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ABSTRACT

Two alternative designs—based on proton synchrotrons and isochronous
ring cyclotrons, respectively—are considered for accelerating high cur-
rents (>30 uA) from TRIUMF (0.45 GeV) to energies high enough for the pro-
duction of high fluxes of kaons (8-10 GeV) and antiprotons (25-30 GeV).
The first synchrotron would be fast cycling at 20 Hz, with third harmonic
flat-topping to aid in injection and extraction. The cw beam from TRIUMF
would be extracted in 100-turn "macropulses" at 22 usec intervals. With
400 yiA in TRIUMF and injection over 8-20% of the magnet cycle, 30-80 pA
could be accelerated to 10 GeV. A second synchrotron would accelerate
30 uA to 30 GeV for production of antiprotons..

^-The ring cyclotron option would ais» ue built in two stages, 0.45 to
3 GeV (15 sectors, 10 m radius) and 3 to 8.5 GeV (30 sectors, 20 m radius).
With superconducting magnets (5 T) the weight of steel could be kept below
2000 tons for each ring. Large field-free regions between the spiral
sector magnets allow room for multiple SIN-style accelerating cavities,
permitting energy gains of many MeV/turn. Second or third harmonic cavi-
ties and the phase compression effect help in achieving separated turn
extraction. Up to 100% of the beam in TRIUMF could be accelerated to
8.5 GeV.

INTRODUCTION

The possibility of building an accelerator to provide several hundred
times the currents available from most present accelerators in the GeV or
tens of GeV range (=;0.3 yA) is a challenging one. (The Fermilab 8 GeV
Booster Synchrotron has recently provided a 7 |iA proton beam,1 but this is
not at present available for experimental use.) Such a machine could open
up the fields of kaon and antiproton physics in the same way that the pi-
meson factories have done for pion and muon physics. The wide range of
problems in nuclear and particle physics which could be studied is
described in other papers to this Workshop and, e.g., in the Proceedings
of the 1976 Meeting on Kaon Physics and Facilities at Brookhaven2 and of
the 1979 Workshop on Physics with Cooled Low Energy Antiprotons at
Karlsruhe.3

The threshold for kaon production is ad.l GeV, but to produce intense
and clean beams higher energies are needed, well above the (3,3) resonance.
Berley1* has analysed various kaon beams, showing that their intensities
rise very strongly with incident proton energy at first, but flatten off
at ~7 GeV for K+ and ~9 GeV for K~. A high-intensity accelerator operat-
ing near these energies could produce not only intense secondary beams of
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kaons (themselves a source of Z- and A-hyperons) but also non-strange
beams of protons, neutrons, plons, muons and neutrinos. For the produc-
tion of Intense antiproton beams higher energies are desirable (>15 GeV).

With 100 yA currents already available, the meson factories are in an
unrivalled position to act as injectors to a future generation of high-
current accelerators in the GeV range. In the case of TRIUMF, with its
capability for simultaneous extraction of several proton beams, the prob-
lem of splitting off a portion of the main beam for further acceleration
is a particularly simple one. It should be possible to accelerate 400 pA
of H~ ions up to the onset of significant electric stripping at 450 MeV
without exceeding the radiation spill limits; the whole of this beam could
be extracted for further acceleration. Alternatively a 100 pA beam of
good quality could readily be extracted by inserting an additional strip-
ping foil and dispatched to a higher eneigy accelerator without causing
any interference with the 200-500 MeV experimental programme.

To accelerate to higher energies two alternative designs have been
proposed, one utilizing two proton synchrotrons,5 the other two isochron-
ous ring cyclotrons.6 The synchrotron design is potentially unlimited in
energy, but limited in current (80 uA at 10 GeV) by the problem of captur-
ing sufficient of the cw beam produced by the TRIUMF cyclotron. The
"CANUCK" ring cyclotrons (Canadian University Cyclotrons for Kaons) can
capture all the available current (400 uA) but are limited in energy
(3 GeV and 8.5 GeV).

