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ABSTRACT

Plans and prospects are described for KAON, a proposal by TRIUMF to build
an advanced hadron facility or kaon factory. The machine would be a 30 GeV
high intensity proton machine producing intense beams of kaons, pions, muons,
antiprotons, and neutrinos. Some of the interesting physics which could be done
with such a machine is described.

I. INTRODUCTION

This report describes KAON, which is a proposed high intensity kaon factory
for TRIUMF, and outlines the plans and the progress being made toward such a
machine. The acronym KAON stands for Kaons, Antiprotons, Other hadrons and
Neutrinos, and thus the description as simply a kaon factory is perhaps misleading.
It wil! indeed produce kaons at intensities a factor of 100 or so greater than existing
machines. It will however also produce high intensity beams of a variety of other
particles and thus provide new capabilities for investigating nuclear and particle
processes with a variety of probes.

The proposal arose some years ago from what had become a worldwide real-
ization that there is a lot of interesting physics to be done at the "intensity" or
"precision" frontier as well as at the "high energy" frontier which has attracted
most of the attention in recent years. This realization has spawned a number of
proposals for so called advanced hadron facilities including a European Hadron Fa-
cility (EHF), a machine centered around the present Los Alamos linac (LAMPF
II), proposals in Japan, and proposals to upgrade the present kaon facilities at
BrcMikhaven National Laboratory or to use the booster at Fermilab. Of these pro-
posals the KAON machine at TRIUMF is probably closest to a decision and thus
if things go as hoped and planned will be the first to open the window on this very
exciting area of new physics.

1 will first describe the plans for the accelerator proper and summarize the
present status of the proposal and the remaining steps necessary for final approval.
Then I will outline some of the proposed beamlines and experimental facilities and
describe some of the distinctive features and capabilities of the machine. Finally



and most importantly I want to talk about some of the very interesting physics
which will be possible with such a machine.

A machine such as KAON opens up a whole new class of physics possibili-
ties. We at TRIUMF hope to encourage consideration of these possibilities by the
physics community and hope that many will decide to join with us at TRIUMF
in what should prove to be a great adventure.

II. THE 'KAON' MACHINE

The design aim of the KAON complex of accelerators is to produce a 30 GeV
proton beam at 100% duty factor and 100 /ia current. This would be a factor of
100 or so higher current than any existing machines in this energy range. The
primary proton beam, which would be unpolarized, or polarized, but at somewhat
lower intensity, would then be used either directly for proton experiments or to
produce secondary beams of kaons, pions, muons, antiprotons, neutrinos, etc.

To achieve this result there will be five rings, alternatively dc storage rings
or fast cycling synchrotrons, in addition to the present TRIUMF cyclotron which
would function as an injector. Currently the present machine runs routinely at
500 MeV and 100-140 /ia. It is an H~ machine with proton extraction achieved
by stripping the H~. For KAON the extraction process would be modified to
extract H~. The H~ current, 100 /*a at about 450 MeV, would then be stripped
on injection into the Accumulator ring, the first of the five major rings. The
Accumulator collects the beam from TRIUMF in preparation for injection into
a Booster. The Booster operates as a synchrotron at 50 Hz and accelerates the
beam to 3 GeV. The beam is then transferred to the Collector ring in preparation
for the main accelerating stage. The main accelerator in a 10 Hz synchrotron
which accelerates the beam to 30 GeV. Finally an Extender storage ring collects
the beam and allows for slow cw extraction.

A possible site layout is shown in Figure 1. In this option the new rings encircle
the present machine and associated buildings. Another option has the complex
adjacent to the present site, off of the lower left hand corner of Figure 1. The
Accumulator and Booster would be stacked in one tunnel of radius of about 35
meters. The main tunnel containing the Collector, Driver and Extender rings
is now planned to be in a racetrack shape to provide long straight sections for
efficient extraction and collimation of the beam. The radius of the curved sections
is about 120 meters and the total length is about 1070 meters.

III. ECONOMIC AND POLITICAL CONSIDERATIONS

The idea for a kaon factory extension to TRIUMF originated at least ten years
ago and design and discussions proceeded for a number of years, culminating in
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Figure 1: A possible site layout showing the main rings surrounding the present
TRIUMF facility and a possible experimental area.

a formal proposal1 in 1985. This proposal has been reviewed by several advisory
committees established by the Canadian government and has been given high
marks for the scientific importance of the work that can be done and for the
technical aspects of the proposal.

