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Abstract
An advanced hadron facility KAON has been proposed to be built in Canada. The

report of the Project Definition Study has been presented to both levels of Government
(federal and provincial) on May 24, 1990, for action in the near future. A short discussion
will be given of the scientific motivation. The physics along the intensity and precision
frontier is fully complementary to the physics along the energy frontier. Following, a
description will be given of the 100 /*A, 30 GeV proton synchrotron proposed. The accel-
erator will consist of five rings using the present 500 MeV cyclotron as an injector. If the
project were funded this year, the accelerators would be completed by 1995 or so, with
the experimental program starting a year later.

1. INTRODUCTION
An advanced hadron facility KAON has been proposed to be built in Canada. [1]

The proton synchrotron will provide 100 /xA of 30 GeV unpolarized protons as well as up
to 10 /zA of polarized protons. The accelerator will consist of five rings using the present
500 MeV cyclotron as injector. After a series of reviews (technical and overview) the
Government of Canada and the Government of the Province of British Columbia together
funded a Project Definition Study to deal with a whole gamma of issues ranging from civil
engineering aspects to economic impact considerations. The report of the KAON Factory
Engineering Design and Impact Study [2] has been presented to both levels of Government
(federal and provincial) on May 24,1990, for action in the near future. The Committee on
Big Science of the Prime Minister's National Advisory Board on Science and Technology
will advice the Prime Minister this fall, with a full cabinet decision whether to proceed
with construction soon thereafter. The estimated construction costs are CAD $ 693 M
(1989 dollars) while the estimated operating costs are CAD $ 98 M (1989 dollars). Upon a
positive decision by the Government of Canada, the Government of the Province of British
Columbia will contribute $ 234 M toward the construction costs plus about one third of
the operating costs. Foreign contributions toward construction may also amount to one
third of the total costs. The projected time for construction of the accelerator is five years
from the moment of release of funds. It is planned to start an initial phase experimental
program within a year thereafter.

In section 2 a brief overview will be presented of the physics potential of KAON. The
next section describes the accelerator and experimental facilities, while section 4 outlines



the acceleration of polarized beams, an important aspect of KAON. It is followed by some
concluding remarks.

2. KAON, THE PHYSICS
The Standard Model has been quite successful in describing matter in terms of its basic

building blocks, the quarks and leptons, and the interactions between them. The carriers
of the interactions are the gluons, the photon and the heavy bosons. It is with respect to
the latter that the Standard Model received resounding experimental confirmation with
the discoveries of the W and Z particles in 1983. Eventhough no serious shortcomings
have been derived at, the Standard Model must necessarily be incomplete, since it fails to
explain many factors in the current description of matter. Fig.l shows the three families
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Figure 1 - Constituents in the Standard Model showing quarks and leptons. Also shown is their
grouping in generations or families. The constituents in generations II and III are only produced
through interactions of the constituents in generation I.

of quarks and leptons. The world around us is chiefly composed of the constituents of
the first family or generation. Note that the constituents of generations 2 and 3 can only
be produced through interactions of the constituents in generation 1. The masses of the
constituents of the three generations are indicated in Fig.2. There is no doubt that the top
quark exists, its mass should exceed 100 GeV. Note also that the masses of the neutrinos
may not be precisely zero. It is clear that the masses of all particles plotted against their
electric charge in units of the charge of the electron leads to a grouping of experimental
facilities to study their detailed properties (see Fig.3). Some twenty years ago it was
the construction of the meson factories at LAMPF, PSI, and TRIUMF, which allowed a
quantum leap in the understanding of the hadronic interaction in an energy region where
the exchange of mesons appears to be an adequate representation. It is KAON that will
exploit the possibilities offered by strangeness to engage in a wide gamma of precision
experiments using primary and secondary beams of unheard quality and intensity.

The open questions from the present understanding of the Standard Model can be
listed as below ; of course not all of them are best addressed utilizing KAON, but many
are.
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Figure 2 - Masses of the constituents of the three generations. The neutrino masses may not be
precisely zero.

i) How many generations of quarks and leptons exist ? (Recent experiments performed
at LEP indicate that in all probability three generations suffice).

ii) Which is the precise value of the mixing angle which determines the relation
between the electromagnetic and weak interactions in the electroweak theory ? (Various
experiments are presently underway to determine the Weinberg angle 6W).

iii) Why does the weak interaction allow mixing of the quarks from different genera-
tions while lepton mixing has not been observed ?

iv) Are the neutrino's really massless particles ? (The answer to this question may
also resolve question iii) above).

v) What is the origin of time-reversal invariance violation (assuming CPT is con-
served) ?

vi) What is the precise nature of confinement ?

vii) Why are there only two combinations of quarks color neutral ? (These are the qqq
baryons and the qq mesons). Do hermaphrodites (quarks systems with an excited gluon
plasma) and glueballs (consisting of gluons only) exist ?

viii) Can quarks and leptons be considered composite particles ?
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ix) What causes the breaking of the local symmetry of the electroweak theory ? The
most favoured explanation is through the Higgs mechanism. Does a doublet of scalar
Higgs particles suffice ? (This is a question in the forefront of the rational of buildine the
SSC).