PROTON SYNCHROTRONS

Kaon Factory**
The magnitude of the average current which can be accelerated in syn-

chrotrons used as after-burners for the TRIUMF cyclotron depends funda-
mentally on the beam current of TRIUMF and the fraction of the synchrotron
cycle time used for injection. Considering a reasonable TRIUMF beam of
300 uA at 450 MeV for injection and a fraction of 1/9 to 1/4 as the frac-
tion of synchrotron time spent on injection, one obtains an upper limit of
2 to 4.5 x 1011* protons per second as the output beam of the synchrotrons.
In the cyclotron there will be 8 x 107 protons/RF pulse or 4 x 108 protons
in one turn. Using the method described below, 500 RF pulses or 100 turns
are stacked near the outer edge of the cyclotron and then injected as a
packet over a period of 2 turns (0.43 usec) into t>s (first) synchrotron.
The time between Injections would be 22 psec. The repetition rate required
for the synchrotron is thus set by the injection period required to fill
up the allowable current limitation per turn for a reasonable synchrotron
design. As an example synchrotron we will take a radius of 50 m, a radial
aperture 100 mm and a vertical aperture 60 nun (see Table I). The space
charge limit at injection is given by

where B is the bunching factor (1/3), the tune v =* 10 and rp = 1.54 x 10~
16

cm. Inserting the appropriate values we get 3 x 101*4 protons/turn for the
space charge limit in a single turn. The phase space limit comes from the
ratio of the phase space admittance of the synchrotron to the emittance of
the cyclotron. This ratio is 5600 for the plane transverse to the beam
and 13 along the beam direction. This gives a current limitation of
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10 msec
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Table I. Combined kaon and p factory for TRIUMF.

Kaon ring p" ring

Final energy (GeV)
Radius (m)
Aperture (1/2x1/2) (mm2)
Type of magnets
Injection time
Repetition rate (Hz)
Acceleration time
Nominal energy gain per turn (MeV)
Space charge limit In one turn
Phase space limit in one turn
Number of protons per pulse
Number of protons per second

In association with the p" ring a combined storage and cooling
ring will be required to cool and lower the p" energy to
energies < 100 MeV.

2.9 x 1013 protons/turn from phase space considerations. Taking a conser-
vative limit of 2 x 1013 protons to be accelerated we see that this would
require the injection of 500 packets over a period of some 10 msec. This
injection time requires a synchrotron cycle time between 40 and 90 msec
or a repetition rate between 25 and 10 Hz and a final output current from
the synchrotron of 2 to 5 x 1011* protons sec"1.

Antiproton Factory
For the production of large fluxes of antiprotons it appears to be

desirable to raise the energy to 25-30 GeV. This could be done by in-
creasing the average beam radius from 50 to 150 m, but this would result
in an accelerator which is rather large for the TRIUMF site. An attractive
alternative is to raise the magnetic field by a factor of three in the
bending magnets by using an additional ring which is slow cycling and
superconducting and thus retaining the average radius of 50 m. With this
situation one could consider making the two synchrotrons concentric, using
the same beam tunnel. However, the leakage magnetic flux from the super-
conducting magnets might be a problem.

Since the momentum at injection for the p~ synchrotron is some 10
times as large as that for the kaon synchrotron, this factor more than
compensates for the smaller aperture (40 mm diam) suggested for the super-
conducting magnets. The result is a limit on the beam of 4.5 x 1015 pro-
tons in a single turn for the p* synchrotron from phase space considerations.
The space charge limit turns out to be 20 times less stringent. We
are led, then, to suggest a 10 sec cycle time for the p" synchrotron,
allowing a large fraction of the protons accelerated in the kaon synchro-
tron to be injected into the j> synchrotron. Something like 4 sec of the
cycle time could be used for injection, ensuring, with the 25 Hz repeti-
tion rate for the kaon synchrotron, a final beam at 30 GeV of 2 x 101*1

protons sec"1.



For research with low-energy antiprotons it would be desirable to in-
clude a combined storage and cooling ring. Ant.iprotons from the produc-
tion target would be cooled in the storage ring and then injected into the
kaon ring and decelerated to low energy and then reinjected into the
storage ring for final cooling and use in stopping p~ experiments.

Further analysis is required in conjunction with the best available
data on p" production to evaluate the relative merits of the two-synchro-
tron vs a one-synchrotron system. However, it should be pointed out that
the system proposed here would have the potential of producing a flux of
low-energy antiprotons some 40 to 100 times that envisioned for the
PS-AA-LEAR complex under construction at CERN. Simultaneously the kaon
ring would be producing low-energy kaons with some 200 times the intensity
that could be produced at Brookhaven.