As a next step, during 1988 TRIUMF received $11 million jointly from the
federal and provincial governments to fund a formal design study, with a report
due at the end of 1989. This will allow some prototyping of crucial components,
civil engineering studies, and further design work with the intent of confirming
design parameters and cost estimates. As part of this study a series of workshops
have been held at TRIUMF, and in Europe and Japan to review the physics which
can be done and to think about the kinds of detectors and other experimental
facilities which will be needed, particularly as they impact on the machine design
parameters.

The total estimated construction cost is $570 million. The operating cost,
which would come from the federal government would be about $90 million per year
and the TRIUMF staff would increase to at least 800. Both of these latter numbers
constitute somewhat more than doubling of the present TRIUMF laboratory.

The provincial government of British Columbia has been a very strong sup-
porter of KAON and currently has given it the highest priority for major develop-
ment projects in the province. They have also committed money for the buildings,



about $87 million of the total cost.
It has always been recognized that KAON would be an international facility

drawing support from, and providing opportunities for, physicists from all over
the world. It is a machine of a scale that a country the size of Canada can build
and operate. It would become then the Canadian contribution to a world network
of major accelerator facilities. Physicists from other countries might in fact make
up the majority of users of the accelerator and would benefit from the facilities in
the same way that Canadian physicists have benefited from the opportunities they
have had to share in the physics at other laboratories such as HERA, CERN, KEK,
BNL, Fermilab, and others. To that end negotiations are underway with a number
of countries as to possible ways they could contribute to KAON. Discussions are
furthest along with Germany, Japan, and Italy and a number of other countries
have expressed interest, In the U. S. a committee chaired by H. Feshbach was struck
to advise the U. S. government and has given a very favorable and supportive
report on the KAON project. It is expected that as much as one third of the cost
or nearly $200 million will come in some fashion from other countries, probably
mostly in the form of contributions of specific components, magnets and the like.

The remainder of the money would come from the federal government. It is
hoped that we will receive formal approval and funding from the federal govern-
ment in 1990. Construction would then require about 5 years and first beam for
experiments would be available around 1995. It is expected that Canada will pay
the full normal operating costs, estimated at $90 million per year, with all nations
participating in experimental facilities such as detectors.

IV. PHYSICS AT 'KAON'

Consider now the compelling reasons for this enterprise, that is, the exciting
possibilities for new physics that a machine such as KAON makes possible. To
do that we must first look at the experimental facilities which are plannei or
possible so as to understand the capabilities and unique features which KAON
would provide.

A number of possible secondary channels are in preliminary design stages. Cer-
tainly only a few will be built initially, and the specific choices will be driven by
the specific experiments planned. The intention however is to keep the experimen-
tal area as flexible as possible, and to allow for channels covering the complete
momentum range and for a variety of particles.

Figure 2 shows a possible layout jf the experimental area. Provisions are being
made for several kaon channels covering the momentum range from 500 MeV/c
up to 15-20 Gev/c. These can be tuned as pion channels as well. A separate area
is set aside for K° beams. Low energy muon and pion channels can be taken off in
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Figure 2: A proposed layout for the experimental area and secondary channels.

the backward direction. A neutrino facility can provide a spectrum of neutrinos
peaking in the energy range 1-2 GeV, with fluxes of the order of lO'V,, /GeV-
m2-sec. The primary proton beam will be fed to a proton area allowing high
energy proton experiments, particularly with polarized protons. At present there
are no plans for dedicated beams of antiprotons or for a LEAR type accumulator.
However the energy of the machine was originally chosen to allow reasonable fluxes
of antiprotons and so such a facility could be considered at a later date. The table
summarizes some of the beam lines being considered, their momentum range and
the typical range of flux possible. The main advantage of all of these channels is the
factor of 100 increase in intensity over existing beams. This allows large numbers
of kaons (or pions) for intensity limited experiments or alternatively allows much
tighter tuning to achieve good beam purity or specific kinematic conditions.

It should be obvious that such a facility allows a tremendous range of physics
possibilities. Specific experiments will be determined at a later date and, as has
been the case with most machines at the stage of KAON, will quite possibly not
be exactly the ones that seem most interesting right now. However it is of interest
to look at a number of possible areas for which this machine can provide new
opportunities.

