried out of both hardware and software options and a
full report is now available (Dawson et al. 5 ) .

Magnet Power Supplies. As explained above, dual-
frequency magnet excitation Is planned for the synchro-
trons, with a rise time three times longer than the
fall. To test the performance of such a system a high-
power test stand has been set up (Fig. 5). 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 uF capacitor bank may be switched in par-
allel with a 125 uF bank to change the resonant fre-
quency from 100 Hz to 33 Hz. This stand has been oper-
ating for a short while now and successful tests have
been carried out at fixed frequencies (Reiniger*6).

Fig. 5. High-power test stand for dual-
frequency magnet excitation studies.

Progress towards funding

Good progress has been nade over the 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 SUM one-year study on a cost-shared basis.
In September the Premier of British Columbia launched a
"public awareness" campaign which has resulted In
•everal thousand letters being sent to senior federal
politicians. A tangible symbol of the B.C. government's
coaaitnent has been its commissioning of specially-

labelled "KAON Project" wine, which we are happy to
report has already emerged the winner of an interna-
tional tasting contest!

On the federal side the Minister of State for
Science and Technology, Mr. Frank Oberle last year,
agreed to institute joint federal-provincial atudieB 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'Universite 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 favour-
able 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 1967 visited
West Germany, Italy, Japan and the U.S.A. Each country
agreed to consider financial Involvement in construc-
tion, 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 par-
ticipating in experiments and in some cases in accel-
erator design and construction.

There have been signs of increasing awareness and
support for the project from federal cabinet ministers,
and it is understood that approval of the $11 million
pre-construction R&D funds is imminent, together with
authorization for formal negotiations abroad. Every-
thing now seems set for final approval for construction
In 1989.
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