In the following some representative experimental program will be discussed through
some specific examples.

2.1. Particle Physics with KAON (see Table 1)
2.1.1. Search for the Decay K°h —> \ie

Observation of the decay K°L —> fie would be a spectacular indication of the mixing
of generations in the lepton sector. A A'£ —> (xe branching ratio of the order 10~12

relative to all other # £ decays would indicate a mass scale on the order of 100 TeV for
the exotic particles involved and provide invaluable clues to the many theories extending
the standard Glashow-Weinberg-Salam theory of electroweak interactions. [3J (see Fig.4)
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Figure 4 - Contribution to A'£ —> /ie from (a) horizontal boson E exchange, (b) Higgs exchange,
(c) leptoquark exchange, (d) WR exchange.

Two recent experiments have searched for K°L —»• /xe decay (AGS-E791; KEK-E137). The
BNL result is an upper limit for the branching ratio of 2.2 x 10~10. [4] This is an enormous
improvement over the previous result (by a factor of 27000). This result translates into a
lower limit of the mass of a horizontal boson of 57 TeV ; this should be compared with a
lower limit of 10 TeV of a proposed SSC experiment. [5] With the high fluxes available at
KAON the upper limit may be further reduced to the 10~12 to 10~13 level.

2.1.2. K+ —• -K+Uu

Observation of K+ —^ n+vv would provide a crucial test of weak radiative correc-
tions in the framework of the Standard Model with three neutrino generations. However, if
the branching ratio were well above the Standard Model predictions for £,. K —> 5"W, it
would signal extraordinary new physics. The search for K+ —* X+X could reveal exotic
possibilities such as the effects of the axion (A'+ —• n+a), the familon (A'+ —• T + / ) , the
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PARTICLE PHYSICS WITH KAON
Rare Kaon Decays
a) CP violation (e'/e)
b) TheKobayashi — Maskawa angles (K+ —• n+t/u)

Very Rare Kaon Decays
a) Lepton number conservation (K0 —• fie)
b) Searches for new effects (K+ —• Tr+ + X")
Neutrino Physics
a) V11. — e~ scattering and ve — e~ scattering (s in 2^)
V) v — oscillations
c) v — masses
Light Quark Spectroscopy
a) Baryon spectroscopy
b) Meson spectroscopy

Table 1

Majorama supersymmetric partners of the photon (K+ —• ;r+77 ) and the Higgs particle
(K+ —> K+HH). Evidence for the existence of new, weakly interacting light particles
would have significant cosmological implications. The predicted branching ratio based on
the second order diagrams of Fig.5 is ~ 3 x 10~n . [6] The present results of the BNL
experiment (AGS-E787) stands at an upper limit of 3.4 X 10~8. [7] It is intended to reach a
sensitivity of ~ 2 x 10~10 for this branching ratio. At KAON a branching ratio sensitivity
BR (K —* KVV) < 4 X 10~12 could be achieved assuming a data taking run of 1000 hrs
with a K+ stopping rate of 7.5 X 106/s at 600 MeV/c. Consequently, this sensitivity is in
the regime of new physics.

2.1.3. K+ —• n+fi+e~

This search is complementary to the search for K°L —• fi+e~. As a lepton flavor
violating process it requires an extension to the Standard Model, mediated by horizontal
gauge bosons, additional neutral Higgs particles, lepto quarks, or supersymmetric particles.
The present upper limit from BNL experiment (AGS-E865) is 2.1 X 10~10. [8] Sensitivities
of « 10~13 could be achieved at KAON.

2.1.4. C P Nonconservation, K" —> 2JT Decays

CP nonconservation has been known to exist since 1964; however, there is still no
clear theoretical understanding of its origin. CP nonconservation appears as the result
of a mixing angle in the Kobayashi-Maskawa matrix. There may at present exist an
inconsistency between the results for e'/e from CERN (NA31) and from FNAL (E731);
these results are (3.1 ± 1.1) X 10"3 and (-0.4 ± 1.4 ±0.6) x 10~3, respectively (the latter
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is an interim result). [9] The statistical accuracy of these experiments is limited by the
size of the K°L —> 2n° sample, which is typically several hundred thousand. Clearly, an
order of magnitude improvement to the 10~4 level would require 108 K°L —• 2JT° events,
requiring a much higher kaon flux, much improved detectors, and better understanding of
systematic errors.

2.1.5. CP Nonconservation (in other systems than the kaon system)

CP nonconservation has been established exclusively through measurements of e and
e'/e from kaon decays. Any non zero result from any other system would be very important
in helping to determine the origin of CP nonconservation. Limits on the magnitude of CP
nonconservation are less useful, especially in nuclear systems, where there are uncertainties
in interpretation. There exists no direct evidence for time reserval noninvariance, but it
is strongly implied by CPT invariance together with CP nonconservation.