H+ Injection
The problem of matching the time structures of the cyclotron and the

synchrotron can be reduced by stacking some 100 turns in the cyclotron
and then injecting them over a period which matches the receptive time of
the synchrotron. The stacking process makes use of the decelerated beam7

which has been observed at TRIUMF8 and used for a number of beam measure-
ments. In accordance with a well-known cyclotron theorem, the spread in
phase angle a represented by Asina will remain constant through the
acceleration process. Thus the spread in phase angle which might go from
0° to 10° at injection into TRIUMF can be made to go from 52° to 75° at a
radius of 7.6 m (450 MeV). Over the next radial interval of 25 mm the
field can be tailored so the ions take approximately one hundred turns in
going from 52°-90° and back to 52° and also from 75o-90° and back. The
result is some hundred turns of all phases collected in a pocket 25 mm
wide in radius. An axial electric field of 15 kV/cm applied over an azi-
muthal distance of 25 cm is sufficient to sweep all the ions in the packet
onto a foil stripper, which removes the two electrons from the H~ ions and
allows the protons to escape the magnetic field. This is accomplished
over two ion revolutions (10 RF pulses) for a pulse length of 0.43 usec
which fits comfortably into the proposed ion revolution period of the
synchrotron of 1.4 usec for optimum capture. This process is repeated
every 100 TRIUMF ion revolutions (21.7 psec). In the 100 turns at 450 MeV,
the total loss due to stripping (both electromagnetic and gas) is less
than 2%. The energy spread in the extracted beam will be about 2.5 MeV
FWHM.

In tailoring the falling magnetic field to ensure a similar number of
turns for all the initial phases between 52° and 75°, it is necessary to
vary the departure from isochronism over the 25 mm radial region where the
extraction is to take place. If Bj is the isochronous field and 6B is the
departure from Bj, then in practice one sets 6B/Bj at about 0.0012 over
the first 10 nun in order to turn back those ions at large phase angles.
In order to take care of those ions with phases down to 52° it is neces-
sary to increase fiB/B^ to 0.0033. Other falling field regimes can be
used; in the case of a smaller initial phase spread the problem of obtain-
ing a similar number of turns for all phases in the 25 mm packet becomes
easier.

H~ Injection
TRIUMF normally accelerates H~ ions to 180-525 MeV. It is therefore

natural to consider the possibility of extracting the H~ ions (as negative



Ions) from 1RIUMF and injecting them into the synchrotron by stripping two
H* ions near the equilibrium orbit of the synchrotron.

Injection by stripping circumvents Liouville's theorem and thus
avoids most phase space problems of injection into the synchrotron, leav-
ing space charge as the most important limit on the intensity. Assuming
that 100 uA of H" ions can be extracted from TRIUMF, using the amplifica-
tion of radial motion observed at SIN, one has about 2.7 * 107 ions per
RF pulse and 3.7 x 105 pulses spread over 16 msec to give 1013 protons
per synchrotron cycle. A synchrotron repetition rate of 20 Hz yields
2 * 101"* protons sec"1. The synchrotron magnets would have a dc bias
with flat-topping—the 20 Hz repetition rate will allow the application
of third harmonic at 60 Hz.

The phase space of the synchrotron can be filled by stripping in a
number of alternative ways. For example, the stripper in the synchrotron
magnetic field can be moved mechanically across the synchrotron aperture—
together with vertical and horizontal steering of the H~ beam. Fast
bumper magnets are another possibility. There are approximately 10,000
synchrotron turns in the 16 msec injection time. The particles will
traverse the stripping foil some 400 times, assuming a 2 mm wide stripper
and a horizontal aperture of 50 mm. Multiple scattering would not cause
any difficulties and the momentum compaction would only be Ap/p «
2 x 10~3/mm. The stripper lifetime would have to be investigated.

Ideally, for this type of injection, the synchrotron RF should be at
the same frequency as the cyclotron (23 MHz), increasing by about 30% to
the time of beam extraction. This would result in highly efficient capture
in the synchrotron since the excellent phase spread from the cyclotron
would remain in the synchrotron. An energy gain of 1 MeV per synchrotron
turn would be readily achievable for this application.

"CANUCK" HIGH-ENERGY CYCLOTRONS6

The high intensities achieved by cyclotron meson factories are in
large measure attributable to their cw operation. However, we have seen
that matching them to the (pulsed) synchrotrons conventional for accelerat-
ing protons to GeV energies poses some technical problems and results in
a tenfold loss in intensity. It is therefore natural to consider the
possibility of designing isochronous cyclotrons for accelerating protons
to ~9 GeV, an energy close to the shoulder of the cross-section for kaon
production. Cyclotron designs In the GeV range have previously been con-
sidered by Sarkisyan,9 Gordon,10 Mackenzie11 and Joho,*2