High energy spin physics: Cross section data are very useful, but it has
been the experience at TRIUMF, as well as elsewhere, that spin information is
often crucial in unraveling details of the interactions. Polarized beams are also



Beam

K0.7
Kl.u
K2.5
K6
K20

K°

V

*•*

Momentum (GeV/c)

0.4-0.7
0.7-1.5
1.2-2.5

2-6
2-20

0.5-10

0-6

stopped

Typical Flux

lO'-lO8 K", K+
10lo-10" ir* < 2 GeV/c
109-1010 JT* > 2 GcV/c

lOMO8 p

8 x 107/(GeV/c) © 2 GeV/c

lO'VGeV-m2 i/M @ 1 GeV/c

Improvement by factors of
250 0 i + ) , 1000 (/Z-)

Table 1: Some proposed secondary beams, their momentum range, and typical
range of fluxes.

lower in intensity than unpolarized ones and thus are useful in the early stages of
machine development. Thus it is planned at KAON to have a polarized proton
beam ranging up to the full machine energy of 30 GeV.

The original expectation was that spin was an "inessential complication" at
these energies. This has not proved to be true however. For example, high p\
measurements2 of polarized p+p scattering at the AGS indicate significant spin
dependences. Interesting structures have been seen both in A and in Ann. The
increased intensity at KAON would allow better precision as well as extension of
these measurements to higher p\. Large polarizations have also been seen in the
inclusive production of A and other hyperons by protons at high energies.3 All of
this deserves further investigation. Reactions such as pp —» HX, where H is a
baryon could be very interesting and in principle might make possible beams of
polarized hadrons and investigation of such processes as A scattering on nucleons.

Another interesting possibility involves parity violation, presumedly due to the
weak interaction, in elastic pp scattering. Measurements with longitudinally po-
larized protons both in the few MeV range and at 800 MeV are in agreement with
theoretical expectations, but a measurement* at 6 GeV/c shows parity violation
an order of magnitude larger than expected. It would be very interesting to extend
these measurements to higher energies to check for example predictions that the
effect should continue to increase with increasing energy.5 This would be a suffi-



ciently difBcult experiment however that it would be done only after the properties
of the machine were well understood.

Thus there are a variety of processes which could be investigated at KAON
which exploit the primary polarized beam or the polarization properties of the
produced particles.

Hadron spectroscopy: The simple non relativistic quark model predicts a
multitude of hadronic states, many of which have been found. However there
are many predicted which have not yet been seen, presumedly because of weak
coupling to the available incident channels. At this conference we have heard how
collective models lead to patterns of states, in particular to parity doublets,6 which
are different than those given by the usual non relativistic quark model. Improved
beams of K, n, p and p would allow systematic searches for these predicted states
and thus might help to distinguish different approaches to constructing hadronic
states from the underlying quarks. One needs high statistics and elaborate detec-
tors, preferably with uniform, nearly 47r acceptance.

Perhaps even more interesting will be searches for the exotics not predicted by
the standard models. There have been hints of states such as q2q2 or q3qq which
might be found or ruled out with better experiments. For example reactions such
as A'+p —» Z' could be looked for with high precision. One could also learn about
the decays and properties of known resonances. For example the long standing
controversy over the nature of the A(1405) - three quark state versus KN bound
state - might be settled by production and decay experiments done much better
than existing experiments.

Rare kaon decays and CP violation: One of the crucial modern questions
deals with the possible extensions of the standard model and the possible exis-
tence of a whole variety of new particles. Most of these extensions make definite
predictions for some of the rare decay modes of the kaon, either predicting a spe-
cific rate or the presence or absence of a specific decay mode. Thus determination
of the various branching ratios is very important. The mass scales involved for
many of the new particles are far above these which will ever be directly accessible
at accelerators. Thus in these cases the only opportunity for investigation is via
precision measurements of decay modes affected by such particles.

The extra factor of 100 in kaon intensity to be available at KAON should make
possible much higher statistics or alternatively much cleaner beams. For example
the reaction A'+ —» n+i'V is currently being searched for at BNL. The aim is to
push the branching ration down from 10~7 to a few times 1O"10 which is just
above the theoretical predictions of the standard model. The increased intensity
of KAON would allow this branching ratio to be pushed down to a few times 10~12

or alternatively if the process is seen, to investigate it in detail.
CP violation is one of the most important and most puzzling outstanding



problems and a variety of models make different predictions for the CP violation
parameters. Precision measurements, particularly of e'/e, would be useful and
could be carried out with the K° beams to be available.