2.1.6. Neutrino Oscillations

Evidence of neutrino oscillations would be extremely important in demonstrating that
neutrinos have mass. On both theoretical and cosmological grounds this could be well
accommodated. There exists at present no convincing evidence for neutrino oscillations,
as can be seen in Fig.6, which shows the present limits together with those expected from
a recent proposal at BNL.[15] A KAON beam with 25 times the luminosity expected at
BNL (with the booster) could push the limit on Sm2 down to the few xlO"4 eV2 level by
going to a very large baseline of ~ 100 km. This level of precision is significant because
proposals to solve the solar neutrino problem by matter oscillations require that ue —> U11



103 r-

102 ^

10°

10

10

- 1

-2

10

-I—I—I I I 11 II 1 1—I I I 1111 1 I I I I 11 II

v disappearance

- 3 10 -2

Bin2 28

Figure 6 - Parameter space investigated by neutrino oscillation experiments. The square mass
difference of the neutrinos is given by Am2 and 6 is their mixing angle. The curve marked 1V^
disappearance" is the sensitivity of the BNL proposal.

oscillations occur with Am2 ~ 10 7 to 10 4 eV2. Neutrino experiments on this scale are,
however, very massive in size and cost.

An interesting observable in pseudoscalar meson decays into two leptons is the degree
of longitudinal polarization of the positively or negatively charged lepton. If the meson
is an eigenstate of CP, the parity conserving amplitude is CP conserving and the par-
ity violating amplitude is CP nonconserving. [10] Consequently, the leptons can have a
longitudinal polarization only in the presence of a CP nonconserving quark-lepton neu-
tral current interaction. Estimates for the CP nonconserving longitudinal polarization of
the muons in the decay Tj —> H+n~ have most recently been reviewed by Herczeg. [11]
Experimental accuracies of at least ±0.01 should be attained. Such a search for muon
polarization in t] —> H+H~ might be attractive, because of the possibility to measure the
muon polarization through muon decay and also because of the relatively large branching
ratio. Large r\ production cross sections occur just above threshold as for instance in
n~p —> nr\ and pd —>3He»7. These reactions allow for obtaining tagged r) beams. The



first production reaction requires an intense 7r beam at an advanced hadron facility. A
new measurement of the branching ratio for 77 —• fi+ft~ using pd —>3He^ is currently
underway at SATURNE. [12] Also straightforward in interpretation are comparisons of
decay asymmetries in hyperon non-leptonic decays, as in A —• pn~ and Â —• pir+, from
the analysis of J/rp —• AA decays and from the exclusive process pp —• AA. It is to
be noted that the latter also serves to accentuate the duality between boson exchange
and quark model descriptions: the t—channel exchange of A'—mesons versus ss quark pair
creation. For pp —• AA three quantities may be considered, which are related to the CP
nonconserving phases and for which non-zero values would indicate CP nonconservation:

A = (r - f )/(r + f ) ,
A = (a + ô)/(o - a) ,

In these ratios, T, a, and /3 are the partial decay width and the decay parameters for a
given non-leptonic decay mode of the hyperon. The ratios can be estimated to be related
by roughly B = 10,4 = 100A. Estimates of A are of the order of 10~4 to 2 x 10~5 in the
Kobayashi-Maskawa model, in the Weinberg-Higgs model, and in the left-right symmetric
model. [13] From an experimental point of view it is most promising to measure the ratio
A, which reflects the difference in the A and Â decay asymmetry parameters. The ratio B
has a greater sensitivity to a CP nonconserving effect. Since it depends on a measurement
of the polarizations of the A and À decay products, it requires polarimeter calibrations to
a level which cannot be attained at present (certainly not for antiprotons). An interim
result on the asymmetry parameter

A = (aPA + àPK)/{aPA-6Pk)

has recently been presented, A = -0.023 ± 0.057 [14], it represents the average of the
results at two incident p momenta. It might be possible that with improvements in the
incident p beam and the detection system, the ongoing effort at CERN-LEAR will reach
a level of accuracy of 10~4. For a measurement of the ratio B, the exclusive production

process pp —> H+IE" —> Kx+\x~ presents a promising, unique case. It would allow
for measuring the hyperon decay product polarization differences in addition to the decay
products asymmetries. The exclusive production process pp —• H+E" cannot be reached
at CERN-LEAR. Clearly, an advanced hadron facility like KAON has great potential for
the search for AS = 1 direct CP nonconservation in hyperon decays.

2.1.7. Neutrino Scattering
Less ambitious is the use of neutrinos as a probe of hadron structure in which a

small, smart detector would capitalize on the high flux available from an advanced hadron
facility to probe hadron structure ; for example, measurements of neutrino and anti-
neutrino elastic scattering at low Q2 may be the best way to determine the strange quark
content of the proton, a question of great current interest as a result of the recent EMC
measurement [16] of the spin content of the proton. Measurements of quasi-elastic anti-
neutrino scattering from protons V11 + p —* y.+ + n would provide information on the axial
part of the nucléon wea.k form factor (the vector part being obtained from electromagnetic



scattering) and could be used to look for 'ensor components. Measurements of production
by anti-neutrinos :

V11 + p —> A0 + ft+

might make it possible to measure the Cabibbo angle, V"*, as a function of Q2.