The chief problems in designing a high-energy cyclotron are, of
course, the rapid rise of average field with radius (d¥/dr ~ By3) needed
to maintain isochronism, and the consequent axial defocusing. The flutter
F2 = (B/1T - I) 2 and spiral angle e needed to keep the axial tune vz real
therefore rise drastically with energy. Using the rough approximation

v| « -&2y2 + F2(l + 2 tan2e) (2)

we see that for y » 1 we require

/2F2" tane J> y . (3)

To avoid excessive spiral it Is therefore vital to have a large flutter



(F2 > 1). In this respect the design criteria lead naturally to the
choice of a ring cyclotron with separated sector magnets. The magnetic
field is then restricted to the hill regions, giving in hard edge approxi-
mation^ '

F2

tv and £n being the orbit lengths in valley and hill, respectively. Ob-
taining sufficient flutter is thus dependent on arranging sufficient
separation between the magnets. In the designs described below we have
chosen F2 =s 2 at maximum energy, so that for example at y = 10 (8.5 GeV)
Eq. (3) requires a spiral tane & 5—a value still within the bounds of
practical possibility.

Separated sector machines have other important design advantages:
1) Large magnetic field-free regions between the magnets where the injec-
tion, extraction, pumping, diagnostic and acceleration systems may be
located (with all the advantages of separated function design).
2) The high <.v/£n ratio increases the cyclotron radius and hence the
turn separation (making extraction easier) and reduces the radial deriva-
tives of flutter, spiral and average field (making the magnets easier to
construct).

Of course, wider valleys and larger radii also imply higher costs in
equipment and buildings. This argument was perhaps crucial until the
advent of reliable superconducting magnets over the past few years. With
the factor 2 gain in hill field which these provide the machine radius
required is halved and the costs drastically reduced—in the case of the
magnet steel by about a factor 8. That the savings in capital costs and
power bills more than offset the extra cost of refrigeration is, of course,
the reason for the growing wave of interest in cyclotrons with supercon-
ducting magnets.11*

Supposing then that we can obtain a hill field Bn * 5.0 T, how large
will the machine be? In hard edge approximation, isochronism requires

•

where the "central field" Bc is related to the cyclotron radius rc and the
angular frequency Up of the proton (charge e, mass m) by eBc/m - w- * c/rc.
For y - 10 and F2 « 2, Eq. (5) gives Bc - 0.17 T. However, our choice of
Bc is not entirely free; to ensure an integral number of proton bunches
per turn we must keep Bc commensurate with its value in TRIUMF, namely
0.30 T. We therefore choose to give Bc and u>p half their TRIUMF values
(i.e. 0.15 T and 2.305 MHz), making the cyclotron radius twice as large,
namely 20.6 m (and raising F2 to 2.3).

If a single machine were used to accelerate protons at 450 MeV (3 "
0.71) from TRIUMF to 8.5 GeV (3 - 0.995) the sector magnets would still be
undesirably large—the gain in radius being~6 m. However, by designing
the machine in two stages, the lower energy one with a smaller value of
rc, substantial saving can be achieved, together with greater versatility
in the shape of beams of intermediate energy—advantages which should out-
weigh the complication of additional extraction and injection systems.
Choosing the same cyclotron radius (10.3 m) and frequency (4.61 MHz) as in
TRIUMF the lower energy orbits are halved in size. For a maximum y of 4



(6 - 0.968, T =r 3 GeV), the gain in radius is only 2.4 m (similar to SIN)
while Eq. (5) shows that the flutter factor F2 = 3.2.

Betratron Oscillations and Fringing Field Effects
To proceed further and decide on the optimum number of sectors (N) and

variation of spiral angle with radius, we need to know fairly accurately
how the radial and axial tunes vr and v, depend on the machine parameters.
For vr the expression derived by Schatz

15 in the hard edge approximation
is sufficiently accurate (as we have confirmed by numerical orbit studies
for edges of realistic softness—see below). This expression shows that
vr grows much faster than the simplest approximation vr ~ y when the
flutter is high, and the ir-stop band is reached well before y - N/2. For
F2 =t 2 vr reaches N/2 for y =* N/3 in the cases studied. It is therefore
necessary to choose the number of sectors N > 3-ymax* Thus we have chosen
N » 15 for the first stage (y • 4) and N » 30 for the second stage
(Y " 10).