Hypernuclei: It is interesting to study what happens when a hyperon is
dropped into a nucleus. There are nc restrictions originating in the Pauli principle
so that the hyperon can be even in the innermost level. Most hypernuclei observed
so far involve the A and have given much of what we know about the low energy
A-N force.

Normally hypernuclei are produced via a (K~,7r~) reaction which allows a A
to be produced at rest. The (7T,K) reaction works also and, although it does not
produce the hyperon at rest, it allows the use of n beams which have significantly
greater fluxes than K beams. Improved intensities and better beam purity possible
at KAON will make both of these reactions easier.

There has been a lot of excitement about recent observations of very narrow
E hypernuclear states7 and more detailed investigation would be of value. With
improved kaon beams it may also be possible to produce S = —2 states using
(K~,K+), double charge and double strangeness exchange reactions to produce
A A hypernuclei or hypernuclei involving the E".

Neutrino physics: Currently most neutrino beams available originate from
reactors or from the beam stops of medium energy machines and thus consist of a
spectrum of low energy neutrinos of mixed species. With much increased intensity
of the primary beam it becomes possible to select beams of specific particles, for
example K+, and allow them to decay, thus selecting out neutrino beams of a
specific species. Typical energies would be up to a few GeV.

With such beams one can do neutrino oscillation experiments or use i/e elastic
scattering to measure sin2 Ow better than currently possible. One can measure
scattering on nuclear targets and thus get information on the weak form factors
as a function of momentum transfer. Alternatively one can use selection rules
originating from the properties of the nuclear target to look at specific pieces of
the weak current.

Few body kaon reactions: Clean kaon beams open up a number of possibili-
ties for few particle kaon reactions. For example K-N scattering could be done with
precision over the wide range of available energies and various spin correlations
involving the spins of the initial or final nucleon could be measured. Radiative
processes could be examined in detail. For example the recent BNL experiment8

which measured Kp -> A7 and Kp -* E7 with the aim of learning9 about the
A(1405) could be improved. The same group extended this measurement to the
process Kd —* Artf and was able to see the process and get tantalizing estimates
of the A - n scattering length from their data.10'11 To really explore the low en-
ergy A — n interaction via this process would require much better statistics, which



perhaps could be obtained with better kaon beams.
One could also use kaon reactions on the deuteron such as d(K~,K°) or

d(K~, K+) to search for a variety of 5 = 0, — 1, - 2 dibaryons.
Pions, muons, and conventional medium energy reactions: The advent

of pion factories led to a quantum leap in the kinds of information one could obtain
about the nucleus and the precision with which one could measure properties and
decays of pions and muons. KAON might be expected to result in a similar
quantum leap.

Pion beams available would increase in intensity by a factor of 100 over present
beams and would extend to significantly higher energies. This would allow one to
extend pion scattering measurements to higher energies, thus probing deeper in
the nucleus. Higher mass resonances could be produced and studied. Processes
which are currently difficult or marginal to study because of rate limitations, such
as double pion charge exchange, could now be examined in detail.

The increased pion intensity coupled with advances in channel design would
make possible major increases in the stopped muon flux available. A factor of 250
for n+ and of 103 for /i~ seems to be possible. This would allow higher precision
measurements of muon decays, even better limits for forbidden processes such as
/i -• e) or /J -» eee, /i-capture measurements from definite spin states, detailed
measurements of /i-capture on the proton and radiative capture in light nuclei
where the rates are low, and a variety of other processes currently limited by low
rates.

The kaon beams could also be used for conventional nuclear studies. For exam-
ple since the K+ has such a long mean free path, such beams would allow improved
probes of nucleon densities in the interior of nuclei.

Summary: The discussion above has by necessity been little more than a
listing of a few of the areas which could be investigated using the new capabilities,
greater intensities, and improved beams at machines such as KAON. Hopefully
it has given an indication however of the flexibility of such machines and of the
tremendous range of interesting physics which can be investigated. New physics
at the atomic level, in conventional medium energy nuclear physics, in studies
of properties of hadrons, in explorations of the quark model and its implications
for hadronic physics, in searches for extensions of the standard model, on up to
investigations by precision experiments of mass scales far above anything possible
co produce directly all become possible as a consequence of the capabilities of such
a machine.

Those of us at TRIUMF are tremendously excited about the possibilities at
KAON. We hope that many of world physics community will join with us in
exploiting these opportunities and this very interesting physics.
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