2.2. Nuclear Physics with KAON (see Table 2)
2.2.1. Search for the H-particle

The /7—particle is a dibaryon containing two up, two down and two strange quarks
in a spin-zero, isospin-zero configuration. Its particular symmetry has led to speculation
that it may be bound against strong decay. If lighter than the AA (the lightest known
doubly strange system) mass of 2230 MeV, it must decay by the weak interaction with a
change in strangeness. Between the AA mass and the single strangeness AJV at 2056 MeV,
a decay with a single strangeness change would be possible. Donoghue et al [17] calculate
lifetimes in the range 10~8 to 10~6 seconds in this mass range. Below 2056 MeV a double
strangeness change would be required and the predicted lifetime jumps to the order of 10
days.

The original calculation of Jaffe [18] puts the H mass at 2150 MeV, 80 MeV below
the AA mass (BH = 80 MeV). Various other calculations range from this mass to slightly
above the AA mass (i.e. slightly unbound). The present BNL experiments AGS-E813 and
AGS-E836 are designed to look for the ^-particle. [19] In E813, a K~ beam incident
on a liquid hydrogen target produces a E~ which is then brought to rest in a liquid
deuterium target, forming a (H~,rf)otom which decays into an /f-particle and a neutron.
The signature for the formation of the .ff-particle is a monoenergetic peak in the neutron
time-of-flight spectrum. The neutron energy would range from 130 MeV for BH = 100
MeV to 10 MeV if BH = 20 MeV. In E836, both targets are combined into a single liquid
3He target. E836 is designed to be sensitive to more tightly bound if-particles (BH to
350 MeV).

It is clear that if the if—particle stays elusive in the present round of experiments,
it will require the intensities of an advanced hadron facility to put tighter limits on its

formation. This in itself would be a significant step in testing QCD calculations. The
existence or nonexistence of the H—particle is a corner stone for QCD lattice or bag
calculations.

2.2.2. K+ Scattering
K+ is a rather weak hadronic probe because of the impossibility of forming 5—channel

qqq resonances. Resonances in the K+-N channel would necessary involve five quarks, for
which the existence is rather controversial. Better K+ — N scattering data, in particular
spin-dependent data, are required to solve the existing controversy. There are ambiguities
in the phase shifts or in amplitude analyses for which spin rotation parameter determi-
nations may provide the solution (see Fig.7). The figure shows three different phase shift
solutions together with the available differential cross section and polarization data at 500
MeV. [20] Spin rotation parameter data, Q, are quite able to discriminate between the

10
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NUCLEAR PHYSICS WITH KAON
Search for exotics : hermaphrodites,
glueballs, dibaryons, e.g., the H - particle
Hyperon — Nucléon Interactions
a) Direct scattering for AN, EN, EN (with tagged hyperons)
b) Final state interactions (K~d —* fAn, K~ 3He —• Apre)
c) Hyperonic atoms (E~,H~,n~)
A H y per nuclei
a) Spectroscopy of excited states via : (K~,r~);(ir+,K+);(K~,f)
b) Effective spin — orbit forces
c) Binding energy anomalies [B\(\He) - BA(\H)]
d) A lifetime in hypernuclei
E Hypernuclei
a) Why are states longlived ?
b) Spin — orbit forces
Double Hypernuclei
a) Do they really exist ? AA or E via (K~,K+)
b) Relation to the H — dibaryon
Neutron Radii in Nuclei
a) K+ and p nucleus scattering
b) Kaonic and Hyperonic atoms
Polarization studies
a) Polarized beam and target N-N scattering at High p\
b) Measurement of flavor conserving weak hadronic interaction
c) Polarization in hyperon production processes
Antiproton studies
a) New charmonium states via pp —*• *
6) Annihilation and baryonium
c) CP violation via pp —• YY decay asymmetries

Table 2
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various solutions, as indicated by the datum with error bar based upon one day of data
taking at XAON. The lack of resonances in the K+ - N interaction implies that the low
energy K^ has a very long mean free path in nuclear matter, larger than any other hadron.
The K+ can therefore be considered as a type of "heavy electron" for nuclear structure
studies. For example, the K+ can be used as a probe of neutron distributions in nuclei.
The differential cross section ratio K+ - n/K+ -p goes through unity at p ~ 500 MeV/c,
enabling one to change the sensitivity to neutrons or protons by varying the momentum.

12



2.2.3. Nucleon-Nucleon Exclusive Scattering at High j>\
The importance of spin in high energy proton-proton and neutron-proton elastic scat-

tering has been clearly demonstrated in a series of experiments executed just before the
shutdown of the ZGS at Argonne National Laboratory and continued with the AGS at
Brookhaven National Laboratory. Using a polarized proton beam incident on a polar-
ized proton target, with polarizations transverse to the scattering plane, one can make
measurements of the differential cross sections for the four possible combinations of spin.
From such measurements one can deduce the analyzing power A00No (o r

 AOOON) and the
spin correlation parameter A00UN using the relations

(da/dt)" = (dajdt) [1 + IA00N0 + AooNN] ,
(da/dt)" = (dc/dt) [1 - 2Aoo;Vo + A00NN] ,
(dcr/dt)n = {da/dt)" = (da/dt)[l - AooNN] •