For axial motion the usefulness of hard edge theory is rather limited,
the reason being the growing importance of fringing field effects as the
spiral angle increases, for pole gaps of realistic height. Enge16 shows
that while the radial focusing strength is (to first order) unaffected by
the fringing field, the axial focusing strength Is reduced by two effects
—firstly the bend is incomplete at the point of maximum field gradient so
that the effective crossing angle y is reduced, and secondly there is a
thick lens effect. To minimize the loss in focusing the field edge must
be kept as hard as possible by using a small vertical gap between the
poles (2.5 cm in the present design).

To explore the orbit properties in the proposed machines accurately
we have tracked protons through a simulated magnet field with Woods-Saxon
shaped field edges, using the equilibrium orbit code CYCLOPS. Starting
from the hard edge solution the spiral profile tane(r) was adjusted iter-
atively until the desired value of v2. (=*3) was obtained at all radii. For
a y - 4 to 10 cyclotron with N - 30, rc - 20.6 m, a uniform field Bh •=
5.0 T and a pole gap g * 25 mm, the spiral required rises smoothly to a
maximum tanc » 6.5, and the resulting pole shape is shown in Fig. 1.

f COIL 8 CRYOSTAT

YOKE

6 50 10*0
Fig. 1. Plan view of superconducting sector magnet design
for a second stage 3 to 8.5 GeV isochronous ring cyclotron.



The variation of
vz and vr with energy
is illustrated in the
resonance diagram
(Fig. 2). We avoid
crossing the dangerous
vz=l resonance up to
8.6 GeV; with a little
more adjustment to the
edge shape near maxi-
mum radius it should
be possible to avoid
crossing the vz=2
resonance also. The
crossing of the inte-
ger and half-integer
radial resonances
should cause no seri-
ous problems with
sufficient energy gain
per turn.
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Fig. 2. Betatron oscillation frequencies computed
in the simulated magnetic field of a 30-sector
8.5 GeV ring cyclotron.

Magnet and RF Design
There is an intimate relationship between the design of the magnets

and the RF system, particularly when one is trying to achieve final ener-
gies between 5 and 10 GeV. For example, the fact that one needs 15 sectors
to reach y » 4 and 30 sectors to reach y • 10, in order to avoid the n-stop
band in the radial focusing, precludes the use of "dee" type RF structures
(because of lack of space) and forces the use of SIN-type cavities. Con-
versely, the length of the magnets in the radial direction, together with
the wavelength of the RF to be used, dictates the use of two cyclotron
stages, instead of one, in accelerating to y * 10.

The proposed arrangement of sectors and cavities for the two cyclo-
trons is shown in Fig. 3. In the 8.5 GeV machine the cavities are arranged
in three groups of seven in order to keep groups of three neighbouring
valleys clear for injection and extraction systems.

In considering the radio frequency to be used in coupled cyclotrons
the conventional wisdom states that the frequency should be the same in
the two stages. This requirement would present a serious problem in our
case since TRIUMF operates at 23 MHz and SIN-type cavities at this frequen-
cy are very large and expensive and would require large amounts of RF
power. The reason for the requirement is that a phase spread of ±14° in
TRIUMF would become ±28° at 46 MHz, resulting in an increase in the spread
in energy gain per turn from 3% to 12% over the phase interval. However,
superposition of 25% 2nd harmonic (92 MHz) would reduce the spread in
energy gain per turn to less than 1%—at the cost of a reduction of 25% in
peak energy gain per turn.

In this case we are using "flat-topping" to make the transition from
the low TRIUMF frequency to a higher frequency in the second cyclotron
without increasing the spread in energy gain.

It is also possible in a two-stage post-accelerator to use the first
stage cyclotron as a phase compressor by arranging that the cavity voltage
increase with radius.'7 If the first stage accelerates from Y " 1-5 to



Fig. 3. Possible arrangement
of the 3 and 8.5 GeV ring
cyclotrons fed from beam line
2A of the present 520 MeV
cyclotron.
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Y = A with a cyclotron radius rc = c/u)_ - 10.3 m, the increase in radius
is 2.3 m. An RF cavity can be arranged so that its peak electric field
coincides with the final orbit, and if its dimensions are 5.9 m (horizon-
tal) by 3.6 m the accelerating voltage will increase by a factor of 3 from
initial to final orbit, resulting in a phase compression by a factor of
3. The beam can now be injected into the second stage cyclotron with a
phase spread foi an accelerating frequency of 69 MHz just equal to that on
leaving TRIUMF at 23 MHz. Third harmonic cavities (207 MHz) can be
installed in the second stage to give "flat-topping" there—at a loss of
1/9 of the peak energy gain.