One can write down similar expressions in case of longitudinally, and sideways (in the
scattering plane) polarized beam and target or combinations of the two. But note that
due to parity conservation A00L0 and .A00S0 are identical to zero. Two results in particular
point to the importance of spin-parallel cross sections to spin-antiparallel cross sections
(by a factor of four) for large p\ with j>\ = P2.m.sin20e.m.. The first result [21] is a
measurement of the angular distribution of A00SN at 11.75 GeV/c. The spin-parallel
cross section increases markedly relative to the spin-antiparallel cross section at the onset
of the hardscattering component at p\ = 3.6 (GeV/c)2 or -t = 4.67 (GeV/c)2. This
connection with hard sphere scattering follows from a comparison between the unpolarized
differential cross section angular distributions at 11.75 GeV/c and at i/s — 53 GeV. [22]
The second result [23] is a measurement of A00NN at 90° cm. as function of incident

momentum. Again the rapid rise in AOONN starting at 8 GeV/c corresponds to the onset
of the hard scattering component at p\ = 3.6 (GeV/c)2. Further measurements of A00NN
were made with the AGS [24] ; however, for various reasons the total amount of data
obtained is limited. A compilation of the existing AOONN data, translated into the ratio
of spin-parellel to spin-antiparallel cross sections is shown in Fig.8, where the features
described above are clearly discernable. Measurements of A000N have been made up to 28
GeV/c (see Fig.9). Here again one should note the rapid rise above pj_ ~ 3.6 (GeV/c)2.
[25] The analyzing powers measured appear to have values comparable to those measured
at an incident energy of 200 MeV.

It is to be noted that the spin-parallel cross section is pure triplet scattering while the
spin-antiparallel cross section is a mixture of triplet and singlet scattering. At 90° cm.
for spin-antiparallel scattering the spin singlet phases do not contribute ; the scattering
amplitude contains combinations of various triplet phases. Measurements have also been
made of the spin correlation parameter AooLL in the angular range 48°-90° cm. at 11.75
GeV/c. [26] Extensive measurements of proton-proton elastic scattering were further made
at 6 GeV/c; this allows for an analysis in terms of the usual set of s—channel helicity
amplitudes;

13



Figure 8 - Three-dimensional plot of the ratio of the spin-parallel to spin-antiparallel cross sections
plotted against P j and PL^- Data from the ZGS and the AGS experiments are shown along with
hand-drawn curves to guide the eye. The dashed lines show the cm. scattering angle.

= {+ + / + + > ,

<fiz = { + - / + - > ,
V4 = < + - / - + > ,
V>5 = {+ + / + - ) •

The various observables are related to the helicity amplitudes as follows:

(da/dt) 5
(da/dt)AooNo = Im (^ 1 + y>2 + Vz - V-O fl >
{d(r/dt)AooNN = Re(<pi 2

(da/dt)AooLL = i ( - I(

(da/dt)AooSs = Re (^i f>\ + f3fX) >
{da/dt}A00SL = Re ((pi + <p2 - V3 - <fi) <Ps •

14



Measurements of A00NN for neutron-proton elastic scattering [27] gave AOONN the opposite
sign and values twice as large as in proton-proton elastic scattering. Thus the spin-
antiparallel scattering is much more probable than the spin-parallel scattering (see Fig.lO).

The quark structure of the nucléons appears to be the dominant factor determining
the scattering. In perturbative QCD all amplitudes are real. Consequently perturbative
QCD predicts A00No — 0. Helicity conservation among the quarks results in <pi = if s =
0 and therefore A00N0 = 0, AO0SL = 0, and AOONN = -Aooss- Finally at 9 = 90°
cm., one has AOOLL = Aooss and therefore AOONN = -A00LL — —Aooss- Applied to
proton-proton scattering one has therefore A00N0 = 0 and AOONN(K/2) = - Aooss(n/2) =
-A00Li(Tt/2) = 1/3, while for neutron-proton scattering A00N0 - 0 and A0ONN(^I^)

=-Aooss(.*l't) = -A0OtI1[TrJi) = -0.44. It is apparent that these predictions are far
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from what has been measured. As a matter of fact the current situation constitutes a
most serious challenge to both theory and experiment.
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2.2.4. The Flavor Conserving Weak Hadronic Interaction
Parity violation in p— N scattering has been measured at two intermediate energies.

At these energies the theoretical predictions based upon the conventional meson exchange
model for N - N scattering [28] lose much of their validity due to uncertainties in treating
inelastic processes. The observable measured is the longitudinal analyzing power Ax which
is defined as

Ax = (1/P2)(S -5)1(3 +a)

where a represent the helkity dependent total nuclear scattering cross sections and Px is
the longitudinal polarization of the beam. The 800 MeV parity violation measurements
performed at LANL in transmission geometry resulted in Av

x~
v = (2.4 ± 1.1) * 10~7 and

Ap
x~

d = (1.7 ± 0.8 ± 1.0) • 10~7. [29] The p - p result is in reasonable agreement with
extrapolations of the meson exchange model calculations, although it must be stated that
the latter bracket a range of possible values roughly five times as large as the experimental
uncertainty of the LANL p-p measurement.

At 5.1 GeV a parity violation measurement was executed at the ZGS. [30] The
experiment was performed in transmission geometry on a water target. The result,
Ax = (26.5 ± 6.0 ± 3.6) *10~7 is an order of magnitude larger than expected on the basis of
simple scaling or various meson exchange calculations. [31] Confidence has been expressed
about the evaluation of systematic errors in the experiment, which have the same origin
as in lower energy parity violation experiments. An additional systematic error, which is
due to an asymmetry caused by polarized protons from the decays of polarized hyperons
produced in the target, was eliminated by installing a magnetic spectrometer to transmit
only protons of the appropriate momentum. Furthermore it has been shown [32] that the
measured asymmetry from a water target is only 60 % of the value for p — p scattering
due to Glauber shadowing.

The energy dependence of Ax in p — p scattering is shown in Fig.ll. The solid
curve represents a meson exchange model theoretical prediction, while the dashed curve
represents a diquark model theoretical prediction. [33] The large value for Ax at 5.1 GeV
has been reproduced in two independent theoretical calculations; both have resulted in
a great deal of discussion in the literature. The calculations of Nardulli and Preparata
[34], based on an intrinsic parity violating component of the nucléon wave function, give
values for Ax independent of energy above 800 MeV, consistent with the measured value at
5.1 GeV, but with an abrupt change towards smaller values below 800 MeV. In contrast,
the calculations of Goldman and Preston, based on a diquark model, give values for Ax,
which rise rapidly with energy, by nearly two orders of magnitude from 800 MeV to 12
GeV. The energy dependence of the former has been criticized [35] as inconsistent with
the trend of the experimental data. Simonius and Unger [36] have criticized the latter,
claiming that the calculated values of Ax become unphysical at very high energy; the
authors have responded [37] by presenting further arguments about the validity of the
calculated energy dependence of Ax, with an overall normalization to the 5.1 GeV data.

Clearly, the 5.1 GeV result presents a great challenge both for experimental confirmation
and theoretical explanation. Consequently KAON, with its planned intense polarized
beams, has an important role to play.
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Figure 11 - Energy dependence of the longitudinal analysing power A1. The solid curve represents
a prediction based on the meson exchange model, the dashed curve is a diquark model prediction.

3. KAON, THE ACCELERATOR
KAON, the proposed advanced hadron facility at TRIUMF [1], will consist of a series

of rapid cycling synchrotrons to produce a 100 /xA proton beam at 30 GeV with approx-
imately 100 % duty cycle if required by experiment. Each accelerator is followed by a
storage ring for time-matching purposes. The TRIUMF H~ cyclotron, which routinely
delivers 150 fiA beams at 500 MeV, provides the ready-made and reliable injector. It
would be followed by two fast-cycling synchrotrons, interleaved with three storage rings,
as follows:
(a) The Accumulator - a ring which accumulates c.w. 452 MeV beam from the cyclotron
and prepares it for injection into the booster. The accumulation time is 20 ms periods; the
RF structure of the beam is changed from 23 MHz to 46 MHz by making the accumulator
circumference (215.7 m) 4.5 times longer than the cyclotron circumference. Following the
accumulation period the beam is transfered bucket to bucket to the booster.
(b) The Booster - a synchrotron with a 50 Hz repetition rate which accelerates beam to 3
GeV. Acceleration to 3 GeV separates the requirements for large frequency swing and high
voltage (33 % and 750 kV, respectively, for the booster and 3 % and 2550 kV, respectively,
for the driver, which accelerates beam to 30 GeV).
(c) The Collector - a ring that accumulates the booster beam and prepares it for injection
into the driver by manipulating longitudinal emittance. Again bucket to bucket transfer
takes place from the booster to the collector. The collector circumference (1078 m) is 5
times that of the booster. After filling with five successive booster cycles there is another
bucket to bucket transfer to the driver.
(d) The Driver - a synchrotron that accelerates the beam to 30 GeV; the driver synchrotron
has a repetition rate of 10 Hz.
(e) The Extender - a ring which stores the beam for slow extraction to the experimental
halls. A longitudinal phase space rotation removes substantially the RF micro-structure.
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The energy-time plot of Fig.12 shows how this arrangement allows the booster and
driver rings to run continuous acceleration cycles without flat bottoms or flat tops. KAON
allows for innovative concepts based upon conservative hardware performance. Note that
the rapid cycling is primarily responsible for the increase in beam intensity which in turn
will provide greatly superior beams of secondary particles as kaons, antiprotons, neutrals,
etc. A comparison of primary beam intensities of varies medium energy proton syn-
chrotrons (existing ones with their upgrades and those proposed) with KAON is presented
in Table 3.

Fig.12 shows the proposed layout of the accelerator rings and experimental areas,
together with cross sections through the tunnels. The accumulator will be mounted above
the booster in the smaller tunnel and the collector above the driver on the inside of
the racetrack tunnel. The extender would be installed towards the outer wall of the
tunnel, separated by approximately 4m horizontally from the driver. To provide structural
simplicity similar magnet apertures and straightforward matching for beam transfer and
similar lattices and tunes have been adapted for the rings in each of the two tunnels.

IO Hz

{ 30 GeV

200

Figure 12 - Energy-time plot showing the progress of the beam through the five rings.