An important possibility in magnet design for superconducting ring
cyclotrons is the use of part of the return flux along a channel or "gully11

between a hill and valley to increase the flutter. This gully would have
a reverse field of 12-20 kG, be parallel to the edge of the hill and
increase the flutter by some 30-50%. In making the extremely crude esti-
mate of magnet weight shown in Table II it has been assumed that enough
iron will be provided to provide a complete return flux in iron (except
for the gullies).

Table II. Ring cyclotron kaon factory

Injection energy (MeV)
Extraction energy (MeV)
rc - c/cop (m)
Number of sectors
Primary cavities
Harmonic cavities
Approx. dimensions of

primary cavities (m2)
secondary cavities (m2)

Total RF power (MW)
Peak energy gain/turn (MeV)
at injection
at extraction

AE/Ar (MeV/mm)
at injection
at extraction

Radius gain per turn (mm)
at injection
at extraction

Crude estimate of magnet
weight (m tons)

Approx. number of turns

First stage

450
3000
10.3
15

8 at 46 MHz
4 at 92 MHz

5.9 x 3.6
5.9 x 1.6

2.0

1.2
3.6

0.23
5.6

5.3
0.64

2000
900

Second stage

3000
8500
20.6
30

15 at 69 MHz
6 at 207 MHz

4 x 2.6
4 x 1.5
1.7

7.9
7.9

1.9
30

4.2
0.26

1800
700

It therefore appears that it is not only technically feasible to
accelerate a high-intensity beam of protons to many GeV in a cyclotron,
but that with the help of superconducting technology it is economically
feasible also. Provided pole gaps are kept small and separated sector
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magnets and gullies are used to obtain high flutter, axial focusing can
be maintained to 8.5 GeV with not unreasonable spiral angles. The use of
2nd and 3rd harmonic cavities and phase compression can reduce the energy
spread to 1% or better. The major question remaining to be tackled is
that of extraction. If the full 3ir mm-mrad emittance of TRIUMF were in-
jected the incoherent radial amplitude of the beam would be 1.1 mm at
3 GeV and 0.7 mm at 8.5 GeV—several turns in each case. A 1% energy
spread corresponds to 10 turns. With the help of radial resonances
(vr = 6 at 3 GeV and vr = 12 at 8.5 GeV) and some reduction in energy
spread and emittance, reasonably efficient extraction would seem to be
within reach.

Both the synchrotron and the cyclotron designs presented above are
very much in their preliminary stages; during the coming months they will
have to be looked at in more depth and the feasibility assessed of sub-
mitting a formal proposal for one or the other.
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DISCUSSION

DZHELEPOV: Can you tell us what might be the time scale for construction
of a kaon factory at TRIUMF?

CRADDOCK: If the project were funded now (which it isn't), the earliest
completion date would perhaps be 1985.

ANDERSON: What will the machine cost, approximately?

CRADDOCK: No detailed engineering design or cost estimates have yet been
made. However, a comparison with estimates approved by the U.S. Dept. of
Energy for the Michigan State University second stage (K = 800) supercon-
ducting cyclotron suggests that the costs of the 3 and 8 GeV cyclotrons
would be about $20M and $25M, respectively (in 1979 Canadian dollars).
For the 10 GeV synchrotron we may refer to the Fermilab 8 GeV booster,
which cost $17M (U.S.) in 1970: allowing a factor 2.0 for inflation would
bring this to $A4M (Canadian) in 1979. For comparison, the cost of the
present TRIUMF cyclotron was $12M in 1970—or about $25M in 1979 dollars.

HUNGERFORD: How would operation of the TRIUMF machine as an injector for
the proposed K factory impact the operation of TRIUMF as a v factory?

CRADDOCK: Not significantly, provided extra current were accelerated in
the present machine to supply the kaon factory. Thus if (as has been pro-
posed) the current were raised to 400 yA, 300 uA could be accelerated to
higher energies while 100 uA would still be available for use at 500 MeV;
the ratio of the two beam currents would be fully adjustable. For the
ring cyclotron kaon factory both beams would be cw; for the synchrotron
option the split would be made tiraewise, and the macro-duty cycle of the
beams for 500 MeV use would be reduced to =4

BLASER: When considering beams of megawatt power level going through super-
conducting magnets one should be careful about beam spill. At SIN, for
example, neutrons heat the first coils of y-channel to quench at currents
above 100 MA in certain conditions. Also, in the medical pion applicator a
proton current limit of 20-30 uA is given by heating the first supercon-
ducting horns by neutrons from the target.