In the large hall which contains the beam extraction system there exist the possibility
of a bypass to the extender ring, which would allow for polarized internal targets in the
extender bypass (see Fig.13). Based upon present day internal polarized target technology
a luminosity of at least 1032 cm~2sec~x should be reached.

The beam switch yard and large experimental lull are shown in Fig.14. Various
targets constitute the sources for the beams of secondary particles indicated by their
nominal upper momenta. Note that the secondary beams have greatly improved intensities
(by a factor of 10 to 100) over existing secondary beam channels (see Table 4). The area
for nucléon spin physics experiments is shown using the present AGS beamline layout as
template. The proton area may contain a second beam line for multi-GeV p - p parity
violation experiments.
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Slow cycling*
KEK PS

CERN PS
Brookhaven AGS
— with Booster

— with Stretcher
Saturne

Fast cycling1

Argonne IPNS
Rutherford ISIS
Fermilab Booster

AGS Booster
Kaon Factories*

LAMPF AHF
KAON

European HF
Japanese HP (Ph. II)

Moscow INS
BoostersT

LAMPFAHF
TRIUMF

European HF
JHP Booster (Ph. II)

Moscow INS

Energy
(GeV)

12
26

28.5

2.9

0.5
0.75

8
(1.5)

60(100)
30
30

30?
45

22§/6/i°
3
9

> 2
7.5

Average
Current

(ftA)

0.32
1.2
0.9
(4)
(8)

0.04

14
130(200)

7
(20)

25(50)
100
100

100?
125

25
100
100
200
250

Rep.
Rate
(Hz)

0.6
0.38
0.38
0.38
0.77
0.9

SO
50
15

(7.5)

12
10

12.5

6.25

12
50
25
50
50

Protons
per pulse
(XlO13)

0.4
2

1.6

(6)
(6)
0.1

0.3
(2.5)
0.3

(1.6)

1.3
6
5

12.4

1.3
1.2
2.5
2.5
3.1

Circulating
Current

(A)

0.6
1.5
0.9
(4)
(4)
0.5

4.0
(6.1)
0.3
(4)

0.5
2.8
2.5

3.2

0.5
2.7
2.5
6.7
3.2

Table 3

High Intensity Proton Synchrotrons

* t
Slow extraction Fast extraction

3Linac
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Figure 13 - Proposed layout of the accelerators and cross-sections through the tunnels.

Electrostatic Septa Magnetic Septui

' Typical BNL layout

Figure 14 - Modified extraction hall.
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Channel

#20

# 6

#2.5

#1.5

#0.8

#0.55

Momentum
GeV/c

21
18
15
12
9
6
6
3

2.5
2.0
1.5
1.25
1.5
1.2
1.0
0.8
0.8

0.65
0.55

0.55
0.50
0.45
0.40

106/s
0.75
2.4
5.9
9.2
7.9
2.3
15
2.5
66
39
14
5.4
193
52
18
3.7
99
32
10

41
21
9.2
3.8

K+

106/s
29
43
62
52
23
4.2
34
4.5
119
76
27
9.7
366
93
31
6.3
203
59
19
80
44
21
9.4

109/s
0.16
0.35
0.60
0.90
0.70
0.78
1.9
3.2
16
21
25
27
49
36
27
18
87
63
44
80
67
50
33

*•+

109/s

0.95
1.05
1.50
1.90
1.30
1.20
3.6
5.0
24
30
36
37
69
49
36
23
113
80
55
101
82
61
44

P
106/s
0.05
0.35
1.7
5.0
10.5
11.5
23
43
110
91
52
26
81
25
8.3
1.9
7.1
2.6
1.0

1.5
0.93
0.53
0.30

Table 4

KAON Secondary Beam Intensities

Intensities are for a 100 MA 30 GeV beam on a 6 cm Pt target

4. POLARIZED BEAMS AT KAON [2]
An optically pumped polarized ion source is being commissioned at TRIUMF. [38]

It has recently produced more than 20 (iA of H~ beam and allowed more than 5 /iA
protons with 50 % polarization to be extracted from the cyclotron. It is expected that, as
commissioning continues, both the intensity and the degree of polarization will increase
substantially. The specifications call for 10 /xA with a polarization of 80 % . AU of this
beam could be accelerated to 30 GeV.
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A polarized proton beam in a synchrotron or storage ring circulates with its polariza-
tion vector aligned vertically. The polarization vector processes in this field with a "spin
tune" -)G, where G = 1.7928 is the anomalous magnetic moment factor and 7 the rela-
tivistic energy factor. Depolarization can occur if the protons experience horizontal field
components with a spatial frequency component the same as the spin tune. These hori-
zontal field components cause a precession of the spins away from the vertical axis. The
Fourier spectrum of the horizontal fields always contains all multiples of the accelerator
periodicity P, but due to the vertical betatron oscillations, the particles also experience
horizontal fields oscillating at beat frequencies of the vertical betatron tune (i/y) with the
superperiodicity. The latter give rise to the socalled intrinsic resonances that occur when
the spin tune equals any of these beat frequencies. One has than that fG = kP ± vy,
where k is an integer. These intrinsic resonances occur even in a perfect accelerator. The
socalled imperfection resonances occur when the spin tune equals any frequency compo-
nent of the horizontal field components, 7G = k to first order. Higher order resonances
do exist but are too weak to be of importance in fast cycling synchrotrons.

Resonances are characterized by a width e, which can be evaluated by integrating the
precession away from the vertical axis (depending on tune, magnetic field, and betatron
amplitude) around the closed orbit. For asymptotic passage through a resonance Froissart
and Stora [39] derived an expression for the ratio of initial (P,) and final (P/) polarizations

i = 2 exp (-ire2/2a) - 1 ,

where a = dffdO is the crossing speed. There are two extreme situations: in the first a
weak resonance is crossed quickly so that sja < 1 and therefore P/ = Pi (no depolar-
ization), while in the second a strong resonance is crossed slowly so that e/a > 1 and
therefore P/ = -P j (complete spin reversal). Both extremes are acceptable situations.

Clearly a situation where e ~ a will cause |P/ | < Pi and must therefore be shifted to
either extreme. For imperfection resonances e must be reduced or increased by adjusting
the orbit during resonance crossing to affect the particular harmonic of the field. For
intrinsic resonances, the crossing speed can be affected by the betatron tune.

The situation of the booster is rather accommodating. By lowering the vertical tune to
4.2 only one intrinsic resonance of moderate strength, 7G = 0 + vy lies within the accelera-
tion range (see Fig.15). This resonance can be crossed with a tune jump as done routinely
at the Brookhaven AGS, using four pulsed quadrupoles. Five imperfection resonances oc-
curring at 0.523 GeV intervals will be corrected using the available orbit correctors. The
depolarization in the booster is expected to be tunable to less than 10 % .

The situation in the driver is much more difficult. Although the number of intrinsic
resonances can be reduced to only three, -yG = 48k ± (vy — 4), there are 52 imperfection
resonances to correct for during acceleration (see Fig.16), which is a formidable task. Also,
due to the fact that all intrinsic resonance strength is concentrated in three resonances,
these are quite strong and well beyond the 99 % spin flip. Conventional approaches of
introducing adiabatic spin flip for the intrinsic resonances and of using orbit correctors
for the imperfection resonances may make depolarization in the driver as low as 20 % ,
resulting in a final polarization of the extracted beam of atmost 50 % provided that the
initial polarization was 80 % .
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Figure 15 - Experimental Hall and Beamlines.

The more pragmatic way of avoiding resonance crossing altogether is the introduction
of a 180° spin rotation about a horizontal axis in the accelerator, fixing the spin tune to a
half integer value independent of energy. In this manner deflections of the spin vector away
from the precession axis are cancelled over two consecutive turns in the accelerator and
depolarizing resonances are not crossed. The 180° spin rotation devices are called "Siberian
Snakes", because of its invention in Novosibirsk. The working of such devices has recently
been tested successfully in the Cooler ring at IUCF for : intrinsic resonances, imperfection
resonances and synchrotron resonances. [40] While at low energies a "Siberian Snake" of
the first kind consists of a longitudinal field from a solenoid, for energies in excess of a few
GeV transverse fields have to be used for the spin rotators since the spin precession angle
about these is proportional to yG, which is larger by a factor iGj{ 1 + (?) than about the
longitudinal field. This leads to the field strength varying only with the velocity /3.
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Multi-twist helical magnetic fields allow the design of snakes with relatively small
orbit excursions. [41] For KAON a Siberian snake has been designed based on a helical
field with three twists, but with four discrete dipole magnets per twist tilted by 45°
about the beam axis. [42] The fourteen magnet spin rotator is about 12 m long using
superconducting 3 T magnets. As the velocity /3 of the beam particles varies by only 3 %
the magnets can be maintained at a constant excitation independent of energy. With such
a snake the driver will exhibit very little depolarization and consequently the polarization
of the extracted beam can be as high as 70 % based upon an initial polarization of 80
% into the accumulator. Besides fixing the spin tune to a half integer value, the snake
also puts the stable spin direction in the ring into the horizontal plane. To match the
vertically polarized beam from the collector into the driver a 90° spin-rotating solenoid
will be provided in the transfer line between the collector and driver rings. In the extender
ring a snake will be provided at the same azimuth as in the driver in order to match the
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stable spin directions in both rings. The change in the direction of polarization produced
by the snake in the extender can be used to provide longitudinally polarized beam in
the extraction straight section. By adiabatically turning off the snake the polarization
can be varied from longitudinal to vertical, providing both polarization directions in the
extraction straight section. However a further 90° spin-rotator is required to provide also
a transverse-horizontal polarization direction. A further possibility is the use of ramped
partial Siberian snakes proposed by Roser. [43]

5. CONCLUDING COMMENTS
KAON presents a great challenge by enabling precision experiments that reach beyond

the Standard Model, by studying quantum chromodynamics giving an imprint of the quark
degrees of freedom, by studying the nuclear physics involving strangeness, and by using
spin as the tool to determine the extent of the violation of symmetry laws. KAON will
provide the primary and secondary beams of an intensity and quality not existing any
where else at present. The particle physics and nuclear physics communities count on a
positive decision regarding the funding of KAON this fall.
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